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LNG Incident History

Major LNG Incidents Involving LNG Release

Incident Ship/Facility . . Injuries/ Ship/ LNG .
Date Name Location Ship Status Eatalities | Property Spill/ Release Incident Summary
Damage
October East Ohio Gas | Cleveland NA 128 NA NA Tank failure and no earthen berm.
1944 LNG Tank deaths Vapor cloud formed and filled the
surrounding streets and storm
sewer system. Natural gas in the
1964 and Methane Arzew, Loading None None In 1964, a lightning strike to the
1965 Progress Algeria (1964); forward vent riser of the Methane
Shortly after Progress ignited vapor which was
leaving port being routinely vented through the
(1965) venting system at the time. A
similar occurrence also occurred in
early 1965. Both times, the flame
was quickly extinguished by
1965 Canvey Transfer 1injury; Yes During LNG transfer, an error
Island, UK operation serious resulted in the release of LNG. The
burn release became ignited, causing one
May 1965 Jules Verne Arzew, Loading No Yes Yes Overflowing of a cargo tank.
Algeria Resulted in a tank cover and
1965 Methane Disconnecting | No Yes Yes Valve leakage. Deck fractures.
Princess after
discharge
1969 Portland, Under NA Yes Yes An explosion occurred in an LNG
Oregon construction tank under construction. No LNG

had ever been introduced into the
tank. The cause of the accident was
the accidental removal of blinds
from natural gas pipelines which
were connected to the tank. This led
to the flow of natural gas into the
tank while it was being

constructed.




LNG Incident History

Incident
Date

Ship/Facility
Name

Location

Ship Status

Injuries/
Fatalities

Ship/
Property
Damage

LNG
Spill/ Release

Incident Summary

1971

LNG ship
Esso Brega,
La Spezia
LNG Import
Terminal

La Spezia,
Italy

Unloading
LNG into the
storage tank

NA

Yes

Yes

First documented LNG “rollover”
incident, where two differing
temperatures and densities of LNG
mix. Tank developed a sudden
increase in pressure, causing LNG
vapor to discharge safely from the
tank safety valves and vents. Tank
roof slightly damaged. No ignition.

January
1972

Montreal East

Montreal,
Canada

Defrosting
operations

NA

NA

NA

During defrosting, a back flow of
natural gas from the compressor to
the nitrogen valve when the valve
remained unclosed caused over-
pressurization of the compressor.
This led to a leak and subsequent
ignition.

February
1973

Staten Island,
New York

Repair on
empty storage
tank

Yes-37
fatalities.

Yes

No

While repairing the interior of an
empty storage tank, a fire started.
The increase in pressure inside the
tank occurred so quickly that the
concrete dome collapsed down
inside the tank. 37 construction
workers inside the tank were killed.

1973

Canvey Island,
UK

NA

No

Yes

Yes

Glass breakage. Small amount of
LNG spilled upon a puddle of
rainwater, and the resulting flameless
vapor explosion, called a rapid phase
transition (RPT), caused the loud
"booms.” No injuries resulted.

1974

Methane
Progress

In port

No

Yes

No

Touched bottom at Arzew.




LNG Incident History

Ship/

InCIIDOzLetgt Shlp/llzlzcr:gy Location Ship Status IIZQ{;JIE,'[?;S/ Property SpiII/LRI\tleICZase Incident Summary
Damage
July 1974 Massachusetts | Massachusetts | Loading NA NA Yes 40 gallons of LNG leaked during
Barge loading, as a result of a power
failure and the resulting automatic
closure of the safety valves. The
leak resulted in several fractures to
1975 Philadelphia NA No Yes NA Not caused by LNG. An iso-
Gas Works pentane intermediate heat
transfer fluid leak caught fire
and burned the entire vaporizer
area.
1977 Arzew Algeria NA 1 worker | NA Yes Aluminum valve failure on
frozen to contact with cryogenic
death temperatures. Wrong aluminum
alloy on replacement valve.
LNG was released, but no vapor
September LNG Boatang, Loading No No Yes During filling, LNG overflowed
1977 Aguarius Indonesia through the vent mast. Possible
cause was difficulties in the liquid
level gauge system.
1979 Columbia Gas | Cove Point, NA 1 killed 1 | Yes Yes LNG leaked through the LNG pump
LNG Maryland seriously electrical penetration seal and
Terminal injured entered the substation. A circuit
breaker ignited the natural gas-air
mixture, resulting in an explosion.
April 1979 Mostefa Ben- Unloading No Yes Yes Valve leakage. Deck fractures.
Boulaid Ship




LNG Incident History

Ship/

Incident Ship/Facility . . Injuries/ LNG .
Date Name Location Ship Status Eatalities | Property Spill/ Release Incident Summary
Damage
April 1979 Pollenger Unloading No Yes Yes Valve leakage. Tank cover plate
Ship fractures.
1979 El Paso Paul At sea No Yes No Stranded. Severe damage to
Kayser Ship bottom, ballast tanks, motor was
water damaged, bottom of
containment system set up.
1980 LNG Libra At sea No Yes No Shaft moved against rudder.
Tail shaft fractured.

1980 LNG Taurus In port No Yes No Stranded. Ballast tanks all flooded
and listing. Extensive bottom
damage.

1984 Melrose At sea No Yes No Fire in engine room. No

structural damage sustained —
limited to engine room.




LNG Incident History

Ship/

Incident Ship/Facility . . Injuries/ LNG .
Date Name Location Ship Status Eatalities | Property Spill/ Release Incident Summary
Damage
1985 Gradinia In port In port No Not No Steering gear failure. No details
reported of damage reported.
1985 Isabella Unloading Unloading No Yes Yes Cargo valve failure. Cargo
overflow. Deck fractures.
1989 Tellier Loading Loading No Yes Yes Broke moorings. Hull and deck
fractures.
1990 Bachir At sea At sea No Yes No Sustained structural cracks
Chihani allegedly stressing and fatigue in
inner hull.
1993 Indonesian Indonesia NA No NA NA LNG leak from open run-down line
Liguefaction during a pipe modification project.
facility LNG entered an underground

concrete storm sewer system and
underwent a rapid vapor expansion
that over pressured and ruptured the
sewer pipes. Storm sewer system
substantially damaged.




LNG Incident History

i i ili - Ship/
In%ﬁgt Shlp/llzlz;cr:gy Location Ship Status ||:2{§|';'I[ie§s/ Property SpiII/LRI\(leICZase Incident Summary
Damage
2002 LNG ship East of the At sea No Yes No Collision with a U.S. Navy
Norman Lady | Strait of nuclear-powered attack
Gibraltar submarine, the U.S.S Oklahoma
City. In ballast condition. Ship
suffered a leakage of seawater into
the double bottom dry tank area.
2004 Skikda Algeria NA 27 killed | Yes NA A leak in the hydrocarbon
72 injured refrigerant system formed a vapor
(the cloud that was drawn into the inlet
causalities of a steam boiler. The increased
are mainly fuel to the boiler caused rapidly
due to the rising pressure within a steam
blast, few drum. The rapidly rising pressure
casualties exceeded the capacity of the
due to fire) boiler’s safety valve and the steam

drum ruptured. The boiler rupture
was close enough to the gas leak
to ignite the vapor cloud and
produce an explosion due the
confined nature of the gas leak
and an ensuing fireball. The fire
took eight hours to extinguish.
The explosions and fire destroyed
a portion to the LNG plant and
caused 27 deaths, and injury to 72
more.




LNG Incident History

Incident
Date

Ship/Facility
Name

Location

Ship Status

Injuries/
Fatalities

Ship/
Property
Damage

LNG

Spill/ Release

Incident Summary

2006

Train 2
Facility

Port
Fortin,
Trinidad,
Caracas

No

1 Injury

Yes

No

Atlantic LNG reported that an accident
occurred at its Train 2 facility at Point
Fortin, Trinidad when a temporary
eight inch isolation plug was blown by
built-up pressure. The Train 2 facility
had been shut down due to the
detection of a gas release from a two-
inch pipeline. The release of natural
gas was brought under control, and
personnel returned. While the
company was carrying out repairs the
plug blew injuring one worker. It had
been filled with inert gas to facilitate
repairs.

2009

South Hook
LNG Terminal

UK

NA

No

No

Yes

A maximum of ten litres of LNG was
spilled and “immediately vaporized”,
because of the unintended activation of]
the emergency shutdown system,
which caused powered emergency
release couplings to separate,
discharging LNG.

2010

Montoir de
Bretagne
terminal

France

Unloading

No

Yes

No

The incident occurred when liquid
passed into the gas take-off line during
discharge operations. The damage
sustained extended to part of the ship's
manifold and its feed lines.

2010

Withnell Bay
facility

Australia

Loading

No

Yes

Yes

The ship suffered cryogenic burns
when 2,000 to 4,000 litres of LNG

were spilt.
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Incident
Date

Ship/Facility
Name

Location

Ship Status

Injuries/
Fatalities

Ship/
Property
Damage

LNG
Spill/ Release

Incident Summary

2011

'Yung An LNG
Terminal

Taiwan

Unloading

No

Yes

Yes

The vessel's master decided to suspend
the discharge and move the ship off the
berth but the problems were eventually
rectified and the vessel returned to
complete the discharge of its cargo.

2011

Pyeongtaeck
LNG terminal

South
Korea

Unloading

No

Yes

Yes

The ship disconnected from the berth
after what was described as a very
small leak of LNG was reported
around the top of one emergency
release coupler shortly after a
scheduled overhaul of the unloading
arms had been completed. Seals and
ball valves were replaced on the
unloading arms and discharge
recommended using the remaining two
arms.

2015

Al Oraiq

Off
Zeebrugge,
Belgium

At Sea

1 Injury

Yes

Al Oraiq involved in a collision
with the Dutch freighter,
Flinterstar. Flinterstar sank with
all survivors rescued and one
injury. The Al Oraiq suffered a
slight gash and there was some
water ingress, however, the vessel
was able to return to port with the

assistance of a tug.

Sources:

Center for Energy Economics 2006, Shipwrecklog.com, “Atlantic LNG Trinidad Train 2 accident injures employee,” November 2006, http://www.oilandgasinternational.com/default.aspx.

Center for Energy Economics 2012, Shipwrecklog.com, “LNG Safety and Security,” June, 2012, http://www.beg.utexas.edu/energyecon/LNG_Safety and Security Update 2012.pdf



http://www.oilandgasinternational.com/default.aspx

	Volume I
	COVER
	Title Page
	Abstract
	EXECUTIVE SUMMARY
	Introduction
	Description of the Proposed Action
	Public Involvement
	Alternatives Considered
	Proposed Project Impacts
	Water Resources
	Biological Resources
	Essential Fish Habitat
	Geological Resources
	Cultural Resources
	Ocean Use, Land Use, Recreation, and Visual Resources
	Transportation
	Air Quality
	Noise
	Socioeconomics
	Safety
	Cumulative Impacts


	Table of Contents
	List of Appendices
	List of Tables
	List of Figures
	Quick Reference
	List of Acronyms and Abbreviations
	1.0 INTRODUCTION
	Figure 1-1. Project Location Map
	1.1 Deepwater Port Regulatory Criteria
	1.1.1 LNG Export Authorization

	1.2 Purpose and Need
	1.3 Scope and Organization of the Final EIS
	1.4 Public Review and Comment
	1.5 Permits, Approvals, and Regulatory Requirements
	1.5.1 Provisions of the Endangered Species Act (ESA)
	1.5.2 Provisions of Magnuson-Stevens Fishery Conservation and Management Act 
	Table 1.5-1. Major Permits, Approvals, and Consultations for Natural Gas Deepwater Ports
	1.5.3 Provisions of the Marine Mammal Protection Act 
	1.5.4 Provisions of the National Historic Preservation Act 
	1.5.5 Marine Protection, Research, and Sanctuaries Act 
	1.5.6 Coastal Zone Management Act 
	1.5.7 Clean Water Act 
	1.5.8 Clean Air Act 
	1.5.8.1 New Source Review/Prevention of Significant Deterioration 
	1.5.8.2 Title V Permits
	1.5.8.3 General Conformity

	1.5.9 Migratory Bird Treaty Act 
	1.5.10 Bald and Golden Eagle Protection Act 
	1.5.11 Oil Pollution Act
	1.5.12 Archeological Resources Protection Act 
	1.5.13 Native American Graves Protection and Repatriation Act 


	2.0 DESCRIPTION OF THE PROPOSED ACTION AND ALTERNATIVES
	2.1 Introduction
	2.2 Detailed Description of the Proposed Action
	2.2.1 Lease Blocks and Overall Site Plan
	Table 2.2-1. Lease Block Information

	2.2.2 Existing Pipeline Infrastructure
	2.2.2.1 Former UTOS Pipeline
	2.2.2.2 Existing HIOS Pipeline

	2.2.3 WC 167 Offshore Manifold Platform Bypass
	2.2.4 Pipeline Laterals
	2.2.5 Mooring Systems
	2.2.5.1 FLNGV Mooring System
	Figure 2.2-1. General Arrangement of the Tower Yoke Mooring System
	Figure 2.2-2. Floating Liquefied Natural Gas Vessel on a Tower Yoke Mooring System

	2.2.5.2 Offloading Mooring
	Figure 2.2-3. Side-by-Side Mooring Plan, 3.0 MMtpa FLNGV New-Build Hull with LNGC

	2.2.5.3 Service Vessel Mooring

	2.2.6 Floating LNG Vessels
	Figure 2.2-4. Artist’s Rendering of Port Delfin Layout

	2.2.7 LNG Carriers
	Table 2.2-2. Offloading Sequence

	2.2.8 Onshore Facilities
	2.2.8.1 Meter Station
	2.2.8.2 Compressor Station
	2.2.8.3 UTOS Onshore Pipeline
	2.2.8.4 Gas Supply Header

	2.2.9 Construction and Installation
	2.2.9.1 Offshore Facilities
	Table 2.2-3. Moored Vessel Operations and Anchor Activity
	Table 2.2-4. Pipeline Lateral and WC 167 Bypass Impacts
	Table 2.2-5. TYMS Installation Impacts

	2.2.9.2 Delfin Onshore Facility
	Figure 2.2-5. Typical Pipeline Construction Sequence


	2.2.10 Operations
	2.2.10.1 Offshore Facilities
	Figure 2.2-6. FLNGV Liquefaction Technology

	2.2.10.2 Delfin Onshore Facility

	2.2.11 Decommissioning
	2.2.12 Best Management Practices

	2.3 Alternatives
	Table 2.3-1. Summary of Alternatives Considered
	2.3.1 Alternative Deepwater Port Designs
	Table 2.3-2. Environmental Evaluation of the Proposed Deepwater Port Design Alternatives
	2.3.1.1 Alternative Deepwater Port Design Evaluation
	2.3.1.2 Alternative Deepwater Port Design Conclusions

	2.3.2 Alternative LNG Liquefaction Technologies
	2.3.3 Alternative Cooling Media
	2.3.4 Alternative Pipeline Routes
	Figure 2.3-1. Tier 1 Siting Criteria 
	2.3.4.1 Capacity
	2.3.4.2 Alternative Pipeline Route Conclusions

	2.3.5 Alternative Port Locations
	2.3.5.1 Siting Considerations
	Figure 2.3-2. Tier 2 Siting Criteria
	Figure 2.3-3. Alternative Deepwater Port Locations (Part 1 of 2)
	Figure 2.3-4. Alternative Deepwater Port Locations (Part 2 of 2)

	2.3.5.2 Deepwater Port Location Alternatives Conclusions

	2.3.6 Alternative Use of the Existing WC 167 Offshore Manifold Platform
	2.3.7 Alternative Mooring Systems
	2.3.7.1 Permanent Mooring System
	2.3.7.2 Disconnectable Mooring System

	2.3.8 Alternative Anchoring Methods
	2.3.8.1 Alternative Anchoring Methods
	2.3.8.2 Impacts from Alternative Anchoring Methods 
	2.3.8.3 Alternative Anchoring Methods Conclusions

	2.3.9 Alternative DOF Locations
	Figure 2.3-5. Alternative Delfin Onshore Facility (DOF) Sites (Part 1 of 2)
	Figure 2.3-6. Alternative Delfin Onshore Facility (DOF) Site (Part 2 of 2)

	2.3.10 No Action Alternative
	2.3.11 Energy Alternatives

	2.4 Identification of the Agencies’ Preferred Alternative

	3.0 AFFECTED ENVIRONMENT
	3.1 Introduction
	3.2 Offshore Water Resources
	3.2.1 Definition of the Resource
	3.2.2 Laws and Regulations
	3.2.3 Required Permits
	3.2.4 Existing Threats
	Table 3.2-1. Hydrographic and Nutrient Data from Oceanographic Stations near the Proposed Project Area 

	3.2.5 Existing Conditions
	3.2.5.1 Physical Oceanography
	Bathymetry
	Wave Action
	Tides
	Winds
	Currents
	Figure 3.2-1. Currents in the Gulf of Mexico


	3.2.5.2 Coastal Environment
	3.2.5.3 Marine Environment
	3.2.5.4 Water Quality Sampling
	Figure 3.2-2. Bypass and Lateral Sample Locations
	Table 3.2-2. Detected Compounds and Elements in Marine Waters at Bypass and Lateral Sampling Locations
	Table 3.2-3. In Situ Specific Conductivity, pH, Salinity, Temperature, and Dissolved Oxygen Measurements 



	3.3 Offshore Biological Resources
	3.3.1 Definition of the Resource 
	3.3.2 Laws and Regulations
	3.3.3 Required Permits
	3.3.4 Existing Threats
	3.3.5 Offshore Threatened and Endangered Species
	Table 3.3-1. Gulf of Mexico Marine Mammal Summary with Likelihood of Occurrence 
	3.3.5.1 Marine Mammals
	Sei Whale
	Fin Whale
	Blue Whale
	Humpback Whale 
	North Atlantic Right Whale
	Sperm Whale
	Bryde’s Whale

	3.3.5.2 Sea Turtles
	Table 3.3-2. Endangered Species Act–Listed Sea Turtle Species in the Northern Gulf of Mexico
	Loggerhead Sea Turtle 
	Figure 3.3-1. Loggerhead Sea Turtle Critical Habitat

	Green Sea Turtle 
	Hawksbill Sea Turtle 
	Kemp’s Ridley Sea Turtle 
	Leatherback Sea Turtle 

	3.3.5.3 Birds
	3.3.5.4 Fish
	Gulf Sturgeon 
	Smalltooth Sawfish 


	3.3.6 Marine Protected Areas
	Figure 3.3-2. Gulf Sturgeon Critical Habitat Near the Proposed Port Delfin LNG Project

	3.3.7 Marine Mammals
	Atlantic Spotted Dolphin 
	Figure 3.3-3. Marine Protected Areas (MPAs) Near the Proposed Project
	Bottlenose Dolphin 


	3.3.8 Coastal, Marine, and Migratory Birds
	Table 3.3-3. Gulf of Mexico Seabird Summary

	3.3.9 Marine Vegetative Communities
	3.3.10 Benthic Resources
	Figure 3.3-4. Artificial and Coral Reefs Near the Proposed Port Delfin LNG Project

	3.3.11 Plankton
	Table 3.3-4. Seasonability and Peak Seasonal Occurrence of Larval Fishes (<10 mm standard length)

	3.3.12 Fisheries Resources
	3.3.12.1 Managed Fisheries
	3.3.12.2 Commercial Fisheries
	Table 3.3-5. Commercial Fisheries Landings and Values for the Gulf of Mexico and Louisiana (2004 to 2013)

	3.3.12.3 Recreational Fisheries
	Table 3.3-6. Recreational Fishing Effort, Landings, and Releases in Louisiana and Texas from the Gulf of Mexico (2004 to 2013)



	3.4 Essential Fish Habitat
	Figure 3.4-1. Atlantic Bluefin Tuna EFH and Habitat Area of Particular Concern Near the Proposed Port Delfin LNG Project
	3.4.1 Definition of the Resource 
	3.4.2 Laws and Regulations
	3.4.3 Required Permits
	3.4.4 Existing Threats
	3.4.5 Categories of EFH by Life Stage of Managed Species
	3.4.5.1 Managed Species with EFH in Project Area
	Table 3.4-1. Fisheries with Essential Fish Habitat in the Proposed Project Area

	3.4.5.2 Coastal Migratory Pelagics
	Table 3.4-2. Coastal Migratory Pelagics EFH 
	Figure 3.4-2. Coastal Migratory Pelagics Essential Fish Habitat within the Proposed Project Area

	3.4.5.3 Reef Fish
	Table 3.4-3. EFH for Various Life States of Selected Reef Fishes 
	Figure 3.4-3. Reef Fish Essential Fish Habitat within the Proposed Project Area

	3.4.5.4 Shrimp
	Table 3.4-4. EFH for Brown and White Shrimp 

	3.4.5.5 Highly Migratory Species
	3.4.5.6 Eggs and Larvae within the Proposed Project Area
	Figure 3.4-4. Shrimp Essential Fish Habitat within the Proposed Project Area
	Table 3.4-5. Peak Seasonal Occurrence of Larval Fishes for Select Managed Species in the Northern Gulf of Mexico
	Figure 3.4-5. SEAMAP Stations within the Proposed Project’s Area of Interest



	3.5 Offshore Geologic Resources
	3.5.1 Definition of the Resource
	3.5.2 Laws and Regulations
	3.5.3 Required Permits
	3.5.4 Existing Threats
	3.5.5 Existing Conditions
	3.5.5.1 Regional Geology
	3.5.5.2 Local Geology and Sediment Characteristics
	Table 3.5-1. Geotechnical Core Summary

	3.5.5.3 Geophysical Investigation
	Table 3.5-2. Summary of Grain Size Descriptions of Collected Cores from Bypass Segment (N–2) and Lateral Locations (N–12) 

	3.5.5.4 Geologic Hazards
	Table 3.5-3. Natural Subsurface Hazards Summary
	Faults and Seismicity
	Figure 3.5-1. Earthquake Probability

	Salt Diapirs and Karst Deposits
	Natural Gas
	Man-made Features/Paleontological Resources

	3.5.5.5 Mineral Resources
	3.5.5.6 Marine Sediment Quality
	Figure 3.5-2. Dissolved Oxygen within the Northern Gulf of Mexico Near the Proposed Port Delfin LNG Project



	3.6 Offshore Cultural Resources
	3.6.1 Definition of the Resource
	3.6.2 Required Permits
	3.6.3 Laws and Regulations
	3.6.4 Existing Threats
	3.6.5 Existing Conditions
	3.6.5.1 Cultural Context
	3.6.5.2 Offshore Cultural Resources Assessment


	3.7 Ocean Uses, Offshore Recreation, and Offshore Visual Resources
	3.7.1 Definition of the Resource
	3.7.2 Laws and Regulations
	3.7.3 Required Permits
	3.7.4 Existing Threats
	3.7.5 Ocean Uses
	Figure 3.7-1. Existing LNG Infrastructure in the Proposed Project Area

	3.7.6 Offshore Recreation Resources
	3.7.6.1 Recreational Fishing and Boating
	Figure 3.7-2. Fishing Sites and Activity Near the Proposed Project Area
	Figure 3.7-3. The Pilot Station in Cameron, LA (left) and Venice Marina (right) – One of the Top Recreational Fishing Ports in the United States

	3.7.6.2 Artificial Reefs and Scuba Diving 
	3.7.6.3 Cruise Ships

	3.7.7 Offshore Visual Resources

	3.8 Offshore Transportation
	3.8.1 Definition of the Resource
	3.8.2 Laws and Regulations
	3.8.3 Required Permits
	3.8.4 Existing Threats
	3.8.5 Existing Conditions
	3.8.5.1 Commercial and Recreational Boating Traffic
	Table 3.8-1. Recreational Saltwater Fishing in Louisiana State Inland and Territorial Seas and the Exclusive Economic Zone (2004 to 2013) 
	Table 3.8-2. Recreational Fishing Effort, Landings, and Releases in Louisiana and Texas from the Gulf of Mexico (2004 to 2013)

	3.8.5.2 Commercial Shipping Traffic
	Table 3.8-3. Nearby Gulf of Mexico Ports Ranked Among the Top 150 U.S. Ports by Cargo Tonnage

	3.8.5.3 Existing Traffic Lanes and Navigation
	Figure 3.8-1. Commercial Vessel Transit Density, One-Year Period: 2013



	3.9 Offshore Air Quality
	3.9.1 Definition of the Resource
	3.9.2 Laws and Regulations
	3.9.3 Required Permits
	3.9.4 Existing Threats
	3.9.5 Existing Conditions
	3.9.5.1 Regional Climate
	3.9.5.2 Existing Ambient Air Quality
	Table 3.9-1. Background Ambient Air Quality and Ambient Air Quality Standards

	3.9.5.3 Greenhouse Gases and Climate Change
	GHG Regulations



	3.10 Offshore Noise
	3.10.1 Definition of the Resource
	Table 3.10-1. A-Weighted Sound Levels for Some Common Airborne Sounds A-Weighted Level (dBA)
	Figure 3.10-1. Underwater Sound Descriptors

	3.10.2 Laws and Regulations
	3.10.3 Required Permits
	3.10.4 Existing Threats
	3.10.4.1 Underwater Noise Regulatory Criteria
	Table 3.10-2. Summary of NOAA Fisheries MMPA Criteria

	3.10.4.2 NOAA Fisheries Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammals
	Table 3.10-3. Marine Mammal Functional Hearing Groups from NOAA Fisheries Guidance
	Table 3.10-4. Proposed PTS and TTS SEL Criteria for Marine Mammals 

	3.10.4.3 Noise Exposure Criteria for Sea Turtles and Fish
	Table 3.10-5. Underwater Noise Criteria for Sea Turtles
	Table 3.10-6. Underwater Pile Driving Noise Criteria for Fish


	3.10.5 Existing Conditions

	3.11 Onshore Water Resources
	3.11.1 Definition of the Resource
	3.11.2 Laws and Regulations
	3.11.3 Required Permits
	3.11.4 Existing Threats
	3.11.5 Existing Conditions
	3.11.5.1 Surface Water Resources
	Table 3.11-1. Waterbodies Within and Adjacent to the Proposed DOF in Cameron Parish, Louisiana
	Surface Water Classification and Quality
	Contaminated Sediments and Water Use

	3.11.5.2 Wetlands
	3.11.5.3 Groundwater Resources
	3.11.5.4 Floodplains


	3.12 Onshore Biological Resources
	3.12.1 Definition of the Resource
	3.12.2 Laws and Regulations
	3.12.3 Required Permits
	3.12.4 Existing Threats
	3.12.5 Onshore Threatened and Endangered Species
	3.12.5.1 Birds 
	Table 3.12-1. ESA-Listed Bird Species Occurring in Coastal Habitats of the Northern Gulf of Mexico
	Table 3.12-2. Federally Listed and State-Listed Threatened and Endangered Bird Species in Cameron Parish
	Piping Plover 
	Red Knot
	Figure 3.121. Piping Plover Critical Habitat near the Proposed DOF (USFWS 2015c)



	3.12.6 Terrestrial Mammals (Non-Endangered)
	3.12.7 Avian Resources
	3.12.7.1 Migratory Bird Treaty Act
	Table 3.12-3. Migratory Birds Potentially Occurring at the Proposed DOF


	3.12.8 Upland Vegetation
	Figure 3.12-2. Proposed DOF Land Cover
	Table 3.12-4. Vegetative Cover Types within the Proposed DOF Footprint

	3.12.9 Aquatic Resources

	3.13 Onshore Geological Resources
	3.13.1 Definition of the Resource
	3.13.2 Laws and Regulations
	3.13.3 Required Permits
	3.13.4 Existing Threats
	3.13.5 Existing Conditions
	3.13.5.1 Soil Characteristics
	Hackberry Loamy Fine Sand
	Hackberry-Mermentau Complex, Gently Undulating
	Prime Farmland Soils, Croplands, and Residential Areas
	Table 3.13-1. Soils at the Proposed Project Site
	Table 3.13-2. Soils Limitations at the Proposed Project Site


	3.13.5.2 Geologic Hazards
	Table 3.13-3. Natural Subsurface Hazards Summary
	Faults and Seismicity
	Figure 3.13-1. Probabilistic Seismic Hazard of Peak Ground Acceleration

	Soil Liquefaction
	Tsunami
	Ground Subsidence
	Flooding
	Figure 3.13-2. Mean Sea Level Trend Station 8770570 Sabine Pass, Texas

	Erosion and Landslides
	Blasting

	3.13.5.3 Mineral Resources


	3.14 Onshore Cultural Resources
	3.14.1 Definition of the Resource
	3.14.2 Laws and Regulations
	3.14.3 Required Permits
	3.14.4 Existing Threats
	3.14.5 Existing Conditions
	3.14.5.1 Cultural Context
	3.14.5.2 Onshore Cultural Resources Assessment


	3.15 Land Uses, Onshore Recreation, and Onshore Visual Resources
	3.15.1 Definition of the Resource
	3.15.2 Laws and Regulations
	3.15.3 Required Permits
	3.15.4 Existing Threats
	3.15.5 Land Uses
	3.15.6 Onshore Recreation Resources
	3.15.7 Onshore Visual Resources

	3.16 Onshore Air Quality
	3.16.1 Definition of the Resource
	3.16.2 Laws and Regulations
	3.16.3 Required Permits
	3.16.4 Existing Threats
	3.16.5 Existing Conditions
	3.16.5.1 Regional Climate
	3.16.5.2 Existing Ambient Air Quality
	Table 3.16-1. Background Ambient Air Quality and Ambient Air Quality Standards

	3.16.5.3 Greenhouse Gases
	GHG Regulations



	3.17 Onshore Noise
	3.17.1 Definition of the Resource
	3.17.2 Laws and Regulations
	Table 3.17-1. A-Weighted Sound Levels for Some Common Airborne Sounds A-Weighted Level (dBA)

	3.17.3 Required Permits
	3.17.4 Existing Threats
	3.17.5 Existing Conditions
	Table 3.17-2. Ambient Sound Level Survey Results


	3.18 Socioeconomics
	3.18.1 Definition of the Resource
	3.18.2 Laws and Regulations
	3.18.3 Required Permits
	3.18.4 Existing Threats
	3.18.5 Existing Conditions – Offshore
	3.18.5.1 Marine-Based Tourism and Recreation
	3.18.5.2 Recreational Fisheries and Boating
	Figure 3.18-1. Socioeconomic Impact Area

	3.18.5.3 Commercial Fisheries
	Table 3.18-1. Commercial Fishing Industry Employment Statistics

	3.18.5.4 Marine Commerce and Shipping
	3.18.5.5 Other Offshore Resources
	Figure 3.18-2. Existing Channels and Fairways in the Proposed Project Area


	3.18.6 Existing Conditions – Onshore
	3.18.6.1 Population and Demographics
	Table 3.18-2. Population Summary (2010 to 2014)

	3.18.6.2 Housing
	Table 3.18-3. Existing Housing Conditions, 2010 to 2014 Five-Year American Community Survey Estimates
	Table 3.18-4. Hotels/Motels and RV Parks in the Proposed Project Area

	3.18.6.3 Employment and Income
	Table 3.18-5. Labor Force Statistics in the Proposed Project Area (2014)
	Table 3.18-6. Occupations in the Proposed Project Area

	3.18.6.4 Land-Based Recreation and Tourism
	3.18.6.5 Public Services
	Table 3.18-7. Public Services in the Proposed Project Area

	3.18.6.6 Environmental Justice Analysis
	Table 3.18-8. Race, Ethnicity, and Poverty Levels, 2010-2014 American Community Survey 5-Year Estimates




	4.0 ENVIRONMENTAL CONSEQUENCES OF THE PROPOSED ACTION AND ACTION ALTERNATIVES
	4.1 Introduction
	Long-Term or Short-Term
	Negligible, Minor, Moderate, or Major
	Adverse or Beneficial
	Direct or Indirect
	4.1.1 Evaluation Criteria
	Table 4.1-1. Evaluation Criteria for Determining Environmental Consequences by Resource Area 

	4.1.2 Best Management Practices and Agency Recommendations Incorporated into the Applicant’s Proposed Action

	4.2 Offshore Water Resources
	4.2.1 Physical Oceanography
	4.2.1.1 Impacts of Construction
	4.2.1.2 Impacts of Operation 
	4.2.1.3 Impacts of Decommissioning

	4.2.2 Water Quality
	4.2.2.1 Impacts of Construction
	Mooring Platforms and Pipeline Construction
	Hydrostatic Testing 
	Accidental Spills and Releases

	4.2.2.2 Impacts of Operation 
	Pipeline Operations
	FLNGV Operational Withdrawals 
	Table 4.2-1. Water Balance for Withdrawals and Discharges for a Single and Four Operational FLNGVs

	FLNGV Operational Discharges
	Table 4.2-2. Marine Discharge Ports and Flow Rates for a Single FLNGV 
	Figure 4.2-1. Schematic of Overboard Port Locations on FLNGV (Over deck water curtain and fire water discharges are not depicted)

	Ballast Water Discharge
	Table 4.2-3. Ballast Water Discharge Characteristics for FLNGVs

	Bilge Water Discharges
	Table 4.2-4. Bilge Water Discharge Characteristics for FLNGVs

	Scrubber Water Discharges
	Table 4.2-5. Scrubber Water Discharge Characteristics for FLNGVs 

	Sanitary Discharges
	Table 4.2-6. Sanitary Water Discharge Characteristics for FLNGVs 

	Hazardous and Nonhazardous Deck Drains
	Table 4.2-7. Hazardous Deck Drains Discharge Characteristics for FLNGVs 

	Cooling Water 
	Table 4.2-8. Essential Generator Cooling Water Discharge Characteristics for FLNGVs 

	Reverse Osmosis Reject Water
	Table 4.2-9. Reverse Osmosis Reject Water Discharge Characteristics for FLNGVs

	Accidental Releases of Fuel, Oil, and Other Chemicals
	LNG Spills


	4.2.3 Impacts of Decommissioning 
	4.2.4 Impacts of Alternatives
	4.2.4.1 No Action Alternative
	4.2.4.2 Alternative Deepwater Port Designs
	4.2.4.3 Alternative Cooling Media 
	4.2.4.4 Alternative Pipeline Routes
	4.2.4.5 Alternative Port Locations
	4.2.4.6 Alternative Anchoring Systems

	4.2.5 Best Management Practices
	4.2.6 Recommendations and Conclusions
	Table 4.2-10. Summary of Impacts for Offshore Water Resources
	Table 4.2-10. Summary of Impacts for Offshore Water Resources (continued)


	4.3 Offshore Biological Resources
	4.3.1 Offshore Threatened and Endangered Species 
	Table 4.3-1. Impact Assessment Summary for Federal Threatened and Endangered Species in the ROI (Offshore)
	4.3.1.1 Threatened and Endangered Marine Mammals
	Impacts of Construction
	Table 4.3-2. Threshold Levels Used to Determine the Zone of Influence Radii for Cetaceans
	Figure 4.3-1. Noise Criteria Distances for Pile-Driving Noise Levels 
	Table 4.3-3. Estimated Distances to Cetacean Species Threshold Levels for a Mitigated 78-Inch Pile
	Table 4.3-4. Estimated Distances to Cetacean Species Threshold Levels for Construction Vessel Activities
	Figure 4.3-2. Noise Criteria Distances for Thruster Noise during Construction
	Table 4.3-5. Commercial Vessel Traffic Entering Nearby Ports in 2013
	Table 4.3-6. Construction Vessel Transit Information

	Impacts of Operation 
	Figure 4.3-3. Noise Criteria Distances for Vessel Operational Noise 
	Table 4.3-7. Estimated Distances to Cetacean Species Threshold Levels for Operational Vessel Activities

	Impacts of Decommissioning

	4.3.1.2 Threatened and Endangered Sea Turtles
	Impacts of Construction
	Table 4.3-8. Estimated Distances to Sea Turtle Threshold Levels during Construction

	Impacts of Operation 
	Table 4.3-9. Estimated Distances to Sea Turtle Threshold Levels for Vessel Thrusters during Operation

	Impacts of Decommissioning

	4.3.1.3 Threatened and Endangered Birds
	Impacts of Construction
	Impacts of Decommissioning

	4.3.1.4 Threatened and Endangered Fishes

	4.3.2 Marine Protected Areas
	4.3.3 Marine Mammals (Non-Endangered)
	4.3.3.1 Impacts of Construction
	4.3.3.2 Impacts of Operation
	4.3.3.3 Impacts of Decommissioning

	4.3.4 Coastal, Marine, and Migratory Birds
	4.3.4.1 Impacts of Construction
	Benthic Habitat
	Turbidity 
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	Noise
	Vessel Traffic
	Ingestion of Marine Debris
	Entanglement
	Lighting

	4.3.4.2 Impacts of Operation 
	4.3.4.3 Impacts of Decommissioning

	4.3.5 Marine Vegetative Communities
	4.3.5.1 Impacts of Construction
	Construction Support Vessel Intake and Discharges
	Hydrostatic Test Water Discharge
	FLNGV Commissioning
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	Vessel Traffic

	4.3.5.2 Impacts of Operation
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	LNG Spills

	4.3.5.3 Impacts of Decommissioning on Marine Vegetative Communities
	Vessel Intake and Discharges
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals


	4.3.6 Benthic Resources 
	4.3.6.1 Impacts of Construction on Benthic Resources
	Pipeline Construction
	Table 4.3-10. Summary of Studies Documenting Recovery of Soft Substrate Benthos to Equilibrium (Stage III) Community

	Mooring Structure Installation
	Small Fuel Spills during Construction 
	Soft-bottom Community 
	Hard-bottom Community (Mollusks and Crustaceans)

	4.3.6.2 Impacts of Operation on Benthic Resources
	Scour and Turbidity
	Routine Discharges
	Nonindigenous Species
	Chemical Spills during Operation
	Physical Disturbance of Soft-bottom Habitat 
	Hard-bottom Community (Mollusks and Crustaceans)

	4.3.6.3 Impacts of Decommissioning on Benthic Resources
	Soft-bottom Habitat Disturbance
	Hard-bottom Community (Mollusks and Crustaceans)


	4.3.7 Plankton
	4.3.7.1 Impacts of Construction on Plankton
	Turbidity 
	Construction Support Vessel Intake and Discharges
	Hydrostatic Test Water Discharge
	FLNGV Commissioning
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	Lighting

	4.3.7.2 Impacts of Operation on Plankton
	Turbidity 
	Entrainment 
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	LNG Spills
	Planned and Unplanned Maintenance and Repair
	Lighting

	4.3.7.3 Impacts of Decommissioning on Plankton
	Turbidity 
	Entrainment
	Vessel Intake and Discharges
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	Lighting


	4.3.8 Fisheries Resources
	4.3.8.1 Impacts of Construction on Fisheries
	Benthic Habitat
	Turbidity 
	Construction Support Vessel Intake and Discharges
	Hydrostatic Test Water Discharge
	FLNGV Commissioning
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	Noise
	Vessel Traffic
	Ingestion of Marine Debris
	Entanglement 
	Lighting
	Alteration to Prey Species Abundance and Distribution

	4.3.8.2 Impacts of Operation on Fisheries
	Benthic Habitat
	Turbidity
	LNGC Ballast Water Discharge
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	LNG Spills
	Planned and Unplanned Maintenance and Repair
	Noise
	Lighting
	Alteration to Prey Species Abundance and Distribution

	4.3.8.3 Impacts of Decommissioning on Fisheries 
	Support Vessel Intake and Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	Noise
	Vessel Traffic
	Alteration to Prey Species Abundance and Distribution


	4.3.9 Impacts of Alternatives
	4.3.9.1 No Action Alternative
	4.3.9.2 Alternative Deepwater Port Designs
	4.3.9.3 Alternative Cooling Media
	4.3.9.4 Alternative Pipeline Routes
	4.3.9.5 Alternative Port Locations
	4.3.9.6 Alternative Anchoring Systems
	Sediment Displacement and Increased Turbidity
	Fisheries Impacts
	Noise Impacts
	Decommissioning Impacts
	Bird Impacts
	Marine Mammal Impacts


	4.3.10 Best Management Practices
	4.3.11 Recommendations and Conclusions
	Table 4.3-11. Summary of Impacts for Offshore Biological Resources


	4.4 Essential Fish Habitat
	Table 4.4-1. Summary of Potential Impacts on EFH during Project Life Cycle
	4.4.1 Impacts of Construction
	4.4.1.1 Resuspension of Sediments/Turbidity
	4.4.1.2 Loss, Reduction, or Change of the Benthic Assemblage
	4.4.1.3 Impacts to Ichthyoplankton from Pipeline Hydrostatic Testing
	4.4.1.4 Small Spills from Support Vessels
	4.4.1.5 Effects of Construction Noise on Fish
	Pulsive Sounds
	Approach for Estimating Pile-Driving Noise Levels
	Reference Sound Source Levels
	Table 4.4-2. Estimated Sound Pressure Levels Produced by a 78-inch Steel Pile Calculated for Seven Propagation Distances a/ 

	Background Noise Levels
	Underwater Transmission Loss
	Attenuation to Effects Thresholds
	Table 4.4-3. Predicted Pile-Driving Noise Threshold Limits for Fish
	Figure 4.4-1. Pile-Driving Noise Levels for Fish
	Table 4.4-4. Threshold Levels Used To Determine the Zone of Influence Radii for Fish
	Table 4.4-5. Vessel Noise Impacts from Construction Activities
	Figure 4.4-2. Construction Vessel Noise Impacts on Fish

	Summary of Construction Noise Impacts
	Provision of Hard-Bottom Habitat
	Ingestion of Marine Debris


	4.4.2 Impacts of Operation 
	4.4.2.1 Nonindigenous Species
	4.4.2.2 Continuous Noise
	Table 4.4-6. Vessel Noise Impacts from Operational Activities
	Figure 4.4-3. Fish Noise Impacts from Vessel Operations

	4.4.2.3 Entrainment Impacts
	4.4.2.4 Conclusions

	4.4.3 Impacts of Decommissioning
	4.4.4 Impacts of Alternatives
	4.4.4.1 No Action Alternative
	4.4.4.2 Alternative Deepwater Port Designs
	4.4.4.3 Alternative Cooling Media
	4.4.4.4 Alternative Pipeline Routes
	4.4.4.5 Alternative Port Locations
	4.4.4.6 Alternative Anchoring Systems
	Sediment Displacement and Increased Turbidity
	Effects on Managed Fisheries
	Noise Impacts
	Decommissioning Impacts
	Anchor Alternatives Conclusions


	4.4.5 Best Management Practices
	4.4.6 Recommendations and Conclusions
	Table 4.4-7. Summary of Impacts for Essential Fish Habitat


	4.5 Offshore Geological Resources
	4.5.1 Impacts of Construction
	4.5.1.1 Bottom Sediment Disturbance
	4.5.1.2 Sediments

	4.5.2 Impacts of Operation 
	4.5.3 Impacts of Decommissioning 
	4.5.4 Impacts of Alternatives
	4.5.4.1 No Action Alternative
	4.5.4.2 Alternative Deepwater Port Designs
	4.5.4.3 Alternative Cooling Media
	4.5.4.4 Alternative Pipeline Routes
	4.5.4.5 Alternative Port Locations
	4.5.4.6 Alternative Anchoring Systems

	4.5.5 Best Management Practices
	4.5.6 Recommendations and Conclusions
	Table 4.5-1. Summary of Impacts for Offshore Geological Resources


	4.6 Offshore Cultural Resources
	4.6.1 Impacts of Construction 
	4.6.2 Impacts of Operation 
	4.6.3 Impacts of Decommissioning 
	4.6.4 Impacts of Alternatives
	4.6.4.1 No Action Alternative
	4.6.4.2 Alternative Deepwater Port Designs
	4.6.4.3 Alternative Cooling Media
	4.6.4.4 Alternative Pipeline Routes
	4.6.4.5 Alternative Port Locations
	4.6.4.6 Alternative Anchoring Systems

	4.6.5 Best Management Practices
	4.6.6 Recommendations and Conclusions
	Table 4.6-1. Summary of Impacts for Offshore Cultural Resources


	4.7 Ocean Use, Offshore Recreation, and Offshore Visual Resources
	4.7.1 Ocean Uses
	4.7.1.1 Impacts of Construction
	4.7.1.2 Impacts of Operations
	4.7.1.3 Impacts of Decommissioning

	4.7.2 Recreation Resources
	4.7.2.1 Impacts of Construction
	4.7.2.2 Impacts of Operations
	4.7.2.3 Impacts of Decommissioning

	4.7.3 Visual Resources
	4.7.3.1 Impacts of Construction
	4.7.3.2 Impacts of Operations
	4.7.3.3 Impacts of Decommissioning

	4.7.4 Impacts of Alternatives
	4.7.4.1 No Action Alternative
	4.7.4.2 Alternative Deepwater Port Design
	4.7.4.3 Alternative Cooling Media
	4.7.4.4 Alternative Pipeline Routes
	4.7.4.5 Alternative Port Locations
	4.7.4.6 Alternative Anchoring Systems

	4.7.5 Best Management Practices
	4.7.6 Recommendations and Conclusions
	Table 4.7-1. Summary of Impacts for Ocean Use, Recreation, and Visual Resources


	4.8 Offshore Transportation
	4.8.1 Impacts of Construction
	4.8.2 Impacts of Operation
	Figure 4.8-1. Typical LNGC Routes

	4.8.3 Impacts of Decommissioning
	4.8.4 Impacts of Alternatives
	4.8.4.1 No Action Alternative
	4.8.4.2 Alternative Port Design
	4.8.4.3 Alternative Cooling Media
	4.8.4.4 Alternative Pipeline Routes
	4.8.4.5 Alternative Port Locations
	4.8.4.6 Alternative Anchoring Systems

	4.8.5 Best Management Practices
	4.8.6 Recommendations and Conclusions
	Table 4.8-1. Summary of Impacts for Offshore Transportation


	4.9 Offshore Air Quality
	4.9.1 Impacts of Construction
	4.9.1.1 Construction Emissions
	Table 4.9-1. Proposed WC 167 Bypass, Subsea Lateral Pipeline, and TYMS Construction Emissions


	4.9.2 Impacts of Operation
	4.9.2.1 Operation Emissions
	Stationary Source Descriptions
	Stationary Source Emissions
	Table 4.9-2. Emissions from Initial Startup and Commissioning per FLNGV 
	Table 4.9-3. Potential Emissions for Annual Operations for One FLNGV 
	Table 4.9-4. Potential Emissions for Annual Operations for Four FLNGVs
	Table 4.9-5. Total Flaring Emissions from Liquefaction Train Restart Events per FLNGV – Year 1 
	Table 4.9-6. Total Flaring Emissions from Liquefaction Train Restart Events per FLNGV – Years 2-5
	Table 4.9-7. Potential Emissions for One Annual Heavy Weather Operation (Four FLNGVs)

	Mobile Source Emissions
	Table 4.9-8. Potential Emissions for Annual Operations of Mobile Sources


	4.9.2.2 Operational Air Quality Impacts
	Model Selection
	Operating Scenarios for Modeling
	Selection of Background Monitoring Data
	Receptor Locations
	Selection of Meteorological Data
	NO2 Modeling Approach
	Model Input Parameters
	Table 4.9-9. Model Input Parameters for Project Point Sources
	Table 4.9-10. Model Input Parameters for Offshore Platform Sources

	Summary of Results
	Table 4.9-11. Hoteling Scenario Results vs. PSD Class II Increments
	Table 4.9-12. Transit Scenario Results vs. PSD Class II Increments
	Table 4.9-13. Hoteling Scenario Results vs. NAAQS
	Table 4.9-14. Transit Scenario Results vs. NAAQS



	4.9.3 Impacts of Decommissioning
	4.9.4 General Conformity
	4.9.5 Greenhouse Gases and Climate Change
	4.9.5.1 Construction
	4.9.5.2 Operation
	Table 4.9-15. Operating GHG Emissions (Four FLNGVs) 

	4.9.5.3 Decommissioning
	4.9.5.4 Effects of Future Climate Change on Project Impacts

	4.9.6 Impacts of Alternatives
	4.9.6.1 No Action Alternative
	4.9.6.2 Alternative Deepwater Port Designs
	4.9.6.3 Alternative Cooling Media
	4.9.6.4 Alternative Pipeline Routes
	4.9.6.5 Alternative Port Locations
	4.9.6.6 Alternative Anchoring Methods

	4.9.7 Best Management Practices
	4.9.8 Recommendations and Conclusions
	Table 4.9-16. Summary of Impacts for Offshore Air Quality


	4.10 Offshore Noise
	4.10.1 Impacts of Construction
	Table 4.10-1. Airborne Noise Sources during Construction
	4.10.1.1 Airborne Construction Noise Impacts
	4.10.1.2 Underwater Construction Noise Impacts
	Continuous Noise
	Pulsive Sounds 


	4.10.2 Impacts of Operation
	4.10.2.1 Operation Activities
	Supply Vessels and Tugboats 
	Helicopter 
	FLNGV Operation 
	Table 4.10-2. Floating Liquefied Natural Gas Vessel Noise during Operation


	4.10.2.2 Airborne Operational Noise Impacts
	4.10.2.3 Underwater Operational Noise Impacts
	Continuous Noise
	Pulsive Sounds 

	4.10.2.4 Planned and Unplanned Maintenance and Repair

	4.10.3 Impacts of Decommissioning
	4.10.3.1 Airborne Decommissioning Noise Impacts
	4.10.3.2 Underwater Decommissioning Noise Impacts

	Impacts of Alternatives
	4.10.4.1 No Action Alternative
	4.10.4.2 Alternative Deepwater Port Designs
	4.10.4.3 Alternative Cooling Media
	4.10.4.4 Alternative Pipeline Routes
	4.10.4.5 Alternative Port Locations
	4.10.4.6 Alternative Anchoring Methods

	4.10.5 Best Management Practices
	4.10.6 Recommendations and Conclusions
	Table 4.10-3. Summary of Impacts for Offshore Noise


	4.11 Onshore Water Resources
	4.11.1 Surface Water Resources 
	4.11.2 Wetlands
	4.11.2.1 Construction and Operation Related Impacts to Wetlands

	Groundwater Resources
	4.11.4 Floodplains and Flooding
	4.11.5 Impacts of Alternatives
	4.11.5.1 No Action Alternative
	4.11.5.2 Alternative DOF Location
	4.11.5.3 Alternative Compressor Station Design

	4.11.6 Best Management Practices
	4.11.7 Recommendations and Conclusions
	Table 4.11-1. Summary of Impacts for Onshore Water Resources


	4.12 Onshore Biological Resources
	4.12.1 Onshore Threatened and Endangered Species
	Table 4.12-1. Impact Assessment Summary for Federal Threatened and Endangered Species in the Region of Influence (Onshore)
	4.12.1.1 Threatened and Endangered Birds
	Impacts of Construction
	Impacts of Operation
	Impacts of Decommissioning


	4.12.2 Terrestrial Mammals (Non-Endangered)
	4.12.2.1 Impacts of Construction
	4.12.2.2 Impacts of Operation
	4.12.2.3 Impacts of Decommissioning

	4.12.3 Avian Resources
	4.12.3.1 Impacts of Construction
	4.12.3.2 Impacts of Operation
	4.12.3.3 Impacts of Decommissioning

	4.12.4 Upland Vegetation
	4.12.4.1 Impacts of Construction
	Table 4.12-2. Acreage of Upland Vegetation within the Proposed DOF Footprint

	4.12.4.2 Impacts of Operation
	4.12.4.3 Impacts of Decommissioning

	4.12.5 Aquatic Resources
	4.12.5.1 Impacts of Construction
	Direct Loss of Wetlands
	Table 4.12-3. Acreage of Wetland Vegetation within the Proposed DOF Footprint 

	Stormwater and Sedimentation
	Fuel Spills 

	4.12.5.2 Impacts of Operation
	4.12.5.3 Impacts of Decommissioning

	4.12.6 Impacts of Alternatives
	4.12.6.1 No Action Alternative
	4.12.6.2 Alternative DOF Location
	4.12.6.3 Alternative Compressor Station Design

	4.12.7 Best Management Practices
	4.12.8 Recommendations and Conclusions
	Table 4.12-4. Summary of Impacts for Biological Resources 


	4.13 Onshore Geological Resources
	4.13.1 Impacts of Construction
	4.13.2 Impacts of Operation 
	4.13.3 Impacts of Decommissioning 
	4.13.4 Impacts of Alternatives
	4.13.4.1 No Action Alternative

	4.13.5 Best Management Practices
	4.13.6 Recommendations and Conclusions
	Table 4.13-1. Summary of Impacts for Geological Resources


	4.14 Onshore Cultural Resources
	4.14.1 Impacts of Construction 
	4.14.2 Impacts of Operation
	4.14.3 Impacts of Decommissioning 
	4.14.4 Impacts of Alternatives
	4.14.4.1 No Action Alternative
	4.14.4.2 Alternative DOF Location
	4.14.4.3 Alternative Compressor Station Design

	4.14.5 Best Management Practices
	4.14.6 Recommendations and Conclusions
	Table 4.14-1. Summary of Impacts for Cultural Resources


	4.15 Land Use, Onshore Recreation, and Onshore Visual Resources
	4.15.1 Land Uses
	4.15.1.1 Impacts of Construction
	4.15.1.2 Impacts of Operations
	4.15.1.3 Impacts of Decommissioning

	4.15.2 Recreation Resources
	4.15.2.1 Impacts of Construction
	4.15.2.2 Impacts of Operations
	4.15.2.3 Impacts of Decommissioning

	4.15.3 Visual Resources
	4.15.3.1 Impacts of Construction
	4.15.3.2 Impacts of Operations
	4.15.3.3 Impacts of Decommissioning

	4.15.4 Impacts of Alternatives
	4.15.4.1 No Action Alternative
	4.15.4.2 Alternative Deepwater Onshore Facilities Locations
	4.15.4.3 Alternative Compressor Station Designs

	4.15.5 Best Management Practices
	4.15.6 Recommendations and Conclusions
	Table 4.15-1. Summary of Impacts for Land Use, Onshore Recreation, and Onshore Visual Resources


	4.16 Onshore Air Quality
	4.16.1 Impacts of Construction
	4.16.1.1 Construction Emissions
	Table 4.16-1. Proposed DOF Construction Emissions


	4.16.2 Impacts of Operation
	4.16.2.1 Operation Emissions
	Stationary Source Descriptions
	Stationary Source Emissions
	Table 4.16-2. Proposed DOF Operation Emissions


	4.16.2.2 Operational Air Quality Impacts
	Model Selection
	Operating Scenarios for Modeling
	Selection of Background Monitoring Data
	Receptor Locations
	Selection of Meteorological Data
	NO2 Modeling Approach
	Model Input Parameters
	Table 4.16-3. Model Input Parameters for DOF Point Sources
	Table 4.16-4. Model Input Parameters for Onshore Nearby Sources

	Summary of Results
	Table 4.16-5. Proposed DOF and Cumulative Modeling Results vs. NAAQS



	4.16.3 Impacts of Decommissioning
	4.16.4 General Conformity
	4.16.5 Greenhouse Gases and Climate Change
	4.16.5.1 Construction
	4.16.5.2 Operation
	4.16.5.3 Decommissioning
	4.16.5.4 Effects of Future Climate Change on Project Impacts

	4.16.6 Impacts of Alternatives
	4.16.6.1 No Action Alternative
	4.16.6.2 Alternative DOF Location
	4.16.6.3 Alternative Compressor Station Design

	4.16.7 Best Management Practices
	4.16.8 Recommendations and Conclusions
	Table 4.16-6. Summary of Impacts for Onshore Air Quality


	4.17 Onshore Noise
	4.17.1 Impacts of Construction
	Table 4.17-1. Site Preparation Construction Noise Levels at Various Distances
	Table 4.17-2. Facility Construction Noise Levels at Various Distances
	Figure 4.17-1. Ambient Noise Measurement Locations/NSA and Noise Contours

	4.17.2 Impacts of Operation
	Table 4.17-3. Unmitigated Sound Levels for Major Noise-Producing Equipment
	Table 4.17-4. Noise Mitigation Summary
	Table 4.17-5. Compressor Station Operational Noise Impacts at NSAs

	4.17.3 Impacts of Decommissioning
	4.17.4 Impacts of Alternatives
	4.17.4.1 No Action Alternative
	4.17.4.2 Alternative DOF Location
	4.17.4.3 Alternative Compressor Station Design

	4.17.5 Best Management Practices
	4.17.6 Recommendations and Conclusions
	Table 4.17-6. Summary of Impacts for Noise


	4.18 Socioeconomics
	Table 4.18-1. Proposed Port Delfin LNG Project: Workforce Summary Sheet – Construction
	Table 4.18-2. Proposed Port Delfin LNG Project: Workforce Summary Sheet – Operation
	4.18.1 Onshore Economic Conditions
	4.18.1.1 Impacts of Construction
	Population and Demographics
	Housing
	Employment and Income
	Land-Based Recreation and Tourism
	Public Services

	4.18.1.2 Impacts of Operation
	Population and Demographics
	Housing
	Employment and Income
	Land-Based Recreation and Tourism
	Public Services

	4.18.1.3 Impacts of Decommissioning

	4.18.2 Offshore Economic Conditions
	4.18.2.1 Impacts of Construction
	Marine-Based Tourism and Recreation
	Recreational Fisheries
	Commercial Fisheries
	Marine Commerce and Shipping
	Other Offshore Resources

	4.18.2.2 Impacts of Operations
	Marine-Based Tourism and Recreation
	Recreational Fisheries
	Commercial Fisheries
	Marine Commerce and Shipping
	Other Offshore Resources

	4.18.2.3 Impacts of Decommissioning

	4.18.3 Impacts of Alternatives
	4.18.3.1 No Action Alternative
	4.18.3.2 Alternative Deepwater Port Designs
	4.18.3.3 Alternative Cooling Media
	4.18.3.4 Alternative Pipeline Routes
	4.18.3.5 Alternative Port Locations
	4.18.3.6 Alternative Anchoring Methods
	4.18.3.7 Alternative DOF Location
	4.18.3.8 Alternative Compressor Station Design

	4.18.4 Best Management Practices
	4.18.5 Recommendations and Conclusions
	Table 4.18-3. Summary of Impacts for Socioeconomic Resources

	4.18.6 Environmental Justice Impacts


	5.0 SAFETY
	5.1 Introduction
	5.2 LNG Hazards
	5.2.1 Physical Properties
	5.2.2 Thermal Radiation (Flux) Hazards
	5.2.3 Pool Fires
	5.2.4 Flammable Vapor Clouds
	5.2.5 Cryogenic Hazards
	5.2.6 Rapid Phase Transition

	5.3 Evaluation of Public Safety
	5.3.1 Safety Review Criteria
	5.3.2 Credible Range of Release Scenarios
	5.3.2.1 Site-Specific Input Data
	5.3.2.2 Direct Impact on the Public
	5.3.2.3 Bounding Case (Worst Credible Impact)

	5.3.3 Sandia National Laboratory Guidelines
	5.3.4 Impacts on Public Safety and Property
	5.3.4.1 LNG Ports
	5.3.4.2 LNG Carriers
	5.3.4.3 Floating Liquefied Natural Gas Vessels 
	5.3.4.4 Port Security


	5.4 LNG Spill Consequence Analysis
	5.4.1 Purpose and Objectives
	5.4.2 Technical Approach
	5.4.3 Deepwater Port Potential Impact
	5.4.3.1 LNG Release Scenarios
	Table 5.4-1. Distances to Flux Radiation Levels for Accidental Scenarios
	Table 5.4-2. Distances to Flux Radiation Levels for Intentional Scenarios
	Table 5.4-3. Calculated Quantities for Pool Fire Scenarios
	Figure 5.4-1. 5 kW/m2 Radiation Contours for Potential FLNGV Intentional 5 m2 and 12 m2 Single Tank Breach
	Figure 5.4-2. 5 kW/m2 Radiation Contours for Potential FLNGV Intentional 12 m2 Triple Tank Breach 

	5.4.3.2 Flammable Vapor Cloud Dispersion
	Table 5.4-4. LFL Distances for 1 and 2 m2 Single Tank Accidental Hole Breach
	Table 5.4-5. LFL Distances for intentional Breach Events by Hole Size (m2)
	Table 5.4-6. LFL Distances from Intentional Three-Tank Cascading Breach
	Figure 5.4-3. LFL Effect Zones for Accidental 1 m2 and 2 m2 Single-Tank Breach from FLNGV #1
	Figure 5.4-4. LFL Effect Zones for Intentional 5 m2 and 12 m2 Single-Tank Breach from the FLNGVs
	Figure 5.4-5. LFL Effect Zones for Intentional 12 m2 Three-Tank Breach from the FLNGVs 
	Table 5.4-7. Flux Radiation Distances from Intentional Three-Tank Cascading Breach 

	5.4.3.3 Summary of Risknology Findings
	Table 5.4-8. Hazard Distances, Using Nominal Case Breach Events

	5.4.3.4 Worst Credible Release Scenarios
	Table 5.4-9. Worst Credible Release Hazard Distances to 12 m2 Three-Tank Cascading Breach Events



	5.5 Marine Safety
	5.5.1 Marine Safety Standards
	5.5.1.1 Navigation Aid Systems
	5.5.1.2 Fire and Gas Detection System
	5.5.1.3 Emergency Shutdown System
	5.5.1.4 Communications System

	5.5.2 Navigational Safety Measures
	5.5.2.1 Safety Zone
	Figure 5.5-1. Typical Configuration of Navigational Safety Measures
	Figure 5.5-2. Approximate Safety Zone

	5.5.2.2 No Anchoring Area and Area to be Avoided
	5.5.2.3 Designated Anchorage Areas

	5.5.3 LNG Vessel Support
	5.5.3.1 Vessel Safety and Collision
	Table 5.5-1. Gulf of Mexico Vessel Collisions 2007 to 2014

	5.5.3.2 Mooring and Berthing
	5.5.3.3 Extreme Weather
	Figure 5.5-3. Typical LNGC Routes



	5.6 Offshore Pipeline Safety
	5.6.1 Offshore Pipeline Safety Standards
	5.6.2 Offshore Pipeline Incident Data
	Table 5.6-1. Offshore Natural Gas Transmission Pipeline Incident Summary by Cause

	5.6.3 Offshore Third-Party Hazards

	5.7 Reliability and Safety of Onshore Facilities and Pipelines
	5.7.1 Safety Standards
	5.7.2 Pipeline Accident Data
	Table 5.7-1. Natural Gas Transmission Pipeline Significant Incidents by Cause (1996-2015)
	Table 5.7-2. Excavation, Natural Forces, and Outside Force Incidents by Cause (1996-2015)

	5.7.3 Impact on Public Safety
	Table 5.7-3. Injuries and Fatalities – Natural Gas Transmission Pipelines
	Table 5.7-4. Nationwide Accidental Fatalities by Cause



	6.0 CUMULATIVE IMPACTS
	6.1 Past, Present, and Reasonably Foreseeable Future Actions
	6.1.1 Deepwater LNG Ports
	6.1.2 Onshore LNG Terminals
	Table 6.1-1. Federal Projects Identified for Consideration in the Cumulative Impacts Analysis for the Proposed Port Delfin LNG Project
	Table 6.1-2. Non-Federal Projects Identified for Consideration in the Cumulative Impacts Analysis for the Proposed Port Delfin LNG Project
	Figure 6.1-1. Onshore LNG Facilities

	6.1.3 Oil and Gas Activity
	6.1.4 Pipeline System Projects
	6.1.5 Utilities
	6.1.6 Other Industrial Facilities
	6.1.7 Commercial and Residential Developments
	6.1.8 Federal, State, and/or Municipal Government Activities

	6.2 Potential Cumulative Impacts by Resource Area
	6.2.1 Water Resources
	6.2.2 Biological Resources
	6.2.3 Essential Fish Habitat
	6.2.4 Geological Resources
	6.2.5 Cultural Resources
	6.2.6 Ocean Use, Land Use, Recreation, and Visual Resources
	6.2.7 Transportation
	6.2.8 Air Quality
	6.2.9 Noise
	Table 6.2-1. Summary of Cumulative Noise Levels at NSAs and Expected Increase in Ldn above Existing Ldn

	6.2.10 Socioeconomics


	7.0 COASTAL ZONE CONSISTENCY
	8.0 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES
	9.0 RELATIONSHIP BETWEEN SHORT-TERM USES AND LONG-TERM PRODUCTIVITY
	10.0 REFERENCES
	11.0 LIST OF PREPARERS
	11.1 Agency Preparers
	11.2 Contractor Preparers


	Volume II Appendices
	COVER
	List of Appendices
	Appendix A - Interested Party Letter & Distribution Lists
	A-1
	A-2
	A-3
	A-4

	Appendix B - Public Notices
	B-1
	B-2

	Appendix C - Comments on the Draft EIS and Responses
	Table of Contents
	Federal Agencies
	FA1
	FA2
	FA3
	FA4

	State Agencies
	SA1

	Companies and Organizations
	CO1
	CO2

	Individuals
	IND1
	IND2

	Public Meetings
	SP1 - SP5
	SP6-SP10


	Appendix D - Agency Correspondence
	Federal Agency Correspondence
	Federal Senators and Representatives Correspondence
	State Agency Correspondence
	Local Agency Correspondence
	Native American Tribe Correspondence

	Appendix E - Essential Fish Habitat Assessment
	Appendix F - Delfin Wetland & Waterbody Construction & Mitigation Procedures
	Appendix G - List of BMPs and Recommendations
	Appendix H - Delfin LNG Soil Sediment Report
	Response to Data Gap Questions #1d and #27 of USCG Data Request of July 16, 2015

	Table of Contents
	List of Appendices
	List of Attachments
	List of Tables
	List of Figures

	Acronyms and Abbreviations
	Executive Summary
	1 Introduction
	2 Background
	3 Sample Locations
	4 Field Sampling Methods
	5 Analytical Methods
	6 Results and Discussion
	6.1 Water Column Assessment
	6.2 Sediment Assessment

	7 Conclusions
	8 References
	Appendices

	Appendix A: Sediment Core Log
	Appendix B: Photograph Log
	Appendix C: Water Sample Analysis
	Appendix D: Sediment Sample Analysis

	Attachments

	Attachment 1: Laboratory Results for: Delfin LNG Work Order: HS15120773

	Attachment 2: Laboratory Results for: Delfin LNG Work Order: HS15120747 



	Appendix I - Delfin LNG Icthyoplankton Report
	Delfin LNG Icthyoplankton Report
	1 Introduction
	2 Data Procurement and Management
	2.1 SEAMAP Program
	2.2 Study Area – Source Water Body
	2.3 SEAMAP Data Analyses
	2.4 Ichthyoplankton Densities and Taxa Composition
	2.5 Species of Concern

	3 Calculation of Potential Entrainment Estimates
	3.1 Annual Estimates

	4 Ichthyoplankton Assessment Model Methods
	4.1 Life History Tables
	Red Drum
	Red Snapper
	Bay Anchovy
	Gulf Menhaden

	4.2 Age-1 Equivalent Analysis
	4.3 Equivalent Yield Analysis
	4.4 Sensitivity Analyses

	5 Model Results
	5.1 Red Drum
	5.2 Red Snapper
	5.3 Gulf Menhaden
	5.4 Bay Anchovy
	5.5 Summary
	Red Drum
	Red Snapper
	Gulf Menhaden
	Bay Anchovy


	6 Conclusion
	7 References


	Appendix J - Delfin LNG Unanticipated Discoveries Plans
	Offshore Unanticipated Discoveries Plan
	Onshore Unanticipated Discoveries Plan

	Appendix K - Delfin LNG Draft Operations Manual
	PDFLNGV-BD-000 Port Operations Manual - Final
	Foul Weather Plan - Final
	Draft Emergency Response Manual - Final

	Appendix L - Delfin LNG Spill and Pollution Prevention Plans
	L-1
	L-2

	Appendix M - Delfin LNG Noxious Plant Control Plan
	Appendix N - CK Associates CORMIX Evaluation
	Appendix O - Delfin LNG Construction Vessel Anchoring Plan
	Appendix O - Addendum

	Appendix P - Delfin LNG Revised Acoustic Modeling Analysis
	P-1
	P-2
	P-3
	P-4

	Appendix Q - Risknology Spill Consequence Analysis
	Appendix Q-1 Risknology Spill Consequence Analysis, May 2016
	Appendix Q-2 Additional Response to Sandia National Laboratories Memorandum, September 2016

	Appendix R - Major LNG Incidents




