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SECTION 1.0 

Stormwater Pollution Prevention Plan and Erosion 
Prevention and Sediment Control Plan 
In June 2006, the United States Environmental Protection Agency (EPA) published a final rule for 40 Code of 
Federal Regulations (CFR) Part 122 to include Amendments to the National Pollutant Discharge Elimination System 
(NPDES) Regulations for Storm Water Discharge Associated with Oil and Gas Exploration, Production, Processing, 
or Treatment Operations or Transmission Facilities. This rule modified the NPDES regulations to exempt certain 
stormwater discharges from field activities or operations, including construction associated with oil and gas 
exploration, production, processing, or treatment operations or transmission facilities. These discharges are 
exempt from permitting requirements except in situations when the construction-related activities result in the 
discharge of a hazardous substance or oil in “reportable” quantities or in situations when the discharge of a 
pollutant other than sediment contributes to a violation of an applicable water quality standard. 

The rule also encouraged the application of best management practices (BMPs) for oil and gas field activities and 
operations to (a) minimize the discharge of pollutants in stormwater runoff and (b) protect water quality both 
during and after construction activities. 

Installation of effective BMPs will help protect surface water during storm events, as well as help ensure that 
there is no discharge of a reportable quantity (RQ) or violation of the water quality standard. 

This Stormwater Pollution Prevention Plan (SWPPP) has been developed to meet the spirit of the law. This plan 
has three elements, all intended to provide methods and procedures so the construction activities do not 
adversely affect the water quality of the receiving water bodies during construction. The three elements of this 
plan that are discussed in the following sections are as follows: 

• Erosion Prevention and Sediment Control Plan (EPSCP) 
• Spill Prevention, Containment, and Countermeasures Plan (SPCC Plan) 
• Horizontal Directional Drilling Frac-out Contingency Plan 

The purpose of this document is to describe the proposed construction activities and all temporary and 
permanent erosion and sediment control (TESC) measures, pollution prevention measures, inspection/monitoring 
activities, spill prevention measures and countermeasures, frac-out procedures, and record keeping that will be 
implemented during the construction Project. Included in this SWPPP are the following: 

• Covered activities 

• Best management practices to prevent erosion and sedimentation (in the EPSCP), and to identify, reduce, 
eliminate, or prevent stormwater contamination and water pollution from construction activity and to 
receiving water bodies 

• Maintenance and inspection procedures 

• Plan modification 

• Required reports, documents, and record keeping 

• Spill Prevention, Containment, and Countermeasures Plan 

• Horizontal Directional Drilling Frac-out Contingency Plan 

• Certifications 

All personnel engaging in construction activities will follow this SWPPP. 
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Description of Covered Activities 

2.1 Scope of Activities 
LNG Development Company, LLC (d/b/a Oregon LNG) proposes to own, construct, and operate a liquefied natural 
gas (LNG) bidirectional terminal (Terminal) consisting of marine facilities, LNG storage tanks, LNG vaporization 
facilities, natural gas liquefaction facilities, and associated support facilities, to be located in Warrenton, Oregon. 
The Terminal will have a base load liquefaction capacity of 9.6 million metric ton per year, which requires 
approximately 1.25 billion standard cubic feet per day of pretreated natural gas; and a base load regasification 
capacity of 0.5 billion standard cubic feet per day. 

Natural gas will be transported to and from the Terminal via an approximately 86.8‐mile‐long, 36‐inch‐outside‐
diameter (OD) bidirectional pipeline (Pipeline) that is being developed by Oregon Pipeline Company, LLC (Oregon 
Pipeline; and together with LNG Development Company, LLC, Oregon LNG).1 The Pipeline will interconnect with 
the interstate transmission system of Northwest Pipeline GP (Northwest), a subsidiary of the Williams Companies, 
at the Northwest Pipeline Interconnect near Woodland, Washington.2 The Pipeline will be routed through Clatsop, 
Tillamook, and Columbia counties in Oregon, and Cowlitz County in Washington. An electrically driven gas 
compressor station (Compressor Station) will be constructed at milepost (MP) 80.8 of the Pipeline. The Terminal, 
Pipeline, and Compressor Station are collectively referred to as the Bidirectional Project or Project. 

A complete description of the Project can be found in Resource Report 1—General Project Description. 

2.2 Runoff Coefficient of Soils 
During construction of the Project, existing vegetation will be removed and the risk that erosion may affect soils 
will increase. Soil erosion is strongly influenced by soil texture, soil structure, percent organic matter, vegetation 
or mulch cover, length and percent surface slope, and rainfall or wind intensity. Soils most susceptible to erosion 
are those with low cohesion (silts and very fine sand with little organic matter), low permeability, high surface 
slope and/or long slope lengths, and soils exposed to water and wind with little vegetation or surface mulch 
protection. The primary negative impact of soil erosion is the resulting loss of fertile topsoil and reduced site 
productivity. 

The risk of soil erosion by water was based upon the Land Capability Class (LCC) and Subclass for each soil. Soils 
with an LCC of 3 or higher and a Subclass denoted with an “e” (i.e., soils with severe limitations because of 
erosion) were determined to have a high potential for water erosion. Also, any area designated in the soil surveys 
as water was considered to have high erosion potential. This includes areas covered by water (oceans, rivers, and 
lakes), as well as seasonally wet areas (wetlands, depressions, etc.). Seasonally wet areas often have reduced 
vegetation cover and are subject to drainage that increases the risk of erosion. 

The risk of soil erosion by wind was based upon Wind Erodibility Groups (WEGs), which are a set of classes given 
to soils based on properties of the surface horizon such as texture, organic matter content, and aggregate stability 
that are considered particularly susceptible to wind erosion. WEGs of 1 or 2 out of 8 total groups denote the most 
severe erosion potential from wind. These values were derived from the SSURGO database. 

The LCCs and Subclasses, WEGs, and identification of highly erodible soils are provided in Appendices 7C and 7D 
of Resource Report 7—Soils for the Pipeline route. 

                                                            
1 The Terminal and Pipeline are proposed at the site, and along the route, of Oregon LNG’s proposed LNG import terminal and 
proposed pipeline that currently are pending before the Federal Energy Regulatory Commission in Docket Numbers CP09-6-
000 and CP09-7-000, as amended in Docket Number PF12-18-000. 
2 A separate application will be filed by Northwest for the Washington Expansion Project, a capacity expansion to Northwest’s 
existing natural gas transmission facilities along the Interstate 5 corridor in the state of Washington. 



2.0 DESCRIPTION OF COVERED ACTIVITIES 

The proposed construction work areas will be protected against erosion and restored in accordance with the 
Federal Energy Regulatory Commission (FERC) Wetland and Waterbody Construction Mitigation Procedures (FERC 
Procedures) and the FERC Upland Erosion Control, Revegetation, and Maintenance Plan (FERC Plan). Temporary 
erosion controls specified in the FERC Plan include temporary slope breakers, sediment barriers, and mulching. To 
further minimize wind erosion, dust control measures will be used under conditions of high wind erosion 
potential, including routine wetting of the construction workspace where soils are exposed. Permanent erosion 
control measures will include (as specified in the FERC Plan) trench breakers, permanent slope breakers, and 
revegetation. Disturbed areas will be seeded using appropriate seeding dates as well as hardy, well-adapted 
species. 

2.3 Discharge and Receiving Waters 
2.3.1 Waterbody Crossings 
The Pipeline, a 36-inch-OD pipe, will be constructed from the Terminal (MP 0.0) to an interconnect with the 
Northwest Pipeline system near Woodland, Washington (MP 86.8). The Pipeline will be configured for a potential 
interconnection with the 24-inch Northwest Natural Gas Company and South Mist Pipeline Extension at 
approximately MP 63.5 in Columbia County, Oregon. 

A block valve, bidirectional metering, and pig launching facility will be located immediately adjacent to the 
Woodland interconnect location. The pressure of the gas will be boosted at the Compressor Station located 
approximately 6 miles from the interconnect near the west bank of the Columbia River in Oregon. A pig receiving 
and launching station will be located at the Compressor Station. A bidirectional metering and pig receiving/ 
launching facility will be located at the Terminal. The 48,000-horsepower (hp) Compressor Station will need 
approximately 40 megawatts (MW) of electric power to compress the natural gas at peak flow. The proposed 
source of the power is the 115-kilovolt (kV) Bonneville Power Administration (BPA) power line that runs north to 
south approximately ½ mile west of the Compressor Station. 

No waterbodies will be crossed at the Terminal site, excluding intertidal areas of the Lower Columbia River 
Estuary. The Oregon LNG Pipeline will cross all waterbodies in accordance with the Procedures (Appendix 2B of 
Resource Report 2—Water Use and Quality). In general, Oregon LNG will construct waterbody crossings so that 
they are as perpendicular to the axis of the waterbody channel as engineering and routing conditions allow, 
reduce the amount of clearing on stream banks to that which is necessary, maintain ambient downstream flow 
rates, and limit the amount of equipment and activities in water bodies to that which is necessary to construct the 
crossing. 

Intermittent and ephemeral streams that are dry at the time of crossing will be crossed using conventional upland 
construction techniques. The installation of the Pipeline and bedding material will be designed to withstand 
future flooding of these ephemeral streams. Other water bodies will be crossed using the most practical 
techniques identified based on the condition of the waterbody at the time of construction and in compliance with 
the regulatory permits and approvals and the FERC Procedures. Construction activities will be scheduled so that 
the Pipeline trench is excavated immediately prior to pipe-laying activities. In accordance with the FERC 
Procedures, the duration of construction will be limited to 24 hours across minor waterbodies (10 feet wide or 
less) and 48 hours across intermediate water bodies (between 10 and 100 feet wide). Excavated spoils will be 
stockpiled at least 50 feet from the edge of the waterbody, and appropriate erosion control devices will be 
installed (as discussed in Section 3.5). Site-specific HDD and waterbody crossing plans based on available information 
(for waterbodies greater than 100 feet wide) are included in Resource Report 1—General Project Description. 

Depending on site conditions at the time of construction and within allowable conditions of all required state and 
federal permits, Oregon LNG may modify its crossing techniques. These crossing methods—and all other 
specialized construction methods to be used in wetland and stream crossings—are described in the Procedures 
(Appendix 2B of Resource Report 2). 

Many of the streams in the Project area that will be crossed by the Pipeline are cold-water fisheries and require 
dry-crossing methods, unless approved otherwise by the Oregon Department of Fish and Wildlife (ODFW). In-
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2.0 DESCRIPTION OF COVERED ACTIVITIES 

water construction will be limited to ODFW-recommended work timing windows, unless otherwise authorized by 
ODFW (see construction schedule in Resource Report 1). Surface-water crossing methods for each stream were 
determined based on field surveys, review of fisheries data, and review of stream data. The general crossing 
methods are outlined below, and the selected crossing method for each stream is shown in Appendix 2Q of 
Resource Report 2. Those waterbodies where HDD will be used are shown in Table 1. 

2.3.1.1 Crossing Method 1 (Dry Crossing—0 to 30 Feet) 
This method is applicable to perennial (with flow) or intermittent and ephemeral streams between 0 and 30 feet 
in width that are cold-water fisheries and to perennial streams that may not be fish-bearing but are tributary to 
fish-bearing streams. Streamflow may be channeled into one or multiple flume pipes to convey water across the 
trench and maintain downstream flow. The trench will be excavated from under the flume pipe, the Pipeline will 
be threaded under the flume, the trench will be backfilled, and the flume pipe will be removed to restore natural 
downstream flow. If no fish are present in the stream, the crossing method may be modified with a dam and 
pump arrangement to convey stream water around the construction area. If the stream is dry at the time of 
construction, then method 3, below, will be the crossing method. 

2.3.1.2 Crossing Method 2 (Horizontal Directional Drilling—HDD) 
The HDD method is applicable to those waterbodies designated to be directionally drilled and shown in Table 1. 
Oregon LNG has developed an HDD Frac-Out Contingency Plan, included in Chapter 8 of this document, along with 
HDD site-specific drawings, provided separately in this filing. The location and depth of the Pipeline for this 
crossing method will be deep enough so that the Pipeline is not affected by the natural fill and scour process of 
the rivers during peak flow events. 

TABLE 1 
Horizontal Directional Drilling Locations 

Drilling Location 

Milepost 

Length (feet) Begin End 

Pipeline 

Highway 101 and Adair Slough @ MP 1 0.9 1.1 1,210 

Lewis and Clark River @ MP 3 2.8 3.4 2,950 

Lewis and Clark River @ MP 5.0 5.0 5.5 2,450 

Lewis and Clark River @ MP 5.5 5.6 6.0 2,100 

Lewis and Clark River @ MP 11 10.9 11.2 1,320 

Nehalem River @ MP 33.5 33.3 33.7 2,010 

Highway 26 @ MP 41 40.9 41.3 1,910 

Highway 26 @ MP 43.5 43.1 43.6 2,920 

Rock Creek @ MP 57.5 57.5 58.1 3,000 

Nehalem River @ MP 64 63.6 64.3 3,370 

Columbia River @ MP 82.5 81.8 83.0 6,100 

Water Supply Pipeline 

Skipanon River NA NA 2,200 
 

2.3.1.3 Crossing Method 3 (Wet Crossing) 
This method is applicable to intermittent and ephemeral streams that are not fish-bearing, as well as to fish-
bearing intermittent or ephemeral streams if dry at the time of construction. Perennial streams that are minor, 
non-fish-bearing, and not directly tributary to a fish-bearing stream may also use this crossing method. This 
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2.0 DESCRIPTION OF COVERED ACTIVITIES 

method is the open-cut method allowable for the crossing of minor or intermediate water bodies. The restrictions 
on instream work time (24 to 48 hours), restoration of preconstruction contours, limitations on equipment 
operating in the waterbody, or required bridging identified in the Procedures (Appendix 2B of Resource Report 2) 
will be followed. 

The FERC Procedures specify the following practices for open-cut crossings: 

• Limit the use of the equipment operating in the waterbody to only the needed equipment. 

• Complete trenching and backfilling within 24 continuous hours for minor water bodies and 48 hours for 
intermediate water bodies. 

• Return the waterbody to its preconstruction contours. 

• Stabilize channel banks and install temporary sediment barriers within 24 hours after completing the crossing. 

• Revegetate disturbed riparian areas. 

To implement the above practices, the Pipeline will cross streams and wetlands. Appendix 2Q of Resource 
Report 2 describes each stream crossing, including the length of the crossing and the method used for installing 
the Pipeline. 

2.3.2 Wetland Crossings 
Efforts will be made before, during, and after Terminal and Pipeline construction to minimize the extent and 
duration of Project-related disturbance to wetland resources. A detailed discussion of construction and mitigation 
measures within wetlands and waterbodies is provided in the FERC Procedures, and in the Wetland Mitigation 
Plan prepared for this Project (Appendix 2P of Resource Report 2). Four general construction procedures are 
typically used to minimize impacts associated with construction of the Terminal and Pipeline on water resources, 
as described below. 

2.3.2.1 Crossing Method 1 
This method will be used in dry wetlands where soils are stable enough to support equipment without sinking 
(e.g., mineral hydric soils), or in wetlands that have already been disturbed to provide sufficient traffic access. A 
reduced construction easement of 75 feet will be adhered to and upland construction techniques will be used, 
unless alternative measures are required by site conditions, are approved by FERC, and would achieve a 
comparable level of mitigation. Topsoil will be segregated, and no matting will be used if conditions are dry. 
Excessive rutting will be avoided. 

2.3.2.2 Crossing Method 2 
This method will be used in wetlands where the soils are too wet (e.g., permanently or semi-permanently 
saturated and/or histic epipedon) to support mainline construction equipment. Timber mats will be used as 
necessary to support the construction equipment. A reduced construction easement of 75 feet will be adhered to 
and upland construction techniques will be used, unless alternative measures are approved. Topsoil will not be 
segregated. 

2.3.2.3 Crossing Method 3 
This method will be used in wetlands with standing water (permanently or semi-permanently flooded) where it is 
necessary to use push/pull construction techniques. A construction corridor wide enough for only a single tractor 
to work on timber mats will be used. The trench will be dug and the pipe will be pulled into place. There will be no 
passing or working lanes, only room for spoil on each side of the trench with the digging/pulling tractor in the 
middle. A reduced construction easement of 75 feet will be maintained and upland construction techniques will 
be used, unless alternative measures are approved. 
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2.0 DESCRIPTION OF COVERED ACTIVITIES 

2.3.2.4 Crossing Method 4 
Horizontal directional drilling methods will be used for specialized crossings of large wetland areas. In general, 
because an open-cut trench is not required, directional drilling results in fewer adverse impacts and less turbidity 
than conventional excavation methods. Directional drilling is limited in application and dependent on critical 
wetland characteristics, including subsurface lithology, crossing length, burial depth, sediment composition, bank 
conditions, and access. Adverse environmental impacts that may result from drilling operations on waterway 
crossings would be related to discharge and transportation of drilling fluid; however, aside from turbidity effects, 
drilling fluid is a relatively environmentally benign substance. Mitigation of any adverse impact from drilling fluid 
would be by collection and cleanup of spilled material. 

Oregon LNG intends to restore and, where necessary, compensate for disturbance to wetlands associated with 
construction and operation of the Project, as described in the Procedures (Appendix 2B to Resource Report 2). 
Along the Pipeline easement, forested wetlands that will become part of the permanent easement will be 
rehabilitated to and maintained in an herbaceous, scrub-shrub, and small tree state. Forested wetlands and scrub-
shrub wetlands cleared for temporary workspace (i.e., construction easement) will be disturbed only temporarily 
and allowed to revert to their preconstruction condition. Scrub-shrub wetlands, herbaceous wetlands, and in 
some locations, forested wetlands will be allowed to revert to their preconstruction condition on the permanent 
easement. In both former scrub-shrub and forested wetlands, however, a corridor centered on the Pipeline and 
up to 10 feet wide will be maintained with herbaceous wetland species. Trees that establish within 15 feet of the 
Pipeline and grow greater than 15 feet in height may be cut and removed from the permanent easement 
following revegetation. 

2.3.3 Backfill Material Source and Volumes 
The source of backfill material will be the material removed from the trench for emplacement of the pipe. This 
same material, less the volume occupied by the 36-inch pipe or 24-inch pipe, will be returned to the trench. 

2.4 Potential Sources of Contamination from Construction 
The potential sources of pollutants that could be discharged in the receiving water bodies through contact with 
stormwater during construction activities include the following: 

• Vehicle and equipment fueling and maintenance areas 
• Materials handling/loading and unloading areas 
• Erosion (wind, water, ice) 
• Tracking from equipment 
• Grading and site preparation 
• Drilling 
• Trenching 
• Hazardous material storage areas 
• Storage yards 
• Mobile equipment 
• Painting 

2.4.1 Vehicle and Equipment Fueling and Maintenance 
Fueling and minor maintenance of vehicles and equipment are conducted on some construction sites. These 
activities can be potential sources of leaks and incidental spills of fuel (during fueling), oil, and grease. 

2.4.2 Materials Handling/Loading and Unloading Areas 
Materials handling/loading and unloading activities are common on construction sites. Materials may be spilled, 
leaked, or lost during loading and unloading, and may collect in the soil or other surfaces and be carried away in 
stormwater. Machines used to unload materials also may be a source of stormwater pollution. 
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2.0 DESCRIPTION OF COVERED ACTIVITIES 

2.4.3 Erosion 
Erosion is caused where soil is exposed to water, wind, or ice. Erosion can be caused by removing vegetation, 
compacting or disturbing the soil, changing natural drainage patterns, and covering the ground with impermeable 
surfaces (buildings, pavement, or concrete), all of which are integral parts of construction projects. Erosion is a 
source of sediment in stormwater. 

2.4.4 Tracking 
Construction equipment and construction vehicles have the potential to track soils from the construction Project 
into public roadways. Any soils tracked may be a possible source of sediment in stormwater. 

2.4.5 Drilling 
Horizontal drilling will be used at various locations throughout the Project. Mud rotary techniques will be used to 
transport the cuttings to bins. The rotary mud could become a potential source of sediment-laden water if not 
managed appropriately. 

2.4.6 Trenching 
During the installation of Pipeline sections, open trenching will be used in various locations throughout the 
Project. During this type of installation, the stockpiled material will be exposed, and it could be a source of 
sediment if not managed appropriately. 

2.4.7 Grading and Site Preparation 
Grading and site preparation may be required at some locations and can be major contributors of suspended 
solids concentrations in stormwater. The increased possibility of erosion exists throughout the grading and site 
preparation phases of construction projects until construction is complete. 

2.4.8 Hazardous Material Storage Areas 
Hazardous material storage areas have the potential to release hazardous substances that may pose a threat to 
human health or the environment. Hazardous materials may be toxic, corrosive, ignitable, explosive, or chemically 
reactive. There is a potential for hazardous materials to be stored on construction sites. Outdoor storage areas 
include drums, sheds, clamshells, and yellow flammable cabinets. 

2.4.9 Storage Yards 
Storage yards may contain equipment, construction materials, and construction debris that, when exposed to 
runoff, may pollute stormwater. A wide range of contaminants (metals, oil, and grease) may enter the 
environment by washing off or dissolving from stored material. 

2.4.10 Mobile Equipment 
Portable tanks and other mobile equipment are used extensively on construction sites. This equipment may 
generate fuel or oil leaks or spills. Portable tanks and bins will be used to store wastes generated during this 
Project. 

2.4.11 Painting 
During painting and paint removal activities, materials may be used (and wastes created) that are harmful to 
humans and the environment. Pollutants may include solvents, solids, and metals. 
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SECTION 3.0 

Best Management Practices 
Erosion Prevention and Sediment Control Plan BMPs are controls (both structural and nonstructural) used to 
prevent erosion and control sedimentation, which could lead to stormwater leaving the construction site and 
degrading the water quality of receiving water bodies. Fundamental BMPs shall be those stated in the FERC 
Procedures and the FERC Plan. 

As part of the NPDES permit program, a 1200-C stormwater construction permit will be obtained from the Oregon 
Department of Environmental Quality (ODEQ). The 1200-C permit requires the preparation and implementation of 
an EPSCP. The EPSCP will describe in detail the BMPs that will be selected and implemented prior to, during, and 
after construction. The BMPs described in this SWPPP will be included in the EPSCP. The following guidelines will 
be used in the selection, design, and implementation of BMPs: 

• The construction-phase erosion and sediment controls will be designed to prevent and minimize erosion and 
retain sediment onsite to the extent practical, and to ensure that no significant changes occur in the volume 
or characteristics of stormwater runoff to receiving waters. 

• All erosion and sediment control measures will be properly selected, installed, and maintained in accordance 
with the manufacturer’s specifications and good engineering practices. 

• If sediment-laden stormwater is conveyed beyond the construction site, controls will be used to minimize 
offsite impact, and additional BMPs will be implemented to prevent further migration offsite. 

• Litter, construction debris, temporary stockpiles, exposed soil, and construction chemicals exposed to 
stormwater will be prevented from becoming pollutant sources for stormwater discharges. 

3.1 Erosion Prevention and Sediment Controls 
Erosion prevention and sediment controls that will be implemented include the following: 

• Runoff Controls 

− Diversion of run-on 
− Minimizing total suspended solids (TSS) during instream construction 
− Instream diversion techniques 
− Instream isolation techniques 

• Erosion Prevention 

− Scheduling 
− Preserving of existing vegetation 
− Topsoiling 
− Temporary and permanent seeding and planting 
− Mulching 

• Sediment Control 

− Sediment fence 
− Compost berms and socks 
− Fiber rolls or wattles 
− Temporary sediment basin 
− Entrance/exit tracking controls 
− Entrance/exit tire wash 
− Minimizing TSS during instream construction 
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− Instream diversion techniques 
− Instream isolation techniques 

• Nonstormwater Pollution Control 

− Dewatering and ponded water management 
− Vehicle and equipment cleaning 
− Vehicle and equipment fueling, maintenance, and storage 
− Material delivery and storage controls 
− Material use 
− Stockpile management 
− Spill prevention and control procedures 
− Solid waste management 
− Hazardous materials and waste management 
− Sanitary waste management 
− Liquid waste management 
− Training and signage 

The BMPs identified in this SWPPP represent the minimum requirements that will be documented in the EPSCP 
and implemented during construction. As construction progresses, additional BMPs will be implemented as 
needed to remain in compliance with the 1200-C construction general stormwater permit. 

All BMPs will be installed per manufacturer’s recommendations and good engineering practices. All BMPs will be 
maintained in effective operating condition. Routine inspections, as discussed in Section 4, will be performed to 
confirm that the erosion and sediment control BMPs are effective, to identify problems with existing BMPs, and to 
identify the need for changes in BMPs. Maintenance activities will be performed as needed. 

Properly operating BMPs will be maintained to ensure continued effectiveness. When BMPs are not operating 
properly, maintenance will be performed within 24 hours (if practical) or at least before the next storm event, as 
necessary to maintain the continued effectiveness of stormwater controls. If maintenance prior to the next 
anticipated storm event is impractical, maintenance will be accomplished as soon as practical. If implementation 
before the next storm event is impractical, the situation will be documented in the inspection report and 
alternative BMPs will be implemented as soon as practical. BMPs that may be used for this Project are included in 
Attachment 1. The pages in Attachment 1 were taken from Appendix D of the Oregon Department of 
Environmental Quality Erosion and Sediment Control Manual (ODEQ, 2005). 

3.2 Shoreline Stabilization 
3.2.1 Shoreline 
Concern has been expressed about potential impacts on aquatic habitats through alterations of nearshore 
environments at the Terminal. Based on anticipated activities during Terminal construction and operation, no 
special shoreline stabilization measures are proposed. No hard armoring of the shoreline is planned. Berm 
construction and maintenance will occur above the high tide elevation, and site rehabilitation measures for 
temporary impacts generally will occur away from the shoreline environment. 

Ships traveling through the Columbia River Estuary produce waves and an uprush. Wave characteristics on 
beaches with slopes less than 5 percent exhibit total wave excursion across the beach face, from maximum 
drawdown to maximum run-up, ranging from 11.8 to 256 feet.1 Drawdown refers to the condition in which the 
water moves down the beach slope away from the still water line. Run-up or surge refers the condition in which, 

1 Pearson, W.H., J.R. Skalski, K.L. Sobocinski, M.C. Miller, G.E. Johnson, G.D. Williams, J.A. Southard, and R.A. Buchanan. 
2006. A Study of Stranding of Juvenile Salmon by Ship Wakes along the Lower Columbia River using a Before and After 
Design: Before-Phase Results. PNNL-15400, Prepared for the U.S. Army Corps of Engineers, Portland District, by Pacific 
Northwest National Laboratory, Marine Sciences Laboratory, Sequim, Washington. 
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after drawdown, the water returns up the beach slope, moving past the initial still water line and continuing up 
the beach slope. Run-up and drawdown distances tend to be slightly different, with a mean run-up of 30.5 feet 
and drawdown of 41.3 feet. The maximum vertical extent (drawdown height to run-up height) of ship waves 
ranged from about 0.3 to over 2.3 feet, with a mean of 0.8 feet. However, susceptibility of shorelines in the lower 
10 miles of the Columbia River to high run-up and drawdown distances is minimal (W.H. Pearson, W.C. Fleece, 
K. Gabel, S. Jenniges, and J.R. Skalski. 2008. Spatial Analysis of Beach Susceptibility for Stranding of Juvenile 
Salmonids by Ship Wakes, Final Report. ENTRIX, Inc., Olympia, WA). 

During Terminal operation, LNG vessels will produce negligible shoreline impact because they will move relatively 
slowly under limited maneuvering power with tug assist. Tugs will be high powered, and have potential to cause 
shoreline erosion when pointing their screws at the shore. However, the Terminal dock is almost 3,000 feet from 
dry land, so the probability of increased shoreline erosion caused by tugs is low. Tidal mudflats are closer to the 
dock and more exposed; however, the probability of increased erosion at mudflats is low outside the dredge area, 
especially if side slopes are 5:1 (horizontal:vertical), as planned. 

Ambient significant wind-wave heights at the dock range from 0.61 to 3.64 feet for a 1-year return interval storm 
event, and from 1.61 to 5.68 feet for a 100-year return interval storm event, depending on wind direction.2 Ship-
wave energy should not exceed ambient wind-wave conditions. 

If shoreline erosion monitoring during Terminal operations determines that potentially damaging erosion is 
occurring and that stabilization measures would reduce erosion potential, appropriate measures would be 
implemented pursuant to federal and state removal/fill approvals. Emphasis would be placed on soft armoring 
techniques, such as vegetation and brush layering. 

3.2.2 Dunes 
Temporary impacts to soil surfaces at the Terminal site will be rehabilitated using methods described in the 
previous section, and wetland rehabilitation techniques described in Resource Report 2. Much of the existing 
ground surface at the Terminal site is exposed and unvegetated, resulting from droughty, excessively drained 
dune sands and infertile conditions of dredge spoil. A significant proportion of the Terminal site soil has poor 
revegetation potential and high erosion potential. Although stability improvement of exposed surface soils that 
are temporarily disturbed to conditions equal to or better than preconstruction conditions may be impractical, 
the following site-specific, supplemental EPSCP BMPs should be considered: 

• Crimping of straw mulch and reapplication of mulch, if necessary prior to vegetation establishment to ensure 
appropriate erosion control 

• For plantings/seedings outside of the winter wet period (November-March), provide temporary or permanent 
irrigation to ensure rapid establishment 

3.3 Streambank Stabilization 
3.3.1 Minimizing Disturbance during the Construction Phase 
The following EPSCP BMPs shall be used at stream crossings: 

• Limit clearing of vegetation to the temporary and permanent easements. 

• Locate all extra work areas (such as staging areas and additional spoil storage areas) at least 50 feet away 
from water’s edge, if possible. Limit the size of extra work areas to the minimum needed to construct the 
waterbody crossing. 

• Limit use of equipment operating in the waterbody to that needed to construct the crossing. 

2 Coast & Harbor Engineering. 2007. Technical Report—Draft Oregon LNG Facility Coastal & Hydraulic Modeling Study. Coast 
& Harbor Engineering, Edmonds, WA. 
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• All spoil from minor and intermediate waterbody crossings, and upland spoil from major waterbody crossings, 
must be placed at least 10 feet from the water’s edge or in additional extra work areas. 

• Use sediment barriers to prevent the flow of spoil or heavily silt-laden water into any waterbody. Install 
sediment barriers immediately after initial disturbance of the waterbody or adjacent upland. Sediment 
barriers must be properly maintained throughout construction and reinstalled as necessary (such as after 
backfilling of the trench) until replaced by permanent erosion controls or until restoration of adjacent upland 
areas is complete. 

• Install sediment barriers across the entire construction easement at all waterbody crossings, where necessary 
to prevent the flow of sediments into the waterbody. In the travel lane, these may consist of removable 
sediment barriers or driveable berms. Removable sediment barriers can be removed during the construction 
day, but must be re-installed after construction has stopped for the day or when heavy precipitation is 
imminent. 

• Where waterbodies are adjacent to the construction easement, install sediment barriers along the edge of the 
construction easement as necessary to contain spoil and sediment within the construction easement. 

• Use trench plugs at all waterbody crossings, as necessary, to prevent diversion of water into upland portions 
of the Pipeline trench and to keep any accumulated trench water out of the waterbody. 

• At dam and pump and flume crossings, prevent streambed scour at pump discharge. 

3.3.2 Streambank Stabilization 
The following Streambank Stabilization BMPs shall be used after construction at all stream crossings, whether 
perennial or not flowing at the time of construction: 

• Use clean gravel or native cobbles for the upper 1 foot of trench backfill in all waterbodies that contain 
coldwater fisheries. 

• For open-cut crossings, stabilize waterbody banks and install temporary sediment barriers within 24 hours of 
completing instream construction activities. For dry-ditch crossings, complete streambed and bank 
stabilization before returning flow to the waterbody channel. 

• Return all waterbody banks to preconstruction contours or to a stable angle of repose, as approved by the 
Environmental Inspector. 

• Employ primarily bioengineering techniques for bank armoring and protection. Apply site-specific BMPs, such 
as those described by McCullah and Gray.3 Examples of streambank stabilization techniques that can be 
adapted to site conditions are provided in Table 2. 

• Riprap shall not be used for bank stabilization unless a geotechnical or environmental engineer determines 
that alternative soft armoring methods will be inadequate. If riprap is used, it shall be limited to the minimum 
required stream length. 

• Revegetate disturbed riparian areas with conservation grasses and legumes or native plant species, preferably 
woody species. 

• Install a permanent slope breaker across the construction easement at the base of slopes greater than 
5 percent that are less than 50 feet from the waterbody, or as needed to prevent sediment transport into the 
waterbody. 

• At dam and pump and flume crossings, repair unavoidable streambed scour at pump discharges with clean 
gravel. 

• Remove all non-native materials from the crossing after construction and stabilization are complete. 

3 McCullah, John and Donald Gray. 2005. Environmentally Sensitive Channel- and Bank-Protection Measures. National 
Cooperative Highway Research Program, Transportation Research Board, Washington, DC. NCHRP Report 544. 
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TABLE 2 
Example Techniques for Bank Armor and Protection (after McCullah and Gray, 2005) 
Vegetation Alone  Vegetation is established on bare soils to 

help prevent surficial erosion, minimize 
shallow seated mass movement, provide 
habitat, and enhance aesthetics or visual 
appearance.  

  
Live Staking  Used for revegetation, soil reinforcement, 

and anchoring erosion control materials. 
Willow cuttings are typically 1.5 – 3.3 ft 
long. The portion of the stem in the soil 
will grow roots and the exposed portion 
will develop into a bushy riparian plant. 

  
Turf Reinforcement 
Mats  

Long lasting, designed to resist shear and 
tractive forces, and specified for banks 
subjected to flowing water. Mats are UV 
fibers in a three-dimensional matrix. TRMs 
work with plant roots and shoots to be 
mutually reinforcing. 

  
Erosion Control 
Blankets  

Temporary rolled erosion control products 
consisting of flexible nets or mats, 
manufactured from both natural and 
synthetic materials, usually straw, wood, 
excelsior, or coconut. Various grades of 
biodegradable fibers and netting available. 

  
Rootwad 
Revetments  

Interlocking tree materials, continuous and 
resistive. Primarily intended to resist 
erosive flows, usually on the outer bank of 
a meander bend when habitat diversity is 
desirable and woody materials are 
available. 

  
Live Gully Fill 
Repair 

Alternating layers of live branch cuttings 
and compacted soil. This reinforced fill can 
be used to stabilize trench backfill. 
Suitable for filling and repairing elongated 
voids in a slope. 

  
 

3.4 Stabilization 
Appropriate BMPs will be implemented and maintained at the construction site from the initiation of construction 
through final stabilization. “Final stabilization” refers to the time when all soil-disturbing activities at the site have 
been completed and one of the following criteria has been met: 

• The area has been compacted, surfaced, or built upon for final use. 

• Permanent planting and seeding have been established. 
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• Equivalent permanent stabilization measures (such as the use of riprap, gabions, or geotextiles) have been 
used. 

• In land used for agricultural purposes (such as crop or range land), the disturbed land is returned to its 
preconstruction grade for potential agricultural use. 

3.5 Stockpile Management 
Numerous BMPS will be implemented and maintained at the construction site to adequately manage stockpiles 
created during construction. To facilitate installation of the Pipeline and various components, excavations will be 
created. The soil from these excavations will be temporarily stockpiled and used as backfill over the Pipeline and 
associated components. Stockpile management will consist of the following: 

• While the material is stockpiled, silt fencing or straw wattles will be used as perimeter control. 

• Stockpiled material will be covered with a thick layer of mulch or by plastic sheeting that is adequately 
anchored. Inactive stockpiles will be covered immediately. Active stockpiles will be covered at the end of each 
work week, or if inclement weather is forecasted. 

• Stockpiles from trenching must be kept a minimum of 25 – 30 feet from streams. 

• Stockpiles will also be constructed to have stable slopes to prevent the potential for erosion. 

3.6 Environmental Inspector 
One Environmental Inspector (EI) will be assigned per construction spread to help with stormwater management. 
The EI will also act as the designated site inspector required by the 1200-C permit. The EI must be an individual 
who is qualified and knowledgeable about erosion and sediment control installations, practices, and inspections. 
Each EI will be responsible for ensuring that contractors meet the goals of the SWPPP and EPSCP, and also for 
BMP installation and maintenance. 

The EI will update this SWPPP and the EPSCP when the need for modifications of site-specific BMPs (or the use of 
additional or different BMPs) is identified; the EI will maintain a log and will note these changes. The EI will also be 
responsible for conducting site inspections once per week, and within 24 hours of a rain event that creates 
stormwater runoff. The requirements of these inspections are discussed in Section 4. 

Any modifications or changes to the selected BMPs will be implemented within 24 hours, if practical. Otherwise, 
the changes will be implemented as soon as practical before the next storm event. The situation will be 
documented in the inspection report, and one or more alternative BMPs will be implemented as soon as practical. 
Modifications to major BMPs (such as sediment basins) at a site will be noted on the site diagrams within 7 days, 
and submitted to ODEQ in the form of an Action Plan. These changes will also be noted in the site SWPPP and 
EPSCP. 
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Maintenance and Inspection Procedures 
The EI will perform inspections throughout construction until all disturbed areas of the construction site reach 
final stabilization. The EI will be listed as the designated site inspector as part of the 1200-C permit. The EI is a 
person who: 

• Is knowledgeable in the principles and practice of erosion and sediment control 

• Possesses the skills needed to assess conditions at the construction site that could affect stormwater quality 

• Possesses the skills needed to assess the effectiveness of any sediment and erosion control measures selected 
to control the quality of stormwater discharges from the construction activity 

• Is familiar with this Project and this SWPPP 

Furthermore, the EI must be an individual who: 

• Is a Certified Professional in Erosion and Sediment Control; or 

• Is a Certified Erosion and Sediment Control Lead; or: 

• Can document having at least 200 hours of on-the-job-experience associated with installation, maintenance, 
and selection of BMPs 

4.1 Areas to Be Inspected 
Inspections will include all areas of the site disturbed by construction activity and areas used for storage of 
materials. This includes, but is not limited to: construction areas that have not reached final stabilization, areas 
used for storage of materials that are exposed to precipitation (prevents inspection at a warehouse site), staging 
areas, temporary contractor yards, access roads, structural controls, locations where vehicles enter or exit the 
site, waterbody crossings, and locations of the withdrawal and discharge to the extent practical. 

The receiving waterbody will be inspected upgradient, downgradient, and in areas where stormwater enters the 
receiving waterbody. At each of these locations, visual observations of the stormwater will be documented. 

If part of the construction area has reached final stabilization, the site will be recorded and mapped as final. 
Inspections will be discontinued upon confirmation of final stabilization. 

4.2 Inspection Schedule 
Inspections will be completed on a daily basis in active areas of construction. In inactive construction areas, 
inspections will take place weekly or within 24 hours of a significant precipitation event that could create 
stormwater runoff. Inspections will be performed until final stabilization is achieved in all disturbed areas. 

4.3 Disturbed Areas 
EIs will inspect disturbed areas of the construction corridor, storage areas that are exposed to precipitation 
events, structural control measures, and high-traffic areas. Sediment and erosion control measures will be 
inspected to confirm that they are operating properly. Areas of entrance and egress for Project traffic will be 
inspected for evidence of offsite sediment tracking. Inspections in disturbed areas will continue until final 
stabilization has occurred. 
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4.4 Inspection Content and Activities 
Inspections will be conducted as follows: 

• Inspect all control measures. All control measures will be maintained in good working order. When repair is 
necessary, it should begin within 24 hours after the deficiency is noted. If weather or other factors prevent 
initiation of corrective actions within 24 hours, the corrective action will be completed as soon as practical. 

• Inspect all disturbed areas for evidence of or potential for pollutants entering the drainage system. Sediment 
from silt fences should be removed regularly and the fences inspected to ensure that the bottom remains 
embedded in the ground. Damaged straw wattles or compost socks will be replaced as necessary. 

• Inspect all material storage areas, where materials are exposed to precipitation, for evidence of or potential 
for pollutants entering the drainage system. 

• Inspect areas of vehicle entrance and egress for evidence of offsite sediment tracking. 

• Inspect all discharge points, if accessible, to determine whether erosion control measures are effective in 
preventing significant impacts on receiving waters. If these points are inaccessible, inspect nearby 
downstream locations. 

• Visually observe and document the receiving water bodies, both upgradient and downgradient from the 
active construction areas. These observations should include color, odor, presence or absence of floating 
materials, debris, sheens, oil, and grease. 

• Inspect vegetation to determine the success of revegetation. 

• Document each inspection with an inspection report completed after each inspection. 

• Update the site diagrams to show current BMPs. 
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Plan Modification 
This SWPPP may be modified based on the results of routine inspections and visual monitoring of the receiving 
water bodies. Modifications may address additional or modified BMPs designed to correct identified deficiencies. 
Modifications will be completed within 7 days after the inspection. Any modifications resulting in additional BMPs 
or in replacing of ineffective BMPs will be submitted to ODEQ in the form of an Action Plan. If existing BMPs need 
to be modified, the work will be completed as soon as practical. 
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SECTION 6.0 

Required Reports, Documents, and Record Keeping 
A copy of this SWPPP and the EPSCP will be maintained at the construction headquarters for each construction 
section. Construction activity records, including inspection, monitoring, and maintenance reports and erosion 
control maintenance records, will be maintained. At a minimum, records of the following will be kept: 

• Weekly summaries of construction activities 
• Periods when major grading or excavation activities occur 
• Completions of temporary or permanent construction activities 
• Date(s) when an area is stabilized, on either an interim or a final basis 
• Functionality of all installed BMPs 
• Date(s) when maintenance of installed BMPs occurred 
• Any modifications to the selected BMPs 
• Results of visual inspections  

All documentation associated with this SWPPP and EPSCP will be maintained for a period of 3 years from the date 
on which final stabilization of the site has been achieved. 
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Spill Prevention, Containment, and Countermeasures 
Plan 

7.1 Planning and Prevention 
This Spill Prevention, Containment, and Countermeasures Plan (SPCC Plan) provides preventive and mitigative 
measures to be used by Oregon LNG and its contractors during construction of the Pipeline. 

The measures detailed in the subsequent sections of this SPCC Plan are intended to minimize the possible 
environmental impact associated with spills or releases of fuels, lubricants, or hazardous materials during routine 
upland construction and refueling activities. The HDD Frac-out Contingency Plan (Chapter 8) includes measures 
that will be taken during HDD installations in the event of a “frac-out,” which could lead to the possible release of 
drilling fluids. 

The location of fuel storage facilities, fueling activities, and construction equipment maintenance along the 
construction easement are defined and included in the subsequent sections. The procedures, materials, and lines 
of communication to facilitate prevention, containment, and cleanup of spills during construction are discussed in 
the following subsections. 

The SPCC Plan includes the minimum standards for storing and handling regulated substances. The contractors 
who participate in construction and/or restoration activities associated with construction of the Pipeline will 
adopt and implement the SPCC Plan for all aspects of construction. 

The goal of the SPCC Plan is to minimize the potential for a fuel, lubricant, or hazardous materials spill; to contain 
any spillage to the smallest area practical; and to protect areas that are considered environmentally sensitive. 

7.2 Roles and Responsibilities 
The EI will verify that all Project contractors implement the measures outlined in this SPCC Plan. Other roles and 
responsibilities are outlined below: 

• The contractors will be responsible and accountable for their activities and the activities of their 
subcontractors with respect to environmental regulations and applicable requirements. This includes all 
regulatory requirements for spill prevention, response, agency notification, and cleanup. All contractors and 
subcontractors will comply with this SPCC Plan. 

• The EI will provide environmental spill prevention and containment training to all appropriate construction 
personnel. 

• Each contractor and subcontractor will ensure that all their personnel involved in fueling and maintenance 
activities will receive SPCC specific training and carry appropriate response equipment before beginning work 
on the Project. Each contractor will maintain appropriate training documentation for all fueling and 
maintenance personnel. 

• Each contractor will designate an independent contractor that is an expert in environmental cleanup 
(Emergency Response Contractor [ERC]). The ERC will respond immediately to any and all remediating spill 
events that are considered beyond the capabilities of the contractor. Attachment 2 contains the ERC contact 
information, as well as contact information for other members of the emergency response team. 

• Material safety data sheets (MSDSs) for all chemicals brought onto the construction site will be kept onsite. 

• The contractor will be considered the Waste Generator for all spills caused by construction activity. 

• The contractor will identify all approved waste transporters and disposal sites for hazardous and 
nonhazardous materials that are located in the proximity of construction activities. 
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• The contractor will prepare a written inventory of all approved waste transporters and disposal sites for both 
hazardous and nonhazardous wastes near construction activities. 

7.3 Project Materials 
Within 1 week after mobilizing to the Project site, the contractor will submit to the EI a written inventory of 
lubricants, fuels, and other materials planned to be on the job site or stored within the easement and 
construction laydown area(s). The written inventory will also include the reportable quantities for each of the 
identified materials. For this type of construction Project, materials stored onsite will include diesel and gasoline, 
various oils and lubricants, antifreeze, paints, and fertilizers. Table 3 shows typical hazardous substances onsite 
for construction projects. One week after mobilization, the exact quantities stored within the easement and 
laydown areas will be known, and this table will be revised in the field copy of the SWPPP.  

TABLE 3 
Typical Fuels, Lubricants, and Hazardous Materials 

Product 
Typical 

Quantitya  Method of Storage Storage Location 

Diesel Fuel 5,000-10,000 Tank or tankers Contractor yard warehouse 

Gasoline 5,000-10,000 Tank or tankers, 5-gallon containers, 
vehicle tanks 

Contractor yard warehouse 

Engine Oil <100 Bulk storage or retail packaging Contractor yard warehouse 

Transmission Drive Train Oil <50 Retail packaging on service trucks Contractor yard warehouse, service trucks 

Hydraulic Oil <100 Bulk storage or retail packaging Contractor yard warehouse, service trucks 

Gear Oil <50 Retail packaging on service trucks Contractor yard warehouse, service trucks 

Lubricant Grease <25 Tubes stored in paper cases Contractor yard warehouse, service trucks 

Ethylene Glycol <100 Bulk storage or retail packaging Contractor yard warehouse, service trucks 

Propylene Glycol <100 Bulk storage or retail packaging Contractor yard warehouse, service trucks 

Power Steering Fluid <50 Retail packaging on service trucks Contractor yard warehouse, service trucks 

Brake Fluid <50 Retail packaging on service trucks Contractor yard warehouse, service trucks 

Propane 25-100 Pressurized tanks Contractor yard warehouse, service trucks 

Paint <50 5-gallon containers Contractor yard warehouse 

Fertilizers <500 pounds 50-pound bags Contractor yard warehouse 

a Units are gallons except as noted. 

7.4 Spill Prevention and Mitigation Measures 
BMPs will be implemented to prevent spills. BMPs will be used to reduce the risk of spills and other accidental 
exposures that could potentially result in impacts to stormwater quality. Good housekeeping BMPs will be 
implemented during all phases of construction to prevent spills, as feasible. Good housekeeping BMPs include the 
following: 

• Container Storage 
• Secondary Containment 
• Leak and Integrity Inspections 
• Fueling and Material Handling 
• Materials on Hand 
• Restricted Fueling Areas 
• Restricted Areas 
• Material Specific Procedures 
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7.4.1 Container Storage 
The following structural and nonstructural BMPs will be implemented to prevent the direct release of any product 
(hazardous or nonhazardous): 

• Only enough products required to do the job will be brought onto and stored within the site. 

• Product will be stored only in containers sized appropriately for the job. 

• All storage will occur more than 150 feet from any surface water (including wetlands). 

• No storage will occur within 200 feet of a private water supply well, or within 400 feet of a municipal water 
supply well. 

• All fuel or hazardous material containers of 55 gallons or more will be stored in designated work areas 
equipped with secondary containment. 

• All product will be stored in containers that are in good condition. 

• All product containers will be stored underneath a roof or cover to prevent release of materials during a 
storm event. 

• All product containers will be stored in a neat and orderly fashion, and will be properly labeled. The labels will 
be visible, correct, and legible. 

• The inventory of all MSDSs for each chemical will be available at each storage location. 

• Products will be kept in original containers with the original manufacturer’s label still affixed. If the original 
container is not resealable, then the product will be transferred to an appropriate container that is properly 
labeled. 

• Drain valves on any temporary storage tanks will be locked to prevent accidental or unauthorized discharges. 

• Whenever practical, all contents of a container will be used before it is disposed of. 

• Any surplus product must be disposed of in accordance with the manufacturer’s and state and local methods 
for proper disposal. 

7.4.2 Secondary Containment 
• Secondary containment will provide a minimum containment volume equal to 100 percent of the volume of 

the largest storage vessel and will include at least 1 foot of freeboard. 

• Earthen secondary containment areas will be underlined with plastic sheeting (minimum of 60-mil). 

• Polyethylene drum spill skids will be used for storage of 55-gallon drums of fuel or hazardous materials that 
may be placed temporarily in the immediate work area. 

• The contractor will construct temporary liners and seamless berms around aboveground bulk storage tanks. 

• Secondary containment structures will be constructed as dictated by the construction design drawings. Any 
uncontaminated accumulated precipitation within the secondary containment may be discharged if 
authorized by an EI, based on the absence of visible sheen. Accumulated precipitation that has a visible sheen 
will be collected for proper storage and disposal. 

7.4.3 Leak and Integrity Inspections 
The contractor will be responsible for daily leak inspection and for the integrity of all construction equipment and 
vehicles and material storage areas (including secondary containment structures): 

• The contractor will visually inspect aboveground tanks daily, and whenever the tank is refilled. 
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• The contractor will repair visible leaks in tanks immediately. Tanks with leaks will not be refilled until repaired 
and tested. 

• All onsite construction equipment and vehicles will be inspected for leaks daily. 

• During construction activities, contractor personnel will conduct leak and integrity inspections of equipment, 
vehicles, secondary containment areas (tank and drum storage areas), and spill response supply areas. 

7.4.4 Fuels and Hazardous Materials Handling 
Specific procedures and practices will be implemented during construction activities to prevent the release of fuel 
or hazardous materials. The following nonstructural and structural BMPs will be implemented: 

• Fuels and lubricants will be stored only at designated staging areas and in appropriate service vehicles. The 
storage area will be at least 150 feet from the edge of the nearest waterbody (including wetlands), at least 
200 feet from the nearest private water supply well, and at least 400 feet from the nearest municipal water 
supply well 

• The drivers of tank trucks are responsible for spill prevention during tank unloading. Procedures for loading 
and unloading tank trucks will meet the applicable minimum requirements established by the U.S. 
Department of Transportation. Drivers will observe and control fueling operations at all times to prevent 
overfilling. 

• The drivers of tank trucks will inspect all outlets of the vehicle prior before they leave the construction site to 
prevent leakage while in transit. 

• All fuel nozzles will be equipped with functional automatic shut-off valves. 

7.4.5 Materials on Hand 
Spill response equipment will be stored onsite in the designated fueling areas and at designated locations 
throughout the Project area. The minimum materials will be stored onsite: 

• A sufficient supply of sorbent and barrier materials will be kept at the construction staging areas to allow the 
rapid containment and recovery of a spill. 

• Sorbent and barrier materials will also be used to contain runoff from spill areas. 

• Shovels and labeled 55-gallon drums will be kept at each staging area. 

• Small quantities of soil that has become contaminated within the staging areas will be collected and placed in 
the drums. 

• Large quantities of contaminated soil will be collected using heavy equipment and stored in properly labeled 
drums or other suitable containers prior to disposal. Emergency spill response materials will also be located 
within the designated areas. 

7.4.6 Restricted Areas 
The following restrictions apply for all construction activities within the easement: 

• The contractor will refuel equipment and transfer material only in designated areas. The designated areas 
must be away from all water resources. The minimum distances that must be adhered to are as follows: 

− 150 feet away from any and all surface water sources (including wetlands, ephemeral streams, seasonal 
streams, lakes, and rivers) 

− 200 feet away from any private water supply well 

− 400 feet away from any municipal water supply well 
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• The contractor will conduct routine equipment maintenance, such as oil changes, in staging areas. The 
contractor will dispose of waste oil in an appropriate manner. 

• Equipment will not be washed in streams or within 150 feet of water bodies, including wetlands. 

7.4.7 Restricted Refueling Areas 
In addition to the restrictions noted in the previous section, all refueling activities will also adhere to the following 
conditions: 

• The EI will verify that signs are in place identifying restricted areas. 

• In large wetlands where no upland site is available for refueling, auxiliary fuel tanks may be mounted on 
equipment to minimize the need for refueling. 

• Personnel trained in these spill prevention and mitigation procedures will be available for refueling in these 
areas. 

• Auxiliary tanks will be mounted on or affixed to equipment such as large, stationary pumps as appropriate. 
The auxiliary tanks will be placed within secondary containment. 

• Refueling within restricted areas will take place in designated areas. Fuel trucks with a capacity in excess of 
300 gallons will not be permitted within the refueling areas unless adequate secondary containment is 
provided. 

• Refueling of any portable equipment will be performed using approved containers with a maximum volume of 
5 gallons. 

7.4.8 Other Material-Specific Measures 
• Paints: Containers will be tightly sealed and stored in the designated area. Paint containers will not be left 

outside of the designated storage area. Excess paint will be properly disposed of according to manufacturer’s 
instructions and federal, state, and local regulations. 

• Concrete Trucks: Concrete trucks will be allowed to wash out or discharge surplus concrete or drum wash 
water on the site in designated areas only. The designated concrete washout area will include sediment 
controls installed around the perimeter of the area. This area must be at least 150 feet away from any surface 
water feature. After construction, the concrete washout area will be restored. 

7.5 Spill Preparedness Practices 
The following preparedness BMPs will be implemented during the Project: 

• Each contractor will know the RQ for all materials onsite. 

• Fuel and service trucks will carry adequate spill response materials, including suitable commercial absorbent 
and barrier materials. 

• The contractor will determine whether additional spill response material is required, based on volume and 
level of hazardous materials transported, proximity of refueling equipment to sensitive areas, and any other 
unforeseen factors that could increase the likelihood, impact, or size of potential releases. 

7.6 Spill Response Procedures 
7.6.1 Initial Spill Management 
Immediately upon any spill of fuel, oil, hazardous material, or other pollutant, the person discovering the situation 
will initiate the following actions: 

• Assess the safety of the situation; if necessary, call the Supervisor immediately for help. 
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• If conditions are not safe, block access to the spill site and/or evacuate the area. 

• If conditions are safe, the initial response should include: 

− Remove sources of ignition. 
− Shut off the source of the spill. 
− Begin spill containment. 

• Notify the Supervisor and the EI. 

• For any release or spill (regardless of volume) in designated vulnerable aquifer areas, immediately notify 
Oregon LNG’s representative and the EI. Spill containment response actions will be followed, all affected soils 
will be immediately excavated, and affected soils will be stored and disposed of in accordance with the 
procedures outlined in this SPCC Plan. 

7.6.2 Mobilization of Additional Resources 
Other resources may be mobilized at the discretion of the highest-ranking responder. Resources will be mobilized 
as follows: 

• Based on the severity of the situation, the Supervisor will notify local emergency response agencies (e.g., 
police or fire department). 

• The Supervisor will immediately notify Project inspectors (Oregon LNG Project Manager and EI) and all 
applicable contractor supervisors and/or managers of any spill, except minor spills that have been managed 
by the first responder. Specifically, a spill is exempt if it has: 

− No potential to be reportable 
− No potential or actual impact on the environment 
− No potential to cause other liabilities 

• If spill containment and cleanup are beyond the capabilities of the contractor, the ERC will clean up the spill. 

• If the spill or response is likely to affect the operation of existing facilities, the Oregon LNG Project Manager 
will be notified. 

• The contractor will begin documenting the spill event, notifications, and response immediately. 

7.7 Spill Containment and Cleanup 
It is Oregon LNG’s objective to restore land to its preconstruction condition. The procedures outlined below will 
be followed for containment and/or cleanup of spills: 

• The type of material and quantity released will be identified and the response will be appropriately managed. 
Personal protective equipment will be worn as recommended on the MSDS of the specific product. All 
procedures will be in compliance with Hazardous Waste Operations and Emergency Response standards, as 
applicable. 

• Oregon LNG will be consulted by the EI and/or the contractor for any spill requiring implementation of this 
SPCC Plan. 

• Containment will be initiated as soon as it can be safely performed. A spill on dry ground will require the 
construction of berms (earthen dikes) to contain the spill. Commercially available spill kits will be used and 
sorbent materials will be applied to the spill area. Traffic on contaminated soils will be avoided. 

• If the spill is large enough, where the material can be safely pumped into the appropriate container, then 
pumping will be implemented after containment is achieved. 

• Removal of soil and spilled material will rely on visual observations to determine the extent of removal. Soil 
and spilled materials will be removed until no visible evidence of spilled materials remains. 
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• All spills will be cleaned up and removed to the satisfaction of the EI and Oregon LNG personnel. 

• Contaminated soils and vegetation will be stored in appropriate and properly labeled containers, and 
managed appropriately until they are disposed of at an approved facility. 

7.7.1 Wetlands or Waterbody Response 
For any spill (regardless of volume) that occurs near or into a waterbody (stream, wetland, river, or other type of 
waterbody), the following specific actions must be applied. The procedures are in addition the ones described 
above in this Plan: 

• For reportable spills into streams, lakes, or other water bodies containing standing or flowing water, the 
responder will immediately notify the EI and Oregon LNG personnel. 

• For a spill threatening a waterbody, berms and/or trenches will be constructed to contain the spill prior to 
entry into a waterbody. The spilled product will be removed and the contaminated area cleaned up in 
accordance with procedures referenced in this SPCC Plan and applicable state and local guidelines. 

• If a spill enters surface water, containment booms or other containment methods will be implemented. 
Product will be removed with a vacuum truck or pumps and stored in appropriate containers. 

• Contaminated soil in wetlands will be excavated and placed in an approved containment area (berms, 
underlined with plastic, and covered and anchored) a minimum of 150 feet from the wetland or waterbody. 

7.8 Material Disposal 
As soon as practical, the Contractor will dispose of contaminated soil or water and any other materials associated 
with spill containment and cleanup at an approved disposal facility. 

• The Contractor will supply Oregon LNG with all documentation concerning the disposal of contaminated 
media. 
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SECTION 8.0 

Horizontal Directional Drilling Frac-out Contingency 
Plan 
This Horizontal Directional Drilling Frac-out Contingency Plan is a supplement to the SPCC Plan and provides 
specific preventive and mitigative measures to be used by Oregon LNG and its contractors during HDD installation. 
This is a preliminary plan, and more specific procedures will be developed during final design for each location 
based on site-specific conditions. HDD operations potentially pose a risk to wetlands and water bodies through 
frac-outs. A frac-out occurs when the drilling fluid is released through fractured bedrock and sands. Drilling fluid 
typically consists of a mixture of bentonite, water, and soil cuttings. This mixture is not hazardous or toxic, but it 
could potentially affect the water quality of any waterbody if it were introduced. 

Frac-outs can occur at any place along any point of an HDD installation, although they are more likely to be 
observed at the entry and exit points (locations where the drilling bit or head is shallow). If a frac-out occurs and 
no control measures are in place, the drilling fluid could potentially reach the surface water or wetland that is 
above the HDD installation. The contingency plan detailed in the following subsections will outline measures to 
minimize the potential for frac-outs. This plan also addresses the methodology that will be used for detection of 
frac-outs, as well as countermeasures to be taken should a frac-out be detected. 

8.1 Planning and Prevention 
HDD crossings will be conducted only during recommended in-water work periods to minimize impacts from 
potential frac-outs. Oregon LNG will use nontoxic bentonite-clay mixtures of drilling mud to ensure that, if a frac-
out occurred, it would not result in toxicity to aquatic life in the stream. 

The contractor performing the HDD must have experienced personnel onsite who are familiar and experienced 
with the procedures for this type of installation. Before drilling activities begin, the contractor must submit any 
certifications and documentation of at least 2 years of experience for all personnel who will be performing drilling 
work. The EI must be present for all HDD activities. Before any HDD occurs, a safety meeting will take place, the 
frac-out contingency plan will be discussed, and any questions will be answered. 

Prior to drilling, the work area(s) will be flagged and the limits defined. The work area will not exceed 10 feet on 
either side of the centerline of the proposed boring. Erosion and sediment controls (including silt fence, straw 
wattles, and temporary sediment trap) will be installed at the entrance/exit pits. Additional materials will be kept 
onsite at a designated location, and the presence of these materials will be verified prior to any drilling activities. 
These materials will be placed in a dedicated location and denoted as the frac-out containment response kit. The 
kit will include the following items: 

• Silt fence 
• Straw wattles 
• Silt curtain (in-water work) 
• Straw bales 
• Submersible pumps 
• Specialized filters 
• Generator 
• Appropriate hand tools 
• Vacuum truck (available on call) 
• Light towers for work at night 
• Heavy equipment, such as backhoe or dozer, for containment and cleanup of drilling mud 
• Boat for major waterbody crossings to allow for monitoring of releases to water 
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8.1.1 Frac-out Monitoring 
Once HDD begins, specific monitoring will need to be done to determine whether a frac-out occurs. The bentonite 
mixture will be adjusted to match the conditions of the subsurface. The pressure levels will be set as low as 
possible, and they will be closely monitored to ensure that the pressure on the drilling fluid is set to match the 
formation. The pressure should not exceed what is needed to penetrate the formation. 

During drilling, the pressures will be closely watched and randomly checked by the EI. As the boring progresses, 
the pressure will be inspected and documented. Any drop in the pressure could indicate a potential frac-out, and 
drilling will be halted immediately. 

The drill mud will also be monitored, inspected, and documented. If there is a noticeable drop in the return of the 
drill mud, the drilling will stop immediately. 

8.1.2 Frac-Out Response 
Should the results of the monitoring indicate that a frac-out has occurred, the drilling will be stopped 
immediately, and the following procedures will be implemented: 

• Slowly pull the stem back to relieve pressure on the potential frac-out. 

• Wait for the drill mud to settle. 

• Assess the situation to determine whether the frac-out has reached the surface. 

− If the frac-out has reached the surface, immediately implement containment and notifications, as 
discussed below. 

− If the frac-out has not reached the surface and is not threatening sensitive areas, use a leak-stopping 
compound to correct the frac-out. 

• If the leak-stopping compound has been successful (100 percent containment), continue with drilling. 

• If the leak-stopping compound has not been successful, redirect the boring to an area where a frac-out has 
not occurred. 

• If the frac-out cannot be contained, abandon the borehole, as discussed below. 

8.1.3 Surface Frac-Out Containment and Response 
Should a frac-out occur and result in release to the surface, drilling will halt immediately and the severity of the 
release will be determined. If the release to the surface is minor, the following procedures will be implemented: 

• Identify the extent of the release. 

• Create a containment area with the use of a silt curtain, straw wattles, fiber rolls, and/or constructed earthen 
dikes. 

− If the frac-out release to the surface occurred upland or in riparian areas, allow the material to dry prior 
to excavation. 

− If the frac-out release to the surface occurred in a waterbody, immediately remove the material. 

• For minor releases that are not widespread, remove bentonite-contaminated material with the use of hand 
tools to a depth of 2 feet. 

• For larger releases, that are (or have the potential to be) widespread, mobilize the vacuum truck to remove 
the material. Place the submersible pumps within the release area to capture material until the vacuum truck 
arrives. 

• Place excavated material in an appropriate container. 

• Backfill with clean sand. 
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• Dispose of material at an approved facility and as required by regulations. 

After successful containment and removal of the released material, operations will be able to continue (with the 
appropriate agencies’ approval). All the activities associated with the frac-out response will be documented, and 
measures to prevent another release will be discussed. Before restarting drilling operations, the boring will be 
redirected to an area that has not had a frac-out, or the borehole will be abandoned. 

8.1.4 Frac-Out Notifications 
In the event of an HDD drilling fluid release to water bodies, sensitive areas, or riparian areas, appropriate local, 
state, and federal agencies will be notified. All appropriate agencies will be notified of the frac-out within 
24 hours. The agencies that will be notified are presented in Table 4. The following information will be provided: 

• Time of frac-out release 
• Location of release 
• Quantity and type of material released and amount of recovered materials 
• Containment and cleanup measures 
• Location of sensitive areas near the release 

TABLE 4 
Agency Contact List In the Event of a Frac-Out 

Agency Contact Person Position Location Contact Number 

Oregon Department of Fish and Wildlife Chris Knutsen North Coast Watershed District Fish 
Biologist 

 503.842.2741 ext 231 

Oregon Department of Fish and Wildlife Tom Murtagh/ 
Todd Alsbury  

North Willamette Watershed District 
Fish Biologist  

 971.673.6011 

Oregon Department of Forestry Todd Reinwald Assistant District Forester, Forest 
Grove District 

Forest 
Grove 

Office: 503.359.7493 
Cell: 503.260.2057 

Oregon Department of State Lands Sarah Kelly  Resource Coordinator DOE Clatsop 
and Columbia Counties 

Salem  503.986.5219 

USEPA  Contacted by the National Response Hotline  

United States Fish and Wildlife Service  Mike Szumski, NRDA Coordinator  Portland  503.231.6179 

Washington Department of Fish and 
Wildlife 

TBD Regional Manager   

Washington Department of Natural 
Resources 

TBD Forest Practices Division Manager    

 

8.1.5 Borehole Abandonment 
A borehole will need to be abandoned if a frac-out cannot be avoided, or if a frac-out has occurred that cannot be 
controlled. The borehole will be completely abandoned and a new location determined. Any borehole 
abandonment locations will be documented and shown on any as-built documents. 

The following steps will be implemented during abandonment of the borehole: 

• Determine the new location for the HDD crossing. 
• Insert casing, as necessary to remove the pilot string. 
• Pump a thick grout plug into the borehole to securely seal the abandoned borehole. 
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SECTION 9.0 

Certifications 

9.1 Oregon LNG Certification 
To the best of my knowledge and belief, the information submitted in this SWPPP is true, accurate, and complete. 

Signed:   Date:   

Print Name:   

Title:   

Company:   

9.2 Contractor/Subcontractor(s) Certification 
To the best of my knowledge and belief, the information submitted in this SWPPP is true, accurate, and complete. 

Signed:   Date:   

Print Name:   

Title:   

Company:   
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APPENDIX D 
 

RUNOFF CONTROL BMPS 
 
 

 RC-1 Slope Drain 
 RC-2 Energy Dissipator 
 RC-3 Diversion of Run-on 
 RC-4 Temporary Diversion Dike 
 RC-5 Grass-lined Channel (Turf Reinforcement  
  Mats) 
 RC-6 Trench Drain 
 RC-7 Drop Inlet 
 RC-8 Minimizing TSS During Instream  
  Construction 
 RC-9 Instream Diversion Techniques 
 RC-10 Instream Isolation Techniques 
 RC-11 Check Dams 
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Diversion consists of measures that intercept, divert and convey surface run-on, generally sheet flow, to 
prevent erosion and transport of pollutants through and from the site. 

Construction Specifications: 

• Construct diversion channels consisting of drainage swales; earth dikes; or other means such as sand 
bag barriers to intercept and divert run-on to avoid sheet flow over sloped surfaces and work areas 
(See SC-2 “Sand Bag Barrier”). 

• Construct diversion structure to adequately convey storm flows based on careful evaluation of the 
risks due to erosion of the measure, soil types, over topping, flow backups, washout, and drainage 
flow patterns for each project site. 

• Use other soil stabilization and sediment controls, such as check dams, plastics, and blankets, as 
necessary to prevent scour and erosion in newly graded dikes, swales and ditches. 

• Correctly size and locate earth dikes, drainage swales and lined ditches.  Excessively steep, unlined 
dikes and swales are themselves subject to erosion and gully formation.   

• Stabilize conveyances as necessary and use a lined ditch for high flow velocities.  Refer to EC-10 
entitled “Erosion Control Blankets and Mats” or line with permanent, erosion-resistant material. 

• Where appropriate, use natural streambed materials such as large cobbles and boulders for temporary 
embankment/slope protection, or other temporary soil stabilization methods. 

• Compact any fills to prevent unequal settlement. 

• Divert runoff to an appropriate downstream location. 

• Use level spreaders (i.e., outlets for dikes and flow channels consisting of an excavated depression 
constructed at zero grade across a slope), to convert concentrated runoff into sheetflow onto areas 
stabilized by existing vegetation. 

• Do not divert runoff from the project to adjacent properties without permission. 

• When possible, install and utilize permanent dikes, swales and ditches early in the construction 
process. 

• Convey collected run-on/concentrated flows down slopes in accordance with the RC-1 (“Slope 
Drain”) 

• Provide stabilized outlets. Refer to RC-2 entitled “Energy Dissipator.” 

Minimum BMP standards are provided on the following detail. 

Inspection and Maintenance: 

• Inspect temporary measures before, during and after rain events, and regularly. 

• Inspect ditches and berms for washouts.  Replace lost riprap, damaged linings or soil stabilizers as 
needed. 

• Inspect channel linings, embankments, and beds of ditches and berms for erosion and accumulation 
of debris and sediment.  Remove debris and sediment, and repair linings and embankments as 
needed or as directed by the engineer. 

• Temporary conveyances shall be completely removed as soon as the surrounding drainage area has 
been stabilized, or at the completion of construction. 
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Construction Specifications 

Whatever technique you decide to implement, an important thing to remember is that dilution 
can sometimes be the solution.  A probable “worst time” to release high TSS into a stream 
system might be when the stream is very low; summer low flow, for example.  During these 
times, the flow may be low while the biological activity in the stream is very high.  Conversely, 
the addition of high TSS or sediment during a big storm discharge might have a relatively low 
impact, because the stream is already turbid, and the stream energy is capable of transporting 
both suspended solids, and large quantities of bedload through the system.  The optimum time to 
“pull” in-stream structures may be during the rising limb of a storm hydrograph.  

Techniques to Minimize Total Suspended Solids (TSS)  

Padding  
Padding, usually manufactured from coir and or other natural fibers,  that is laid in the stream 
below the work site may trap some solids that are deposited in the stream during construction. 
After work is done, the padding is removed from the stream, and placed on the bank to assist in 
revegetation.  

Clean, washed gravel  
Clean, washed gravel can be placed on the stream bottom both during and after construction to 
minimize re-mobilizing the “fines”.  Clean gravel or spawning gravel can often be specified to 
mitigate or enhance the existing substrate.  Therefore, gravel “injection” can minimize TSS 
during construction while providing environmental and habitat enhancements with long-term 
benefits.  

Excavation using a large bucket  
Each time a bucket of soil is excavated or placed in the stream, a portion is of the soil is 
suspended. The resulting amount of sediment suspended increases proportionally to the number 
of scoops rather than the total of excavated soil. Therefore, using a large excavator bucket 
instead of a small one will reduce the total amount of soil that is suspended and available to wash 
downstream.  Each time a bucket of soil is placed in the stream, a portion is suspended.  
Approximately the same amount is suspended whether a small amount of soil is placed in the 
stream, or a large amount.  

Use of dozer for backfilling  
Using a dozer for backfilling instead of a backhoe follows the same principles – the fewer times 
soil is deposited in the stream, the less soil will be suspended.  

Partial dewatering with a pump  
Partially dewatering a stream with a pump reduces the amount of water, and thus the amount of 
water that can suspend sediment.  

How to know if you have high TSS:  

Some commonly accepted standards for high TSS are:  

• 50 mg/l or  

• 10 mg/l above background TSS or,  

• 10% above background TSS.  

These standards are very stringent, and are very difficult to achieve in many situations. The 
background + 10 % (mg/l) is probably the most realistic and reasonable standard for protecting 
the aquatic resources, while allowing a restoration project to be implemented.  Check with local 
ordinances for standards.  
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Inspection and Maintenance 

• Inspect the stability and performance of all erosion and sediment control measures during 
construction. 

• Monitor TSS levels before, during and after construction. 
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Construction Specifications 

A stream diversion is a temporary bypass through a pipe, flume, or excavated channel that carries water 
flow around work areas. Stream diversion is commonly used during culvert installation or replacement. 
Where possible, a stream diversion should be the first choice to control erosion and sediment during the 
construction of culverts or other in-stream structures.  During construction in a watercourse, particularly 
culvert installation and repair, these temporary water bypass structures are an effective sediment and 
erosion control technique.  Check with local, state and federal regulatory authorities for permitting and 
design requirements. 

Design Considerations 

The selection of which stream diversion technique to use will depend upon the type of work involved, 
physical characteristics of the site, and the volume of water flowing through the project.  

Advantages of a pumped diversion include:  

• Downstream sediment transport can almost be eliminated  

• De-watering of the work area is possible  

• Pipes can be moved about to allow construction operations  

• The dams can serve as temporary access.  

• Increased flows can be managed by adding more pumping capacity.  

Some disadvantages of a pumped diversion are:  

• Flow volume is limited by pump capacity  

• Requires 24-hour monitoring of pumps  

• Sudden rain could overtop dams  

• Minor in-stream disturbance to install and remove dams  

Advantages of excavated channels and flumes are:  

• Isolates work from water flow and allows dewatering  

• Can handle larger flows than pumps  

Disadvantages of excavated channels and flumes are:  

• Bypass channel or flume must be sized to handle flows, including possible floods  

• Channels must be protected from erosion  

• Flow diversion and then re-direction with small dams causes in-stream disturbance and 
sediment  

Stream diversions should not be used:  

• Without identifying potential impacts to the stream channel  

• In or adjacent to water bodies until all necessary permits have been obtained  

Installation  

• The pumped diversion is suitable for intermittent and low flow streams that can be pumped. 
Pump capacity must be sufficient for design flow. The upper limit is about 10ft3/sec (0.28 
m3/sec), the capacity of two 8 inch (20 cm) pumps.  

• A temporary dam is constructed upstream and downstream of the work area and water is pumped 
through the construction project in pipes. Dam materials should be selected to be erosion 
resistant, such as steel plate, sheetpile, sandbags, continuous berms, inflatable water bladders, etc.  

• A temporary bypass channel can also be constructed by excavating a temporary channel or 
passing the flow through a heavy pipe (called a “flume”), and excavating a trench under it.  
Typical stream sizes are less than 20 ft (6 m) wide and less than 100 ft3/sec (2.8 m3/sec).  
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Inspection and Maintenance 

• All stream diversions must be closely maintained and monitored  

• Pumped diversions require 24-hour monitoring of pumps  

• Upon completion of the work performed, the stream diversion should be removed and flow 
should be re-directed through the new culvert or back into the original stream channel.  
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Portable dams installed in Santa Cruz Ca. and in Alberta Canada. 

Construction Specifications 

An instream isolation technique is a temporary structure built into a waterway to enclose a construction 
area and reduce sediment pollution from construction work in or adjacent to water.  The structures may be 
made of rock, sand bags, wood or water-filled geotextiles (aqua barriers).  During construction in a 
watercourse, these structures are designed to reduce turbidity and sediment discharge, allowing 
contractors to follow clean water regulations.  

Design Considerations 

Isolation structures may be used in construction activities such as streambank stabilization, culvert 
installation, bridges, piers or abutments.  It may be used in combination with other methods such as clean 
water bypasses and/or pumps.  

This technique should not be used:  

• If there is insufficient streamflow to support aquatic species. 

• In deep water unless designed or reviewed by and engineer. 

• To completely dam streamflows. 

Installation 

When used in watercourses or streams, cofferdams must be used in accordance with permit requirements. 
Materials for cofferdams should be selected based on ease of maintenance and complete removal 
following construction activities.  

Inspection and Maintenance 

• During construction, inspect daily.  

• Schedule additional inspections during storm events.  

• Immediately repair any gaps, holes or scour.  

• Upon construction completion, the structure is removed.  

• Remove sediment buildup.  

• Remove structure.  Recycle or re-use if applicable.  

• Revegetate areas disturbed by cofferdam removal if applicable.  
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Scheduling involves sequencing construction activities and the installation of erosion and sediment 
control measures to reduce the amount and duration of soil exposed to erosion by wind, rain, runoff and 
vehicle tracking.  The timing of soil-disturbing activities and the timing of implementation of BMPs are 
both critical to the prevention of accelerated erosion and transport of sediment off-site.  The scheduling of 
grading should take into account the rainy season and should minimize the length of the time that soils are 
left exposed, and reduce the total area of exposed soil during the rainy season.  Consideration should be 
given to phasing the grading and construction so that critical areas (such as highly erodible soils, areas 
adjacent to receiving waters, etc.) are not disturbed until the non-rainy season, and so the entire area that 
is disturbed at any one time is kept to a size that can be controlled effectively.   

Construction Specifications: 
• The optimum grading period is when the chance for precipitation is minimized (e.g., the non-rainy 

season), particularly for the critical areas.  If precipitation is likely during grading, minimize the 
length of time that soils are exposed, and the total area of exposure. 

• Materials used for erosion and sediment control shall be on site at all times. 

• Take the following measures when precipitation is forecast: 

o Minimize the length of time that the soils are left exposed. 

o Reduce the total area of exposed soil. 

o Protect critical areas such as drainage channels, streams, and natural water courses. 

o Stabilize exposed areas quickly.  

• The schedule shall clearly show how regional precipitation trends relate to soil-disturbing and re-
stabilization activities. The construction schedule shall be incorporated into the Erosion and 
Sediment Control Plan. 

• The schedule shall include detail on the implementation and deployment of temporary soil 
stabilization measures, temporary sediment controls, tracking controls, wind erosion controls, non-
storm water pollution controls (including waste management and materials pollution controls). 

• The schedule shall also include dates for significant long-term operations or activities that may have 
planned non-storm water discharges such as dewatering, saw cutting, grinding, drilling, boring, 
crushing, blasting, painting, hydro-demolition, mortar mixing, bridge cleaning, etc. 

• Develop the sequencing and timetable for the start and completion of each item such as site clearing 
and grubbing, grading, excavation, paving, pouring foundations, installing utilities, etc., to minimize 
the active construction area during the rainy season. 

• Schedule major grading operations when the chances of precipitation are minimized when practical. 

• Schedule the installation, removal, or modification of run-on controls and flow conveyance 
structures for the non-rainy season or when there is a low probability of precipitation to reduce the 
likelihood of uncontrolled flow across and from the site. 

• Stabilize non-active areas after the cessation of soil-disturbing activities or prior to the onset of 
precipitation in accordance with local requirements. 

• Monitor the weather forecast for rainfall. 

• When rainfall is predicted, adjust the construction schedule to allow the implementation of soil 
stabilization and sediment controls and sediment treatment controls on all disturbed areas prior to the 
onset of rain. 

• Be prepared year-round to deploy soil stabilization and sediment control practices. Erosion may be 
caused during dry seasons by unseasonable rainfall, wind, and vehicle tracking. Keep the site 
stabilized year-round, and retain and maintain sediment trapping devices in operational condition. 

• Sequence trenching activities so that most open portions are closed before new trenching begins. 

• Incorporate staged seeding and re-vegetation of graded slopes as work progresses. 

• Consider scheduling when establishing permanent vegetation (appropriate planting time for specified 
vegetation). 

Inspection and Maintenance: 
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• Verify that work is progressing in accordance with the schedule. If progress deviates, take corrective 
actions. 

• Amend the schedule when changes are warranted. 

• Amend the schedule to show updated information on the deployment and implementation of 
construction site BMPs. 
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Maintaining existing vegetation or placing vegetative buffer strips can have numerous benefits for 
stormwater quality, erosion and sediment control, as well as landscape beautification, dust control, noise 
reduction, shade and watershed protection. 

Construction Specifications: 

Preservation of Existing Vegetation: 

Timing 

• Preservation of existing vegetation shall be provided prior to the commencement of clearing and 
grubbing operations or other soil-disturbing activities in areas identified on the plans to be preserved, 
especially on areas designated as Environmentally Sensitive Areas (ESAs) or where no construction 
activity is planned or will occur at a later date. 

• Limits of clearing and grubbing should be clearly marked prior to any grading or clearing activities. 

• Preservation of existing vegetation shall conform to scheduling requirements and local permitting 
agency requirements. 

Design and Layout 

• Mark areas to be preserved with temporary fencing made of orange polypropylene that is stabilized 
against ultraviolet light.  The temporary fencing shall be at least 3.2. ft (1 meter) tall and shall have 
openings not larger than 2 in by 2 in (50 mm by 50 mm). 

• Fence posts shall be either wood or metal as appropriate for the intended purpose.  The post spacing 
and depth shall be adequate to completely support the fence in an upright position. 

• Minimize the disturbed areas by locating temporary roadways to avoid stands of trees and shrubs and 
to follow existing contours to reduce cutting and filling. 

• Consider the impact of grade changes to existing vegetation and the root zone. 

• Construction materials, equipment storage, and parking areas shall be located where they will not 
cause root compaction. 

• Keep equipment away from trees to prevent trunk and root damage at least to drip line. 

• Maintain existing irrigation systems. 

• Employees and subcontractors shall be instructed to honor protective devices.  No heavy equipment, 
vehicular traffic, or storage piles of any construction materials shall be permitted within the drip line 
of any tree to be retained.  Removed trees shall not be felled, pushed, or pulled into any retained trees.  
Fires shall not be permitted within 100 ft (30 m) of the drip line of any retained trees.  No toxic or 
construction materials (including paint, acid, nails, gypsum board, chemicals, fuels, and lubricants) 
shall be stored within 50 ft (15 m) of the drip line of any retained trees, nor disposed of in any way 
which would injure vegetation. 

Trenching and Tunneling 

• Trenching shall be as far away from tree trunks as possible, usually outside of the tree drip line or 
canopy.  Curve trenches around trees to avoid large roots or root concentrations.  If roots are 
encountered, consider tunneling under them.  When trenching and/or tunneling near or under trees to 
be retained, tunnels shall be at least 18 in (450 mm) below the ground surface, and not below the tree 
center to minimize impact on the roots. 

• Tree roots shall not be left exposed to air; they shall be covered with soil as soon as possible, 
protected, and kept moistened with wet burlap or peat moss until the tunnel and/or trench can be 
completed. 
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• The ends of damaged or cut roots shall be cut off smoothly. 

• Trenches and tunnels shall be filled as soon as possible or in accordance with local requirements.  
Careful filling and tamping will eliminate air spaces in the soil which can damage roots. 

• Remove any trees intended for retention if those trees are damaged seriously enough to affect their 
survival.   

• After all other work is complete, fences and barriers shall be removed last. This is because protected 
trees may be destroyed by carelessness during the final cleanup and landscaping. 

Vegetative Buffer Strips: 

• Vegetated buffer strips (vegetated filter strips, filter strips, and grassed filters) are vegetated surfaces 
that are designed to treat sheet flow from adjacent surfaces.  Filter strips function by slowing runoff 
velocities and allowing sediment and other pollutants (e.g., total and dissolved metals) to settle and 
partially infiltrate into underlying soils.  With proper design and maintenance, filter strips can provide 
relatively high pollutant removal. 

• Designate watercourse buffer-filter strips on the site design plan. 

• The width of a buffer strip (i.e., flow path length) shall be maximized to the extent feasible with a 15 
foot suggested minimum width.  Buffer strips shall be sized in accordance with site conditions and 
local requirements. 
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Topsoiling is the practice of stripping and stockpiling existing topsoil and then spreading it in graded 
areas to encourage future vegetation growth. 

Construction Specifications: 

Planning: 

• Determine whether the quality and quantity of available topsoil justifies selective handling and in 
consideration of local requirements.  

• Soils of the textural class of loam, sandy loam, and silt loam are best; sandy clay loam, silty clay 
loam, clay loam, and loamy sand are fair.  Do not use heavy clay and organic soils such as peat or 
muck as topsoil. 

Stripping and Stockpiling: 

• Strip topsoil only from those areas that will be disturbed by excavation, filling, or compacting by 
equipment.  A 4-6 inch (0.1-0.2 m) stripping depth is common, but depth varies depending on the site.  

• Determine depth of stripping by taking soil cores at several locations within each area to be stripped.  
Topsoil depth generally varies along a gradient from hilltop to toe of the slope.  

• Put sediment basins, diversions, and other controls into place before stripping. 

• Select stockpile location to avoid slopes, natural drainage ways, and traffic routes. On large sites, re-
spreading is easier and more economical when topsoil is stockpiled in small piles located near areas 
where they will be used. 

• Use sediment fences or other barriers where necessary to retain sediment. 

• Protect topsoil stockpiles by temporarily seeding and/or mulching as soon as possible to assure the 
stored material is not unnecessarily exposed and allowed to erode.  Use locally grown and native seed 
stocks when possible that are mycorrhizal-dependent. 

• Topsoil stockpiles should be low n height (ideally <1 meter) and flat and be used within 6 months to 
promote healthy soil organisms and microbes.  Stockpiles not used within 6 months should be 
reseeded with a species that is mycorrhizal-dependent to avoid the development of anaerobic 
conditions in the stockpile.  In addition, topsoil stockpiles can be turned periodically to keep 
organisms alive for larger stockpiles and during extremely hot weather. 

Spreading: 

• Before spreading topsoil, establish erosion and sediment control practices such as diversions, berms, 
dikes, waterways, and sediment basins. 

• Where the pH of the existing subsoil is 6.0 or less, or the soil is composed of heavy clays, incorporate 
agricultural limestone in amounts recommended by soil tests or specified for the seeding mixture to 
be used.  Incorporate lime to a depth of at least 2 inches (51 mm) by disking.  Ensure that all of the 
lime mixture is incorporated into the soil to minimize direct contact with storm water runoff and 
handle lime in accordance with manufacturing recommendations or NS-7 (Materials Delivery and 
Storage). 

• Immediately prior to spreading the topsoil, loosen the subgrade by disking or scarifying to a depth of 
at least 3 inches (76 mm), to ensure bonding of the topsoil and subsoil.  If no amendments have been 
incorporated, loosen the soil to a depth of at least 6 inches (0.15 m) before spreading topsoil. 

• Uniformly distribute topsoil to a minimum compacted depth of 2 inches (51 mm) on 3:1 slopes and 4 
inches (0.1 m) on flatter slopes.  

• Do not spread topsoil while it is frozen or muddy or when the subgrade is wet or frozen.  

• Correct any irregularities in the surface that result from topsoiling or other operations to prevent the 
formation of depressions or water pockets. 

• Compact the topsoil enough to ensure good contact with the underlying soil, but avoid excessive 
compacting, as it increases runoff and inhibits seed germination.  Light packing with a roller is 
recommended where high maintenance turf is to be established. 
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Temporary seeding and planting consists of the establishment of temporary vegetative cover on disturbed 
areas to reduce erosion by seeding with appropriate and rapidly growing annual grasses and forbs.   

Construction Specifications 

Conditions Where Practice Applies  

• Cleared or graded areas that are exposed and subject to erosion for extended periods (e.g., 14 to 
30 days depending on local requirements).  

• Cleared or graded areas exposed to seasonal rains.  
• Areas that will not be subjected to heavy wear by construction equipment.  
• Temporary seeding is encouraged whenever possible to aid in reducing erosion on construction 

sites.  Temporary seeding is an important component of "phased" construction activities.  
Permanent seeding shall be applied to areas intended to be left dormant for a year or more.  

The following chart shows recorded shear stress and velocities withstood by grass mixtures and 
applications. 

Shear Velocity 
Bank Material/Protection 

lb/ft2 N/m2 ft/s m/s
 Reference 

Sandy Loam 0.0167  1.75 0.53 Design Temple, 1980 

Silt Loam 0.0218  2 0.61 Design Temple, 1980 

Alluvial silts 0.0218  2 0.61 Design Temple, 1980 

Ordinary firm loam 0.0341  2.5 0.76 Design Temple, 1980 

Very light loose sand, no 
vegetation or protection   1-1.5 .3-

.46 Limit Fortier & Scobey, 
1926 

Average sandy soil   2-2.5 .61-
.76 Limit Fortier & Scobey, 

1926 

Stiff clay, ordinary gravel soil   4-5 1.2-
1.5 Limit Fortier & Scobey, 

1926 

Bermuda grass, erosion resistant 
soils, 0-5% slope   8 2.4 Design USDA, 1947 

Bermuda grass, erosion resistant 
soils, 5-19% slope   7 2.1 Design USDA, 1947 

Bermuda grass, erosion resistant 
soils, over 10% slope   6 1.8 Design USDA, 1947 

Bermuda grass, easily eroded soils, 
0-5% slope   6 1.8 Design USDA, 1947 

Bermuda grass, easily eroded soils, 
5-10% slope   5 1.5 Design USDA, 1947 

Bermuda grass, easily eroded soils, 
over 10% slope   4 1.2 Design USDA, 1947 

Grass mixture, erosion resistant 
soils, 0-5% slope   5 1.5 Design USDA, 1947 

Grass mixture, erosion resistant 
soils, 5-10% slope   4 1.2 Design USDA, 1947 

Grass mixture, easily eroded soils, 
0-5% slope   4 1.2 Design USDA, 1947 

Grass mixture, easily eroded soils, 
5-10% slope   3 0.91 Design USDA, 1947 
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1” riprap 0.33 16   Limit Chen & Cotton, 1988

2” riprap 0.67 33   Limit Chen & Cotton, 1988

6” riprap 2 98   Limit Chen & Cotton, 1988

12” riprap 4 196   Limit Chen & Cotton, 1988

Dense sod, fair condition (class 
D/E), moderately cohesive soil 0.35 17   Limit Austin & Theisen, 

1994 

Bermuda grass, fair stand <12 cm 
tall, dormant 0.9 44   Limit Parsons, 1963 

Bermuda grass, good stand <12 cm 
tall, dormant 1.1 54   Limit Parsons, 1963 

Bermuda grass, excellent stand 20 
cm tall, dormant 2.7 132   Limit Parsons, 1963 

Bermuda grass, excellent stand 20 
cm tall, green 2.8 137   Limit Parsons, 1963 

Bermuda grass, excellent stand 
>20 cm tall, green 3.2 156   Limit Parsons, 1963 

12.5 cm of excellent growth of 
grass/woody veg on outside bend 1 49   Limit Parsons, 1963 

Flume trials, fabric reinforced 
vegetation – failed after 50 hours 5 244   Limit Theisen, 1992 

Flume trials, fabric reinforced 
vegetation – failed after 8 hours 8 391   Limit Theisen, 1992 

Sod revetment, short period of 
attack 0.41 20.09   Design Schoklitsch, 1937 

Wattle (coarse sand between) 0.2 9.8   Design Schoklitsch, 1937 

Wattles (gravel between) 0.31 15.19   Design Schoklitsch, 1937 

Wattles (parallel or oblique to 
current) 1 49   Design Schoklitsch, 1937 

Fascine revetment 1.4 68.6   Design Schoklitsch, 1937 

Cribs with stone 30 1470   Design Schoklitsch, 1937 

Turf (immediately after 
construction) 0.2 10   Limit Schiechtl & Stern, 

1994 

Turf (after 3-4 seasons) 2.04 100   Limit Schiechtl & Stern, 
1994 

Site Considerations  

• Prior to seeding, install necessary erosion control practices such as temporary continuous berms, 
diversion dikes, channels, and sediment basins.  

• Proper seedbed preparation and the use of quality seed are important in this practice just as in 
permanent seeding.  Failure to carefully follow sound agronomic recommendations will often 
result in an inadequate stand of vegetation that provides little or no erosion control.  

• Annual plants which sprout rapidly and survive for only one growing season are suitable for 
establishing temporary vegetative cover.  Consider mixes because they are more adaptable than 
single species.  

• Check with local municipalities for local specifications and requirements prior to seeding and 
planting. 
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• Mulching is commonly used with seeding practices for temporary cover and to aid in the 
establishment of vegetation.   

• Temporary seeding also prevents costly maintenance operations on other erosion control systems.  
For example, sediment basin maintenance (clean-out) will be reduced if the drainage area has 
temporary vegetative cover when grading and construction are not taking place. (Temporary 
seeding is essential to preserve the integrity of earthen structures used to control sediment, such 
as diversion dikes, and sediment basins)  

• To reduce the amount of fertilizer, pesticides and other inputs needed, choose adapted varieties 
based on environmental conditions, management level desired, and the intended use.  Check with 
local municipalities prior to use of fertilizer or pesticides. 

Timing 

The proper time to seed is dependent upon the climate of the area and the species of seed selected.  To 
determine seeding dates for temporary cover, consult the seed supplier. 

Seed Mixes 

• All seed should be selected in accordance with local municipality requirements. 

• Select plants appropriate to the season and site conditions.  

• The seeding rates are based on a minimum acceptable pure live seed (PLS) of 80%.  When PLS is 
below 80% adjust rates accordingly. 

• Legumes should be inoculated with the proper rhizobium bacteria before planting.  Pellet 
inoculated seed can be purchased or inoculation can be done in the field.  Use only fresh, age 
dated inoculate specifically labeled for use with the legume you are using.  

Site Preparation 

• Grade as needed and feasible to permit the use of equipment for seedbed preparation.  

• Install needed erosion control practices, such as sediment basins, diversion dikes and channels, 
prior to seeding.  Divert concentrated flows away from seeded areas.   

• Soil tests should be done to determine the nutrient and pH content of soil.  Depending on the 
results of soil tests, soil management may be necessary to adjust the pH to between 6.5 and 7.0 
(for most conditions).  All lime, fertilizer and other soil amendments should be added following 
sound soil management practices.  

• Surface roughening: If the area has been recently loosened or disturbed, no further roughening is 
required.  When the area is compacted, crusted or hardened the soil should be loosened with 
discing, raking or harrowing.  Tracking with bulldozer cleats is very effective on sandy soils.  

• Hydroseeding and hydraulic planting generally require less seedbed preparation.  

• Generally, slopes steeper than 2:1 that cannot have good seedbed preparations with equipment 
will require hydraulic planting techniques.   

• Seed to soil contact is the key to good germination.  Prepare a 3-5 inch (76-127 mm) deep 
seedbed, with the top 3-4 inches (76-102 mm) consisting of topsoil.  Note that the earth bed upon 
which the topsoil is to be placed should be at the required grade.  

• The seedbed should be firm but not compact.  The top 3 inches (76 mm) of soil should be loose, 
moist and free of large clods and stones.  For most applications, all stones larger than 2 inches (51 
mm) in diameter, roots, litter and any foreign matter should be raked and removed.  The topsoil 
surface should be in reasonably close conformity to the lines, grades and cross sections shown on 
the grading plans.  
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Planting:  

• Seed should be applied as soon after seedbed preparation as possible, when the soil is loose and 
moist.  

• Always apply seed before mulch, unless seed is applied with a hydraulic matrix or bonded fiber 
matrix (See BMP EP-8, Mulches).  

• Apply seed at the rates specified using calibrated spreaders, cyclone seeders, mechanical drills, or 
hydroseeders so the seed is applied uniformly on the site.   

• If seed is applied with a bonded fiber matrix, apply BFM from multiple directions to adequately 
cover the soil.  Application from a single direction can result in shadowing, uneven coverage, and 
failure of the BFM. 

• Apply fertilizer if required.  Seed and fertilizer should be incorporated into the soil by raking or 
chain dragging, or otherwise floated, then lightly compacted to provide good seed-soil contact.  

• Straw mulch, erosion control blankets or mulch and tackifiers/soil binders should be applied over 
the seeded areas. 

Inspection and Maintenance:  

• Newly seeded areas need to be inspected frequently to ensure the grass is growing.  Areas that fail 
to establish cover adequate to prevent sheet and rill erosion will be reseeded as soon as such areas 
are identified.  Spot seeding can be done on small areas to fill in bare spots where grass did not 
grow properly.  

• If the seeded area is damaged due to concentrated runoff, additional practices may be needed.  

• Temporary vegetated areas will be maintained until permanent vegetation or other erosion control 
practices can be established.  
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Permanent seeding involves the establishment of a permanent, perennial vegetative cover on disturbed 
areas from seed.  Refer to BMP EP-21 for installation of sod.  Planting of shrubs, trees, and container 
plants should be conducted in accordance with project landscaping specifications and local requirements.   

The use of native, indigenous, or naturally-occurring grasses is recommended for biotechnical works.  
These “native” grasses have evolved in a manner that will not compete with or preclude the 
establishment, or natural recruitment, of naturally-occurring woody vegetation. Establishment of 
permanent vegetation provides natural erosion and sediment control by trapping particulates, slowing 
runoff velocities and enhancing infiltration.  Permanent vegetation also is beneficial for long-term 
aesthetics and wildlife habitat. 

Construction Specifications 

Conditions Where Practice Applies 

• Graded, final-graded or cleared areas where permanent vegetative cover is needed to stabilize the 
soil.  Permanent seeding with perennial grasses is recommended when fibrous and deeply rooted 
are needed to provide slope and soil reinforcement.   

• Slopes designated to be treated with erosion control blankets should be seeded first.   

• Grass-lined channels or waterways designed to be treated with turf reinforcement mats, fiber 
roving systems, or other channel liners will require special grass blends.   

Materials 

Proper seed selection is very important.  Choose climatically adapted perennial species that are long-
lived, hearty and require low inputs of fertilizer, irrigation and mowing.  You may consider a locally 
occurring species for native grass establishment.  Consider seed blends because they are more adaptable. 

Use seeds appropriate to the season and site conditions.  Use a seed blend, which include annuals, 
perennials and legumes.  Legumes should be inoculated with the proper rhizobium bacteria before 
planting.  Pellet inoculated seed can be purchased or inoculation can be done in the field.  Unless 
otherwise specified by local requirements, use seed rates based on minimum pure live seed (PLS) of 80%.  
When PLS is below 80% adjust rates accordingly.  Consult a local seed supplier, landscape architect, or 
erosion control specialist for appropriate seed blends. Seed should be selected in accordance with local 
regulations. 

Installation  

The probability of successful plant establishment can be maximized through good planning, knowledge of 
soil characteristics, selection of appropriate seed blends for the site, good seedbed preparation, and timely 
planting.  Prior to seeding, install necessary erosion control practices such as diversion dikes, channels, 
and sediment basins.  Site area should be at final grade and not be disturbed by future construction 
activities. 

Timing 

• Apply permanent seeding on areas left dormant for 1 year or more. 
• Apply permanent seeding when no further disturbances are planned. 
• To determine optimum seeding schedule, consult a local agronomist or erosion control specialist. 
• Apply permanent seeding before seasonal rains or freezing weather is anticipated. 
• Use dormant seeding for late fall or winter seeding schedules.  

Seed Mixes 

• Use seeds appropriate to the season and site conditions. 
• Consult local agronomist or erosion control specialists for seed mix. 
• Use a seed blend to include annuals, perennials and legumes. 
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• Use seed rates based on pure live seed (PLS) of 80%.  When PLS is below 80% adjust rates 
accordingly.  

Site Preparation  

• Bring the planting area to final grade and install the necessary erosion control BMPs (i.e., 
sediment basins and temporary diversion dikes). 

• Divert concentrated flows away from the seeded area. 
• Conduct soil test to determine pH and nutrient content. Roughen the soil by harrowing, tracking, 

grooving or furrowing. 
• Apply amendments as needed and permitted by local municipalities to adjust pH to 6.0-7.5.  

Incorporate these amendments into the soil.  Prepare a 3-5 in (76-127 mm) deep seedbed, with the 
top 3-4 in (76-102 mm) consisting of topsoil.  The seedbed should be firm but not compact.  The 
top three inches of soil should be loose, moist and free of large clods and stones.  The topsoil 
surface should be in reasonably close conformity to the lines, grades and cross sections shown on 
the grading plans.  

Planting:  

• Seed to soil contact is the key to good germination. 
• Seed should be applied immediately after seedbed preparation while the soil is loose and moist. If 

the seedbed has been idle long enough for the soil to become compact, the topsoil should be 
harrowed with a disk, spring tooth drag, spike tooth drag, or other equipment designed to 
conditions the soil for seeding. 

• Harrowing, tracking or furrowing should be done horizontally across the face of the slope. 
• Always apply seed before applying mulch, unless using a hydraulic matrix or bonded fiber matrix 

where seed is mixed with mulch prior before application. 
• Apply seed at the rates specified using calibrated seed spreaders, cyclone seeders, mechanical 

drills, or a hydroseeder so the seed is applied uniformly on the site. 
• Broadcast seed should be incorporated into the soil by raking or chain dragging, and then lightly 

compacted to provide good seed-soil contact. 
• Apply fertilizer as specified and allowed by local municipalities. 
• Apply mulch or erosion control blanket, as specified, over the seeded areas. 

Inspection and Maintenance 

• Newly seeded areas need to be inspected frequently to ensure the grass is growing. 
• If the seeded area is damaged due to runoff, additional stormwater measures may be needed. 
• Spot seeding can be done on small areas to fill in bare spots where grass did not grow properly. 
• Irrigation/watering should be used as necessary and recommended to establish vegetation in 

accordance with local regulations. 
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Mulching is the process of applying bulk materials to the soil surface to reduce rainfall impact, increase 
infiltration and in some cases, aid in revegetation. Common types of mulch include vegetable fibers, 
green material, hydraulic mulches from recycled paper or wood fibers, hydraulic matrices, and straw 
mulch.  Mulches may include a tackifier to increase the longevity of the application. 

Construction Specifications: 

• Mulch should be used for temporary applications only; permanent erosion control measures should 
also be applied. 

• Prior to application, roughen embankment and fill areas by rolling with a crimping or punching type 
roller or by track walking.  Track walking shall only be used where other methods are impractical. 

• Avoid mulch over-spray onto the traveled way, sidewalks, lined drainage channels, and existing 
vegetation. 

Wood Fiber Mulch – Materials and Application Procedures 

• Wood fiber mulch is a component of hydraulic applications. It is usually used in combination with 
seed and fertilizer. It is typically applied at the rate of 2,000 to 4,000 lb/ac (2,250 to 4,500 kg/ha) with 
0-5% by weight of a stabilizing emulsion or tackifier (e.g., guar, psyllium, acrylic copolymer) and 
applied as a slurry. This type of mulch is manufactured from wood or wood waste from lumber mills 
or from urban sources.  

• Wood fiber mulch can be specified with or without a tackifier; previous work has shown that wood 
fiber mulches with tackifiers have better erosion control performances. 

• Materials for wood fiber based hydraulic mulches and hydraulic matrices shall conform to Oregon 
DOT Standard Specifications Sections 01030.15 and 01030.16 and local municipality requirements 
and specifications. 

Recycled Paper Mulch – Materials and Application Procedures 

• Recycled paper mulch contains fibers of shorter length than wood fiber mulches and is typically made 
from recycled newsprint, magazine, or other waste paper sources.  It is a component of hydraulic 
applications and is usually used in combination with seed and fertilizer. It is typically applied at the 
rate of 1 to 2 tons/ac (2,250 to 4,500 kg/Ha). It can be specified with or without a tackifier. 

Green Material – Materials and Application Procedures 

• This type of mulch is produced by recycling vegetation trimmings such as grass, shredded shrubs and 
trees.  Methods of application are generally by hand, although pneumatic methods are available.  
Mulch shall be composted to kill weed seeds. 

• It may be used as a temporary ground cover with or without seeding. 

• The green material shall be evenly distributed on site to a depth of not more than 2 in (50 mm). 

Hydraulic Matrix – Materials and Application Procedures 

• Hydraulic matrix is a combination of wood fiber mulch and a tackifier applied as a slurry. It is 
typically applied at the rate of 2,000 to 4,000 lb/ac (2,250 to 4,500 kg/ha) with 5-10% by weight of a 
stabilizing emulsion or tackifier (e.g., guar, psyllium, acrylic copolymer). 

• Materials for wood fiber based hydraulic mulches and hydraulic matrices shall conform to Oregon 
DOT Standard Specifications Sections 01030.15 and 01030.16 and local municipality requirements 
and specifications. 

• Hydraulic matrices require 24 hours to dry before rainfall occurs to be effective unless approved by 
Oregon DEQ. 

Bonded Fiber Matrix – Materials and Application Procedures 
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• Bonded fiber matrix (BFM) is a hydraulically-applied system of fibers and adhesives that upon drying 
forms an erosion-resistant blanket that promotes vegetation, and prevents soil erosion. BFMs are 
typically applied at rates from 3,000 to 4,000 lb/ac (3,400 to 4,500 kg/ha) based on the 
manufacturer’s recommendation. The biodegradable BFM is composed of materials that are 100% 
biodegradable. The binder in the BFM shall also be biodegradable and shall not dissolve or disperse 
upon re-wetting. Typically, biodegradable BFMs should not be applied immediately before, during or 
immediately after rainfall if the soil is saturated. Depending on the product, BFMs require 12 to 24 
hours to dry to become effective. 

• BFM should be selected and used in accordance with local municipality requirements and 
specifications. 

• Apply bonded fiber matrices from multiple directions to adequately cover the soil.  Application from 
a single direction can result in shadowing, uneven coverage, and failure of the BFM. 

Straw Mulch - Materials 

• All materials shall conform to Oregon DOT Standard Specifications Sections 01030.15(b) and any 
local municipality requirements. 

• Straw shall be derived from wheat, rice, or barley.  The straw mulch contractor shall furnish evidence 
that clearance has been obtained from the County Agricultural Commissioner, as required by law, 
before straw obtained from outside the county in which it is to be used is delivered to the site of the 
work.  Straw that has been used for stable bedding shall not be used. 

Straw Mulch – Application Procedures 

• Apply loose straw at a minimum rate of 4,000 lb/ac (3,570 kg/ha), or as indicated in the project’s 
Erosion and Sediment Control Plan, either by machine or by hand distribution. 

• The straw mulch must be evenly distributed on the soil surface. 

• Avoid placing straw onto the traveled way, sidewalks, lined drainage channels, walls, and existing 
vegetation. 

• Anchor the mulch in place by using a tackifier (preferred) or by “punching” it into the soil 
mechanically (incorporating). 

• If using a tackifier to anchor the straw mulch in lieu of incorporation, roughen embankment or fill 
areas by rolling with a crimping or punching-type roller or by track walking before placing the straw 
mulch. Track walking should only be used where rolling is impractical.  

• A tackifier acts to glue the straw fibers together and to the soil surface.  The tackifier shall be selected 
based on longevity and ability to hold the fibers in place (see Oregon DOT Standard Specifications 
Section 01030.16). 

• A tackifier is typically applied at a rate of 125 lb/ac (140 kg/ha).  In windy conditions, the rate is 
typically 178 lb/ac (200 kg/ha). 

• Straw mulch with tackifier shall not be applied during or immediately before rainfall. 

• Methods for holding the straw mulch in place depend upon the slope steepness, accessibility, soil 
conditions and longevity.  If the selected method is incorporation of straw mulch into the soil, then do 
as follows: 

• Applying and incorporating straw shall follow the requirements in Oregon DOT Standard 
Specifications Section 01030.48(b) and any local municipality’s specifications and requirements. 

• On small areas, a spade or shovel can be used. 

• On slopes with soils, which are stable enough and of sufficient gradient to safely support 
construction equipment without contributing to compaction and instability problems, straw may 
be “punched” into the ground using a knife-blade roller or a straight bladed coulter, known 
commercially as a “crimper.” 

• On small areas and/or steep slopes, straw may also be held in place using plastic netting or jute.  
The netting shall be held in place using 11 gauge wire staples, geotextile pins or wooden stakes.  
Refer to EP-10, “Erosion Control Blankets and Mats.” 
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Inspection and Maintenance: 

• Maintain an unbroken, temporary mulched ground cover throughout the period of construction when 
the soils are not being reworked.  Inspect before expected rain events and repair any damaged ground 
cover and re-mulch exposed areas of bare soil. 

• The key consideration in maintenance and inspection is that the mulch needs to last long enough to 
achieve erosion control objectives.  Mulch is a temporary ground cover and not suitable for long-term 
erosion control. 

• Maintain an unbroken, temporary mulched ground cover while disturbed soil areas are non-active.  
Repair any damaged ground cover and re-mulch exposed areas. 

• Reapplication of mulch and tackifier may be required by Oregon DEQ and local municipalities to 
maintain effective soil stabilization over disturbed areas and slopes. 

• After any rainfall event, maintain all slopes to reduce or prevent erosion. 
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SEDIMENT CONTROL BMPS 
 
 

 SC-1 Sediment Fence 
 SC-2 Sand Bag Barrier 
 SC-3 Gravel Bag Berm 
 SC-4 Straw Bale Dike 
 SC-5 Rock or Brush Filters 
 SC-6 Compost Berms and Socks 
 SC-7 Fiber Rolls or Wattles 
 SC-8 Storm Drain Inlet Protection 
 SC-9 Temporary Sediment Basin 
 SC-10 Entrance/Exit Tracking Controls 
 SC-11 Entrance/Exit Tire Wash 
 SC-12 Undercut Lots 
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Construction Specifications:  

Local municipality requirements should be checked to determine if local requirements differ from this 
BMP with respect to specific types of sediment fence allowed and methods of installation.  

Prefabricated Sediment Fence 

Prefabricated fence fabric shall consist of material approved by its manufacturer for use in sediment fence 
applications and shall include pre-fabricated pockets for stake installation.  Select standard duty or heavy 
duty prefabricated sediment fence based on criteria shown below: 

Standard Duty Sediment Fence 

• Slope of area draining to fence is 4H:1V or less - Use is generally limited to less than five months 

• Area draining to fence produces moderate sediment loads 

• Use prefabricated standard duty sediment fence. 

• Layout in accordance with typical layout - Install in accordance with attached detail. 

Heavy Duty Sediment Fence 

• Slope of area draining to fence is 1H:1V or less 

• Use generally limited to eight months. Longer periods may require fabric replacement 

• Area draining to fence produces moderate sediment loads 

• Use prefabricated heavy duty sediment fence. Heavy duty sediment fences typically have the 
following physical characteristics: 

o Fence fabric has greater tensile strength than other fabric types available from manufacturer 

o Fence fabric has a greater permittivity than other fabric types available from manufacturer 

o Fence fabric may be reinforced with a backing or additional support to increase fabric strength 

o Posts may be spaced closer together than other pre- manufactured sediment fence types available 
from manufacturer. 

• Layout in accordance with attached typical layout. 

• Install in accordance with attached standard details. 

Installation 

• Install sediment fence along a level contour, with the last 6 ft of fence turned up slope. Except for the 
ends, the difference in elevation between the highest and lowest point along the top of the sediment 
fence shall not exceed one-third the fence height. 

• Generally, should be used in conjunction with erosion source controls up slope to provide effective 
control. 

Minimum BMP standards that apply to Prefabricated Sediment Fence are provided on the 
attached details. 
 
Common Reasons/Circumstances for Failure 

• The most common reasons for sediment fence failure are due to improper installation and poor 
maintenance.  In particular, the toe must be securely trenched into the slope and accumulated 
sediment should be removed when accumulation reaches 1/3 of the fence height. 

Inspection and Maintenance: 

• Repair undercut sediment fences. 
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• Repair or replace split, torn, slumping, or weathered fabric. 

• Inspect sediment fence before, during, and after storm events. 

• Any required repairs shall be performed as soon as possible. 

• Remove sediment when accumulation reaches 1/3rd the fence height. 

• The removed sediment shall be incorporated in the project, disposed of properly, or appropriately 
stabilized with vegetation. 

• Remove sediment fence when no longer needed and upslope area has been stabilized.  Fill and 
compact post holes and anchorage trench, remove sediment accumulation, and grade fence alignment 
to blend with adjacent ground. 
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Construction Specifications 

A compost filter berm is a trapezoidal berm applied by a blower and a compost sock is compost material 
encased in mesh to form a tube/roll.  Both techniques intercept sheet flow and pond runoff, allowing 
sediment to fall out of suspension, and often filtering sediment as well.  Compost berms and socks 
provide an environmentally-sensitive and cost-effective alternative to sediment fence. 

Advantages 

• Compost berms and compost socks made from 
biodegradable mesh sometimes offer a better 
solution than sediment fence and other sediment 
control methods, because compost does not require 
any special trenching, construction, or removal, 
unlike straw bales, sediment fence or coir rolls.  This 
makes the technique very cost-effective. 

• Compost is organic, biodegradable, renewable, and 
can be left onsite.  This is particularly important 
below embankments near streams, as re-entry to 
remove or maintain the berm can cause additional 
disturbance.  Sediment fence has to be disposed of 
in landfills and is often left abandoned on jobsites.   

• Compost does not leach nutrients.  Field tests in 
Connecticut have shown that run-off from compost 
treated sites has very low soluble salts, and all 
metals and nutrients are well within pollution 
leaching limits. 

• Compost berms can be easily and quickly fixed should something happen to them in the course of 
construction.  Compost socks withstand heavy machinery, but frequent disturbance can decrease 
the effectiveness of the sock. 

• Mechanical compost spreaders for compost berms are commercially available and are widely 
used in the Pacific Northwest. 

• When properly made, compost is full of nutrients and micro-organisms that stimulate turf and 
increase resistance to diseases.  Compost binds heavy metals and can break down hydrocarbons 
into carbon, salts and other innocuous compounds.  
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Design Considerations 

Compost filter berms and socks should be used at the base of slopes 2:1 or less.  There are many types of 
compost, all with different properties, so it is best to determine what application the compost is being 
used for.  For compost berms and socks, compost should have the following specifications: 

• Compost needs to be stable and mature. 

• Particle size: Compost should consist of both large and small pieces for maximum filtration.  
Finer grades (screened through 3/8-1/2”) are better for vegetation establishment, long term plant 
nutrients, and increased infiltration rates.  The coarser grades (screened 2-3”) are better for 
increased filtration, and are less likely to be disturbed by rainfall and runoff.  For berms, the ratio 
of coarse and fine material should be 1:1.  No particle should be greater than 3”. 

• The recommended moisture content ranges from 20-50%.  Compost that is too dry is harder to 
apply, while that which is too wet is heavier and harder to transport.  In drier areas, use compost 
with a higher moisture content; in wet areas, use the drier compost, as it will absorb water. 

• Organic matter content:  The percentage of carbon based materials in finished compost should 
range between 40-70%.  However, Texas DOT specifies no less than 70%. 

• The pH should be between 5.0 and 8.5. 

• Nitrogen Content: 0.5-2.0%. 

• Compost should have a minimum of soluble salts, as these can inhibit vegetation establishment.  
These levels should be between 4.0 and 6.0 mmhos/cm. 

• Compost must be weed and pesticide free, with manmade materials comprising less than 1%. 

Construction Specifications   

• For compost berms on slopes of 3:1 or less, 
install a compost berm 1-2 ft high and 2-4 ft 
wide at the base. For maximum filtration 
properties, install berm in a trapezoidal 
shape, with a 4-6 ft base, and a 2-3 ft wide 
top.  Larger berms should be used for 
steeper slopes.  The basic rule of thumb is 
that the base should be twice the height of 
the berm. 

• Typically, compost socks can handle the 
same water flow or slightly more than sediment fence.  However, the installation technique is 
especially important for them to work effectively.  For most applications, standard sediment fence 
is replaced with 12” compost socks. 

o When placed on level contours sheet flow of water should be perpendicular to the 
compost sock at impact and un-concentrated. 

o Place compost socks at a 5’ or greater distance away from the toe of slopes to maximize 
space available for sediment deposition. 

o In order to prevent water flowing around the ends of compost socks, point the ends 
upslope to place them at a higher elevation. 
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• Compost Berms and Socks can be placed around the perimeter of affected areas, if the area is flat 
or the perimeter is on contour.  Berms and socks should be placed using ‘smiles’ and j-hooks.  Do 
not place berms and socks where they cannot pond water. 

• For steeper slopes, an additional berm or sock can be constructed on the top of the slope. 

• Compost berms and socks can be seeded during application.  However, field tests indicate that it 
is best to have only a thin layer of compost over the seed in compost berms. Slopes seeded with 
2- 4” of compost over the seed had less vegetation establishment than slopes with less compost 
over the seed.  

• Do not use compost berms and socks in areas of concentrated flow, as they are intended to control 
and filter sheet flow only. 

• Tackifiers may be applied to berms if needed to enhance performance. 

Inspection and Maintenance 

• Compost berms and socks shall be inspected after each storm event and reapplied if necessary. 
• Sediment retained by the berm or sock shall be removed when it has reached 1/3 of the exposed 

height of the berm.  Alternatively, the sediment and berm or sock can be stabilized with 
vegetation at the end of construction. 

• Berms can be left onsite and seeded, or spread out in place as a soil enhancement. 
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Construction Specifications 

Fiber rolls are manufactured from biodegradable fibers (such as weed-free rice straw) that are wrapped in 
photo degradable netting.  They range from approximately 8 to 20 inches in diameter by 25-30 feet (8-9 
m) long.  Rolls are placed and staked along the contour of newly constructed or disturbed slopes, in 
shallow trenches.  Fiber rolls reduce slope length, and are intended to capture and keep sediment on the 
slopes.  Fiber rolls are useful to temporarily stabilize slopes by reducing soil creep, and sheet and rill 
erosion until permanent vegetation can be established.  Fiber rolls can catch soil that is moved down the 
slope by the freeze/thaw processes.  Organic matter and seeds are trapped behind the rolls, which provide 
a stable medium for germination.  Rolls trap topsoil and retain moisture from rainfall, which aids in 
growth of seedlings planted upslope of the rolls. 

 

Design Considerations:   

• Sites appropriate for fiber rolls are: 

o Slopes susceptible to sheet and rill erosion. 

o Slopes producing dry ravel. 

o Slopes susceptible to freeze/thaw activity. 

o Slopes difficult to vegetate because of soil movement. 

• Fiber rolls are not intended for use in concentrated flow situations. 

• It is imperative, especially on steeper slopes, that a sufficiently deep trench is constructed in 
which to place the roll.  Without the trench, the roll will not function properly, runoff will scour 
underneath it, and trees or shrubs planted behind the roll will not have a stable environment in 
which to become established. 

• Fiber rolls last an average of two years, depending on the fiber and mesh used in manufacturing.  
This is an important factor to consider when planning how long the slope will need to be 
mechanically stabilized. 

• Fiber rolls can be staked with live stakes if site conditions warrant.  The moisture retained by the 
fiber roll will encourage cutting establishment.  

Advantages 

• Fiber rolls are a relatively low-cost solution to sheet and rill erosion problems. 

• They can replace sediment fences or straw bales on steep slopes. 

• Rolls are a short-term solution to help establish native vegetation. 

• Rolls store moisture for vegetation planted immediately upslope. 

• Plastic netting will eventually photo-degrade, eliminating the need for retrieval of materials after 
the fiber or straw has broken down. 
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• The fibers become incorporated into the soil with time, adding organic material to the soil and 
retaining moisture for vegetation. 

Disadvantages 

• Rolls only function for one or two seasons. 

• Pilot holes through the rolls must be pre-driven with a metal rod. 

• If not installed properly with a sufficient trench, rolls may fail during the first rain event. 

• Fiber rolls may require maintenance to ensure that the stakes are holding and the rolls are still in 
contact with the soil.  This is especially true on steep slopes in sandy soil.   

Installation 

• Prepare the slope before the installation procedure is started. 

• Shallow gullies should be smoothed as work progresses. 

• Dig small trenches across the slope on contour, to place rolls in.  The trench should be deep 
enough to accommodate half the thickness of the roll.  When the soil is loose and uncompacted, 
the trench should be deep enough to bury the roll 1/3 of its thickness because the ground will 
settle. 

• It is critical that rolls are installed perpendicular to water movement, and parallel to the slope 
contour. 

• Start building trenches and installing rolls from the bottom of the slope and work up. 

• Construct trenches at contour intervals 25-30 feet (8-10 m) apart depending on the steepness of 
the slope.  The steeper the slope, the closer together the trenches should be. 

• Lay the roll along the trenches fitting it snugly against the soil.  Make sure no gaps exist between 
the soil and the straw wattle. 

• Use a straight bar to drive holes through the roll and into the soil for the willow or wooden stakes. 

• Drive the stake through the prepared hole, and into the soil.  Leave only 1 or 2 inches (25 or 51 
mm) of the stake exposed above roll. 

• Install stakes at least every 4 feet (1.2 m) apart along the length of the wattle.  Additional stakes 
may be driven on the downslope side of the trenches on highly erosive or very steep slopes. 

Inspection and Maintenance 

• Inspect the rolls and the slopes after rain events and at the frequencies required by local 
municipalities.  Make sure the rolls are in contact with the soil. 

• Repair any rills or gullies promptly. 

• Reseed or replant vegetation if necessary until the slope is stabilized. 
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Construction Specifications: 

A sediment basin is a temporary basin with a controlled release structure, formed by excavating or 
constructing an earthen embankment across a waterway or low drainage area. Sediment basins may be 
placed where sediment laden storm water may enter a storm drain or watercourse, and around and/or up-
slope from storm drain inlet protection measures.  The sediment basin shall follow one of the four design 
options summarized below: 

1. A sediment basin designed pursuant to local ordinance provided that the design efficiency is as 
protective, or more protective of water quality than Option No. 3. 

2. A sediment basin designed with a minimum capacity of 3,600 cubic feet of storage per acre of 
disturbed land in a watershed equivalent to or more efficient than Option No. 3. 

3. A sediment basin designed using the following equation: 

  (V) = 1.2Q/VsED where: 

  V =  settling zone volume, 

  Q =  flow rate based on peak discharge from a specified design storm (where Q = CiA; see Section 
2.4), and 

  VsED =  settling velocity of the design soil particle. 

4. A basin designed using an equivalent surface area design equation, equivalent to or more efficient 
than Option No. 3. 

• In accordance with the requirements of the NPDES 1200-C General Permit, all sediment basins must 
be designed by a professional engineer licensed in Oregon. 

• Construct the basin by excavating or building an embankment before any clearing or grading work 
begins. 

• Areas under the embankment and any structural works shall be cleared, grubbed and stripped of any 
vegetation and rootmat as shown on the grading plan.  

• In order to facilitate cleanout and restoration, the basin area shall be cleared, grubbed and stripped of 
any vegetation. 

• A cut-off trench shall be excavated along the centerline of the earth fill embankments.  The minimum 
depth shall be 2 feet (0.6 m). The cut-off trench shall extend up both abutments to the spillway 
elevation.  

• Fill material for the embankment shall be clean mineral soil free of roots, woody vegetation, 
oversized stones, rocks or other objectionable material, and sufficiently moist for compaction.  

• Fill material shall be placed in 6 inch (0.2 m) lifts, continuous layers over the entire length of the fill.  
Compaction shall be obtained by routing the hauling equipment over the fill so that the entire surface 
of each layer of the fill is traversed by at least one wheel or tread track of the equipment, or by the use 
of a compactor.  

• The embankment should be constructed to an elevation of 10 percent higher than the design height to 
allow for settlement if compacting is achieved with hauling equipment.  If compactors are used for 
compacting, the overbuild may be reduced to not less than 5 percent.  The basin shall have means for 
dewatering within 7 days following a storm event. 

• The principal spillway riser shall be securely attached to the discharge pipe by welding all around.  
All connections shall be watertight.  A trash rack shall be installed on the top of the riser to prevent 
clogging of the discharge pipe. 
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• The pipe and riser shall be placed on a firm, smooth soil foundation.  The connection between the 
riser and the riser base shall be watertight.  Pervious materials such as sand, gravel or crushed stone 
shall not be used as backfill around the pipe or anti-seep collars.  

• The fill material around the pipe spillway shall be placed in 4-inch (101 mm) layers and compacted 
under the shoulders and around the pipe to at least the same density as the adjacent embankment.  A 
minimum of 2 feet (0.6 m) of compacted backfill shall be placed over the pipe spillway before 
crossing it with construction equipment.  

• Steel base plates shall have at least 2 1/2 feet (0.8 m) of compacted earth, stone or gravel over them to 
prevent flotation. 

• The emergency spillway shall not be installed in fill.  Elevations, design width, and entrance and exit 
channel slopes are critical to the successful operation of the emergency spillway. 

• If used, baffles shall be constructed of 4 inch (101 mm) by 4 inch (101 mm) posts and of 4 foot (1.2 
m) by 8 foot (2.4 m) - 1/2inch (12.7 mm) exterior plywood.  The posts shall be set at least 3 feet (0.9 
m) into the ground, no further apart than 8 feet (2.4 m) center to center, and shall reach a height 6 
inches (0.2 m) below the riser crest elevation.  Alternatively, earthen berms, metal sheeting, or other 
methods may be used as approved by DEQ or the local agency in the project ESCP. 

• The embankment and emergency spillway shall be stabilized with vegetation immediately following 
construction.  The outflow shall be provided with outlet protection to prevent erosion and scour of the 
embankment and channel. 

• Construction operations shall be carried out in such a manner that erosion and water pollution will be 
minimized. 

• Local and state requirements shall be met concerning fencing and signs warning the public of hazards 
of soft sediment and floodwater. 

Minimum BMP standards are provided on the following details.   

Inspection and Maintenance:  

• Inspect before during, and after each rain event. 

• All damages caused by soil erosion or construction equipment shall be repaired before the end of each 
working day. 

• Remove sediment when the sediment storage zone is half full.  This sediment shall be placed in such 
a manner that it will not erode from the site.  The sediment shall not be deposited downstream from 
the embankment or in or adjacent to a stream or floodplain. 

• When temporary structures have served their intended purpose and the contributing drainage area has 
been properly stabilized, the embankment and resulting sediment deposit shall be leveled or otherwise 
disposed of in accordance with the approved erosion and sediment control plan. 
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Tracking controls reduce offsite tracking of sediment and other pollutants by providing a stabilized 
entrance at defined construction site entrances and exits and/or providing methods to clean-up sediment or 
other materials to prevent them from entering a storm drain by sweeping or vacuuming. 

Construction Specifications: 

• Stabilize entrances should be implemented on a project-by-project basis in addition to other BMPs.  

• Sweeping or vacuuming should be implemented when sediment is tracked from the project site onto 
public or private paved roads, typically at points of site exit. 

• Use stabilized entrances and/or sweeping at construction sites: 

o Where dirt or mud is tracked onto public roads; 

o Adjacent to water bodies; 

o Where poor soils are encountered, such as soils containing clay; 

o Where dust is a problem during dry weather conditions. 

 
Stabilized Construction Entrances  

• Limit the points of entrance/exit to the construction site by designating combination or single purpose 
entrances and exits. Require all employees, subcontractors and others to use them. Limit speed of 
vehicles to control dust.  Clearly mark entrances and exits with appropriate signage. 

• Locate construction entrances and exits to limit sediment leaving the site and to provide for maximum 
utility by all construction vehicles.  Avoid entrances which have steep grades and entrances at curves 
in public roads. 

• Grade each construction entrance/exit to prevent runoff from leaving the construction site. 

• Design stabilized entrance/exit to support heaviest vehicles and equipment that will use it. 

• Select construction access stabilization (aggregate, asphaltic concrete, concrete) based on longevity, 
required performance, and site conditions. 

• Use of constructed or constructed/manufactured steel plates with ribs (e.g., shaker / rumble plates or 
corrugated steel plates) for entrance/exit access is allowable (See below).  

• The aggregate size for construction of the pad shall be 3-6 inch (76-152 mm) stone.  Place the gravel 
to the specific grade and dimensions shown on the plans, and smooth it. 

• The thickness of the pad shall not be less than 8 inches (203 mm).  Use geotextile fabric, if necessary, 
to improve stability of the foundation in locations subject to seepage or high water table. 

• The width of the pad shall not be less than the full width of all points of ingress or egress and in any 
case shall not be less than 12 feet (3.6 m) wide. 

• The length of the pad is as required, but not less than 50 feet (15.2 m). 

• All sediment spilled, dropped, washed or tracked onto public rights-of-way shall be removed as soon 
as possible by hand sweeping or mechanized sweeper.  Washing of sediment from the public right-of-
way shall be prohibited. 

• Provide drainage to carry water to a sediment trap or other suitable outlet. 

• When necessary, wheels shall be cleaned to remove sediment prior to entrance onto public rights-of-
way (see SC-11, Entrance / Exit Tire Wash). 

• All sediment shall be reduced or prevented from entering any storm drain, ditch or watercourse 
through use of sediment fence, gravel bags, sediment barriers, or other approved methods. 
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Minimum BMP standards are provided on the following detail. 
 
Entrance with Shaker Plates 

• Incorporate with a stabilized construction entrance/exit. 

• Construct on level ground when possible, on a pad of coarse aggregate, greater than 3 inches (76 mm) 
and smaller than 6 inches (150 mm).  A geotextile fabric shall be placed below the aggregate. 

• Install constructed or manufactured steel plates with ribs (e.g., rumble plates or corrugated steel 
plates) at the entrance/exit in addition to the aggregate. 

• Steel shaker plates shall be designed and constructed/manufactured for anticipated traffic loads. 

 
Street Sweeping and Vacuum Sweeping 

• Inspect potential sediment tracking locations daily. 

• Visible sediment tracking should be swept or vacuumed as needed. Manual sweeping is appropriate 
for small jobs. 

• For larger projects, it is preferred to use mechanical broom or vacuum sweepers that collect and 
contain removed sediment and material. 

If not mixed with debris or trash, incorporate the removed sediment back into the project or depose of it at 
an approved disposal site. 

Inspection and Maintenance: 

Stabilized Construction Entrance 

• Inspect routinely for damage and assess effectiveness. Repair if access is clogged with sediment.  

• Where tracking has occurred on roadways sweeping should be conducted the same day. Preferably 
water should not be used to wash sediment off the streets. If water is used, it should be captured 
preventing sediment-laden water from running off the site.  

• Keep all temporary roadway ditches clear. 

• The entrance shall be maintained in a condition that will reduce or prevent tracking or flowing of 
sediment onto public rights-of-way.  This may require periodic top dressing with additional stone as 
conditions demand, and repair and/or maintenance of any measures used to trap sediment.  

• Maintain the gravel pad in a condition to prevent mud or sediment from leaving the construction site. 
Replace gravel material when surface voids are visible. 

• After each rainfall, inspect all gravel construction entrances and clean it out as necessary. 

• As soon as possible remove all objectionable materials spilled, washed, or tracked onto public 
roadways.  Remove all sediment deposited on paved roadways immediately. 

Street Sweeping and Vacuuming 
• Inspect entrance and exit points daily and sweep tracked sediment as needed.  

• Be careful not to sweep up any unknown substance or any object that may be potentially hazardous. 

• After sweeping is finished, properly dispose of sweeper wastes. 
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Construction Specifications: 

• Incorporate with a stabilized construction entrance/exit.  See BMP SC-10, “Entrance / Exit Tracking 
Controls.” 

Manual/Hose Tire Wash 

• Construct on level ground when possible, on a pad of coarse aggregate, greater than 3 inches (75 mm) 
and smaller than 6 inches (150 mm).  A geotextile fabric shall be placed below the aggregate. 

• Tire wash shall be designed and constructed/manufactured for anticipated traffic loads. 

• Provide a drainage conveyance that will convey the runoff from the wash area to a sediment trapping 
device.  The drainage ditch shall be of sufficient grade, width, and depth to carry the wash runoff. 

• Require that all employees, subcontractors, and others that leave the site with mud-caked tires and/or 
under-carriages use the wash facility. 

Temporary Drive-Through Tire Wash 

• Minimum dimensions: 40 feet by 12 feet by 1.5 feet (length, width, and sump depth; 12.2 m by 3.7 m 
by 0.46 m).  The minimum length includes ingress and egress from the sump. 

• The aggregate size for construction of the pad shall be 4-6 inch (101-152 mm) stone.  Place the gravel 
to the specific grade and dimensions shown on the plans, and smooth it. 

• The thickness of the pad shall not be less than 8 inches (203 mm).  Use geotextile fabric under the 
gravel to improve stability of the foundation. 

• Alternatively, install a 3 in. asphalt lift over a stable roadway base with the same dimensions 
identified above. 

• The run out pad should extend 50 feet (15.2 m) past the egress ramp and drain back into the sump or 
to a suitable collection and treatment facility. 

• Install fencing, as necessary, to manage vehicle traffic. 

Minimum BMP standards are provided on the following illustrations. 

 

Inspection and Maintenance: 

Manual/Hose Tire Wash 

• Remove accumulated sediment in tire wash and/or sediment trap to maintain system performance. 

• Inspect routinely for damage and repair as needed. 

Temporary Drive-Through Tire Wash 

• Inspect routinely to assess the water levels within the sump, the depth of accumulated sediment, and 
identify any areas that require maintenance. 

• Remove accumulated sediment from the tire wash facility to maintain tire wash sump depth.  
Sediment may be pumped, piped or vacuumed to a suitable collection and treatment facility. 

• Clean or replace rock when clogged with sediment and re-grade as needed. 

• Maintain the run-out pad as necessary to prevent sediment accumulation. 

• Immediately remove any rock that is carried from the pad to the roadway. 

• Ensure that wash water drainage, collection and treatment system is functioning. 
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MANUAL / HOSE TIRE WASH 
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TEMPORARY DRIVE THROUGH TIRE WASH 
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Dewatering and ponded water management applies to areas where storm water has collected in low spots, 
trenches or other depressions and needs to be removed to proceed with construction activities or for 
vector control.  All dewatering discharge activities must be conducted in accordance with local agency 
(i.e., local sewerage agency or other applicable agency) permit requirements. 

 

Construction Specifications: 

• Ponded storm water shall be settled or filtered for sediment removal prior to discharge. 

• Water from trench or excavation dewatering shall be tested if required by applicable permits and 
discharged in accordance with permit provisions.   

• For clean ponded storm water, dewatering discharges (without permit requirements), and authorized 
non-storm water discharges, use one of the following methods for discharge / disposal as allowable 
by local requirements / agencies and approved by the Project Superintendent.  Water shall be clean 
and free of significant sediment, surfactants, or other pollutants. 

• Reduce sediment discharge by pumping water from the top of ponded areas using a floating or 
raised hose. 

• Use water where possible for construction activities such as compaction and dust control and 
landscape irrigation. If used for these applications, ensure that the water will infiltrate and not 
run-off from the land to storm drain systems, to creek beds (even if dry) or to receiving waters. 

• Infiltrate to an appropriate landscaped, vegetated or soil area. Note: Infiltration may be 
prohibited in accordance with local requirements. 

• Discharge to an on-site temporary sediment pond. 

• Discharge to the storm drain system.  Water from dewatering must not contain significant 
sediments or other pollutants and discharge must be in accordance with local permits. 

• Alternatively, a vacuum truck may be used to remove the water and haul it to an authorized 
discharge location.  

• If a permit is required, provide temporary onsite storage (Baker tanks, etc.) of water removed from 
trenches, excavations, etc., until a permit to discharge is obtained. 

• If a permit is obtained for discharge to a storm drain or sanitary sewer system, conduct all 
dewatering discharge activities in accordance with permit requirements. 

Inspection and Maintenance: 

• Inspect pumps, hoses and all equipment before use. Monitor dewatering operations to ensure it does 
not cause offsite discharge or erosion. 

• Inspect routinely, when applicable activities are under way. 
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Construction Specifications: 

• Vehicles and equipment should be washed off site at a controlled wash facility when at all possible.   

• Use “dry cleaning methods” such as wiping down whenever possible rather than water washing 
vehicles on site.   

• If cleaning must be conducted on-site, it shall be conducted in a dedicated area with the following 
characteristics: 

• Located away from storm drain inlets, drainage facilities, or watercourses. 

• Paved with concrete or asphalt, or stabilized with an aggregate base. 

• Bermed to contain wash waters and to prevent run-on and runoff. 

• Configured wash area with a sump to allow collection and disposal of wash water. 

• Discharges wash water to a sanitary or process waste sewer (where permitted), or to a dead end 
sump. Wash waters shall not be discharged to storm drains or watercourses. 

• Used only when necessary. 

Additionally, when cleaning vehicles or equipment with water. 

• Use as little water as possible. High pressure sprayers may use less water than a hose, and should be 
considered. 

• Use positive shutoff valve to minimize water usage. 

• Do not use solvents or detergents to clean vehicles or equipment on site. 

• Do not permit steam cleaning on site. 

Inspection and Maintenance: 

• Inspect and clean work areas regularly to limit wind blow debris and pollutants transported by storm 
water. 
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Vehicles and heavy machinery are a potential source of pollutants such as petroleum products, antifreeze, 
and exhaust and waste oil containing heavy metals. Pollutants may enter storm water runoff by means of 
direct contact with machine ports and by contact with spills on surfaces and the ground. The following 
control measures can help prevent contact of these potential pollutants with storm water and ground 
surfaces.  

Construction Specifications: 

Fueling - On site vehicle and equipment fueling should only be used where it is impractical to send 
vehicles and equipment offsite for fueling. When fueling must occur on site, the contractor shall select 
and designate an area to be used, subject to approval.  Vehicle and equipment fueling (including fueling 
of handheld equipment) shall be conducted in accordance with the following: 

 Away from storm drain inlets, drainage facilities, or watercourses. 
 On a paved surface where practical. 
 Within a bermed area to prevent run-on, runoff, and to contain spills. 
 Store portable fuel containers for hand held equipment in a tub or equivalent device to avoid 

spills and leaks. 
 Use secondary containment techniques for fueling of handheld or portable equipment, such as 

drain pans or drop cloths to catch spills or leaks. 
 All fueling shall be conducted with the fueling operator in attendance at all times. 
 Use vapor recovery nozzles to help control drips and reduce air pollution and nozzles equipped 

with automatic shutoff features to prevent overtopping fuel tank. 
 Signage that fuel tanks should not be “topped off.” 
 An adequate supply of spill clean up materials shall be readily accessible to all fueling activities. 

Maintenance - Maintenance of large equipment shall be conducted within designated maintenance yards 
in order to enable careful management. During minor routine maintenance, drip pans shall be placed 
under vehicles and equipment. All on site vehicles shall be monitored for leaks and shall receive 
preventive maintenance to reduce leakage.  

Only necessary maintenance required for the proper functioning of handheld equipment and portable 
generators/compressors is allowed onsite. Drop clothes, trays or an equivalent method shall be used 
underneath handheld and portable equipment to avoid leaking fluids, fuels, oils, or grease onto the 
ground. Do not overspray aerosols to the ground or other rain-exposed surfaces. Clean up spills 
immediately and dispose of waste properly. 

Fuel and Vehicle Storage - Fuel storage shall be conducted in accordance with applicable local, state, 
and federal regulations and in accordance with the BMP for “Hazardous Materials and Waste 
Management.”  Vehicles and equipment shall be stored in designated, bermed vehicle storage areas (such as 
dedicated storage areas or fueling and maintenance areas) when possible, or off of paved areas to the extent 
practical.  During long periods (typically more than one month) of storage, and when otherwise necessary 
drip pans shall be placed under vehicles and equipment that are prone to leakage. Plastic tarps shall be 
placed over exposed equipment when not in use for long periods (>3 mos.) to prevent contact with storm 
water. All on site vehicles shall be monitored for leaks and shall receive preventive maintenance to reduce 
leakage.  

Inspection and Maintenance: 

 Check to ensure adequate supply of spill cleanup materials is available.  
 Perform routine inspections of designated maintenance, cleaning, and fueling areas. 
 Report all spills immediately to the project Superintendent. 
 Service sumps regularly. 
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Many materials used in construction can contribute pollutants to storm water runoff.  Examples of such 
materials include soil, vehicle fuels, oils, antifreeze, paints/coatings, pressure treated lumber, dry wall, 
fertilizers, pesticides, and herbicides.  

Construction Specifications: 

• All construction materials shall be delivered to and stored in designated areas or designated staging 
areas at the construction site. 

• Material storage areas shall be placed near construction site entrances to the extent practicable, away 
from storm drain inlets, culverts and surface water bodies. 

• Designated storage areas shall be kept clean, well organized, and litter-free. 

• Any materials being stored that could release pollutants by wind or runoff transport shall be protected 
by overhead cover, secondary containment, tarpaulins, visqueen/plastic sheeting or other appropriate 
method prior to rainfall or periods of high wind.  Where feasible, store materials indoors (e.g., 
container storage or garages/buildings under construction, where work is being conducted. 

• Any chemicals, drums or bagged materials not stored in a covered location, shall be stored on pallets, 
and when possible in secondary containment. 

• Secondary containment shall be provided for liquids. 

• Secondary containment areas shall be covered, where feasible, to prevent accumulation of rainwater. 

• Construction materials shall be stored in a manner to prevent or minimize contact with storm water. 

• The main loading, unloading, and access areas shall be located away from storm drain inlets and 
channels.  

• Enclosures or flow barriers (berms) shall be constructed around designated storage areas to prevent 
storm water flows from entering storm drains or receiving waters, and to control the discharge of 
sediments and other pollutants.  

• Deliveries shall be scheduled in a manner that reduces the time for onsite storage of potentially 
polluting materials prior to use and minimize the number of material drop locations. 

• Fuels shall be stored in accordance with the BMP for “Vehicle and Equipment Fueling, Maintenance, 
and Storage.” 

• Hazardous materials shall be stored in accordance with the BMP for “Hazardous Material and Waste 
Management.” 

Inspection and Maintenance: 

 Inspect material storage areas routinely for compliance with the above practices. 
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Apply this BMP when the following materials are used or prepared on site: pesticides and herbicides; 
fertilizers and soil amendments; detergents; petroleum products such as fuel, oil, and grease; asphalt and 
other concrete components; plaster; hazardous chemicals such as acids, lime, glues, adhesives, paints, 
solvents, and curing compounds; mastic, pipe wrap, primers, and paint; concrete compounds; welding 
material; and other materials that may be detrimental if released to the environment. 

Construction Specifications: 

 Materials shall be used in accordance with manufacturer directions and in a manner to reduce or 
eliminate release of pollutants 

 An accurate, up-to-date inventory of materials delivered and stored on-site shall be kept by each 
contractor. 

 Reduce or eliminate use of hazardous materials on site when practical.  Use safer, recycled and/or 
less hazardous products when practical. 

 Use materials only where and when needed to complete the construction activity. 
 Recycle residual paints, solvents, non-treated lumber, and other materials.  
 Do not remove the original product label; it contains important safety and disposal information. 
 Use the entire product before disposing of the container. 
 Keep an ample supply of spill clean up material near use areas. Instruct employees in spill clean 

up procedures. 
 Avoid exposing applied materials to rainfall unless sufficient time has been allowed for them to 

dry or cure. 

Inspection and Maintenance: 

 Spot check employees and subcontractors monthly throughout the job to ensure appropriate 
practices are being employed. 
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Stockpile management procedures and practices are designed to reduce or eliminate air and storm water 
pollution from stockpiles of soil, sand, and paving materials such as Portland cement concrete (PCC) 
rubble, asphalt concrete (AC), asphalt concrete rubble, aggregate base, aggregate sub-base or pre-mixed 
aggregate, asphalt binder (so called “cold mix” asphalt) and pressure treated wood. 

Construction Specifications: 

All Stockpiles 

• If feasible, locate stockpiles a minimum of 50 feet away from inlets, drainage courses, or water  
bodies. 

• Keep stockpiles organized and surrounding areas clean. 

• Protect storm drain inlets, drainage courses, and receiving waters from stockpiles, using drain inlet 
protection and perimeter sediment controls as appropriate. 

• Implement dust control practices as appropriate to prevent wind erosion of stockpiled material. 

• Temporary stockpiles not removed or used by the end of one workday must be managed in 
accordance with this BMP and in all cases protected prior to rainfall. 

Stockpiles of soil, Portland cement, sand, mulch, concrete rubble, asphalt concrete, asphalt concrete 
rubble, aggregate base, or aggregate sub-base 

• Protect stockpiles with a perimeter sediment barrier such as berms, sediment fences, fiber rolls, 
sand/gravel bags, or straw bale barriers year round. 

• Stockpiles should additionally be covered or stabilized as necessary during significant forecasted 
storm events (> 0.25 inches), prolonged periods of rain, and to protect from wind erosion. 

• Soil stockpiles may be returned to the excavation if rain is forecast. 

• Topsoil stockpiles should be low n height (ideally <1 meter) and flat and be used within 6 months to 
promote healthy soil organisms and microbes.  Stockpiles not used within 6 months should be 
reseeded with a species that is mycorrhizal dependent to avoid the development of anaerobic 
conditions in the stockpile.. In addition, topsoil stockpiles can be turned periodically to keep 
organisms alive for larger stockpiles and during extremely hot weather. 

Stockpiles of “cold mix” or other pollutants easily transported in storm water (cement, lime, and 
other caustic amendments): 

• Stockpiles shall be placed on plastic or comparable material at all times. 

• Stockpiles shall be covered with plastic or comparable material prior to the onset of significant rain (> 
0.10 inches). 

Bagged Materials  

• Bagged materials shall be placed on pallets at all times and under cover (plastic sheeting, indoors, 
etc.) prior to the onset of significant rain (>0.10 inches). 

Stockpiles/Storage of pressure treated wood with copper, chromium, and arsenic or ammoniacal 
copper, zinc, and arsenate: 

• “Stockpiles” of treated wood shall be covered with plastic or comparable material prior to the onset of 
significant rain (>0.25 inches). 

Inspection and Maintenance: 

• Inspect stockpiles regularly and repair and/or replace covers, and perimeter controls as needed. 
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Spills and leaks can be significant sources of storm water pollutants and are, in most cases, avoidable. 

Construction Specifications: 

 The Contractor shall prepare a site/project specific spill response plan that identifies the type and 
location of products or wastes on the site with spill potential, the location of spill cleanup materials, 
storm drains or sensitive areas that require immediate response, personnel responsible for spill 
response and notifications, and spill cleanup procedures.  

 Avoiding spills and leaks is preferable to cleaning them up after they occur. Heavy equipment (e.g., 
bulldozers and other grading equipment) and vehicles should be inspected daily (or as often as 
possible) for leaks and should be repaired as necessary.  Use secondary containment and drip pans for 
vehicle fueling, maintenance, and storage (See BMP for “Vehicle and Equipment Fueling, 
Maintenance, and Storage.” 

 Despite precautions, spills may still occur at the site. Spills (of liquid or dry materials) should never 
be cleaned up by hosing off the area. In the event that spills occur they should be controlled as 
follows: 

 Any fuel products, lubricating fluids, grease or other products and/or waste released from vehicles, 
equipment, or operations shall be collected and disposed of in accordance with state, federal and local 
laws.  

 If the spill has occurred during a rain event, the area will be covered as quickly as possible. The spill 
will be cleaned up as soon as possible during or after cessation of rain.  

 Spill cleanup materials will be stored near potential spill areas (e.g., painting, vehicle maintenance 
areas). 

 Minor Spills: Minor spills typically involve small quantities of oil, gasoline, paint, etc. that can be 
controlled by the first responder at the discovery of the spill. Control of minor spills involves: 

1. Contain the spill immediately. 
2. Recover spilled materials (if possible). 
3. Clean the contaminated area and dispose of contaminated materials. 

 Medium-Sized Spills: Medium-sized spills still can be controlled by the first responder, along with 
the aid of other personnel such as laborers, foremen, etc. This response may require the cessation of 
other activities. Spills should be cleaned up immediately, as follows: 

1. Notify the project foreman immediately.  The foreman/superintendent is responsible for 
any necessary notifications (fire department etc.). 

2. Contain the spread of the spill (using sand bags or other barriers) immediately. 
3. If the spill has occurred on a paved or impermeable surface, clean it up using dry 

methods (absorbent materials, cat litter, and/or rags). Contain the spill by encircling it 
with absorbent materials. 

4. If the spill has occurred on an unpaved or permeable surface, immediately contain the 
spill by constructing an earthen dike. Dig up and properly dispose of contaminated soil. 

5. If the spill has occurred during a rain event, cover/contain the area if possible. 

 Significant/Hazardous Spills: For large spills or spills involving hazardous materials that cannot be 
controlled by project personnel, the following steps should be taken: 

1. The Foreman should notify the Project Superintendent immediately and follow up with a 
written incident report. 

2. The Project Superintendent will notify local emergency response personnel by dialing 
911. In addition, the Project Superintendent will notify the appropriate County officials. 
It is the Project Superintendent's responsibility to have all of the emergency phone 
numbers at the construction site. 

3. The Project Superintendent will also notify the Oregon DEQ. 
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4. For spills of federal Reportable Quantity (as established under 40 CFR Parts 110, 117, or 
302), the Project Superintendent will notify the National Response Center by telephone at 
(800) 424-8802 within 24 hours. Within 14 days, the Project Superintendent will submit a 
written description of the release to EPA Region 10, including the date and circumstances 
of the incident and steps taken to prevent another release. 

5. Retain the services of a Spill Cleanup Contractor or HazMat Team immediately. 
Construction personnel should not attempt to clean up the spill until the appropriate and 
qualified staff has arrived at the site.  

6. Other agencies that may need to be contacted include the local fire department, Oregon 
Department of Transportation, etc. 

Inspection and Maintenance: 

 Inspect work and material storage areas routinely for adequate containment to avoid 
uncontrolled releases. 

 



SOLID WASTE MANAGEMENT – NS-11 

 Page 1 of 1  

 

Construction Specifications: 

 Broom cleaning of paved areas of the site and of paved public areas is preferred.  Use of water for 
cleaning is prohibited unless approved on a project specific basis by the owner.  If approved, 
wash water shall not be discharged to the storm sewer and shall be collected, contained and 
disposed of appropriate (see bullet below regarding liquid wastes). 

 There shall be designated temporary waste storage areas on the site.  
 Designated waste storage areas shall be contained within earthen berms or provided with other 

perimeter protection to prevent run-on to and run-off from the area.  
 Non-hazardous construction wastes (e.g., vegetation, trash, and construction debris) shall be 

collected from throughout the site once a day and before storm events and deposited at the 
designated waste storage areas.  

 When practical, wastes shall be stored within covered, water-tight dumpsters and/or containers 
that prevent exposure to rain and prevent loss of wastes when it’s windy.  

 Dumpsters shall not be hosed out on the construction site. Any required dumpster cleaning will be 
done off-site by the trash hauling contractor. 

 Any waste containers constructed on-site (not prefabricated) shall be inspected prior to use and 
inspected regularly to verify integrity. 

 Any wastes stored in open containers or waste piles shall be covered prior to significant 
forecasted rain (0.25”). 

 All waste materials shall be removed from the storage areas on a weekly basis or more frequently 
if capacity is reached and disposed or recycled in accordance with all Federal, state, and local 
regulations. 

 Any solid waste that accumulates at erosion and sediment control devices will be removed ASAP. 
 Liquid wastes shall be managed in accordance with the BMP for “Liquid Waste Management.” 



HAZARDOUS MATERIALS AND WASTE MANAGEMENT – NS-12 

 Page 1 of 1  

 

Construction Specifications: 

Hazardous Materials 

 Storage of hazardous materials on site shall be minimized. Any hazardous materials used during 
construction shall be containerized and kept closed during work activities. 

 Hazardous material storage shall conform to all applicable local, state and federal requirements. 
 Hazardous materials shall be stored in sealed containers within an enclosed container or a bermed 

and permanently covered storage area. Lids alone shall not be considered adequate cover. 
 Dedicated areas of the construction site shall be designated for hazardous material delivery and 

storage. Designated storage areas will be placed near construction site entrances, to the extent 
practical, and away from drain inlets, culverts and surface water bodies. 

 Designated storage areas shall be kept clean and well organized. 
 The following types of materials shall be stored in accordance with these provisions: fertilizers, 

herbicides, pesticides, detergents, oil, grease, glues, paints, solvents, curing compounds materials, 
and other similar materials that could be considered potential pollutants in storm water discharge. 

 Fuel shall be stored and managed in accordance with the BMP for “Vehicle and Equipment 
Fueling, Maintenance, and Storage.” 

 Regular inspections of storage areas shall be conducted to monitor inventory and check for 
leaking containers. 

Hazardous Wastes 

 Hazardous wastes and containers shall be placed in a designated hazardous waste storage area 
that is permanently covered and has an impermeable bottom surface surrounded by secondary 
containment to minimize the mixing of wastes with storm water and to prevent the direct release 
of liquid waste to storm water. Temporary storage and removal of hazardous wastes from the site 
shall be in accordance with all applicable state and federal laws. 

 Wastes shall be segregated and recycled where feasible (e.g., paints, solvents, used oil, batteries, 
anti-freeze). Wastes shall not be mixed since this can cause potentially dangerous chemical 
reactions, make recycling impossible and complicate disposal. 

 Covered waste bins shall be designated for the disposal of all empty hazardous waste product 
(e.g., paints, solvents, glues, petroleum products, exterior finishes, pesticides, fertilizers, etc.) 
containers. The original product label shall not be removed as it contains important safety and 
disposal information. 

 Toxic wastes and chemicals shall not be disposed of in dumpsters designated for construction 
debris. 

 If any asbestos is discovered in the demolished materials, asbestos removal and disposal shall be 
performed by a licensed contractor or licensed subcontractor trained in asbestos removal. All 
removal and disposal shall be done in accordance with state and federal regulations. Any asbestos 
wastes stored on-site prior to removal shall be stored within dumpsters (roll-offs) covered with 
tarps or other appropriate method to prevent contact with rain and minimize exposure to wind. 

 Employees and subcontractors shall be trained on proper storage practices. 
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 All sanitary wastes shall be collected and managed through the use of portable toilet facilities. 
 Portable toilets shall be placed on a level surface and to the extent practical, a safe distance away 

from paved areas and away from storm drains. 
 Portable toilets shall be provided with secondary containment. 
 If placed in an area of high winds, portable toilets shall be secured to the ground to prevent 

blowing over. 
 Portable toilets shall be transported to and from the construction site by a licensed contractor.  
 No sanitary wastes shall be disposed of on site (e.g., to on-site storm drains, burial, etc.).  
 Care shall be taken during pump-out to avoid spillage.  If spillage occurs it shall be cleaned up 

immediately. 
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Liquid waste management is applicable to construction projects that generate any of the following non-
hazardous by products, residuals, or wastes, such as:  

 Drilling slurries and drilling fluids 
 Grease-free and oil-free wastewater and rinse water 
 Dredging spoils 
 Other non-storm water liquid discharges not permitted by separate permits. 

Separate BMPs should also be referenced for the following onsite liquid wastes: 

 Dewatering operations  
 Liquid hazardous wastes, or  
 Concrete slurry residue 

Construction Specifications: 

 Vehicle and equipment cleaning using water is discouraged on site.  
 Drilling residue and drilling fluids should be disposed of in accordance with appropriate 

requirements at an approved disposal site.  
 Wastes generated as part of an operational procedure, such as water-laden dredged material and 

drilling mud, should be contained and not allowed to flow into drainage channels or receiving 
waters. 

 Contain non-hazardous liquid wastes in a controlled area, such as a lined holding pit, lined 
sediment basin, roll-off bin, or portable tank. 

 Containment devices must be of sufficient quantity or volume to completely contain the liquid 
wastes generated and any addition volume based on anticipated rainfall.  

 Do not locate containment areas or devices where accidental release of the contained liquid can 
threaten health or safety, or discharge to watercourses, storm drain system, or to a receiving 
water. 

 Capture all liquid wastes running off a surface that has the potential to affect the storm drainage 
system.  Examples are: wash water and rinse water from cleaning walls or pavement. 

 If the liquid waste is sediment laden, use a sediment trap or capture in a containment device and 
allow sediment to settle. 

 Disposal of liquid wastes are subject to specific laws and regulations, or to requirements of other 
permits secured for the construction project.  

Maintenance and Inspection: 

 Remove deposited solids from containment areas and containment systems as needed, and at the 
completion of the project.  

 Inspect containment areas and containment systems routinely for damage, and repair as needed. 
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When properly trained, site personnel are more capable of managing materials properly, preventing spills, 
and implementing control practices efficiently and correctly. Personnel at all levels shall be trained in the 
components and goals of the permit.  

Construction Specifications: 

The following measures shall be followed to ensure the ESCP is effectively implemented, BMP 
inspections are performed, BMP maintenance and repair are performed, and appropriate records are 
prepared and retained: 

 Before beginning construction activities and periodically during construction, appropriate 
personnel shall receive training to implement the ESCP effectively, perform BMP inspections, 
perform BMP maintenance and repair, and keep records.  Non-storm water discharges and 
general contractor activity BMPs shall also be covered during training.  An appropriate forum for 
training would be "tailgate meetings" or safety meetings that focus generally on the components 
and goals of the ESCP, and specifically on the implementation, inspection, and maintenance of 
the storm water pollution control BMPs.  Training shall be documented by the contractor. 

 Individuals responsible for overseeing, revising, and amending the ESCPs shall also document 
their training. 

 All appropriate new employees and contractors shall be trained by staff familiar with the ESCP 
requirements before they shall be permitted to work at the site.  Contractors shall be responsible 
for informing their subcontractors about ESCP requirements. 

 BMP drawings, trade water quality guidelines, fact sheets, or other specifications shall be copied 
and distributed to contractors and site personnel engaged in the activity in question and/or 
installation/maintenance of BMPs. 

 Signs shall be placed throughout the job site that convey critical information storm water 
pollution prevention information such as: 

o • Job Site Clean-Up Required Everyday 
o • Directions to and identification of concrete and paint wash outs 
o • Erosion and Sediment Control Plan in Effect 
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Definitions 

Agricultural Land Annually cultivated or rotated cropland; land in perennial field crops, 
orchards, or vineyards; land used for small fruit, nursery crops, greenhouses, 
or Christmas trees; land in short rotation woody crops on exclusive farm use 
zoned land; improved pasture, hayfields, land in the Conservation Reserve 
Program; and previously cultivated land in government sponsored 
environmental or conservation programs, not including land converted to 
wetlands. 

Drain Tile Any buried segmented clay pipe or perforated plastic pipe material used to 
artificially improve subsurface drainage of perched or shallow groundwater 
within an agricultural field. 

FERC Plan The January 17, 2003, version of the Federal Energy Regulatory 
Commissions’ “Upland Erosion Control, Revegetation, and Maintenance 
Plan.” 

Landowner Person(s) holding legal title to property on the Pipeline route from whom the 
Oregon Pipeline Company, LLC, is seeking or has obtained a temporary or 
permanent easement. 

Landowner’s 
Designate 

Any person(s) legally authorized by a landowner or court of law to make 
decisions regarding the mitigation or restoration of agricultural impacts to 
such landowner's property. Any landowner's designate will provide the 
Oregon Pipeline Company, LLC, with a written document signed by the 
landowner or a court with jurisdiction authorizing the designate to discuss, 
negotiate, and reach agreements with the Oregon Pipeline Company, LLC. 

Pipeline Includes the natural gas pipeline(s) and its related appurtenances as 
described in the Oregon Pipeline Company, LLC, application to the Federal 
Energy Regulatory Commission.  

Tenant Any person lawfully residing on or in possession of property, and who is the 
farm operator and has a lease or pays rent on the property that Oregon 
Pipeline Company, LLC, is seeking or has obtained a temporary or 
permanent easement from the landowner. 

Topsoil The uppermost part of the soil including the plow layer (Ap horizon) and 
other A horizons (e.g., A1, A2), but not including transition horizons (e.g., 
A13, AC, BA, E). It is the surface layer of the soil that generally has the 
darkest color and the highest content of organic matter. 
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1.0 Introduction 

This agricultural impact mitigation plan (Plan) outlines mitigation measures devised to compensate or 
mitigate for agricultural impacts that may occur because of construction of the liquefied natural gas 
(LNG) bidirectional terminal (Terminal) and bidirectional pipeline (Pipeline) (collectively, the 
Project) being developed by LNG Development Company, LLC, and Oregon Pipeline Company, 
LLC (together referred to as Oregon LNG). Since the Terminal does not impact any agricultural land, 
this Plan has been written to address construction of the Pipeline by the Oregon Pipeline Company, 
LLC (Oregon Pipeline Company). 

The purpose of this plan is to provide affected landowners or landowner designates and tenants with a 
basis for discussions about Project impact mitigation. The mitigation measures1 in this plan 
supplement the information provided in the Federal Energy Regulatory Commission (FERC) Natural 
Gas Act (NGA) Sections 3a and 7c Application for the Project. As such, this plan does not establish 
any contractual obligations or representations between Oregon Pipeline Company (the applicant) and 
any party, and does not create any third-party beneficiary rights between Oregon Pipeline Company 
and any party. 

This plan is meant to supplement the FERC Plan and provides an equal or greater level of 
environmental protection than the FERC Plan. Oregon LNG will comply with all requirements 
of this plan and the FERC Plan. In the case of inconsistency between this plan and the FERC 
Plan, the version that provides the highest level of environmental protection shall control. 

2.0 Limitations of this Plan 

A. The mitigation measures and conditions described in this Plan apply only to construction 
activities occurring partially or wholly on privately owned agricultural land. They do not apply to 
construction activities on public right-of-way, railroad right-of-way, publicly owned land, or 
private land that is not agricultural land, except where agricultural structures such as drainage tile 
and irrigation systems that are associated with privately-owned agricultural land pass through or 
extend into these areas. 

B. Oregon Pipeline Company will implement the mitigation measures contained in this Plan to the 
extent that they are consistent with the mitigation measures approved by, or other requirements 
of, the FERC certificate for the Project. This Plan will impose requirements upon Oregon Pipeline 
Company only to the extent that such requirements are imposed as conditions of the FERC 
certificate. 

C. Oregon Pipeline Company will implement the mitigation measures contained in this Plan to the 
extent that they do not conflict with the requirements of any applicable federal, state, and local 
rules and regulations, and other permits and approvals that are obtained by Oregon Pipeline 
Company for the Project. 

                                                      

1 The majority of the conditions and mitigation measures in this plan are adapted from the Agricultural Impact Mitigation Plan 
for the South Mist Pipeline Extension Project prepared by NW Natural (revised and approved March 13, 2003) as a supplement 
to its application to the Energy Facility Siting Council of the Oregon Department of Energy. 
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D. Nothing in this document is intended to grant or suggest FERC jurisdiction over remedies for 
property compensation resolved in accordance with Oregon law. 

E. Unless specifically stated otherwise in an easement agreement between Oregon Pipeline 
Company and a landowner, Oregon Pipeline Company will implement this Plan’s mitigation 
measures according to the conditions described in the Plan. 

3.0 Agricultural Specialists and Inspectors 

Oregon Pipeline Company will retain qualified Agricultural Specialists on each work phase of the 
Project including construction planning, Pipeline construction, restoration, post-construction 
monitoring, and follow-up restoration. Oregon Pipeline Company will designate one or more of the 
Environmental Inspectors to serve as the Agricultural Inspector. The Agricultural Inspector will 
provide technical assistance to Construction Managers, other Project Inspectors, and Oregon Pipeline 
Company Land Representatives to facilitate the effective implementation of agricultural mitigation 
measures from the construction through post-construction and monitoring phases of the Project.  

Independent Agricultural Specialists will also be retained to seek a mutual agreement between the 
Oregon Pipeline Company and landowners concerning post-construction claims for damages or crop 
deficiencies. The qualified Agricultural Specialist will be selected on a claim-by-claim basis by 
agreement of a representative designated by Oregon Pipeline Company and a representative 
designated by the party Farm Bureaus (or the landowner, at the election of the landowner).  

4.0 Landowner Relations 

A. Before construction of the Pipeline, Oregon Pipeline Company will provide to each landowner, 
landowner's designate, and/or tenant the name, telephone number, and mailing address of the 
Oregon Pipeline Company representative or agent responsible for the liaison activities on behalf 
of Oregon Pipeline Company both during construction and subsequent operational-related 
activities. Oregon Pipeline Company will respond promptly to any landowner and/or tenant issues 
or concerns both during the construction and long-term operational activities. 

B. Oregon Pipeline Company will consult with landowners to obtain information on any special 
certifications that the landowners hold (e.g., certified weed-free seed or hay, organic certification) 
and to develop plans that will not jeopardize compliance with these certification programs. 

C. Oregon Pipeline Company may negotiate with landowners or landowner's designates regarding 
implementation of mitigation measures that landowners wish to perform themselves. 

D. Certain provisions of the Plan require that Oregon Pipeline Company consult with and/or obtain 
agreement with the landowner and the tenant of a property. Oregon Pipeline Company will make 
a good faith effort to secure the agreement of both landowner and tenant in such cases. In the 
event of a disagreement between the landowner and tenant, Oregon Pipeline Company will secure 
the landowner's agreement unless the tenant can demonstrate a superior legal right in the matter at 
issue. The standard allowances for crops grown within the 50-foot wide permanent Pipeline 
easement are shown in Exhibit A. 

E. Mitigation measures within the Plan may be modified upon written mutual agreement between 
Oregon Pipeline Company and the landowner. 
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5.0 Determining Construction-Related Damages 

A. Before construction, Oregon Pipeline Company or its agent together with the landowner, the 
landowner's designate, and/or the tenant will examine each affected property to inventory crops, 
livestock, fences, irrigation systems, drain tiles, etc. 

B. If construction activities damage crops, Oregon Pipeline Company will compensate the 
landowner and/or tenant for 100 percent of the damages. 

C. Farm improvements such as fences, drain tiles, irrigation systems, and related structures that are 
damaged as a result of construction activities will be replaced or restored to the preconstruction 
condition as nearly as possible, or to better condition. In some cases, where Oregon Pipeline 
Company and the landowner, landowner's designate, and/or tenant agree, Oregon Pipeline 
Company may provide compensation for construction-related damage to farm improvements in 
lieu of repair or restoration. 

D. Agricultural production of all herbaceous (non-woody) crops can resume on the construction 
area, including the permanent Pipeline easement, following construction. Woody and deep rooted 
vegetation including trees, shrubs, cane berries, vines, and any crops requiring trellising that may 
cause damage to the buried Pipeline may be restricted within the 50-foot wide permanent Pipeline 
easement. Oregon Pipeline Company may negotiate with landowners, on an individual basis, to 
allow production of certain specialty crops within its exclusive easement, as long as the proposed 
activities do not interfere with the safe operation of the Pipeline, or Oregon Pipeline Company's 
ability to maintain its exclusive easement. 

E. Oregon Pipeline Company and the landowner will seek a mutual agreement concerning post-
construction claims for damages or crop deficiencies. In the event Oregon Pipeline Company and 
the landowner are unable to reach a mutually satisfactory agreement, such claims will be assessed 
on an individual basis by a qualified agricultural specialist. The qualified agricultural specialist 
will be selected on a claim-by-claim basis by agreement of a representative designated by Oregon 
Pipeline Company and a representative designated by the party Farm Bureaus (or the landowner, 
at the election of the landowner). Oregon Pipeline Company must pay the cost of retaining the 
qualified agricultural specialist. The agricultural specialist will review and evaluate claims of 
damages. If the agricultural specialist approves the claim, Oregon Pipeline Company will pay 
compensation for the claim in the amount determined by the agricultural specialist. Claims will 
be evaluated in a timely manner following notification of such damages or deficiencies from the 
landowner and/or tenant. 

6.0 Mitigation Measures 

6.1 Construction Area Access 
6.1.1 Ingress and Egress Routes 

A. Before Pipeline installation, should access to the construction easement not be practical or 
feasible from adjacent segments of the construction easement or from public rights-of way, 
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Oregon Pipeline Company will seek a mutually acceptable agreement with the landowner on the 
route that will be used for entering and leaving the construction easement. 

B. Where access ramps or pads are required from a road or highway to the construction area in 
agricultural fields, an underlayer of durable, geotextile fabric will be placed over the soil surface 
before installation of temporary rock access fill material. The geotextile fabric will be sufficiently 
strong to prevent rock from becoming embedded in the soil and to withstand removal of the rock 
without tearing. Rock and geotextile fabric will be completely removed when the Project is 
completed. 

6.1.2 Temporary Access Roads and Laydown Areas 

A. The location of temporary access roads and laydown areas to be used for construction purposes 
will be negotiated with the landowner and tenant. 

B. Oregon Pipeline Company will attempt to identify existing farm lanes as preferred temporary 
access roads for construction. 

C. Temporary access roads and laydown areas will be designed so proper drainage is not impaired 
and will be built to minimize soil erosion on or near these sites. 

D. Oregon Pipeline Company will restore temporary access roads and laydown areas to 
preconstruction conditions or better, unless otherwise specified in the landowner easement 
agreement. 

E. Upon abandonment, temporary access roads may be left intact through mutual agreement of the 
landowner, the tenant, and Oregon Pipeline Company, unless located in flood areas or drainage 
hazard areas, or otherwise restricted by federal, state, or local regulations. 

6.1.3 Landowner and Tenant Access 

A. Where feasible, Oregon Pipeline Company will coordinate with landowners and tenants to 
provide access for farm equipment and livestock to fields isolated by the Pipeline trench or other 
construction activities. 

B. Oregon Pipeline Company will construct temporary fences and gates across the construction area, 
as necessary. 

6.2 Depth of Pipeline Cover 
A. Except for piping facilities such as mainline block valves, tap valves, meter stations, etc., and 

except as otherwise stated in this Plan, the Pipeline will be buried with a minimum of 5 feet of 
cover where it crosses agricultural land. 

B. Oregon Pipeline Company will install the Pipeline under existing and planned drain tiles, unless 
existing or planned drain tiles are located deep enough to allow the Pipeline to be installed above 
the drain tile with at least 5 feet of top cover over the Pipeline and a 12-inch clearance between 
the tile and the Pipeline. 
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C. Where feasible and practicable, Oregon Pipeline Company will install the Pipeline with greater 
than 5 feet of top cover in agricultural land where specifically requested by the landowner to 
allow for certain site-specific conditions or practices. Additional construction space may be 
required for trench spoil storage in these cases. 

D. Oregon Pipeline Company will install plastic warning ribbon approximately 18 to 24 inches 
above the buried Pipeline to provide a greater level of safety for potential excavation activities in 
the area of the Pipeline. 

E. On lands subject to soil erosion, Oregon Pipeline Company will patrol the Pipeline with 
reasonable frequency to detect erosion of top cover. At a minimum, Oregon Pipeline Company 
will need to patrol the Pipeline in accordance with Department of Transportation requirements as 
described in CFR Title 49 Part 192.705, Transmission Lines: Patrolling and the FERC Plan . 
Whenever Oregon Pipeline Company discovers that the loss of cover due to erosion creates a 
safety hazard, Oregon Pipeline Company will take corrective action. 

6.3 Soil Preservation and Restoration 
6.3.1 Segregation of Topsoil 

A. Oregon Pipeline Company will strip and segregate topsoil from over the trench and from the 
trench spoil storage area in agricultural lands. Oregon Pipeline Company will also strip and 
segregate topsoil in agricultural land, over portions of the construction area where grading or cut 
and fill will occur or where excavations are made beyond the typical trench width. 

B. Oregon Pipeline Company will strip and segregate topsoil down to the lower limit of the “A” 
horizon or to 12 inches in depth, whichever is less. 

C. Topsoil will generally not be stripped and segregated on public right-of-way areas, except for the 
portions used for agriculture. 

D. During construction in areas where the topsoil is segregated, the stripped topsoil will be stored 
separately to reduce further disturbance to the stripped topsoil. The stripped topsoil will not be 
allowed to mix with trench spoil, cut-and-fill materials, rock, construction debris, excavated 
materials, or other subsoil. In areas where topsoil is segregated, subsoil will not be stored on 
topsoil and the topsoil will not be used to pad the pipe, for constructing trench breakers, or for 
any other purpose that would result in the loss or degradation of the stripped topsoil. 

E. Topsoil will be stored in a manner that minimizes an increase in water content by leaving gaps in 
topsoil piles where surface drainage and ditches occur. Gaps will be left in topsoil piles where 
livestock and farm machinery crossings are located. 

F. When working in excessively wet soils in agricultural land where the topsoil is not stripped, 
Oregon Pipeline Company will restrict the operation of vehicles and heavy equipment, or will 
take other appropriate action, so that deep rutting does not result in mixing of topsoil and subsoil. 

G. Following backfilling, grading, and subsoil decompaction, the stripped topsoil will be returned to 
its original position. 
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H. Original soil contours will be restored, with allowance for settling as necessary. Trench crowns 
will be constructed where Oregon Pipeline Company determines that trench crowning is 
necessary to allow for trench settlement. 

6.3.2 Removal of Excess Rock 

A. The introduction of subsoil stones into the topsoil in agricultural lands will be minimized because 
Oregon Pipeline Company will segregate topsoil from the trench spoil. Oregon Pipeline Company 
will replace the segregated topsoil in agricultural lands after the Pipeline is installed and the 
trench spoil is backfilled. 

B. Blasting in agricultural lands is anticipated to be minimal. In agricultural areas over shallow 
bedrock that require blasting, matting, or controlled blasting will he used to limit the dispersion of 
blast rock fragments. Suitable precautions will be taken to minimize the potential for oversize 
rock from blasting or other trenching activities to become interspersed with soil that is placed 
back in the trench in agricultural areas and to prevent the introduction of rock into the topsoil. 
Landowners and/or tenants will be given timely notice before blasting on agricultural land. 

C. Excess rock, including blast rock, may be used to backfill the trench above the level of the pipe 
zone material up to the top of the existing bedrock profile. 

D. In agricultural land, the top 12 inches within the Pipeline trench, bore pits, or other excavations 
will not be backfilled with soil containing rocks of significantly greater concentration or size than 
existed before the Pipeline's construction. 

E. Following backfilling and decompaction in agricultural lands, excess rock will be removed from 
the subsoil surface before the replacement of topsoil. 

F. Following the final soil surface treatment, rocks will be removed as necessary so the size, density, 
and distribution of rock in the construction area will be similar to adjacent areas not disturbed by 
construction. 

G. Where additional soil is necessary to restore the original soil contours as a result of the removal 
of excess rock from the trench backfill, imported soil will be used but will not be allowed within 
the topsoil backfill. Imported soil will be consistent in texture and quality with the existing soil in 
the soil horizon in which it is placed on the affected site. 

6.3.3 Mitigation of Soil Compaction and Rutting 

A. Where topsoil is stripped in agricultural lands, Oregon Pipeline Company will relieve compaction 
of the exposed subsoil before replacing the topsoil. Oregon Pipeline Company will relieve subsoil 
compaction using an agricultural subsoiler or other appropriate implement. After decompaction 
and before topsoil replacement, a disc or harrow will be used, as necessary, to smooth the subsoil 
surface. 

B. Following final grading and topsoil replacement in agricultural lands, Oregon Pipeline Company 
will conduct deep tillage to relieve soil compaction in construction areas or will test soils for 
compaction at regular intervals. Where soil compaction is tested, construction areas will be 
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compared to adjacent areas not disturbed by construction using cone penetrometers or other 
appropriate devices or methods. Compacted agricultural lands will be treated using a 
noninversion, deep-tillage agricultural subsoiler specifically designed for soil decompaction and 
designed to minimize surface disturbance and mixing of subsoil with topsoil. 

C. Weather and soil conditions permitting, Oregon Pipeline Company will conduct soil 
decompaction when soil moisture levels allow for effective soil shattering. Decompaction 
equipment will not be operated on soils that are too wet, such that a greater level of soil 
compaction might result. 

D. Oregon Pipeline Company will use agricultural subsoiling equipment with shank operating depth 
and shank spacing that is adequate to effectively relieve soil compaction. 

E. Oregon Pipeline Company will make multiple passes of decompaction equipment where 
necessary to effectively relieve soil compaction. 

F. Oregon Pipeline Company will restore rutted areas and leave the soil in the proper surface 
condition for planting. 

G. On agricultural land, Oregon Pipeline Company will complete final grading, topsoil replacement, 
and installation of permanent erosion control structures within 20 days after backfilling the trench 
on each parcel, weather and soil conditions permitting. 

6.4 Construction in Wet Conditions 
6.4.1 Impact Avoidance 

A. As feasible, Oregon Pipeline Company will schedule most Pipeline construction activities to 
avoid the months of greatest precipitation 

B. On excessively wet soils, Oregon Pipeline Company will restrict certain construction activities 
such as the operation of heavy equipment, as feasible; or will take other appropriate action, so that 
soil productivity is preserved or so that soil productivity can be restored and to prevent damage to 
buried drain tiles and irrigation pipelines. 

6.4.2 Trench Dewatering 

A. Where it is necessary to pump water from open trenches, Oregon Pipeline Company will pump 
water into a constructed energy-dissipating structure in a manner that will minimize damage to 
adjacent agricultural land, drainage systems, and crops. 

B. If water-related damages occur to agricultural land as a result of pumping water from open 
trenches, Oregon Pipeline Company will reasonably compensate the landowner and/or tenant for 
crop damages, and will either restore the land to the preconstruction conditions or will reasonably 
compensate the landowner and/or tenant for damage to such land. 

C. Pumping of water from open trenches will be conducted so as to comply with Project permits, 
existing drainage laws, local ordinances relating to such activities, and provisions of the Clean 
Water Act. 
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6.5 Protection and Repair of Irrigation and Drainage Systems 
A. Before construction, Oregon Pipeline Company will contact landowners and tenants to identify 

the locations of irrigation systems, wells, and drainage systems. Identified underground irrigation 
water pipes, well systems, and drain tile lines that intersect the construction area will be flagged 
to alert construction crews. 

B. If underground irrigation water pipes, well systems, or drain tile lines in or adjacent to the 
construction area are damaged by construction activities or adversely affected by the Pipeline, 
Oregon Pipeline Company will repair the system to the former condition as nearly as possible in a 
manner that assures the proper operating condition at the point of repair, or restore the function of 
the system to the preconstruction condition or better. Such action may include the relocation, 
reconfiguration, or replacement of the pipe, well, or tile line. 

C. At the election of the landowner, Oregon Pipeline Company may negotiate a fair settlement with 
the affected landowner for the repair, reconfiguration, or replacement of damaged irrigation water 
pipes, well systems, or drain tile lines. Oregon Pipeline Company will not assume liability for the 
proper function of water pipes, wells, or drain tile repaired, reconfigured, or replaced by the 
landowner or the landowner's agent. 

D. Oregon Pipeline Company will conduct the repair, reconfiguration, or replacement of damaged 
water pipes, wells, or drain tiles where the damaged item is part of a system that affects 
neighboring landowners or is shared by neighboring landowners. 

E. Before completing permanent repairs, drain tiles and irrigation pipelines will be examined by 
suitable means on both sides of the trench for the entire length within the work area to check for 
damage by construction equipment. If damaged drain tiles or irrigation pipelines are found, they 
will be repaired to the former condition or better as nearly as possible. 

F. Drain tile and irrigation repairs will be made with materials of the same or better quality as that 
which was damaged. 

G. There will be a minimum of 12 inches clearance between the drain tiles (including any support 
member), irrigation facilities, and the Pipeline. 

H. Where an adjacent irrigation pipeline exists, Oregon Pipeline Company will install the Pipeline in 
agricultural areas with at least the same depth of cover as the existing, adjacent irrigation 
pipeline. 

6.5.1 Irrigation Systems 

A. Oregon Pipeline Company will maintain the flow of irrigation water during construction or will 
coordinate a temporary shut-off with affected parties. 

B. Oregon Pipeline Company will repair disrupted irrigation systems as soon as possible and will 
compensate affected parties for crop losses that result from irrigation system interruptions due to 
the construction of the Pipeline. 
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6.5.2 Drainage Systems 

Oregon Pipeline Company will repair damaged drain tiles in accordance with the following standards: 

A. During construction, any drain tile that is damaged, cut, or removed will be distinctly marked. 
The marker will be maintained until the drain tile has been permanently repaired. 

B. If water is flowing through a damaged tile line, the tile line will be immediately and temporarily 
repaired until permanent repairs are made. The exposed opening of cut or damaged tile lines 
where water is not flowing will be covered with filter material as soon as practically possible to 
prevent the entry of soil or other foreign material. 

C. Permanent drain tile repairs will be made within 60 days following the completion of construction 
on any affected landowners property, weather and soil conditions permitting. Where available, 
local drain tile contractors will be employed to make permanent repairs of affected tile lines. 

D. For permanent repairs where drain tiles are severed by the Pipeline trench: 

i. The damaged section of drain tile line will be replaced by rigid, non-perforated material, 
unless otherwise directed by the Project Inspector. The replacement section will be 
approximately the same internal diameter as the existing tile line or larger. The 
replacement section will be of sufficient strength to withstand typical point loads from 
construction and farming equipment on the soil surface above the repaired drain tile, or 
will be supported by a support member. 

ii. A support member will be used to support the repaired tile line where directed by the 
Project Inspector. The support member will be of sufficient strength to support the drain tile 
and to withstand typical point loads from construction and farming equipment on the soil 
surface above the repaired tile line. Support member materials, where necessary, may 
include plastic half pipe, nonmetallic 90-degree angle support, steel channel iron, steel 
angle iron, or other suitable materials. 

iii. The drain tile replacement section, and the support member, where used, will extend a 
minimum of 2 feet (as measured perpendicular to the trench wall) into previously 
undisturbed soil on both sides of the trench. The drain tile replacement section will extend 
to undamaged tile line, and an appropriate connector will be installed between the 
replacement section and the existing drain tile line. Support members, where used, will be 
installed in a manner that will prevent overturning. 

iv. Where tile repairs involve clay tile, the support member will extend to the first joint 
beyond the minimum 2-foot distance. 

v. The trench will be backfilled under each drain tile replacement section to obtain positive 
support that is not prone to settling. As necessary, clean sand will be used to backfill under 
sections of repaired drain tile. 

vi. The span of the drain tile replacement section over the trench will not exceed 12 feet. If the 
span of the drain tile replacement section over the trench would exceed 12 feet, the 
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replacement section will be relocated as feasible into undisturbed soil so the subsequent 
span over the trench is less than 12 feet. 

vii. The grade of tile lines will be maintained. 

6.6 Identification and Repair of Soil Conservation Practices 

A. Oregon Pipeline Company will work with the U.S. Department of Agriculture (USDA), the 
agency with regulatory authority over federally enrolled conservation easements (e.g., WRP, 
CREP, CRP, EQIP) to protect sensitive resources and minimize potential adverse impacts. 

B. Soil conservation practices such as grassed waterways and terraces that are damaged by the 
Pipeline construction will be restored to their preconstruction condition as nearly as possible. 

6.7 Dust Control 
A. Oregon Pipeline Company will control excessive dust emissions generated during construction, as 

necessary, by the control of vehicle speed, by wetting the construction area, or by other means. 

B. Oregon Pipeline Company will coordinate with farm operators to provide adequate dust control in 
areas where specialty crops are susceptible to damage from dust contamination. 

6.8  Soil Erosion and Sediment Control 
A. Oregon Pipeline Company will implement erosion prevention and sediment control measures 

during construction in accordance with the Project's Department of Environmental Quality (DEQ) 
Construction Stormwater Permit (1200-C) and the FERC certificate and in consultation with 
agricultural landowners. 

B. Following construction, cultivated cropland will generally be reseeded or replanted by the 
landowner. Oregon Pipeline Company will reseed and mulch non-cultivated agricultural land 
such as pastures and perennial grass hayfields in consultation with landowners, or will make 
arrangements with landowners that prefer to conduct the reseeding of these areas. 

C. Oregon Pipeline Company will apply temporary mulch in the event of a seasonal shutdown, if 
construction or restoration activity is interrupted or delayed for an extended period, or if 
permanent seeding of non-cultivated areas is not completed during the recommended seeding 
period before the winter season. Temporary straw mulch will be applied to bare soil surfaces, 
including topsoil piles, at the rate of 4,000 pounds per acre and will be adequately anchored by 
crimping into the soil or by application of a tackifier. Interim seeding of a cover crop may be used 
in lieu of temporary mulching in some areas. 

D. Following construction, Oregon Pipeline Company will work with landowners and tenants to 
prevent excessive erosion on cultivated agricultural lands disturbed by construction. Where the 
landowner or tenant will not plant the area disturbed by construction before the first winter 
season, Oregon Pipeline Company will plant a temporary cover crop and/or will apply mulch 
following construction area restoration. The cover crop may be an annual grain, other annual 
grass, annual legume, or other appropriate species. 
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E. Permanent erosion control devices such as trench breakers and slope breakers will be installed 
along the Pipeline. Trench breakers are used to slow the flow of subsurface water along the trench 
where slopes are steeper than 5 percent. Slope breakers (also called waterbars or diversion berms) 
are intended to reduce runoff velocity and divert water off the surface of the area affected by 
construction. Slope breakers will typically be installed following construction as feasible on 
slopes steeper than 5 percent on non-cultivated agricultural land including pastures. Installation of 
permanent erosion control devices will be in conformance with the FERC Plan, Sections V.B.1 
and V.B.2. 

6.9 Weed Control 
A. On permanent easement areas where Oregon Pipeline Company has control of the surface use of 

the land such as aboveground valve sites and metering stations, Oregon Pipeline Company will 
provide for weed control in a manner that does not allow the spread of weeds to adjacent lands 
used for agriculture. Herbicide application on such areas will be conducted by an applicator 
licensed by the State of Oregon. 

B. Oregon Pipeline Company will consult with the Oregon Department of Agriculture and other 
appropriate agencies to determine the location of noxious weeds in the Project area prior to 
construction. Oregon Pipeline Company will take appropriate action to minimize the spread of 
noxious weeds in cooperation with the appropriate agency. 

C. To prevent the introduction of weeds from other geographic regions, Oregon Pipeline Company 
will require contractors to thoroughly clean each unit of construction equipment with high-
pressure washing before the initial move of those units of construction equipment to the general 
Project site and when moving equipment out of working areas with known noxious or nuisance 
weed infestations. 

D. Oregon Pipeline Company will use straw bales for erosion control and straw for mulch that are 
uncontaminated by noxious or nuisance weeds and are certified as weed free. 

E. Oregon Pipeline Company will use Oregon certified seed or equivalent for revegetation. 

F. For lands subject to Organic certification or where landowners specifically request that no 
herbicides be used, Oregon Pipeline Company will coordinate with affected landowners to 
provide alternate methods of weed control. 

6.10 Post-Construction Monitoring and Follow-Up Mitigation 

Oregon Pipeline Company will actively monitor soil restoration, crop production, tile drainage, and 
irrigation systems for 2 years following the completion of initial construction area restoration. During 
the monitoring period, Oregon Pipeline Company will identify remaining soil and agricultural 
impacts associated with construction that require mitigation and will implement follow-up restoration 
or appropriate mitigation measures. Follow-up repairs and restoration of damages that are the result of 
the Pipeline construction will not be limited to the 2-year monitoring period. 
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6.10.1 Drain Tiles 

Oregon Pipeline Company will correct drain tile line repairs that fail because of Pipeline construction, 
provided those repairs were made by Oregon Pipeline Company. Oregon Pipeline Company will not 
be responsible for tile line repairs that the company, at the election of the landowner, paid the 
landowner or the landowner's agent to perform. 

To properly drain wet areas in agricultural lands caused by construction or the existence of the 
Pipeline, additional drain tile or other drainage measures will be installed on the permanent easement 
and temporary workspace, as necessary, to restore these areas to preconstruction conditions as nearly 
as feasible. 

6.10.2 Excess Rock 

On agricultural land, where cultivation or soil settling results in excess surface rock compared to the 
adjacent area not disturbed by construction, Oregon Pipeline Company will remove and dispose of the 
excess rock from the permanent and temporary easements. 

6.10.3 Trench Settlement 

Oregon Pipeline Company will repair trench settlement, as necessary. In agricultural lands where 
trench settling is excessive and cannot be repaired with minor surface grading; imported topsoil will 
be used. Oregon Pipeline Company will make reasonable efforts to obtain imported topsoil that is free 
of noxious weeds. Imported topsoil will be consistent in texture and quality with the existing topsoil 
on the affected site. 

6.10.4 Irrigation Systems 

Oregon Pipeline Company will correct problems with irrigation systems resulting from Pipeline 
construction. Oregon Pipeline Company will not be responsible for irrigation system repairs that 
Oregon Pipeline Company, at the election of the landowner, paid the landowner or the landowner's 
agent to perform. 

6.10.5 Crop Monitoring 

A. Oregon Pipeline Company will conduct onsite monitoring of growing crops at least two times 
during each growing season during the 2-year monitoring period. 

B. The growth of the crop on the construction area (permanent and temporary easement) will be 
compared with the adjacent area not disturbed by construction or to a comparable area of the field 
outside the construction area. Visual observations of crop plant vigor, density, height, color, and 
uniformity will be made. 

C. Where significant visual crop deficiencies occur on the construction area compared to the 
adjacent or comparable area not disturbed by construction, the Agricultural Specialist will 
determine the need for additional restoration measures. 

D. Oregon Pipeline Company will implement additional restoration or mitigation measures, as 
necessary, in cooperation with affected landowners and tenants. 
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E. Oregon Pipeline Company will work with affected landowners and agencies to develop a post-
construction crop monitoring plan, which will detail standardized methods for inspection and 
impact evaluation with standardized field checklists to use on all affected properties. 

6.10.6  Noxious Weeds 

A. Oregon Pipeline Company will monitor the construction areas for noxious weed infestations in 
conjunction with the crop monitoring described above. 

B. Oregon Pipeline Company will take appropriate measures to control new noxious weed 
infestations that were not identified in the construction area before or during construction. 

C. Weed control will be conducted in cooperation with appropriate agencies and with landowners 
and farm operators. 

D. For lands subject to Organic certification or where landowners specifically request that no 
herbicides be used, Oregon Pipeline Company will coordinate with affected landowners to 
provide alternate methods of weed control. 
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Disclaimer 
This conceptual mitigation plan is preliminary and subject to change based on the outcome of ongoing 
negotiations and reviews with regulatory agencies. Every attempt was made to estimate impacts and areas of 
mitigation consistent with the analyses presented in resource reports, the Applicant-Prepared Draft Biological 
Assessment and Essential Fish Habitat Assessment for the Oregon LNG Terminal and Oregon Pipeline Project, and 
the state and federal wetland permit applications (Oregon Removal-Fill, Washington Joint Aquatic Resources 
Application, and United States [U.S.] Army Corps of Engineers/U.S. Environmental Protection Agency Section 
404/10/103 applications). Many state and federal agencies (Federal Energy Regulatory Commission, U.S. Fish and 
Wildlife Service, National Marine Fisheries Service, Oregon Department of Fish and Wildlife, Washington 
Department of Fish and Wildlife, U.S. Environmental Protection Agency, Oregon Department of Land 
Conservation, Oregon Department of State Lands, Washington Department of Ecology, Oregon Water Resources 
Department, and U.S. Coast Guard) have jurisdictional authority over resources assigned by state and federal 
laws. Permit conditions from state and federal agencies will be the final authority on mitigation and conservation 
measures. Furthermore, impact calculations will be reevaluated during final engineering and design of the Oregon 
LNG project, and quantities of impacts and mitigation may change slightly. However, although quantities may be 
modified during final engineering and design, Oregon LNG is committed to the proposed actions and ratios in this 
document. 
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Executive Summary 
This conceptual mitigation plan describes measures that are prescribed to offset temporary and permanent 
effects disclosed in the resource reports, Applicant-Prepared Draft Biological Assessment and Essential Fish 
Habitat Assessment for the Oregon LNG Terminal and Oregon Pipeline Project (Applicant-Draft BA) (CH2M HILL, 
2013a (Sections 2.6, 5.0, 7.0 and Appendix 13 updated March 2015)1, and other supporting documents submitted 
to the Federal Energy Regulatory Commission as part of the Application filed by LNG Development Company, LLC 
(d/b/a Oregon LNG), and Oregon Pipeline Company, LLC (collectively, Oregon LNG) on June 7, 2013 (Oregon LNG, 
2013). Conceptual plans for wetland mitigation and stream crossings are also included. The Application was filed 
under Section 3 of the Natural Gas Act (NGA) for authorization to site, own, and construct a liquefied natural gas 
(LNG) receiving terminal and associated facilities (Terminal), and under Section 7 of the NGA to construct, own, 
and operate a new natural gas pipeline (Pipeline). Additional mitigation planning occurred in collaboration with 
agencies to identify further measures beneficial to assuring regulatory compliance. 

Mitigation Types 
Oregon LNG proposes to implement both onsite and compensatory mitigation measures. Extensive studies were 
conducted to document the presence or absence and location of sensitive species and their habitats. Oregon LNG 
evaluated alternative site layouts at the Terminal and Pipeline route as due diligence to avoid and minimize 
effects on sensitive habitats and species. The width of the construction corridor is the minimum necessary for a 
36-inch Pipeline. The horizontal directional drilling (HDD) construction technique would be employed in 13 
locations to avoid effects on sensitive riparian and stream habitats. Seasonal timing of construction would be an 
important aspect to mitigation. For example, tree clearing is scheduled in the late spring or early summer, before 
Pipeline construction, to avoid effects of erosion on steep ground in the Coast Range during the rainy season. In-
water water windows would be used to minimize potential effects on fish from dredging and stream crossings. 
Additional post-construction monitoring is proposed where needed, as described in the body of this plan. Three 
types of mitigation would be employed to compensate for temporary, long-term, and permanent effects on 
habitats. 

Onsite Mitigation 
Proposed onsite mitigation focuses on effects that occur within the footprint of the Terminal and Pipeline 
facilities. Measures are designed to avoid, minimize, or restore potential effects on natural resources. Strategies 
include site-specific measures where a practice unique to the site is warranted. For example, the HDD crossing 
method is a site-specific mitigation measure proposed to avoid and minimize effects on riparian areas, wetlands, 
migratory bird-nesting habitat, listed species of fish, and other fish-bearing and perennial streams. Most wetland 
effects would be temporary and restored immediately after construction. Riparian and upland habitats would be 
restored within the construction corridor. In agricultural areas and near meandering or scouring streams, the 
Pipeline would be buried with more than the minimum of 3 feet of cover to avoid conflicts with plowing or lateral 
and vertical movement of streams. 

Compensatory Mitigation 
Proposed compensatory mitigation focuses on non-site-specific effects. Effects include unavoidable temporal 
effects on habitats, long-term unavoidable effects, potential “take” of listed threatened and endangered species, 
and Cowardin class changes to wetlands. Oregon LNG initiated interaction with various regulatory agencies to 
collaborate on the development of compensatory strategies and approaches. While general strategic approaches 

1  On March 6, 2015, Oregon LNG submitted to FERC updated Sections 2.6 (Mitigation Strategy), 5.0 (Terrestrial Species), and 7.0 (References), as well as 
additions to Appendix 13 (Northern Spotted Owl and Marbled Murrelet Habitat Assessments and Survey Reports), consisting of the 2014 survey report 
and the 2015 habitat and impact assessment. Oregon LNG revised these portions of the document in close coordination with the U.S. Fish and Wildlife 
Service, which has informed Oregon LNG that it is satisfied with the revisions, and with the efforts made by Oregon LNG to avoid and minimize effects to 
Endangered Species Act-listed species. 

EN0427151027PDX ES-1 
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were identified, specificity was a goal to ensure that the ecological functions provided in mitigation projects are 
commensurate with the magnitude and duration of the effects. 

For example, compensatory mitigation for effects on listed species of fish focuses on alleviating limiting factors 
(e.g., access to salmon spawning and rearing habitat), restoring those populations that are most at risk, and 
implementing high-priority restoration activities consistent with recovery objectives. Specifically, one large 
mitigation area is proposed to offset negative effects on fish potentially caused by construction and operation of 
the Terminal. The area consists of 140 acres at the mouth of Youngs River (known as the Youngs River Mitigation 
Site), where modifications to a levee would reconnect historical floodplain to tidal hydrology. Barriers to fish 
passage are proposed for removal to promote increased access to productive spawning and rearing habitat. In 
addition to the Youngs River Mitigation Site, compensatory habitat mitigation in the Coast Range focuses on 
managing and preserving habitat for late-successional forest, limiting factors for the recovery of the northern 
spotted owl and marbled murrelet.  

Oregon LNG’s approach to wetland mitigation follows the United States [U.S.] Environmental Protection Agency, 
U.S. Army Corps of Engineers (USACE), Oregon Department of State Lands (DSL), and Washington Department of 
Ecology mitigation sequencing. Where compensation is required, a watershed approach is followed to select 
available resource replacement sites that offer the greatest functional benefits. Permanent Cowardin class 
changes from shrub wetland to herbaceous wetland, and forested wetland to herbaceous or shrub wetland, 
would occur as a result of Pipeline construction and maintenance. Palustrine scrub/shrub wetlands would be 
restored in situ to the greatest extent possible. Oregon LNG is committed to providing mitigation to compensate 
for the temporal loss of wetland function. 

Unavoidable and permanent effects on wetlands in the Lower Columbia River Basin would be mitigated by 
establishing the aforementioned Youngs River Mitigation Site at the mouth of the Youngs River. Wetland effects 
in the Nehalem River basin will be mitigated through restoration, creation, and enhancement of approximately 45 
acres of floodplain adjacent to the Nehalem River. The Nehalem River property contains a large remnant river 
oxbow with an outlet to the river and pastures used for cattle grazing. Functional uplifts would occur by removal 
of cattle grazing; removal of reed canary to enhance salmon habitat; wetland creation and enhancement in the 
floodplain through grading and native plantings; and restoration of native riparian floodplain habitat. 

Proposed mitigation for wetland effects in the Lower Columbia–Clatskanie River basin in Oregon would consist of 
funding to a fee-in-lieu project or the Youngs River Mitigation Site. Out-of-kind mitigation focusing on restoration 
of salmon habitat, a priority in the Columbia River watershed, will be used to compensate for changes in Cowardin 
class in the Lower Columbia-Clatskanie River basin. 

Operational Mitigation, Post-Construction Monitoring, and Adaptive Management 
Operational mitigation and post-construction monitoring measures focus on effects that could occur once 
operations are underway. Restoration within the Pipeline corridor (i.e., upland, riparian, and wetland restoration; 
stream and streambank restoration) and at offsite compensatory mitigation sites would be monitored to ensure 
that sites are on a trajectory to meet management objectives. At the Terminal, the shoreline would be monitored 
quarterly to evaluate shoreline erosion. Bird roosting behavior would be monitored to ensure the Terminal is not 
stimulating roosting behavior and congregations of birds that may prey on juvenile salmon. 

Day-to-day operations are not likely to affect restored habitat or wildlife behavior above the buried Pipeline. 
However, points of access along the Pipeline would be monitored to ensure the blockage of access by off-road 
vehicles. The unlikely need for a Pipeline repair could create the potential for adverse effects on the northern 
spotted owl or marbled murrelet. If unforeseen repairs necessitate activities within 1.5 miles of potential suitable 
or occupied habitat, then the U.S. Fish and Wildlife Service (USFWS) would be notified and plans developed to 
implement necessary conservation measures. 

Oregon LNG proposes the organization of a formal interagency Adaptive Management Team (Team) to be 
operative during preconstruction of the Terminal and Pipeline and to continue several years post-construction. 
The Team would comprise representatives from the USACE, DSL, Oregon Department of Fish and Wildlife (ODFW), 
Oregon Department of Forestry, Oregon Department of Environmental Quality, USFWS, National Marine Fisheries 
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Service, USEPA, Washington Department of Fish and Wildlife, and U.S. Coast Guard. Each agency would provide a 
primary contact and a backup for involvement. The initial charge of the Team would be to review specific 
mitigation projects and designs for adequacy and compliance with agency design standards. The ongoing role of 
the Team would be to provide consultation and recommendations in the event of a significant Project 
modification, emergency, or unanticipated effect on fish and wildlife, and their habitats.  

Summary of Proposed Mitigation 
Tables ES-1 through ES-5 summarize proposed mitigation for potential effects in each of the following five natural 
resource area categories: 

 Fish and Riparian Areas 
 Wetlands 
 Upland VegetationNorthern Spotted Owl 
 Marbled Murrelet 

Each summary table includes proposed actions, corresponding effects, habitat category, effect quantity and 
duration, and approximate mitigation cost (if known). 

The Pipeline construction corridor amounts to approximately 1,100 acres, about 16 percent of which is Category 5 
and 6 habitat that does not require compensatory mitigation according to the guidelines stated in Oregon 
Administrative Rules 635-415-0000 to 635-415-0010, the ODFW Habitat Mitigation Policy. 

On the basis of currently assessed effects, Oregon LNG proposes approximately 1,220 acres of compensatory 
habitat mitigation for the Pipeline in the Coast Range to comply with the ODFW policy. To comply with the August 
2014 Revised Conservation Framework for the Northern Spotted Owl and Marbled Murrelet: Jordan Cove Energy 
and Pacific Connector Gas Pipeline Project (Conservation Framework) (USFWS, 2014), Oregon LNG proposes 
approximately 346 acres and 820 acres of habitat acquisition for the marbled murrelet and northern spotted owl, 
respectively. Areas of habitat mitigation may be adjusted upward according to Tables 3-2 through 3-5 and 4-3 
through 4-6, depending on quality of habitat available for acquisition. Operationally, habitat acquisitions to 
comply with the ODFW Habitat Mitigation Policy and USFWS Conservation Framework would not be additive. The 
acquisitions would be stacked in such a manner that each agency’s mitigation or conservation requirements are 
met. For example, “X” acres of habitat acquisition for compliance with the Conservation Framework could be the 
same “X” acres for compliance with the Habitat Mitigation Policy. Section 3.2.2 in this conceptual mitigation plan 
describes silviculture and barred owl management options that may be substituted for portions of habitat 
acquisition strategy to satisfy compliance with the USFWS Conservation Framework.  

An additional 140 acres of wetland mitigation would be provided at the Youngs River Mitigation Site for wetland 
fill associated with the Terminal facilities and Pipeline in the Lower Columbia River watershed. About 13 wetland 
mitigation credits will be created at the Nehalem River property to compensate for Cowardin class changes from 
palustrine forest/palustrine scrub/shrub to palustrine emergent within the Nehalem and Lower Willamette 
watersheds. Oregon LNG proposes to provide approximately 4.4 miles of riparian restoration and enhancement 
independent of the 1,220 acres of ODFW habitat acquisitions, and to remove seven barriers to fish passage. 
Removal of the barriers is anticipated to open up at least 7 miles of quality spawning habitat for salmonids. 

Proposed compensatory mitigation includes the following commitments: 

 Target mitigation acquisitions and conservation easements in blocks as large as possible, strategically located 
as possible to benefit Endangered Species Act-listed species, and with a focus on older stands 

 Manage parcels in the Coast Range for late-successional and old-growth habitat 

 Fund long-term management (management planning and implementation, monitoring, and reporting) 

 Form an interagency Adaptive Management Team to oversee individual mitigation projects and to oversee 
accounting that would ensure each agency’s requirements are satisfied. 
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 Commit to develop documents before construction authorization that bind the Project to the mitigation plan 
and long-term mitigation obligations2. 

The body of this plan provides detailed descriptions of proposed mitigation in the natural resource areas 
identified above. 

2  Instruments are in place for use of the Youngs River and Nehalem River properties for wetland mitigation. 
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TABLE ES-1 
Summary of Compensatory Mitigation for Effects on Fish and Riparian Areas 

Action Effect 
Evolutionarily 

Significant Unit/Distinct 
Population Segment 

ODFW 
Habitat 

Category 
Ecoregion or 
HUC of Effect 

Mitigation 
Location Mitigation Type Effect 

Quantity Units Duration of 
Effect 

Mitigation 
Ratio 

Mitigation 
Quantity 

Mitigation 
Units 

Approximate Cost (or 
cost basis for in lieu 

fee) Comments 
$$/Unit Total $$ 

Ship water withdrawals 
(125 ships annually) 

Potential fish 
entrainment in 
cooling water 

Eulachon N/A LCRE None None Several 
thousand 

Individual 
larvae 

Annually, 
November 
to June 

N/A None N/A   The small fraction of water in the LCRE affected 
combined with the very high natural mortality of 
eulachon larval is expected to have no effect on 
eulachon at the population scale. 

Ship ballast water 
withdrawals (2 
annually) 

Potential fish 
entrainment in 
ballast water 

LCR Chinook N/A LCRE Youngs River 
Property  

Reconnect 
floodplain to 
estuary 

Less than 
3.62 to 
13.81 

Individuals, 
juveniles 

Dec/Jan N/A 140 Acres Actual 
cost 

Actual 
cost 

Mitigation site near mouth of Youngs River would 
create additional rearing habitat for many more 
individual LCR Chinook juveniles than would be 
affected by construction and operation. 

Ship ballast water 
withdrawals (2 
annually) 

Potential fish 
entrainment in 
ballast water 

Snake River Fall 
Chinook 

N/A LCRE Within the 
spawning/ 
rearing range of 
the ESU  

Remove fish 
barrier 

 0.14 to 
0.56 

Individuals, 
juveniles 

Annual N/A 1 Project Actual 
cost 

Actual 
cost 

One barrier removal for combined entrainment 
and underwater noise take. See Table 5-8 (Fish 
Barrier Projects Ranked as High Priority in 
Clatsop, Columbia, and Wallowa Counties) for 
lists of potential projects.  

Ship ballast water 
withdrawals (2 
annually) 

Potential fish 
entrainment in 
ballast water 

Snake River 
spring/summer run 
chinook 

N/A LCRE  Youngs River 
Property 

Reconnect 
floodplain to 
estuary 

0.01 to 
0.07 
annually 

Individuals, 
juveniles 

Annual N/A 140 Acres Actual 
cost 

Actual 
cost 

Youngs RiverProperty would provide 
environmental benefits to the ESU in excess of 
the expected annual loss. 

Ship ballast water 
withdrawals (2 
annually)  

Potential fish 
entrainment in 
ballast water 

LCR Coho N/A LCRE  Youngs River 
Property 

Reconnect 
floodplain to 
estuary 

Less than 
0.22 to 1.19 

Individuals, 
juveniles 

Annual N/A 140 Acres Actual 
cost 

Actual 
cost 

Mitigation site near mouth of Youngs River would 
create additional rearing habitat for more 
individual LCR Coho juveniles than would be 
affected by construction and operation. 

Ship ballast water 
withdrawals (2 ships 
annually) 

Potential fish 
entrainment in 
ballast water 

Unlisted species N/A LCRE Youngs River  
Property 

Reconnect 
floodplain to 
estuary 

Not 
quantified 

 Annual N/A 140 Acres   Other species may be susceptible to ballast water 
entrainment, but would benefit from additional 
rearing habitat at the mitigation site at mouth of 
Youngs River and in dredge disposal locations. 

Pile driving Noise LCR Chinook N/A LCRE  Youngs River 
Property 

Reconnect 
floodplain to 
estuary 

122 Individuals One-time N/A 140 Acres Actual 
cost 

Actual 
cost 

Mitigation site near mouth of Youngs River would 
create additional rearing habitat for many more 
individual LCR Chinook juveniles than would be 
affected by construction and operation. 

Pile driving Noise Snake River Fall-run 
Chinook 

N/A LCRE Youngs River 
Property 

Reconnect 
floodplain to 
estuary 

3 Individuals One-time N/A 1 Project Actual 
cost 

Actual 
cost 

One barrier removal for combined entrainment 
and underwater noise take 

Dredging Entrainment All ESA-listed 
salmonids 

N/A LCRE  Youngs River 
Property 

Reconnect 
floodplain to 
estuary 

0.3 Percent of 
time/migratio
n habitat 

One-time N/A 140 Acres Actual 
cost 

Actual 
cost 

Entrainment would only occur if hopper dredge 
used. Youngs River property would provide 
rearing opportunities that would more than 
compensate for dredge entrainment losses. 

Dredging Entrainment Unlisted species N/A   Reconnect 
floodplain to 
estuary 

    None 
proposed 

   Some small, demersal species may be 
susceptible to entrainment. Historically 
entrainment has not been shown to be a 
significant threat to any species in the LCRE. 

Pipeline construction Loss of LWD 
recruitment 
potential 

Unlisted species  DF4, DF3, 
DF2, F4, 
anCF3 

155 total 
streams with 
riparian cover 
within at least 
100 feet of the 
stream bank.  

Same as for 
temporal loss 
land clearing 

Same as for 
temporal loss 
land clearing 

        This includes both streams that do and do not 
contain ESA-listed fish 

Pipeline construction Fish salvage OC Coho N/A Crossings listed 
above 

Upper or Lower 
Nehalem 5th 
Field HUC 

Remove fish 
barrier 

178 Individual 
juveniles 

One-time N/A 2 Project Actual 
cost 

Actual 
cost 

Only 3% (3) individuals are expected to suffer 
mortality. See Table 5-8 (Fish Barrier Projects 
Ranked as High Priority in Clatsop, Columbia, 
and Wallowa Counties) for lists of potential 
projects. 

Pipeline construction Fish salvage LCR coho  N/A Crossings listed 
above 

Young Bay 5th 
Field HUC 

Remove fish 
barrier 

58 Individual 
juveniles 

One-time N/A 2 Project Actual 
cost 

Actual 
cost 

Only 3% (less than one) individual is expected to 
suffer mortality. See Table 5-8 for lists of 
potential projects. 
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TABLE ES-1 
Summary of Compensatory Mitigation for Effects on Fish and Riparian Areas 

Action Effect 
Evolutionarily 

Significant Unit/Distinct 
Population Segment 

ODFW 
Habitat 

Category 
Ecoregion or 
HUC of Effect 

Mitigation 
Location Mitigation Type Effect 

Quantity Units Duration of 
Effect 

Mitigation 
Ratio 

Mitigation 
Quantity 

Mitigation 
Units 

Approximate Cost (or 
cost basis for in lieu 

fee) Comments 
$$/Unit Total $$ 

Clearing riparian 
vegetation for pipeline 
construction 

Stream 
temperature 

N/A 2, 3, 4 Lower 
Columbia, 
Coast Range, 
Lower 
Columbia-
Clatskanie, 
Willamette 

N/A N/A < 1 Degree F per 
crossing 

Modeled for 
hottest day 

N/A N/A N/A   Compensatory mitigation would be provided for 
effects on riparian areas. The minimal functional 
effect on stream temperature is addressed by 
providing compensatory mitigation to the temporal 
loss of habitat function. 

Clearing riparian 
vegetation for pipeline 
construction 

Temporal loss of 
habitat, including 
LWD recruitment; 
155 streams with 
existing riparian 
vegetation 

N/A 3, 4 Coast Range Primarily 
Nehalem 
Watershed 

Riparian 
vegetation 
restoration, 
enhancement, 
protection; 
invasive species 
control and 
placement of 
LWD may 
accompany 
vegetation 
restoration/ 
enhancement 
projects. 

2.94 Miles 3 to 80 
years 

1.5:1 4.41 Miles $100,000
/ mile 

$441,000 LWD and vegetation projects may occur within 
the same reach of stream. Projects to occur 
before completion of Terminal construction (5-
year construction period). 
Conservative estimate based on 100-foot-wide 
clearing (plans are for -foot clearing at streams) 

Notes: 
ESA = Endangered Species Act 
DF = Deciduous Forest 
ESU = Evolutionarily Significant Unit 
F = Fahrenheit 
HUC = Hydrologic Unit Code 
LCR = Lower Columbia River 
LCRE = Lower Columbia River estuary 
LWD = large woody debris 
N/A = Not applicable 
OC = Oregon Coast 
ODFW = Oregon Department of Fish and Wildlife 
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TABLE ES-2 
Summary of Compensatory Mitigation for Permanent Effects on Wetlands 

Action Effect 
Oregon Department 
of Fish and Wildlife 
Habitat Category 

Ecoregion or 
HUC of Effect 

Mitigation Location 
(Site, Ecoregion, or 

HUC) 
Mitigation Type Effect 

Quantity Units Duration 
of Effect 

Mitigation 
Ratio 

Mitigation 
Quantity 

Mitigation 
Units $$/Unit Total $$ Comments 

Land clearing, filling, and 
development; Terminal 
and Terminal 
infrastructure 

Permanent fill of 
wetlands 

2, 3 Lower Columbia West bank, mouth of 
Youngs River  

Estuarine enhancement; 
reconnect floodplain to 
estuary 

33.02 Acres Permanent 3:1 99.06 Acres Actual cost Actual cost Mitigation project at mouth of Youngs 
River to serve multiple purposes: 
estuarine mitigation; PFO mitigation for 
Pipeline in Lower Columbia HUC; and 
fish habitat 

Clearing; Terminal Permanent class 
change of PFO to PSS 
or PEM 

2, 3 Lower Columbia West bank, mouth of 
Youngs River  

Out-of-kind wetland and 
salmon habitat 

1.9 Acres Permanent 1:1 1.9 Credit Actual cost Actual cost In-lieu fee bank credits 

Clearing; Pipeline Permanent class 
change of PFO to PSS 
or PEM 

2, 3 Lower Columbia West bank, mouth of 
Youngs River 

Estuarine enhancement; 
reconnect floodplain to 
estuary 

6.91 Acres Permanent 1:1  Acres Actual cost Actual cost Mitigation project at mouth of Youngs 
River to serve multiple purposes: 
estuarine mitigation; PFO mitigation for 
Pipeline in Lower Columbia HUC; and 
fish habitat 

Clearing; Pipeline Permanent class 
change of PFO to PSS 
or PEM 

2, 3 Lower Columbia Lower Columbia In-Lieu 
Fee Bank 

Out-of-kind wetland and 
salmon habitat 

6.9 Acres Permanent 1:1 6.9 Credit   In-lieu fee bank credits 

Clearing; Pipeline Permanent class 
change of PFO to PSS 
or PEM 

2, 3 Nehalem Floodplain adjacent to 
Nehalem River 

PFO habitat 
enhancement and 
preservation 

9.82 Acres Permanent 3:1/1.5:1 See 
below 

Acres Actual cost Actual cost Mitigation with relic oxbow on floodplain 
of Nehalem River; PFO mitigation and 
fish habitat 

Clearing; Pipeline Permanent class 
change of PFO to PSS 
or PEM 

2, 3 Lower Willamette Floodplain adjacent to 
Nehalem River 

PFO habitat 
enhancement and 
restoration, salmon 
habitat restoration, 
wetland creation 

1.31 Acres Permanent 3:1/1.5:1 33.81 Acres  Actual cost Actual cost Mitigation with relic oxbow on floodplain 
of Nehalem River; PFO mitigation and 
fish habitat 

Clearing; Pipeline Permanent class 
change of PFO to PSS 
or PEM 

2, 3 Lower Columbia-
Clatskanie 

 West bank, mouth of 
Youngs River  

 Estuarine enhancement; 
reconnect floodplain to 
estuary  

4.66 Acres  Permanent 3:1 13.98 Acres Market rate Market rate Mitigation project at mouth of Youngs 
River to serve multiple purposes: 
estuarine mitigation; PFO mitigation for 
Pipeline in Lower Columbia HUC; and 
fish habitat 

Notes: 
Credits and effects are not necessarily equal. The number of acres to create a credit is variable and is predetermined as appropriate to compensate for affected functions and acreage. Mitigation banks operate according to an Instrument approved by state and federal agencies (Oregon 
Department of State Lands, United States Army Corps of Engineers, United States Fish and Wildlife Service, United States Environmental Protection Agency, and Oregon Department of Fish and Wildlife). For example, 3 acres (3:1 acre ratio) may have been required to generate one 
banking credit. 
HUC = Hydrologic Unit Code 
PEM = palustrine emergent 
PFO = palustrine forest 
PSS = palustrine scrub/shrub 
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TABLE ES-3 
Summary of Compensatory Mitigation for Effects on Upland Vegetation 

Action Effect ODFW Habitat 
Category 

Ecoregion or 
HUC of Effect 

Mitigation Location 
(Site, Ecoregion, or 

HUC) 
Mitigation Type Effect 

Quantity Units Duration of 
Effect 

Mitigation 
Ratio 

Mitigation 
Quantity 

Mitigation 
Units 

APPROXIMATE COST (or 
cost basis for in-lieu fee) Comments 

$$/Unit Total $$ 

Pipeline land 
clearing 

Temporal loss of habitat to 
terrestrial wildlife and 
migratory birds: 50-foot 
permanent easement 

BP, CF, and DF 
3, 4 

Coast Range Coast Range Land acquisition for 
management of late-
successional forest and 
preservation 

384a Acres 3 to 80 
years 

2:1 768 Acres Market rate Market rate Land acquisition to focus on large blocks of 
land that would include riparian habitat and 
provide multiple benefits for migratory birds, 
marbled murrelet, and northern spotted owl 
located in the Coast Range. Long-term 
management objective is late-successional 
forest. 2:1 mitigation is in addition to onsite 
restoration. 20 feet of onsite mitigation may 
grow to mature tree height. 30 feet of onsite 
restoration may be maintained in shrubs to a 
height of 15 feet (Category 4 habitat).  

Pipeline land 
clearing 

Temporal loss of habitat to 
terrestrial wildlife and 
migratory birds: 50-foot 
TWS and ATWS  

BP, CF, and DF 
3, 4 

Coast Range Coast Range Land acquisition for 
management of late-
successional forest and 
preservation 

453a Acres 3 to 80 
years 

1:1 453 Acres Market rate Market rate Temporary and ATWS would be restored in-
kind and onsite in addition to 1:1 
compensatory ratio. 

Pipeline l and 
clearing 

Primary Constituent Element 
(PCE) marbled murrelet 
and northern spotted owl 
habitat 

CF 3, 4, and 5  Coast Range, 
designated 
Critical Habitat 
on state land 

Coast Range Land acquisition for 
management of late-
successional forest and 
preservation 

Variable 
by 
species 
and PCE 

Acres 3 to >80 
years 

N/A Approx. 
1,220 

Acres Market rate Market rate Mitigating for PCE effects on PCE habitat 
would be accommodated by the proposed 
mitigation for permanent and TWS. 
Proposed location is in the Coast Range. 

a Includes upland and riparian buffers. 
Notes: 
ATWS = additional temporary workspace 
BP = Developed 
CF = Conifer Forest 
DF = Deciduous Forest 
HUC = Hydrologic Unit Code 
N/A = Not applicable 
ODFW = Oregon Department of Fish and Wildlife 
PCE = Primary Constituent Element 
TWS = temporary workspace 
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TABLE ES-4  
Summary of Adjusted Habitat Acquisition (acres) for Removal and Other Indirect Effects to Northern Spotted Owl 

Action Effect Mitigation Type Critical Habitat Subunit 
Mitigation Location 
(Site, Ecoregion, or 

Hydrologic Unit Code) 
Habitat Type a 

Other 
Indirect 
Effects 

Habitat 
Removal Total 

APPROXIMATE COST (or cost 
basis for in lieu fee) Comments 

$$/Unit Total $$ 

Pipeline land clearing of 
designated critical habitat 
and suitable Northern 
Spotted Owl nesting 
habitat 

Temporal and 
permanent  loss of 
habitat to terrestrial 
wildlife and migratory 
birds: 50-foot 
permanent easement 

Habitat  acquisition for 
management of late-
successional forest and 
preservation/Barred 
Owl Management 
Program 

North Coast and 
Olympic Ranges (NCO-
04) 

Coast Range NRF 
Dispersal 
Capable 
Total 

175.35 
141.46 
1.45 
318.26 

148.96 
346.23 
6.38 
501.57 

324.30 
487.83 
7.83 
819.96 

Market rate Market rate Land acquisition to focus on large blocks of land that 
would include riparian habitat and provide multiple 
benefits for migratory birds, marbled murrelet, and 
northern spotted owl located in the Coast Range. The 
Conservation Framework provides a rule set for 
financial support of the barred owl management 
program. In negotiations with the agency, USFWS 
proposed to develop a mix of compensatory northern 
spotted owl mitigation actions, including barred owl 
management funding, accepted in-lieu of habitat 
acquisition for up to 25 percent of the obligation for 
acquiring dispersal habitat. b 

a Habitat types are defined in Section 3 (Northern Spotted Owl). See Tables 3-2, 3-3, and 3-5 in Section 3 for mitigation ratios. 
b As discussed in a meeting between the United States Fish and Wildlife Service and CH2M HILL on October 30, 2014. 
Notes: 
HUC = hydrologic unit code 
NRF= nesting, roosting, foraging 
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TABLE ES-5  
Summary of Adjusted Habitat Acquisition (acres) for Removal and Other Indirect Effects to Marbled Murrelet 

Action Effect Mitigation Type Critical Habitat Subunit Mitigation Location (Site, 
Ecoregion, or HUC) Habitat Type* Other Indirect 

Effects 
Habitat 
Removal Total 

APPROXIMATE COST (or cost 
basis for in-lieu fee) Comments 

$$/Unit Total $$ 

Pipeline land clearing 
of designated critical 
habitat and suitable 
marbled murrelets 
nesting habitat 

Temporal and permanent  
loss of habitat to 
terrestrial wildlife and 
migratory birds: 50-foot 
permanent easement 

 Habitat  acquisition for 
management of late-
successional forest and 
preservation  

North Coast and 
Olympic Ranges (NCO-
04) 

Coast Range Suitable 
Recruitment 
Capable 
Total 

38.34 
42.41 
15.66 
96.41 

14.16 
194.13  
41.29 
249.58 

249.58 
236.54 
56.95 
56.95 

Market rate Market rate Land acquisition to focus on large blocks of land within 
52 miles of the coast that would include riparian habitat 
and provide multiple benefits for migratory birds, 
marbled murrelet, and northern spotted owl located in 
the Coast Range. 

* Habitat types are defined in Section 4 (Marbled Murrelet). See Tables 4-3, 4-4, and 4-6 in Section 4 for mitigation ratios. 
Note: 
HUC = hydrologic unit code 
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SECTION 1 

Introduction 
1.1 Purpose 
The purpose of this conceptual mitigation plan (Plan) is to summarize proposed mitigation associated with the 
Oregon LNG Terminal and Oregon Pipeline Project (Project) in a single, comprehensive document. This plan is 
intended to aid the Federal Energy Regulatory Commission (FERC) with the preparation of a Draft Environmental 
Impact Statement (DEIS) and facilitate federal and state regulatory collaboration and review. 

1.2 Scope 
This Plan describes measures that are prescribed to offset temporary and permanent effects disclosed in the 
resource reports, Applicant-Prepared Draft Biological Assessment and Essential Fish Habitat Assessment for the 
Oregon LNG Terminal and Oregon Pipeline Project (Applicant-Draft BA) (CH2M HILL, 2013a) (Sections 2.6, 5.0, 7.0 
and Appendix 13 updated March 2015)3, and other supporting documents submitted to FERC as part of the 
Application filed by LNG Development Company, LLC (d/b/a Oregon LNG), and Oregon Pipeline Company, LLC 
(collectively, Oregon LNG) on June 7, 2013 (Oregon LNG, 2013). Conceptual plans for wetland mitigation and 
stream crossings are also included. The Application was filed under Section 3 of the Natural Gas Act (NGA) for 
authorization to site, own, and construct a liquefied natural gas (LNG) receiving terminal and associated facilities 
(Terminal), and under Section 7 of the NGA to construct, own, and operate a new natural gas pipeline (Pipeline). 
Additional mitigation planning occurred in collaboration with agencies to identify further measures beneficial to 
assuring regulatory compliance. 

The following subsections further expand on the multifaceted scope of this plan. 

1.2.1 Cross-References to Documents Already Filed with FERC 
To minimize redundancy, descriptions of the Project, associated facilities, and related actions are not repeated 
here. Complete descriptions are provided in Resource Reports 1 (General Project Description), 2 (Water Use and 
Quality), 3 (Fish, Wildlife, and Vegetation), and 8 (Land Use, Recreation, and Aesthetics), filed with FERC on June 7, 
2013 (Oregon LNG, 2013), and in the Applicant-Draft BA. Additional references are made to other resource 
reports filed on June 7, 2013, to the Pipeline Supplement filing in April 2014 (Oregon LNG, 2014a), and to the 
Supplement filing in December 2014 (Oregon LNG, 2014b). 

1.2.2 History and Focus of the Mitigation Described in This Plan 
Origins of this conceptual mitigation plan date to 2008, when Oregon LNG initiated discussions with the Oregon 
Department of Fish and Wildlife (ODFW), United States (U.S.) Fish and Wildlife Service (USFWS), and National 
Marine Fisheries Service (NMFS) to vet environmental issues for the proposed Project and to develop strategies 
for mitigating4 potential impacts to fish and wildlife habitat. Oregon LNG voluntarily agreed to comply with the 
ODFW Habitat Mitigation Policy (OAR 935-415-0000 through 0025). Through interagency meetings in 2008 and 
2009, Oregon LNG negotiated a conceptual plan for mitigating impacts to fish and wildlife habitat that became the 
basis for the original submittal of the Plan in September 2009. The original 2009 Plan presented best management 
practices (BMPs), avoidance and minimization strategies, and summary of compensatory mitigation to address 
ODFW’s Habitat Mitigation Policy, state and federal wetland rules, and conservation measures5 for listed species 

3  On March 6, 2015, Oregon LNG submitted to FERC updated Sections 2.6 (Mitigation Strategy), 5.0 (Terrestrial Species), and 7.0 (References), as well as 
additions to Appendix 13 (Northern Spotted Owl and Marbled Murrelet Habitat Assessments and Survey Reports), consisting of the 2014 survey report 
and the 2015 habitat and impact assessment. Oregon LNG revised these portions of the document in close coordination with the U.S. Fish and Wildlife 
Service, which has informed Oregon LNG that it is satisfied with the revisions, and with the efforts made by Oregon LNG to avoid and minimize effects to 
Endangered Species Act-listed species. 

4  This conceptual mitigation plan follows the definition of “mitigation” provided in Oregon Administrative Rules 635-415-0005 and 141-085-9514.
5  “Conservation measures” is a term used by USFWS in the context of providing actions to preserve endangered species and promote their recovery.

“Conserve,” “conserving,” and “conservation” are defined in 16 United States Code Chapter 35 § 1532. Unlike “conservation,”  “mitigation” specifically 
refers to an orderly sequence of avoidance, minimization, rectifying, and compensatory actions. However, both terms embrace best management 
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of fish and wildlife gathered from resource reports and the Applicant-Draft BA. In 2013, the Plan was revised to 
address the change in the Oregon LNG project description from an import terminal and inbound pipeline to an 
export terminal with a bidirectional pipeline. Discussions with USFWS indicated that potential impacts to northern 
spotted owl and marbled murrelet habitat could be compensated through the mitigation provided in voluntary 
compliance with ODFW’s Habitat Mitigation Policy. 

In 2014, USFWS issued a guidance document for the Jordan Cove-Pacific Connector Project, Revised Conservation 
Framework for the Northern Spotted Owl and Marbled Murrelet: Jordan Cove Energy and Pacific Connector Gas 
Pipeline Project (Conservation Framework) (USFWS, 2014)6. According to USFWS (Young/USFWS, 2014, personal 
communication), the Conservation Framework is appropriate for use by proponents of linear development 
projects, where numerous northern spotted owl and marbled murrelet individuals and habitats may be 
encountered during project construction and operations. Upon the request of USFWS, Oregon LNG analyzed 
potential impacts to the marbled murrelet and northern spotted owl according to the Conservation Framework 
and developed conservation measures consistent with the Conservation Framework. Whereas the Applicant-Draft 
BA originally referred to the Plan for conservation measures pertaining to the marbled murrelet and northern 
spotted owl, USFWS further requested that such measures be incorporated into the text of the Applicant-Draft 
BA. Oregon LNG updated portions of the Applicant-Draft BA (Sections 2.6, 5.0, 7.0 and Appendix 13) in March 
2015 that included conservation measures for the marbled murrelet and northern spotted owl in accordance with 
the Conservation Framework. 

In an Environmental Information Request (EIR) dated April 9, 2015, FERC requested that Oregon LNG update the 
Plan. Thus, this revision of the Plan was prepared in response to FERC’s EIR. The primary updates in this revision of 
the Plan were to incorporate conservation measures for the marbled murrelet and northern spotted owl that 
were submitted with updated sections of the Applicant-Draft BA (Sections 2.6, 5.0, 7.0 and Appendix 13) on 
March 26, 2015. As a result, two habitat mitigation concepts are incorporated in this Plan: one that demonstrates 
voluntary compliance with the state ODFW Habitat Mitigation Policy and one that demonstrates voluntary 
compliance with the federal Conservation Framework. The ODFW Habitat Mitigation Policy and USFWS 
Conservation Framework required two different approaches to analyzing potential impacts to habitats and two 
different concepts with differing ratios for habitat mitigation. Habitat acquisition or enhancement with long-term 
management and conservation easements are the common element to the state and federal approaches to 
habitat mitigation and conservation of threatened or endangered species. 

In this revision to the Plan, the voluntary mitigation and conservation measures that were negotiated with ODFW 
and USFWS are addressed separately to enable accounting of each agencies mitigation frameworks. However, 
operationally, habitat acquisition and enhancement projects would not be additive. They would be stacked in 
such a manner that each agency’s mitigation or conservation requirements are met. For example, “X” acres of 
habitat acquisition for compliance with the USFWS Conservation Framework could be the same “X” acres for 
compliance with the ODFW Habitat Mitigation Policy. Section 1.2.3.2 describes an adaptive management team 
that would be created to review individual mitigation projects and track mitigation compliance for the respective 
agencies represented on the team. 

Mitigation described in this plan pertains only to natural resources affected by the construction of the Terminal 
site, the bidirectional Pipeline, and post-construction operation of those facilities for the life of the Project. The 
mitigation strategies described do not address any future actions because there are no current plans for further 

practices, strategies to avoid and minimize, and habitat acquisition. Strictly speaking, in ODFW Habitat Mitigation Policy, habitat acquisition would be a 
compensatory action whereas in an Endangered Species Act context, habitat acquisition is not viewed as compensatory, but rather as a proactive 
measure to prevent further declines or to promote the recovery to a listed species. While there are nuances to the terms “conservation measure” and 
“mitigation” as used in the context of state and federal policy, operationally the terms are roughly equivalent. Both terms are used in this Plan. 

6  The Conservation Framework “provides direction and methods to quantify and categorize the impacts to [northern spotted owls] (and [marbled 
murrelets]) and their habitat, and a means to offset these impacts” with respect to the Jordan Cove Energy and Pacific Connector Pipeline Projects 
currently pending before FERC in Docket Nos. CP13-483-000 and CP13-492-000 (FERC, 2014). The Conservation Framework is included as Appendix Z-4 
to the February 2015 Biological Assessment and Essential Fish Habitat Assessment prepared for those projects (FERC, 2015). The Conservation 
Framework is not binding on Oregon LNG, but provides relevant guidance in certain instances. Thus, this Plan incorporates certain of its voluntary 
measures. 
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expansions, nor any future plans for abandonment. Any future actions that might occur would be preceded by 
submittals of new and separate applications to FERC. 

This document presents mitigation measures for resources and species determined to be potentially affected by 
the Project. Non-Endangered Species Act (ESA) issues involving wetlands, terrestrial habitats, and migratory birds 
that have been included in any of the previous submittals to FERC are addressed in this Plan, as well. Species that 
have not been addressed in either the resource reports or the Applicant-Draft BA are not specifically addressed 
here. Potential habitats for those species are addressed either in mitigation proposed based on ODFW “Mitigation 
Goals and Standards” (OAR 635-415-0020 through 0025), or by habitats that overlap those included herein. The 
majority of the mitigation measures consist of BMPs, site and route selection, and facility plans incorporated as 
design elements intended to avoid, minimize, and restore effects expected to result from the proposed actions. 

The mitigation and conservation measures are further intended to provide a context for standards of performance 
and establish expectations for preconstruction, construction, and post-construction implementation. Although 
strategies and measures developed in the planning and assessment phase are essentially conceptual, providing 
specificity has been a primary objective. Efforts to develop specific mitigation have been conducted as a good-
faith measure to provide assurances that they would be implemented as intended. The level of specificity varies 
to a degree. Mitigation has been integrated into Project and facility design, route location and site selection, 
construction and operational procedures, and post-construction rehabilitation to the greatest degree practicable. 
These strategies have been planned in detail with the intent of avoiding minimizing, and restoring expected 
effects “onsite.” Mitigation and conservation strategies intended to address compensatory needs, which are 
mostly “offsite” projects, are not as detailed, primarily as a result of additional mandated future access, 
acquisition, partnering, and permitting processes that would subsequently be required once the Project is 
authorized. 

Oregon LNG is in the process of preparing applications for a Section 408 authorization from the USACE and fish 
passage authorization from ODFW. Mitigation measures that may arise from ongoing negotiations for these 
agencies is beyond the scope of this updated Plan. 

1.2.3 Compliance Monitoring and Adaptive Management 
Oregon LNG is committed to constructing and operating the Project in a manner that would minimize 
environmental effects in compliance with applicable permits and approvals. Oregon LNG would adopt the Upland 
Control, Revegetation, and Maintenance Plan (FERC Plan; FERC, 2013a) without changes and the Wetland and 
Waterbody Construction and Mitigation Procedures (FERC, 2013b) with the approved alternative measures 
represented in the FERC Wetland and Waterbody Construction and Mitigation Procedures, Modified by Oregon 
LNG (FERC Procedures) (CH2M HILL, 2013b). Other environmental plans and requirements described in the FERC 
Plan and Procedures and in applicable permits and approvals, would be required for the specifications and 
drawings issued with the construction bid documents. In addition, the construction contractor would keep copies 
of these environmental permits and approvals onsite for compliance and inspection. 

1.2.3.1. Compliance Monitoring 
Oregon LNG would assign environmental inspectors (EIs) (three or more per construction spread) to the Project to 
monitor environmental compliance. The EIs would have peer status with other inspectors and would report 
directly to Oregon LNG’s Environmental Project Manager. The EIs would be present throughout construction of 
Pipeline and aboveground facilities and follow-up restoration activities, and would have the authority to enforce 
permit and FERC Certificate conditions. The EIs’ roles and responsibilities would be in accord with the FERC Plan 
and Procedures and would be further described in Oregon LNG’s Implementation Plan. The EIs would be 
responsible for monitoring and documenting compliance with the FERC Plan and Procedures, as well as 
implementing mitigation measures required by permits, certificates, and other environmental approvals. The 
inspectors would be authorized to issue stop-work orders and to require corrective actions to maintain 
environmental compliance. In addition, the inspectors would act as a liaison between Oregon LNG and field 
representatives of environmental regulatory agencies who may visit the Project during construction. 
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Oregon LNG would be responsible for the implementation of environmental requirements during construction of 
the Project facilities. If, notwithstanding Oregon LNG’s best intentions and efforts, a contractor does not comply 
with environmental requirements during construction, Oregon LNG’s EIs would, upon discovery, direct the 
contractor to comply. If necessary, Oregon LNG’s EI would issue a stop-work order for that activity until the 
noncompliance is corrected. Where applicable, the Commission or other responsible agencies would be notified 
as required and remedial measures would be implemented. 

For a summary of wildlife habitats by ODFW habitat category with proposed mitigation goals, see Appendix A of 
this report. 

1.2.3.2. Adaptive Management 
Oregon LNG proposes the organization of a formal interagency Adaptive Management Team (Team) to be 
operative during preconstruction of the Terminal and Pipeline and to continue several years post-construction. 
The Team would comprise representatives from the U.S. Army Corps of Engineers (USACE), Oregon Department of 
State Lands (DSL), ODFW, Oregon Department of Forestry (ODF), Oregon Department of Environmental Quality 
(ODEQ), USFWS, NMFS, U.S. Environmental Protection Agency (USEPA), Washington Department of Fish and 
Wildlife (WDFW), and U.S. Coast Guard (USCG). Each agency would provide a primary contact and a backup for 
involvement. The initial charge of the Team would be to review specific mitigation projects and designs for 
adequacy and compliance with agency design standards. The ongoing role of the Team would be to provide 
consultation and recommendations in the event of a significant Project modification, emergency, or unanticipated 
effect on fish and wildlife, and their habitats. Section 9 of the Biological Assessment, Columbia River Channel 
Improvement Project (USACE, 2001) provides a model for the Team and process. 

The Team would be charged with establishing protocols for communications, issuing approvals for significant 
Project modifications and emergencies, and tracking and accounting for mitigation projects to ensure compliance 
with each agency’s requirements. Team members would meet annually during the anticipated 4-year construction 
period to review regulatory compliance. Oregon LNG proposes establishing a Web site for updating construction 
progress and tracking issues that may require interagency coordination during construction and for a period of 2 
years following site rehabilitation and restoration. Specific policies would ultimately be the responsibility of the 
regulatory agency charged with the policy’s administration. For example, ODFW would have ultimate authority 
over state Habitat Mitigation Policy and USFWS and NMFS would have ultimate authority over matters pertaining 
to ESA and their trust resources.  

Post-construction involvement would principally entail timely review of onsite monitoring results and 
recommendations of actions to be taken when performance standards or ecological objectives as described 
herein and in federal and state permits have not been sufficiently achieved. The Team would also be expected to 
provide timely input regarding offsite project plans and permitting, review accomplishment reports, evaluate 
conservation management plans, and assess monitoring results. Comment from the Team would serve to 
determine modifications to mitigation applications and strategies that monitoring has revealed need adjustment. 
The Team would integrate economic and ecologic considerations into innovative collaborative solutions as 
circumstances warrant. The process would provide opportunities for participating parties to learn, develop, and 
demonstrate successful methods for achieving joint objectives. 

Additional detail and specificity regarding adaptive management approaches and monitoring expectations is 
provided within each of the individual resource sections in this report. 

1.2.4 Regulatory Context and Standards 
As documented in Table 1.8-1, Federal and State Agency Review and Permitting, in the Pipeline Supplement 
(Oregon LNG, 2014a), the regulatory framework for developing this mitigation plan is provided by applicable 
federal and state law, regulation, and permit requirements. For brevity, the long list of pertinent laws and 
regulations is not repeated here. In addition to regulatory requirements for mitigation, nonregulatory mitigation 
needs and measures are addressed in this document, as well. 
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Selection of appropriate mitigation for effects has followed guidance provided by ODFW in “Mitigation Goals and 
Standards” (OAR 635-415-0020 through 0025), which specifies general mitigation goals and standards for six 
categories of habitat value. The ODFW mitigation goals and standards are similar to the USFWS’s “Resource 
Categories and Mitigation Goals,” as described in the USFWS Mitigation Policy (USFWS, 1981). The ODFW 
mitigation goals and implementation standards are summarized in Table 1-1.  

The habitat categories in the Project action area were qualitatively categorized based on their importance to fish 
and wildlife, in accordance with the guidelines stated in Oregon Administrative Rules (OARs) 635-415-0000 to 635-
415-0010, the ODFW Habitat Mitigation Policy, during multiple interagency meetings. Washington State does not 
have a qualitative habitat ranking system or associated habitat mitigation policy. ODFW standards do not preclude 
mitigation required for compliance with federal and state laws and policies such as the Endangered Species Act 
(ESA) or the Clean Water Act, for example. In the context of the Project, however, they are intended to serve as 
goals for avoiding or minimizing effects on both special and non-special-status species. Descriptions of habitat 
categories are provided in Appendix A. 

1.2.5 Best Management Practices 
BMP are an integral element of the mitigation plan. Specific measures have been developed to avoid and 
minimize a broad spectrum of various effects on natural resources. These measures are addressed at length in the 
individual resource reports (particularly Resource Report 1) and in Appendix B, the Stormwater Pollution 
Prevention Plan for Construction of the Oregon LNG Terminal and Pipeline, Including Erosion Prevention and 
Sediment Control Plan; Spill Prevention, Control, and Countermeasures Plan; and Frac-Out Contingency Plan 
(SWPPP; CH2M HILL, 2013c). They include actions and considerations pertaining to the construction, operation, 
and maintenance of the Terminal and Pipeline, such as the following: 

 General Terminal and Pipeline construction procedures, timing, and scheduling 

 Grading and clearing activities 

 Construction and use of additional temporary workspace (ATWS), and contractor and pipe storage yards 

 Trenching procedures 

 Locations and activities associated with pipe stringing, bending, and welding activities 

 Pipeline corrosion protection 

 Pipeline installation and trench backfilling 

 Hydrostatic testing 

 Protection of forest lands from wildfire 

 Restoration and cleanup 

 Specialized Pipeline construction procedures on potentially unstable or landslide-prone terrain, agricultural 
lands, state forest lands 

 Railroad, road, and utility crossings 

 Waterbody and wetland crossings 

 Cleanup and spill prevention 

 Temporary construction facilities for the Terminal 

 Ground improvements and foundations 

 Site access and traffic 

 Drainage of the finished site 

 Sanitary sewer collection and disposal 
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 Dredging and dock facility construction procedures 

1.2.6 Onsite Strategies 
Planning and design considerations, as well as BMPs, are site-level strategies associated with the footprint of the 
Terminal and Pipeline facilities aimed at avoiding, minimizing, mitigating, or restoring potential effects on natural 
resources. Strategies include prescriptive approaches where a standardized method is applied; or site-specific 
approaches where a more detailed practice unique to the site is warranted. 

Onsite strategies are intended to prevent certain permanent effects, reduce the risk of regulatory noncompliance, 
and mitigate temporary effects. Certain measures are to be implemented during or after construction, while 
others are to be actions carried out during operations. Strategies are prescribed as conditions of licensing and 
permitting, or according to easement and lease agreements. 

Onsite mitigation reduces the adverse effects of a proposed project through the following actions (see Resource 
Report 8): 

 Avoiding the effect altogether by not taking a certain action or parts of an action 

 Minimizing effects by limiting the degree or magnitude of the action and its implementation 

 Rectifying the effect by repairing, rehabilitating, or restoring the affected environment 

 Reducing or eliminating the effect over time by preservation and maintenance operations during the life of 
the action by monitoring and taking appropriate corrective measures 

Oregon LNG initiated site-level planning to avoid and minimize unwanted effects on natural resources. The 
principles Oregon LNG used in siting the Terminal facilities included the following: 

1. Selecting a site where deposition of dredged materials would minimize effects on marine, fish, shellfish, and 
benthic macroinvertebrate species and their habitats 

2. Avoiding to the extent possible habitats for aquatic, riparian, and terrestrial threatened and endangered (T&E) 
species through careful routing and site selection efforts to minimize potential “take” 

3. Selecting route and facility locations adjacent to or parallel with existing access and utility corridors to 
minimize the amount of clearing; the Project maximizes the use of existing roads to access the Terminal site 
and Pipeline right-of-way 

4. Emphasizing avoidance of estuarine wetlands over avoidance of freshwater (palustrine) wetlands 

5. Designing methods and procedures for minimizing effects at waterbody and wetland crossings 

6. Developing site-specific mitigation and restoration where possible to address localized concerns, issues, and 
conditions 

7. Identifying post-operation and monitoring needs to further achieve individual resource goals and objectives 

8. Designing structures, facilities, and construction procedures that minimize the temporary and permanent 
disturbance footprint of the Project.  

The Terminal layout was designed to balance the excavation volume with the fill volume such that imported fill 
material would be minimized. The initial conceptual design for the Terminal was a layout in a square that would 
have extended the area of fill into the low marsh, mudflats, and shallow subtidal areas on the east side of the 
northern end of the East Skipanon Peninsula. Subsequent layouts were designed along a north-south axis to avoid 
these high-value habitats. Estuarine wetlands are considered high-quality wetlands because of their importance 
to salmonids. They have greater surface water connectivity and nutrient contribution. Oregon LNG modified the 
original layout of the Terminal to avoid estuarine wetland effects as follows: 
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 The process area (high-pressure LNG pumps and the BOG compressor building) was moved into an area 
slightly elevated from the surrounding area that separates existing wetlands in the east and west parts of the 
property. 

 Buildings and utility systems were located in the southwest corner of the property to minimize access roads 
and are in areas that are close to the Skipanon River shoreline away from existing wetlands within the 
property. 

Oregon LNG modified the site layout in 2012 and 2013. Modifications included reduction of vaporization 
capability, elimination of one of the LNG storage tanks, and modification of LNG spill containment and collection 
systems, fire protection gas detection and safety systems, stormwater treatment system, ground improvements 
and foundations, piping, pipe racks, electrical systems, control systems, utilities, telecommunications, structures, 
access road, and other supporting systems. 

The route for the Pipeline and its facilities was selected in an effort to avoid and minimize effects on natural 
resources. Specifically, the route was chosen to meet the following objectives: 

1. Avoid designated conservation areas, National Parks, Monuments, and Wilderness Areas. 

2. Avoid critical habitat units for federally listed plants and animals; particularly the northern spotted owl and 
marbled murrelet. 

3. Avoid occupied home ranges and known nest patches of the northern spotted owl and marbled murrelet. 

4. Minimize disturbance to sensitive areas (e.g., reduce the number of waterbody crossings, reducing landowner 
encumbrances by avoiding populated areas, and minimizing disturbance to scenic waterways and /or byways) 

5. Minimize effects on public administered lands; about 95 percent of the proposed route would cross privately 
owned lands. 

6. Maximize routing across intensively managed lands (approximately 80 miles of industrial forest in the Coast 
Range and approximately 5 miles through the Lower Columbia river Basin in Cowlitz County, Washington) to 
minimize effects on highest-quality wildlife habitat. 

7. Maximize co-location with existing utility corridors. 

8. Minimize effects on wetlands, particularly those of high value. 

9. Minimize location on steep hillsides and avoid unstable slopes. 

In addition, Oregon LNG has restricted the size of the proposed temporary work areas to minimize land 
disturbance during Pipeline construction, but to still provide adequate space for safe construction practices. As 
previously mentioned, Oregon LNG’s construction ROW typically would be 100 feet wide, and the permanent 
Pipeline ROW would be 50 feet wide. The construction ROW width would be reduced to 75 feet in nonagricultural 
wetlands. In addition, Oregon LNG proposes to use HDD construction techniques to cross waterbodies that 
provide habitat for federally listed fish species and certain high value wetlands. Riparian zone effects would be 
avoided as much as possible through selective Pipeline routing and the judicious use of HDD methods. Oregon 
LNG has stated that it would retain important specimen trees, significant wildlife snags, and nest trees in riparian 
areas, where possible. Natural habitat features (e.g., logs greater than 12 inches in diameter, downed LWD, and 
rocks) would also be retained. These measures would minimize effects on riparian areas, waterbodies, and 
wetlands important for federally listed species. 

The proposed new access roads would not cross wetlands or waterbodies. Existing drainage patterns and culverts 
would be maintained during construction. Erosion and sedimentation controls would be installed at the limits of 
the access roads where necessary. 

Oregon LNG identified six pipe storage and contractor yards for potential use during the construction of the 
Pipeline. The sites were selected because of their proximity to the Pipeline route, existing land use, existing 
railroad accessibility, and access to the sites during construction activities. 
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In addition to spatial avoidance measures incorporated into the design of the Project, Oregon LNG would 
implement temporal avoidance measures, such as seasonal restrictions for construction, to avoid effects on 
species that may be present. Information about seasonal restrictions (e.g., in-water work windows) is discussed in 
the effect determinations for each species. 

1.2.7 Compensatory Mitigation 
Compensatory mitigation for the Project has been developed to address issues and concerns related to 
unavoidable temporal effects on habitats, long-term unavoidable effects, potential “take” of listed T&E species, 
and regulatory compliance. Oregon LNG initiated interaction with various regulatory agencies to collaborate on 
the development of compensatory strategies and approaches. While general strategic approaches were 
identified, specificity was a goal so that unavoidable effects could be compared to planned beneficial treatments 
for regulatory review. 

Compensatory requirements are expected to address unavoidable effects on the following resources: 

 Fisheries 

 T&E Wildlife Species 

 Marbled murrelet – direct and indirect impacts to habitat 
 Northern spotted owl—direct and indirect impacts to habitat 

 Wetlands 

 Upland and riparian coniferous forest in the Coast Range 

 Special, rare, and unique habitats 

Possible strategies for providing necessary and required compensatory mitigation measures considered in this 
plan include the following: 

1. In-lieu, fee-in-lieu payments, or direct purchase of mitigation bank credits designated for funding existing, 
specified offsite conservation efforts for mitigating unavoidable long-term effects on rare, unique, and 
wetland habitats 

2. Funding of offsite projects to provide like-kind mitigation for unavoidable long-term and temporal effects on 
upland, riparian, and wetland habitats 

3. Land acquisition and conservation easement development to offset unavoidable long-term effects on T&E, 
estuarine, and wetland habitats, and to compensate for potential “take” of T&E species 

4. Funding of experimental projects to control barred owls that are threatening the recovery of the northern 
spotted owl 

5. Contingency strategies in the event preconstruction surveys result in a “detection” of a T&E species in 
previously unoccupied suitable habitat 

The objectives of compensatory mitigation development are to describe the resource type(s) and amount(s) that 
would be provided, the method of compensation (e.g., restoration, establishment, preservation), and how the 
anticipated functions of the mitigation project would address needs. Where possible, compensatory planning 
should also account for the following: 

 Site selection, including a description of the factors considered during the selection process 

 Baseline information such as a description of the site’s characteristics 

 A description of the legal instruments or arrangements that would be pursued to ensure long-term protection 
of the mitigation project site (for example, easement agreements, credit purchases, ownership, management 
requirements) 

1-8 EN0427151027PDX 



SECTION 1—INTRODUCTION 

 Determination of credits or the ratios utilized to estimate the amount of compensatory units needed and a 
brief explanation of the rationale used 

Specific mitigation project plans have not yet been fully developed, and would necessitate continued coordination 
and collaboration with regulatory agencies. Additional planning should consider detailed specifications and work 
descriptions for a mitigation project, including the following: 

 Geographic boundaries of the project 

 Construction methods 

 Timing and sequence 

 Source(s) of materials or water 

 Methods for establishing the desired plant community 

 Plans to control invasive plant species 

 Proposed grading plan or plan geometry and form 

 Maintenance and long-term management plans and schedule to ensure the continued viability of the 
resource 

 Ecologically-based performance standards that would be used to determine whether the mitigation project is 
achieving its objectives 

 Monitoring requirements, scheduling, reporting, and parameters to determine whether the mitigation project 
is on track to meet performance standards and if adaptive management is needed 

 An adaptive management strategy to address unforeseen changes in site conditions or other components of 
the mitigation project 

 A description of financial support that would be provided and how they are sufficient to ensure a high level of 
confidence that the mitigation project would be successfully completed, in accordance with performance 
standards 

 Additional information as necessary to determine the appropriateness, feasibility, and practicability of the 
mitigation project 

The level of detail described above would be provided in conjunction with specific permit applications or in 
advance of specific project implementation. 

1.2.8 Physiographic Regions and River Basins 
Mitigation measures and prescriptions have been formulated with site characteristics and physiographic factors in 
mind. Local and regional variations of the endemic physical and biological environment have been considered 
according to ecoregion and 4th-field hydrologic unit. The two principle ecoregions are the North Oregon Coast 
Range (including the Coastal plains), and Lower Columbia River Basin in Cowlitz County, Washington. The main 
4th-field river basins consist of the Lower Columbia River (LCR) (including the Youngs and Lewis & Clark 
watersheds) the Nehalem River, and Lower Columbia/Clatskanie. 

1.3 Organization 
This document is organized by primary resource topics and issues. Onsite, compensatory, and operational 
mitigation are addressed under individual primary resource headings (for example, Fish), followed by a 
description of post-construction monitoring. Appendices are substantive in supporting discussion and issues 
addressed in the text. 

 

EN0427151027PDX 1-9 



 
SECTION 2 

Preconstruction Surveys and Studies 
Preconstruction surveys and studies in the form of field investigations were conducted to facilitate Project 
planning and design, perform effects analyses, address regulatory compliance, develop conservation strategies, 
and determine site-specific needs. The surveys and studies that were conducted greatly benefited identification of 
the onsite and compensatory mitigation needs addressed in this Plan. Detailed methodology, results, and 
discussion can be found in the resource reports and Applicant-Draft BA. 

Summary-level information from preconstruction surveys and studies is included in the individual resource 
sections of this report. Field observations and assessment of wildlife habitat followed Oregon LNG wildlife and T&E 
species protocols (see Resource Report 3, Appendix 3D). 

Preconstruction surveys and studies conducted to date include the following: 

 Habitat categorization development for comprehensive multispecies characterization to address the ODFW 
Oregon Conservation Strategy and Mitigation Policies 

 Oregon Conservation Strategy Habitats and Associated Strategy Species Review, August 2008 

 Oregon LNG Habitat Assessment and Mapping, 2005, 2007, 2011, 2012 

 Wildlife Inventory, Spring/Summer 2005 

 Northern Spotted Owl and Marbled Murrelet Habitat Assessment, 2008, 2012, 2015 

 Marbled Murrelet Surveys 2008, 2009, 2012, 2014 

 Northern Spotted Owl Surveys, 2008, 2009, 2012  

 Review of 2012 Proposed Critical Habitat (for northern spotted owl), August 2012 

 Rare Plant Surveys, spring and fall 2008, Rare Plant Desktop Study, 2013 

 Invasive Vegetation Surveys, Summer and Fall 2007 

 Skipanon Peninsula Wildlife Survey - Skipanon Peninsula, Spring 2007 

 Amphibian and Reptile Survey—Oregon LNG Terminal, June 2008 

 Stream Characteristics Surveys, 2007/2008, 2011/2012 

 Taxonomic Composition and Density of Benthic Macroinvertebrates Surveys at Oregon LNG’s Proposed 
Dredge Site in the Lower Columbia River Estuary, Spring 2008 
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SECTION 3 

Northern Spotted Owl 
Proposed Project mitigation measures for the northern spotted owl address Section 7(a)(1) of the Endangered 
Species Act, which directs federal agencies to use their authorities to further the purposes of the Act by carrying 
out conservation programs for the benefit of endangered and threatened species. Conservation 
recommendations are discretionary agency activities to minimize or avoid adverse effects of a proposed action on 
listed species or critical habitat, to help implement recovery plans, or to develop information. Conservation 
measures proposed by Oregon LNG are consistent with the August 2014 Revised Conservation Framework for the 
Northern Spotted Owl and Marbled Murrelet: Jordan Cove Energy and Pacific Connector Gas Pipeline Project 
(Conservation Framework) (USFWS, 2014). The package of conservation measures would potentially include a 
suite of activities: BMPs related to conducting surveys, timing of construction, and avoidance of certain activities 
during the breeding season; habitat acquisition; silvicultural treatments with or without habitat acquisition; and 
contributing to programs to control barred owls.  

Potential effects of actions related to the Project are addressed in of the Applicant-Draft BA. The revised recovery 
plan for the northern spotted owl (USFWS, 2011) identifies the most important range-wide threats to the spotted 
owl: competition with barred owls, ongoing loss of spotted owl habitat as a result of timber harvest, habitat loss 
or degradation from stand replacing wildfire and other disturbances, and loss of amount and distribution of 
spotted owl habitat as a result of past activities and disturbances. 

Demographic studies suggest that northern spotted owl numbers continue to decline, with estimates ranging 
from 2.9 percent to 3.7 percent annually (USFWS, 2011). Population numbers are declining throughout the 
species’ range, including the northern portion of Oregon’s Coast Range. Management options outline in the 2011 
revised recovery plan focus on the habitat conservation network of the Northwest Forest Plan, in addition to the 
following recommendations: 

 Target research and management efforts to address the increasing threat from the barred owl 

 Retain more occupied spotted owl sites and unoccupied, high-value spotted owl habitat on all lands. 
Vegetation management actions that may have short-term effects but are potentially beneficial to occupied 
spotted owl sites in the long-term meet the goals of ecosystem conservation. Such actions may include 
silvicultural treatments that promote ecological restoration and are expected to reduce future losses of 
spotted owl habitat and improve overall forest ecosystem resilience to climate change, which should result in 
more habitat retained on the landscape for longer periods of time. 

Habitat recovery is focused on preserving high-quality nesting, roosting, foraging habitat (characterized by large 
trees, high canopy cover, multistoried canopy, and sufficient downed wood to support prey species) for northern 
spotted owls, as well as dispersal habitat and moderate-quality habitats that can be expected to develop into 
nesting, roosting, foraging over time (USFWS, 2011). The northern portion of the Coast Range has been 
extensively logged, particularly on private industrial forests. Industrial forest lands are typically maintained on a 
60-year or less rotation. The northern portion of the Coast Range currently is not a target area for recovery 
because of forest management practices and competition from barred owls (Thomas et al., 1990). 

Designated critical habitat for the northern spotted owl was recently revised (Federal Register, 2012). The Project 
passes through spotted owl critical habitat unit NCO-04 near milepost (MP) 41.3. Approximately 49 acres of 
designated critical habitat containing PCEs identified by USFWS as essential to conservation of northern spotted 
owls, would be affected by the action (Turnstone Environmental Consultants [TEC] and CH2M HILL, 2015). 

3.1 Onsite Mitigation 
When the Project was first conceived, the Pipeline would have crossed five home ranges (CH2M HILL, 2009). As a 
conservation measure, the current Project with a Pipeline route modified from the originally conceived LNG 
import project, has avoided impacts to the northern spotted owl by reducing the number of home ranges that 
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would be crossed. The Pipeline route avoids existing occupied northern spotted owl sites and their core and home 
ranges. The route does not cross through any known occupied habitats. 

Surveys in areas adjacent to the Pipeline (within a 1.5-mile radius) that contained potentially suitable spotted owl 
habitat were conducted in the 2008, 2009, and 2012 nesting season (April to mid-August). A total of 117 calling 
stations covering approximately 17,864 acres of potentially suitable spotted owl habitat were surveyed. 

During the 2008 and 2009 northern spotted owl survey season, Oregon LNG conducted surveys on properties 
owned by Weyerhaeuser Corporation, Stimson Lumber Company, ODF, and assorted smaller private landowners. 
Surveys were conducted in areas adjacent to the Oregon LNG Pipeline (within a 1.5-mile radius) that contained 
potentially suitable northern spotted owl habitat. The survey protocol is described in Appendix 13 (Northern 
Spotted Owl and Marbled Murrelet Habitat Assessments and Survey Reports) of the Applicant-Draft BA. Oregon 
LNG surveyed a total of 101 calling stations in potentially suitable northern spotted owl habitat near the Pipeline 
corridor. In 2012, Oregon LNG surveyed a total of 16 calling stations in areas of the Pipeline on land owned by 
ODF and Weyerhaeuser Corporation. No spotted owl surveys were conducted by Oregon LNG in 2013 or 2014 due 
to landowner restrictions. 

Oregon LNG did not encounter northern spotted owls during the surveys in 2008 and 2009, but surveyors did 
observe 25 barred owls, 2 northern saw-whet owls, 5 western screech owls, and 2 northern pygmy owls. No 
spotted owls were identified during the 2012 surveys conducted by Oregon LNG, but surveyors reported 
observations of barred owls and northern saw-whet owls. 

Oregon LNG analyzed potential impacts to northern spotted owl habitat in accordance with the Conservation 
Framework. Habitat impacts were summarized in Section 5.3.2 of the Applicant-Draft BA. Fieldwork conducted in 
2008, 2009, and 2012 can be summarized as follows: 

 There were no northern spotted owl detections in 2008. 
 There were no northern spotted owl or marbled murrelet detections in 2009. 
 There were no northern spotted owl detections in 2012. 
 Two years of protocol surveys for northern spotted owls were completed on August 18, 2009. 

Oregon LNG would apply measures that minimize effects primarily onsite at the time of Project construction 
through implementation of Best Management Practices. The following mitigation recommendations are intended 
to avoid, minimize, or restore effects and promote the recovery of spotted owls: 

 Survey for northern spotted owls in suitable habitats in the action area to document presence or absence 
(survey completed). 

 Provide survey results of monitoring efforts to USFWS as they become available in order to maintain and 
update baseline information and to facilitate future consultations7(see Appendix 13 [Northern Spotted Owl 
and Marbled Murrelet Habitat Assessments and Survey Reports] to the Applicant-Draft BA for updated survey 
information). 

 Avoid the removal of suitable northern spotted owl nesting, roosting, and foraging habitat during the 
breeding season (March 1 to September 30). 

 Avoid Pipeline installation and access road construction activities within 35 yards of owl sites during the 
Critical Breeding Period (March 1 to July 7). 

7  A considerable amount of the Project’s action area (miles 1 to 33 and 50 to 89) was not surveyed to protocol by Oregon LNG due to landowner concerns. 
However, Oregon LNG was able to evaluate the availability of suitable northern spotted owl habitat in unsurveyed areas via remote sensing and found 
insufficient suitable habitat to support northern spotted owl. The ODF surveys all areas in the Project’s action area with sufficient habitat to support owls 
(approximately miles 34 to 49). Oregon LNG used the GIS-based Biomapper® software to assess habitat suitability for both marbled murrelets and 
northern spotted owl, which was recommended by USFWS for identifying suitable habitat for both species (Smith, 2007, personal communication). 
When evaluating habitat suitability for northern spotted owl, “forested” and “not dispersal” attributes were selected to identify areas of capable habitat. 
Analyses were conducted in accordance with the Conservation Framework. 
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 Avoid more than 3 consecutive days of any construction activities within 0.25 mile (greater than 35 yards) of 
owl sites during the Critical Breeding Period. 

 Restrict habitat removal within suitable, dispersal, or capable habitat areas to avoid the Critical Breeding 
Period. 

 Restrict construction use of heavy equipment, chainsaws, and cable yarding within 0.25 mile of occupied sites. 

 Restrict blasting, slash disposal, and burning within 0.25 mile of an occupied site during the breeding season 
(March to September). 

 Restrict helicopter yarding over an occupied site or its associated buffer zone during the breeding season 
(March to September). 

 Minimize clearing and construction for new access roads to reduce removal of potential dispersal or NRF habitat 
and creation of new forest edges. 

 Compensatory conservation measures would be provided commensurate with impacts. Compensatory 
conservation measures would take the form of a combination of habitat acquisition, silviculture treatments, 
and barred owl management as described under Conservation Measures in Section 5.3.2 of the Applicant-Draft 
BA. 

 Acquired habitat and land on which silviculture treatments are applied would be preserved and managed to 
maintain and restore old-growth habitat, as described in Section 5.3.2 of the Applicant-Draft BA. 

 Specific compensatory conservation projects would require approval from USFWS. 

3.2 Compensatory Mitigation 
This section reviews effects and mitigation for the northern spotted owl. Direct effects on the northern spotted 
owl are avoided . 

3.2.1 Effects 
Two documented owl ACs are located within a 1.5-mile range of the Pipeline. A documented owl site is any site 
where there has been a recent or historical observation of a resident single spotted owl or a pair of owls. ODF is 
currently conducting surveys for both of these ACs. The ACs include: 

 McGregor Road. The McGregor Road AC is a historical nonresident single site and is not known to be 
historically occupied by nesting adult spotted owls. 

 Wolf Creek. This AC is a nesting site historically occupied by nesting adult spotted owls. 

The location and activity records for sites were obtained from the Oregon Natural Heritage Information Center 
(ORNHIC), ODF, and Weyerhaeuser Corporation. 

These two known sites are located on public land managed by ODF. The ACs and the nonresident single areas are 
usually surveyed every year by contractors hired by ODF. If a documented spotted owl AC does not contain a 
male/female spotted owl pair for 3 consecutive years, its status may be changed from an active pair site to a 
historical pair site. None of the sites within 1.5 miles of the Pipeline route had any observations or detections of 
spotted owl during the 2008, 2009, or 2012 survey seasons. 

On the basis of the evaluation in the Applicant-Draft BA of the current status of the northern spotted owl, the 
environmental baseline for the action area, and the effects of the Project, the proposed action is not likely to 
jeopardize the continued existence of the northern spotted owl. Adverse action would occur to 49 acres of critical 
habitat. 

The proposed action would not reduce the abundance or distribution of northern spotted owls within the 
Northern Oregon Coast physiographic province, and is not expected to significantly reduce the likelihood of both 
survival and recovery of the species. Spotted owls are not expected to permanently abandon the action area as a 
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result of the noise disturbance that would be generated by the proposed action and a relatively small amount of 
habitat would be altered. 

3.2.2 Compensatory Mitigation 
Direct effects on the northern spotted owl are unlikely to occur as a result of the proposed action, however 
indirect effects are identified in Section 5.3.2 of the Applicant-Draft BA. The Coast Range habitat mitigation 
described in Section 6 and summarized in Table ES-3 would focus management for late-successional and old-
growth forest, a limiting factor to the survival of the northern spotted owl. 

3.2.2.1. Approach 
Oregon LNG would take a programmatic approach to compensatory mitigation. A system for applying and 
crediting mitigation measures commensurate with impacts is detailed under Conservation Measures in Sections 
5.3.1 and 5.3.2 of the Applicant-Draft BA. Details presented in the context of the assessment of impacts are 
discussed below. 

3.2.2.2. Habitat Acquisition  
Section 3 of the ESA defines “conservation” and includes habitat acquisition as one of the methods that may be 
used. In accordance with the definition of conservation, the Conservation Framework recommended habitat 
acquisition as a conservation measure to offset adverse effects of proposed removal of suitable habitat and other 
indirect effects. Thus, Oregon LNG proposes to provide habitat acquisition as a conservation measure for the 
northern spotted owl. The Conservation Framework devised a scale for categorizing (Low, Moderate, High, and 
Severe, defined in Table 3-1) the significance of impacts according to proximity to the northern spotted owl 
activity center, core, and quantity of NRF habitat subject for removal or other indirect effects. Habitat removal 
and other indirect effects would constitute an adverse effect subject to conservation measures. Mitigation ratios 
for habitat acquisition were established by USFWS in the Conservation Framework, ranging from 6:1 to 1.5:1, the 
former placing a premium on impacts to High NRF habitat in High Impact home ranges and the lower limit 
establishing a minimum no net loss objective for capable habitat in Low Impact home ranges or outside a home 
range. 

The Conservation Framework allows for adjustments to habitat acquisition obligations based on a number of 
considerations, among them occupancy status and spatial elements (distance from nearest northern spotted owl 
home range and clustering patterns of northern spotted owl home ranges or High NRF/NRF patches). For 
example, as stated in Section 5.4.1.3 of the Conservation Framework, “The Service assumes that a Project-related 
activity that produces a High Impact Category disruption would result in the loss of a breeding season for a pair of 
NSO.” However, “loss of a breeding season for a pair of NSO” would depend on the presence of a breeding pair 
and there are none along the Pipeline. Thus, the Service’s assumption that a High Impact disruption would result 
in the loss of a breeding season for a pair of northern spotted owl is not valid for the Project. NRF habitat is 
limited and scattered across the landscape within the Pipeline action area, there are no occupied home ranges 
within the action area, and the land use is primarily industrial forest with limited likelihood of a trajectory for 
establishment of NRF habitat. Current and potential future ecological services that habitat proposed to be crossed 
by the Pipeline provides for the northern spotted owl justifies adjusting the amount of habitat acquisition based 
on the USFWS recommended ratios. Providing habitat acquisition recognizes the adverse effects on northern 
spotted owl habitat, despite their absence. Adjustments to the habitat acquisition obligation acknowledges the 
Project as an additional impact in a landscape where land management surrounding the Project is beyond the 
control of Oregon LNG and has a far greater effect on the recovery of the northern spotted owl than the Project 
itself. 

According to the Conservation Framework, capable habitat in industrial forest would not be subject to mitigation. 
Area of removal during construction of the Pipeline subject to mitigation would amount to about 41.64 acres of 
NRF habitat, and 168.62 acres dispersal habitat (Table 3-2). No high-quality NRF would be affected. Since most of 
northwestern Oregon consists of industrial forest, there is a significant amount of capable habitat. However, the 
Conservation Framework recognizes that in the setting of industrial forestry, capable habitat is not likely to 
regrow to NRF habitat and is thus not be subject to mitigation. To put the magnitude of removal into perspective, 
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there is approximately 644,000 acres of forest land in Clatsop (308,000 acres) and Columbia (336,000 acres) 
counties (OSU Extension Service, 2015a, 2015b). Permanent removal of approximately 210 acres of NRF and 
dispersal habitat would amount to 0.03 percent (three hundredths of one percent) of the total forest land in the 
two counties. The 210 acres is within the range of the year-to-year variability of timber harvest. Stated another 
way, 210 acres would be indistinguishable from the year-to-year fluctuations in timber harvest on the basis of 
board feet or area. 

Table 3-2 summarizes the acres of habitat to be removed and resulting acquisition mitigation according to impact 
category and habitat type within critical habitat, spotted owl home ranges, and areas outside of home ranges and 
designated critical habitat. Capable habitat in the “low and outside” impact category is provided only as baseline 
information and, to be consistent with the Conservation Framework, is not included in mitigation calculations. The 
total amount of capable habitat impacted by habitat removal would be 475.21 acres, of which 3.44 acres not 
located on industrial forest land (capable habitat in the high and moderate impact category; see Table 3-2) would 
require mitigation under the Conservation Framework.  

Table 3-3 summarizes the acres of habitat impacts as a result of other indirect effects and resulting acquisition 
mitigation according to impact category and habitat type within critical habitat, spotted owl home ranges, and 
areas outside of home ranges and designated critical habitat. The total capable habitat impacted by other indirect 
effects would be 3.15 acres, all of which would be mitigated under the Conservation Framework.  

Table 3-4 summarizes adjusted mitigation for removal and other indirect effects, rounded to the nearest acre.  

Conservation easements would be placed on land acquisitions to protect timberlands for suitable habitat for 
northern spotted owl and if within 52 miles of the coast, concurrently for the marbled murrelet. Written plans 
would be prepared that describe long-term prescriptions for management. Management plans may include 
prescriptions for planting, thinning, or other selective timber harvest that would place acquired habitat on a 
trajectory to becoming High NRF habitat. 

Habitat acquisition would focus on the following priorities: 

 Existing special and unique habitats, suitable or occupied threatened and endangered habitat, older forest 
structure, aquatic and riparian habitats, and designated critical habitat 

 In-kind functional habitat that can be managed for late-successional habitat and conserved in perpetuity 

 Existing high-quality habitat 

 Sufficient acquisition commensurate with mitigation ratios 

 Larger contiguous parcels adjacent to existing conservation areas 

 Land capable of enhancing adjacent existing high-quality habitat 

 Land capable of providing opportunities to enhance connectivity between existing high-quality habitats 

Oregon LNG is exploring opportunities for acquiring land in the Coast Range. The Coast Range habitat mitigation 
described in Section 6 and summarized in Table ES-3 would focus management for late-successional and old-
growth forest, a limiting factor to the survival of the northern spotted owl. Land acquisition would be finalized 
once FERC issues NGA Section 7(c) authorization for the Project. 

The Conservation Framework (Section 5.4.1.1) “assumes acquisition of the same Habitat Categories as those that 
are impacted.” However, the ability of the applicant to provide in-kind habitat acquisitions is dependent on the 
marketplace and availability and condition of land. Owners of timberland may be more willing to sell capable 
habitat rather than dispersal or NRF habitat with merchantable timber. As explained in the introductions to 
Sections 2.6 and 5.3, the Conservation Framework was prepared in the context of the proposed Jordan Cove 
Energy and Pacific Connector Gas Pipeline Projects, which cross 90 home ranges, a dozen or more of which are 
occupied (FERC, 2014) where in-kind habitat acquisitions would preserve the existing network of home ranges. 
The need for acquisitions to be in-kind might be more important where there is an immediate need to preserve an 
existing cluster of home ranges that support a viable regional population. In contrast, in Clatsop and Columbia 
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counties, northern spotted owls, independent of the Pipeline, are on a collapsing trajectory as evidenced by few 
occupied home ranges clustered with spacing of   15 kilometers (9.3 miles) (Marcot et al., 2013). Furthermore, 
the amount of NRF habitat acquisition for this Project would not necessarily create, enhance, or connect northern 
spotted owl homes ranges, which is a goal of acquisition conservation. While the in-kind acquisition could be 
applied elsewhere in the Coast Range province where spotted owls exist in greater number than the north coast, 
such acquisition would have little benefit to the recovery of northern spotted owls in the subregion of the 
proposed impacts. In the context of the north Coast Range where the population of northern spotted owls is or 
has already collapsed, there could be a beneficial, long-term trade-off to acquiring out-of-kind habitat. 

Capable, dispersal, NRF, and high NRF are not strictly defined by age of the trees. However, in the mostly 
industrial forest areas of the north Coast Range and the Pipeline route, forests are homogenous stands of even-
aged trees. For a forest to achieve characteristics of dispersal habitat (minimally defined as 11 inches dbh,   40 
percent canopy closure, and open space below the canopy) could take 20 to 30 years, depending on site 
capabilities and stand management. Stands less than 20 years would be capable habitat. Dispersal habitat would 
generally be two to three times older than the median age of capable stands. To achieve the complexity of NRF 
habitat could take 80 years of growth and active management or two to three times the age of a dispersal stand 
or 3 to 5 times the age of a capable stand. The amount of out-of-kind habitat acquisition would be based on the 
approximate ratio in ages between capable, dispersal, and NRF habitat. The rationale for the ratios is that more 
land would need to be acquired to account for temporal loss of habitat functions if higher-quality (older-aged 
stands) had to be replaced with lower-quality habitat (younger-aged stands). The reverse situation would be 
applied in the event that NRF habitat could be acquired to fulfill dispersal or capable habitat obligations. 
Supposing only capable habitat were available for acquisition, then Oregon LNG would acquire capable habitat at 
a 4:1 ratio for NRF habitat. Acquiring capable habitat for dispersal habitat would be done at a 2.5:1 ratio. Under 
this scenario, dispersal habitat would be fulfilled at a ratio of 1:2.5 (NRF:dispersal) and capable habitat would be 
fulfilled with NRF habitat at a ratio of 1:4 (NRF:capable). These scenarios are summarized in Table 3-5. 

The worst-case scenario for out-of-kind land acquisition (i.e., most habitat acquired scenario) would result in the 
purchase of about 2,517 acres of capable habitat (based on the sum of the maximum out-of-kind NRF and 
dispersal acreage; see Table 3-5) or over 11 times the amount of indirect removal impacts of 213 acres.  

Silviculture Treatments 

“In certain circumstances, it may be appropriate to offset NSO habitat removal and other indirect adverse effects 
in Dispersal and Capable Habitat by use of silvicultural treatments in similar habitat to expedite the creation of 
NRF and High NRF Habitat. However, techniques to do so are still being developed and it is uncertain that 
silvicultural treatments can grow NRF or High NRF Habitats substantially faster than natural processes. The 
earliest age for habitat to be considered NRF is 80 years average stand age. Only about 2 percent of 80-year old 
stands have the characteristics of NRF habitat, though, and more typically a stand must be at least 100 years of 
age before it functions as NRF Habitat.” (Conservation Framework, Section 5.4.1.2) 

The Conservation Framework further suggests that “…silviculture is not appropriate mitigation for High NRF and 
NRF habitat impacts, where immediate, functional habitat offsets are necessary.” For this Project, the Pipeline 
crosses only two unoccupied home ranges. Suitable habitat removal would be less than one percent of that 
needed to support a home range and would not significantly alter the current functional capabilities of the home 
ranges. Therefore, functional habitat offsets would not be necessary as an immediate necessity, making 
silvicultural treatments viable alternatives in planning conservation measures. 

With silvicultural treatments, a significant time lag (decades to centuries) still occurs for younger stands (capable 
or young dispersal habitat) to mature and develop into functional suitable habitat. Silviculture is not appropriate 
mitigation for adversely impacted NRF habitat and would only be used to mitigate adverse impacts to capable or 
dispersal habitat. In circumstances where silviculture is an acceptable mitigation action, the mitigation ratios for 
adverse impacts to recruitment habitat using silvicultural treatment are higher than for capable habitat in 
recognition of uncertainties and temporal challenges. 
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For silvicultural treatments, mitigation ratios as shown in Table 3-6 (reprinted from Table 6 in the Conservation 
Framework) would be applied. These ratios would be applied on lands that are not directly acquired by Oregon 
LNG, but made available to the Project for the purpose of fulfilling its mitigation obligations. Oregon LNG would 
be responsible for the costs of silvicultural treatments, including preparation of management plans and costs 
associated with implementing the plan. Dispersement of proceeds or profits, if any, as a result of silvicultural 
treatment would be negotiated between the landowner and Oregon LNG. 
 

Barred Owl Management 

USFWS recognizes competition from the barred owl as a threat to the recovery of the northern spotted owl. 
Furthermore, USFWS is proposing to conduct experimental removal of barred owls as a method to aid in the 
recovery of the northern spotted owl. The Conservation Framework provides a rule set for financial support of the 
barred owl management program. However, the rule set applies to direct impacts on northern spotted owl home 
ranges and no northern spotted owl direct impacts are anticipated for the Project. Even though there are no 
direct impacts to northern spotted owl that would trigger compensatory mitigation via barred owl management 
funding, USFWS has stressed the importance and conservation priority of this conservation measures 
(Young/USFWS, 2014, personal communication). Therefore, in negotiations with the agency, USFWS proposed to 
develop a mix of compensatory northern spotted owl mitigation actions, including barred owl management 
funding, accepted in-lieu of habitat acquisition for up to 25 percent of the obligation for acquiring dispersal 
habitat8. The concept would result in the following formula: fee in-lieu = number of acres of dispersal habitat 
acquisition X 0.25 X market price for acquiring dispersal habitat. The obligation for acquiring dispersal habitat 
would then be reduced accordingly. For every $1,000,000 of estimated land acquisition, Oregon LNG could apply 
$250,000 to a fund that USFWS would use to support experimental projects in barred owl management. The 
Conservation Framework estimates a cost of $2,100 per home range per year for barred owl management. Thus, a 
contribution of $250,000 to the barred owl management program could provide treatment to 120 northern 
spotted owl home ranges for a year.  

Other Considerations for Land Acquisition and Silvicultural Treatments  

Additional requirements for conservation measures, particularly regarding habitat acquisition, would include 
preparation of conservation easements that would protect mitigation lands in perpetuity, preparation of 
management plans prescribing how land would be managed to create and maintain High NRF and NRF habitat, 
and creation of an endowment fund to support land management. Oregon LNG would fully fund these northern 
spotted owl habitat management planning and implementation actions, over life of Project’s effects. 

Enhancing the quality of habitat for northern spotted owls may not solely depend on habitat acquisition. Under 
very specific conditions, it may be appropriate to offset northern spotted owl habitat removal and other indirect 
adverse effects in recruitment and capable habitat by applying silvicultural treatments to capable or recruitment 
habitat. The ultimate goal of applying these silvicultural treatments is to expedite the development of and 
increase the amount, quality, and distribution of northern spotted owl dispersal and NRF habitat. While 
silvicultural treatments would likely be required on acquired land, they may also be applied to land owned by 
others (than Oregon LNG), such as a public entity or conservation organization who may not have the financial 
resources to support habitat enhancement. Management plans, to be funded by Oregon LNG, would be prepared 
regardless of land ownership for acquired lands or for lands where silvicultural treatments would be applied.  

Management plans would address the following: 

 If needed, prescriptions for planting (species and density of planting) 

 Thinning that may be applied to enhance forest complexity 

8  As discussed in a meeting between USFWS and CH2M HILL on October 30, 2014. 
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 Disposal of thinned trees (e.g., leaving them in the forest as downed logs; selling merchantable timber to pay 
for the cost of the management; or applying the sale of merchantable timber to an endowment fund for land 
management) 

 Disposition of existing roads (e.g., ripping and replanting or maintaining them to allow access for forest 
management) 

 Discussion of what existing or new roads may be needed for ongoing forest management or access for fire 
control 

 Contingency process to address unforeseen disaster such as a wildfire 

 Discussion of what recreational or hunting activities may be allowed on conserved land 

 Description of conditions that may warrant some limited timber harvest in the future, proceeds of which 
could be used towards ongoing stewardship  

Impacts to northern spotted owl habitat were based on landscape conditions interpreted from 2014 aerial 
photography. Habitat impacts and therefore habitat acquisition obligations are likely to change prior to 
commencement of construction as a result of ongoing timber harvest that is beyond the control of Oregon LNG. 
Final impacts to suitable habitat and resulting requirements for conservation measures would be reevaluated 
using aerial photography that is no more than 2 years older than the onset of construction (the earlier of the 
Terminal or Pipeline). Final impacts and conservation measures would ultimately be subject to review by the 
interagency Adaptive Management Team. The Services would retain their regulatory authorities under the ESA. 

3.2.3 Contingency 
Oregon LNG is not proposing compensatory mitigation for the northern spotted owl given the absence of known 
occupied sites in the action area. However, compensatory mitigation proposed for general habitat effects in the 
Coast Range (Section 6.0, see also Table ES-3) would be managed in consideration of the northern spotted owl, 
with a focus on late-successional and old-growth habitat. If future preconstruction surveys result in a detection 
within 1.5 miles of the Pipeline, a contingency plan would be implemented to prevent adverse effects. The USFWS 
would be immediately notified and consulted on elements necessary for contingency to prevent “take” or 
“harassment” and would consider the following general options:

 Construction deferment 
 Habitat replacement via land acquisition 
 Exploration of micro route change possibilities (as practicable) 

3.3 Operational Mitigation, Post-Construction Monitoring, and 
Adaptive Management 

Oregon LNG does not propose additional post-construction mitigation measures for northern spotted owls as 
operational activities are not expected to result in adverse effects on northern spotted owls. If unforeseen repairs 
necessitate activities within 1.5 miles of occupied habitat, USFWS would be notified and plans developed to 
implement necessary conservation measures. 

Oregon LNG would monitor the results of northern spotted owl surveys on ODF lands, annually, through the time 
of construction. If a northern spotted owl is detected in or near the construction corridor before or during 
construction, then potential adaptive management may include determinations of potential effect significance; 
temporary suspension of construction activities in the immediate area until the end of the nesting season; or a 
minor reroute of the Pipeline. Additional terrestrial compensatory mitigation may need to be provided, depending 
on the severity of realized effects. 
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Marbled Murrelet 
Proposed mitigation measures for the marbled murrelet address Section 7(a)(1) of the Endangered Species Act, 
which directs federal agencies to use their authorities to further the purposes of the Act by carrying out 
conservation programs for the benefit of T&E species. Conservation recommendations are discretionary agency 
activities designed to minimize or avoid adverse effects of a proposed action on listed species or critical habitat, 
enhance the effectiveness of recovery plans, or provide information on the species. 

The conservation strategy for the marbled murrelet is described in the USFWS Recovery Plan for the Threatened 
Marbled Murrelet (Brachyramphus marmoratus) in Washington, Oregon, and California (Recovery Plan) (USFWS, 
1997). The Recovery Plan recommends that efforts concentrate on maintaining occupied sites, minimizing the loss 
of unoccupied but suitable habitat, and decreasing the time for development of new habitat. The Recovery Plan 
further recommends that efforts be directed at the conservation of suitable and occupied murrelet nesting 
habitat in the Elliott State Forest, Tillamook State Forest, and Siuslaw National Forest to help restore the north-
south distribution of murrelet populations and suitable habitat in Zone 3 (USFWS, 1997). 

Potential effects of actions related to the Project are addressed in Appendix 15 of the Applicant-Draft BA. The 
Recovery Plan lists six Conservation Zones for the marbled murrelet. The Project is located in Zone 3, which spans 
the Oregon Coast from the Columbia River in the north to North Bend, Coos County in the south. The land has 
been actively managed for timber production over the past century. Much of the habitat on nonfederal land is of 
lesser quality because it occurs in smaller, more fragmented blocks. In addition to timber production, forests in 
the Oregon Coast Range have been fragmented by several recurrent catastrophic windstorms and high-severity 
burns, both natural and human caused. The action area for the Pipeline contains little high-quality murrelet 
nesting habitat relative to federal lands in Zone 3. 

The action area of the Pipeline intersects one murrelet critical habitat unit (CHU OR-01-d) in eight distinct areas, 
roughly from MP 34 to MP 42 (TEC and CH2M HILL, 2015; see Appendix 13 [Northern Spotted Owl and Marbled 
Murrelet Habitat Assessments and Survey Reports] to the Applicant-Draft BA). Most of the land in the action area 
and within the CHU is owned by ODF, and a small portion is under private ownership. Most of the forested areas 
within the action area and the CHU have been harvested for timber within the last 60 years, according to 
estimated stand age data provided by ODF. The Project area contains PCEs of marbled murrelet critical habitat 
within the CHU. In 2008, Oregon LNG conducted a habitat assessment to identify potentially suitable habitat for 
the marbled murrelet within 1.5 miles of the Pipeline (see Habitat Assessment—Potential Northern Spotted Owl 
and Marbled Murrelet Habitat on Lands Adjacent to the Oregon LNG Pipeline and Applicant-Draft BA Appendix 13) 
within Clatsop, Columbia, Tillamook, and Washington counties in Oregon. The methods used were the same as 
those described above for northern spotted owl. In 2012, Oregon LNG assessed the availability of suitable 
marbled murrelets habitat within 1.5 miles of the Pipeline in Columbia County, Oregon (see Northern Spotted Owl 
and Marbled Murrelet Habitat Assessment for Oregon LNG Reroute in Applicant-Draft BA Appendix 13). 

Protocol marbled murrelet surveys were conducted from 2008 to 2009 and from 2012 to 2013. Oregon LNG 
completed 69 marbled murrelet surveys during the first 2-year protocol period (2008-2009) survey period (see the 
2009 Final Report for Oregon LNG Northern Spotted Owl and Marbled Murrelet Surveys in Applicant-Draft BA 
Appendix 13) and 50 marbled murrelet surveys during the 2012-2013 protocol surveys (see Oregon LNG Project 
Survey Report 2013 Marbled Murrelet and Northern Spotted Owl in Applicant-Draft BA Appendix 13). The surveys 
were conducted on 17 sites9 at a total of 22 survey stations. During fieldwork conducted in 2008 and 2009, 
Oregon LNG observed a single marbled murrelet high above the forest canopy indicating non-nesting behavior 
within the survey area, but revealing that marbled murrelets use the area to migrate to nesting and foraging 

9  As a result of changes in the Project design, the first 2-year protocol survey period was initiated in 2007 and the second was initiated in 2012. Restricted 
access on private land limited the ability of Oregon LNG to survey some areas with suitable habitat for marbled murrelet. 

EN0427151027PDX 4-1 

                                                            



APPLICANT-PREPARED CONCEPTUAL MITIGATION PLAN FOR THE OREGON LNG TERMINAL AND OREGON PIPELINE PROJECT 

habitat. Otherwise, none of the possible habitat delineated from habitat modeling was occupied in the survey 
area in 2008 and 2009. No murrelets were observed during the 2012 to 2014 surveys. 

4.1 Onsite Mitigation 
Oregon LNG identified eight suitable habitat units (SHUs) for marbled murrelets within 0.25 mile of the Oregon 
LNG Project (Table 4-1). Six of the eight SHUs were surveyed to protocol for at least two consecutive years 
between 2009 and 2014 with probable absence (TEC, 2009, 2013, 2014; updated BA Appendix 13). The remaining 
two SHUs were not surveyed due to access restrictions and are assumed occupied. 

Fieldwork conducted in 2008, 2009, 2012, and 2014 can be summarized as follows: 

 Two years of protocol surveys for marbled murrelets were completed in 2009. One visual observation of a 
marbled murrelet well above canopy height in 2008 indicated non-nesting behavior near the Pipeline corridor. 

 Two years of protocol surveys for marbled murrelets were completed in 2014. No marbled murrelets were 
detected during the 2012 to 2014 surveys. Two areas of suitable habitat could not be surveyed due to access 
restrictions and are assumed to be occupied. When access to property is obtained, surveys would be 
conducted for marbled murrelets in suitable habitats within the action area where current survey data are 
deficient. This would aid in documenting marbled murrelet inland ranges and habitat use. 

The Pipeline route avoids areas of suitable marbled murrelet habitat and designated critical habitat to the 
greatest extent practicable. Oregon LNG recommendations are to avoid, minimize, or restore unavoidable 
adverse effects and as well as promote the recovery of marbled murrelets with the following measures: 

 Reduce the width of the construction corridor to 75 feet where PCE1 trees are located in the CHU. 

 Survey for murrelets in suitable habitats within the action area where current survey data are deficient. This 
would aid in documenting murrelet inland ranges and habitat use. 

 Avoid construction activities within 0.25 milesof occupied and assumed occupied sites during the critical 
breeding period (April 1 to August 5), except for the transportation of heavy equipment on high-use roads. 
Construction activities which occur during the late breeding period and within the disturbance distance (0.25 
miles) but greater than 100 yards from occupied sites would adhere to daily dawn-to-dusk timing restrictions, 
where construction activities would begin precisely 2 hours after sunrise and end 2 hours before sunset. 

 Avoid removal of occupied and assumed occupied suitable nesting habitat during the entire nesting period 
(April 1 through September 15). 

 Avoid construction activities within 100 yards of occupied and assumed occupied sites during the entire 
breeding period (April 1 to September 15), except for the transportation of heavy equipment on high-use roads. 

 Avoid construction activities within 0.25 miles of occupied and assumed occupied sites during the critical 
breeding period (April 1 to August 5), except for the transportation of heavy equipment on high-use roads. 
Construction activities which occur during the late breeding period and within the disturbance distance (0.25 
miles) but greater than 100 yards from occupied sites would adhere to daily dawn-to-dusk timing restrictions, 
where construction activities would begin precisely 2 hours after sunrise and end 2 hours before sunset. 

 Minimize clearing and construction for new access roads to reduce removal of potential recruitment or suitable 
habitat and creation of new forest edges. 

 Transport heavy equipment on high-use roads during the critical and late breeding periods with adherence to 
daily timing restrictions (dusk to dawn-2 hours after sunrise and ending 2 hours before sunset).  

 Minimize clearing Douglas-fir, Sitka spruce, western hemlock, or western red-cedar trees that have potential 
nesting platforms within the designated CHU, to the greatest extent possible. Maintaining these structures 
would accelerate the recruitment of suitable habitat within the unit. Oregon LNG would reduce the width of 
the construction corridor to 75 feet where PCE1 trees are located in the CHU. 
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 Restrict the use of heavy equipment, helicopters,10 and chainsaws within 0.25 mile of any known or assumed 
occupied nest site during the daily peak activity periods (from 2 hours before official sunrise to 2 hours before 
official sunset).  

 Implement a lighting plan at the Terminal that incorporates the following elements: (a) directional lighting 
facing onshore to the extent possible, (b) screens or lighting hoods, (c) motion-activated lighting, (d) full-cutoff 
light fixtures, which have no direct uplight, help eliminate glare, and are more efficient by directing all lighting 
down to the intended area only, and (e) strobing lights to the greatest extent practicable. 

 Send results of survey efforts to USFWS on an annual basis, in order to maintain and update baseline 
information. Oregon LNG would provide USFWS with the results of 2 years of protocol surveys as they become 
available. 

 To the greatest practicable extent, maximize use of vibratory hammers and minimize impact hammers for pile 
driving to minimize underwater noise. 

 Use pile caps and bubble curtains to minimize underwater noise from pile driving. 

 Although blasting is not a proposed action, if it were to occur within a mile of suitable habitat, BMPs would 
include avoidance of such action during the critical breeding season (April 1 to August 5); minimizing the 
quantity of charges to the least amount required; and use of blasting mats, sand, or crushed rock to reduce 
sound generation. 

The Recovery Plan (USFWS, 1997) recommended that restoration efforts concentrate on maintaining occupied 
sites, minimizing the loss of unoccupied but suitable habitat, and decreasing the time for development of new 
habitat. Oregon LNG has demonstrated its commitment to these recovery goals by avoiding occupied sites and 
minimizing the loss of unoccupied but suitable habitat. During 2012, Oregon LNG had a multidisciplinary team 
consisting of marbled murrelet biologists and geotechnical engineers redesign the route through Columbia County 
to avoid mature forest stands, including stands with suitable murrelet nesting structure. The Recovery Plan 
further recommended that efforts be directed at the conservation of suitable and occupied marbled murrelet 
nesting habitat in the Elliott State Forest, Tillamook State Forest, and Siuslaw National Forest to help restore the 
north-south distribution of marbled murrelet populations and suitable habitat in Zone 3 (TEC, 2008; USFWS, 
1997). Oregon LNG is proposing to provide habitat mitigation in accordance with the Conservation Framework. 

4.2 Effects and Compensatory Mitigation 
There is a low likelihood that direct take of nesting marbled murrelets would occur, because although the species 
was not documented within 0.25 mile of the Project during 4 years of protocol surveys, two areas of suitable 
habitat could not be surveyed due to access restrictions and are assumed to be occupied by the species. 

Compensatory mitigation for effects on CHU habitat would be stacked in association with compensatory 
mitigation for Northern spotted owl and ODFW habitat mitigationhabitat, to the extent that such mitigation 
occurrs within 52 miles of the coast.  

To offset unavoidable adverse effects, and to mitigate for temporal effects from Pipeline clearing in designated 
critical habitat and suitable marbled murrelets nesting habitat, Oregon LNG proposes to acquire land for securing 
conservation easements. This approach is also intended to offset unavoidable and temporal effects related to 
upland and riparian resources in the Coast Range and benefit compensatory objectives. Habitat acquisition would 
be in locations that can be managed and preserved for old-growth habitat. 

The Project actions are not expected to significantly reduce the likelihood of survival and recovery of the species. 
General construction disturbance of marbled murrelets may affect their behavior, but there is a low likelihood of 
‘take’ of any individuals. Construction activities would occur outside the critical nesting period of any known or 
assumed occupied marbled murrelet habitat. Oregon LNG identified eight areas of suitable marbled murrelet 

10  Type 1 helicopter use can affect murrelets for up to 0.5 mile. Type I helicopters seat at least 16 people and have a minimum capacity of 5,000 pounds. 
Both a CH-47 (Chinook) and UH-60 (Blackhawk) are Type I helicopters. All other helicopters have 0.25-mile disturbance. 
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habitat within the action area, which are distributed sporadically along approximately half of the Pipeline (Oregon 
LNG Project Survey Report 2013—Marbled Murrelet and Northern Spotted Owl [TEC, 2013; Applicant-Draft BA 
Appendix 13]). Seven of the eight marbled murrelet SHUs within the Pipeline easement are located between MP 
30 and MP 46. 

The proposed action would remove approximately 40 acres of designated critical habitat within the Pipeline 
construction right-of-way, including temporary and ATWS. 

The area of the proposed construction right-of-way located within the CHU contains only one of the PCEs of 
marbled murrelet critical habitat. No trees with potential nesting platforms, the requirement for PCE1, would be 
removed or modified. 

To offset unavoidable adverse effects, and to mitigate for temporal effects from Pipeline clearing in designated 
critical habitat and suitable marbled murrelets nesting habitat, Oregon LNG proposes to provide habitat 
acquisition as a conservation measure for marbled murrelet. The Conservation Framework devised a scale for 
categorizing the significance (Low, Moderate, High, and Severe, defined in Table 4-2) of impacts according to the 
type of habitat that would be affected and its proximity to suitable habitat. Removal and other indirect effects 
would constitute an adverse effect subject to habitat acquisition as a conservation measure. Mitigation ratios for 
habitat acquisition were established by USFWS in the Conservation Framework, ranging from 8:1 to 1.5:1, the 
former placing a premium on impacts to High suitable habitat and the lower limit establishing a minimum no net 
loss objective for capable habitat in Low Impact units or outside SHUs. As a result of the specific importance of 
suitable nesting trees, loss of individual trees suitable for nesting by the species is mitigated at a higher ratio.  

The Conservation Framework allows for adjustments to be made to habitat acquisition obligations based on a 
number of considerations, among them stand occupancy or status, acreage of suitable habitat to be removed, 
critical habitat designation, biological viability of any habitat fragments created, proximity to the marine 
environment, and unique Project attributes per agreement with the Service. As a result of operations on industrial 
forests, current and potential future ecological services that habitat proposed to be crossed by the Pipeline 
provides for the marbled murrelet justifies adjusting the amount of habitat acquisition based on the USFWS 
recommended ratios. Providing habitat acquisition recognizes the potential adverse effects on marbled murrelet, 
despite their absence. Adjustments to the habitat acquisition obligation acknowledge the Project as an additive 
impact in a landscape where land management surrounding the Project is beyond the control of Oregon LNG and 
has a far greater effect on the recovery of the marbled murrelet than the Project itself. 

Table 4-3 summarizes the acres of habitat to be removed and resulting acquisition mitigation according to impact 
category and habitat type within critical habitat and areas outside of critical habitat.  

Table 4-4 summarizes the acres of other indirect impacts and resulting acquisition mitigation according to impact 
category and habitat type within critical habitat and areas outside of critical habitat. 

Table 4-5 summarizes adjusted area of habitat acquisition for removal and other indirect effects. 

The Conservation Framework calls for in-kind (according to stand age) habitat acquisitions. However, the ability of 
the applicant to provide in-kind habitat acquisitions is dependent on the marketplace, availability of willing sellers, 
and condition of land. Owners of timberland may be more willing to sell clear-cut or recently clear-cut or recently-
cut land (i.e., capable habitat) than land  with merchantable timber in age classes greater than 60 years 
(recruitment or suitable habitat age classes). Supposing only capable habitat were available for acquisition, then 
Oregon LNG would acquire capable habitat at a 5:1 ratio for suitable habitat. Acquiring capable habitat for 
recruitment habitat would be done at a 3.5:1 ratio. These ratios would be applied to the acres in Table 4-5. The 
rationale for the ratios is that more land would need to be acquired to account for temporal loss of habitat 
functions if higher quality (older aged stands) had to be replaced with lower quality habitat (younger aged stands). 
The reverse situation would be applied in the event that suitable habitat could be acquired to fulfill recruitment or 
suitable capable habitat obligations. Under this scenario, recruitment habitat would be fulfilled at a ratio of 1:1.5 
(suitable: recruitment) and capable habitat would be fulfilled with suitable habitat at a ratio of 1:5 
(suitable:capable). These scenarios are summarized in Table 4-6. 
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Forest land acquired for conservation would continue to naturally mature and either gain or maintain the 
characteristics of suitable murrelet habitat over a 100-year period, or the lifetime of the Project. This assumes 
that potential nesting structure would develop within an acquired conservation area roughly 90 years after the 
last stand-replacing event or that western hemlock mistletoe brooms are present to provide nesting structure as 
soon as 60 years. In theory, a young, capable (10-year-old) forest stand would become recruitment habitat about 
50 years after acquisition and develop suitable murrelet nesting platforms about 70 to 80 years after acquisition. 
Likewise, a mature stand (60-year-old) would likely serve as suitable habitat as soon as 20 years after acquisition. 
Out-of-kind habitat acquisition ratios are based on the relationships between estimated years from current stand 
status to future ecological function as suitable murrelet habitat over the next 100 years: 

 Capable = 20 years of suitable habitat function 
 Recruitment = 70 years of suitable habitat function 
 Suitable = 100 years of suitable habitat function 

Conservation easements would be placed on land acquisitions to protect timberlands for suitable habitat for land 
acquired within 52 miles of the coast. Since both the marbled murrelet and northern spotted owl are dependent 
on older forests, habitat acquisition suitable for marbled murrelet would also provide functional mitigation for the 
northern spotted owl. Habitat acquisitions could be used to satisfy conservation meausres for the two species, 
simultaneously. Written plans would be prepared that describe long-term prescriptions for management.  

Management plans would include prescriptions for planting, thinning, or other selective timber harvest that 
would place acquired habitat on a trajectory to becoming suitable habitat: 

 If needed, prescriptions for planting (species and density of planting) 

 Thinning that may be applied to enhance forest complexity 

 Disposal of thinned trees (e.g., leaving them in the forest as downed logs; selling merchantable timber to pay 
for the cost of the management; or applying the sale of merchantable timber to an endowment fund for land 
management) 

 Disposition of existing roads (e.g., ripping and replanting or maintaining them to allow access for forest 
management) 

 Discussion of what existing or new roads may be needed for ongoing forest management or access for fire 
control 

 Contingency process to address unforeseen disaster such as a wildfire 

 Discussion of what recreational or hunting activities may be allowed on conserved land 

 Description of conditions that may warrant some limited timber harvest in the future, proceeds of which 
could be used towards ongoing stewardship 

Habitat acquisition would focus on the following priorities: 

 Existing special and unique habitats, suitable or occupied threatened and endangered habitat, older forest 
structure, aquatic and riparian habitats, and designated critical habitat 

 High-quality functional habitat that can be managed for late-successional habitat and conserved in perpetuity 

 Existing high-quality habitat 

 Sufficient acquisition commensurate with mitigation ratios 

 Larger contiguous parcels adjacent to existing conservation areas, SHUs, and designated critical habitat 

 Land capable of enhancing adjacent existing high-quality habitat  

 Land capable of providing opportunities to enhance connectivity between existing high-quality habitats 
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 Land capable of simultaneously providing functional habitat for the northern spotted owl 

Oregon LNG is exploring opportunities for acquiring land in the Coast Range. Land acquisition would be finalized 
once FERC issues NGA Section 7(c) authorization for the Project. 

Additional requirements for conservation measures, particularly regarding habitat acquisition, would include 
preparation of conservation easements that would protect mitigation lands in perpetuity, preparation of 
management plans prescribing how land would be managed to create and maintain suitable nesting habitat, and 
creation of an endowment fund to support land management. Oregon LNG would fully fund these marbled 
murrelet habitat management planning and implementation actions. Investment in the endowment fund (amount 
to be determined in coordination with the Adaptive Management Team) would occur over the first 10 years of the 
Project. Upon full investment, the endowment fund would support land management over the life of the Project’s 
effects.  

Enhancing the quality of habitat for marbled murrelets may not solely depend on habitat acquisition. Under 
specific conditions, it may be appropriate to offset marbled murrelet habitat removal and other indirect adverse 
effects in recruitment and capable habitat by applying silvicultural treatments to capable or recruitment habitat. 
The ultimate goal of applying these silvicultural treatments is to expedite the development of and increase the 
amount, quality, and distribution of marbled murrelet suitable habitat. While silvicultural treatments would likely 
be required on acquired land, they may also be applied to land owned by others (than Oregon LNG), such as a 
public entity or conservation organization who may not have the financial resources to support habitat 
enhancement.  

With silvicultural treatments, there still is a significant time lag (decades to centuries) for younger stands (capable 
or recruitment habitat) to mature and develop into functional suitable habitat. Therefore, silviculture is not 
appropriate mitigation for adversely impacted suitable habitat and would only be used to mitigate adverse 
impacts to capable or recruitment habitat. In circumstances where silviculture is an acceptable mitigation action, 
the mitigation ratios for adverse impacts to recruitment habitat using silvicultural treatment are higher than for 
capable habitat in recognition of uncertainties and temporal challenges. 

For silvicultural treatments, mitigation ratios and the amount of land on which treatments are applied would 
follow the ratios in Table 4-7 for recruitment habitat types.  

Impacts to marbled murrelet habitat were based on landscape conditions interpreted from 2014 aerial 
photography and ground-truthed during protocol surveys. Habitat impacts and therefore habitat acquisition 
obligations are likely to change prior to commencement of construction as a result of ongoing timber harvest that 
is beyond the control of Oregon LNG. Final impacts to suitable, recruitment, and capable habitat and resulting 
requirements for conservation measures are subject to change and would be reevaluated using aerial 
photography that is no more than 2 years older than the onset of construction (the earlier of the Terminal or 
Pipeline). Final impacts and conservation measures would be subject to review and approval by the interagency 
Adaptive Management Team. The Services would retain their regulatory authorities under the ESA. 
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Fish 
Fish species and their habitat that would potentially be affected by the Project are addressed in Section 3.1 of 
Resource Report 3 and Sections 3.1 to 3.9 of the Applicant-Draft BA. Effects and measures to mitigate them are 
addressed in Section 3.5.1 and Appendix 3B (Aquatic Survey Reports) of Resource Report 3, and Applicant-Draft 
BA Appendix 15 (Summary of Potential Effects and Mitigation Measures for Protected [ESA, MBTA, MMPA] and 
Sensitive Habitats Associated with the Oregon LNG Bidirectional Project). They are analyzed in greater detail and 
discussed further in Sections 3.4 (Terminal Effects and Conservation Measures) and 3.5 (Pipeline Effects and 
Conservation Measures) of the Applicant-Draft BA. 

Section 5.1 addresses Project effects on fish and describes the onsite mitigation measures (avoidance, 
minimization, and conservation) that would be used to either eliminate or reduce those effects. Section 5.2 
outlines a compensatory mitigation plan that has been designed to more than compensate for both direct and 
indirect effects on fish and their habitat that are unavoidable or cannot be reduced to insignificant levels through 
the avoidance, minimization, and conservation measures described in Section 5.1. The mitigation plan focuses on 
effects on listed species of fish and their habitat, but would also mitigate for effects on nonlisted species and their 
habitat. 

5.1 Onsite Mitigation, Avoidance, and Minimization Measures 
As stated in the section above, Applicant-Draft BA Appendix 15 consists of a table that summarizes measures 
taken to avoid and minimize effects on fish. The table reviews measures associated with the Pipeline and 
Terminal. The sections that follow provides additional details and descriptions. Avoidance and minimization 
measures summarized in Appendix 15 are applicable to actions in Section 8, Stream Channels and Waterbodies, 
later in this report. 

5.1.1 Pipeline 
The onsite avoidance, minimization, and conservation measures for potential Pipeline effects on individual ESA-
listed fish, critical habitat, existing conditions, and fish not related to critical habit are based on effects 
summarized in Tables 3.8-4 through 3.8-20 of the Applicant-Draft BA. 

Negative effects on ESA-listed salmonids expected to result as a consequence of Pipeline construction would be 
primarily short term during active construction. The most significant of these negative effects include effects on 
individual salmonids resulting from fish salvage and increased turbidity downstream of flume and open-cut 
stream crossings. To avoid negative effects on ESA-listed salmonids, horizontal directional drilling (HDD) methods 
would be implemented so that construction and installation of the Pipeline would be below the bottom of the 
streambed, preventing disturbance to channel geometry, habitat features, aquatic and riparian species, and water 
quality at 13 locations(Table 5-1). 

There are a limited number of flume crossings where salvage and turbidity increases would affect listed 
Evolutionarily Significant Units (ESUs), and any one ESU is not affected by more than eight such crossings. 
Implementation of the conservation measures described below would minimize the negative effects on individual 
fish and should limit “take” primarily to harassment and short-term behavioral effects. As discussed in Section 5.2, 
a very small number of fish potentially could suffer mortality during the salvage operations. Changes to instream 
habitat are expected to be mitigated by the proposed conservation measures described below. 

Longer-term effects would include a small loss of shade at each crossing for several years post-construction and a 
minor loss of large woody debris (LWD) recruitment potential. The shade lost is not expected to raise stream 
temperatures (CH2MHILL, 2009). Loss of LWD recruitment would be mitigated by placing LWD as appropriate, by 
rehabilitating riparian areas and as would be discussed in Section 5.2 through offsite long-term protection of 
mature, high-quality riparian habitat. Taken as a whole, the Project would have limited negative effects that 
largely would be offset by the proposed conservation measures. 
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5.1.1.1. Fish Salvage 
Fish within the construction zone at each flumed Pipeline crossing would be removed before construction 
following a detailed fish salvage plan. This plan has been developed and was originally presented in Resource 
Report 3, Appendix 3B, as the Oregon LNG Pipeline Waterbody Crossing: Fish Salvage Plan technical 
memorandum, filed with FERC by Oregon LNG in October 2008, and revised and resubmitted as Appendix 3O on 
June 7, 2013 (see Appendix 2C to the Applicant-Draft BA for the 2013 plan). Before fish salvage activities are 
conducted, an ODFW/NMFS Scientific Taking Permit would be obtained for species that may be encountered at 
any of the crossing areas, including species listed under the federal ESA. 

Fish species likely to be encountered during fish salvage activities include salmonids (salmon and trout), cyprinids 
(minnows), cottids (sculpins), gasterosteids (sticklebacks), petromyzontids (lampreys), catostomids (suckers), 
ictalurids (catfish), and centrarchids (sunfish and bass). A detailed list of fish species likely to be encountered at 
Pipeline stream crossings is available in Section 3.1 of Resource Report 3. 

Crossing methods that involve in-water or in-channel work would be constructed during the designated ODFW In-
water Work Window (ODFW, 2008) unless specifically authorized in writing by ODFW. In-water work window 
guidelines minimize potential adverse effects on fish and wildlife and their habitats. They also usually avoid 
sensitive life stages, including spawning, rearing, and migration. 

A qualified fisheries biologist would be onsite to oversee and conduct fish salvage operations. Appropriate fish 
handling permits would be obtained from ODFW and NMFS before fish salvage begins, and collected fish would 
be relocated immediately to an appropriate area within the same stream. Because lampreys may be present at 
waterbody crossings, special salvage procedures have been incorporated into this fish salvage plan to account for 
the capture of lamprey ammocoetes or other larval stages (see 2(i) below). 

Fish would be salvaged using backpack electrofishing equipment, traps, seines, or other approved methods. If 
electrofishing equipment is to be used and potential ESA species may be present, NMFS electrofishing guidelines 
would be followed (NMFS, 2000). Electrofishing is the most appropriate method for capturing lamprey 
ammocoetes (larvae) during salvage activities. Traps can be used, but they typically capture lampreys as they 
migrate upstream or downstream. 

Additionally, any fish that are captured would be handled according to requirements in the Scientific Taking 
Permit and which involve the following standards: 

 Before and intermittently during isolation of the in-water work area, capture fish trapped in the area by using 
a trap, seine, electrofishing, or other methods as are prudent to minimize risk of injury, then release them at a 
safe release site. 

 Do not use electrofishing if water temperatures exceed 18 degrees Celsius (°C) or are expected to rise above 
18°C, unless no other method of capture is available. 

 Take fish by backpack electrofishing, seining, or other approved method. If electrofishing equipment is used to 
capture fish, comply with NMFS electrofishing guidelines (NMFS, 2000). 

 Handle ESA-listed fish with extreme care, keeping fish in water to the maximum extent possible during seining 
and transfer procedures to prevent the added stress of out-of-water handling. 

 Ensure that water quality conditions are adequate in buckets or tanks used to transport fish by providing 
circulation of clean, cold water; using aerators to provide dissolved oxygen; and minimizing holding times. 

 Release fish into a safe release site as quickly as possible, and as near as possible to capture sites. 

 Do not transfer ESA-listed fish to anyone except NMFS personnel, unless otherwise approved in writing by 
NMFS. 

 Allow NMFS or its designated representative to accompany the capture team during the capture and release 
activity, and to inspect the team’s capture and release records and facilities. Submit an electronic copy of the 
Salvage Report Form to NMFS within 10 calendar days of completion of the salvage operation. 

5-2 EN0427151027PDX 



SECTION 5—FISH 

 Rescue/salvage (take) of fish during isolation of in-water work areas at Pipeline waterbody crossings would 
include handling of adults or juveniles. Fish handled must be recorded in the annual report for the Scientific 
Taking Permit. 

 In-water work (fish salvage or construction) may occur between the specific designated in-water work 
windows for each specific waterbody. Exceptions to these in-water work periods must be approved by the 
local ODFW District Fish Biologist or his/her representative and submitted to the ODFW ESA Program 
Specialist, in writing, before work commences outside the approved in-water work windows. 

 Activities must be coordinated with the local ODFW District Fish Biologist before any sampling. 

 Indirect mortality may not exceed 10 percent of the total take, or—for species listed under the federal ESA—
up to a specified number of individuals. In the event that mortality for any species exceeds the specified rate, 
the permittee would contact the ESA Program Specialist, ODFW, before any further activity. 

The ODFW in-water work windows for waterbodies to be crossed by the Pipeline are provided in Attachment 1 of 
the Oregon LNG Pipeline Waterbody Crossing: Fish Salvage Plan technical memorandum originally submitted to 
FERC in 2008, and revised and resubmitted in June 2013 as Resource Report 3, Appendix 3O (see Appendix 2C of 
the Applicant-Draft BA for the June resubmittal version). 

The following general procedures and steps would be conducted during salvage activities at crossing sites: 

1. Set block nets upstream and downstream of the area to be crossed to ensure that fish or lampreys cannot 
enter the construction area. 

2. Conduct the salvage between the block nets by using electrofishing equipment, seine, trap, or other approved 
method. If using electrofishing equipment, a minimum two-pass method would be employed to ensure that 
fish and lampreys are captured. Electrofishing equipment is the most appropriate method for capturing larval 
lamprey during salvage activities at crossing sites. 

a. The first electrofishing pass of the minimum two-pass method would be specifically for capturing larval 
lamprey. The electrofishing unit would be set to deliver three pulses/ second (125 volts direct current [dc]) 
at 25 percent duty cycle, with a 3:1 burst pulse train (three pulses on, one pulse off) to remove larvae 
from the substrate (USFWS, 2002). Once larvae emerge, 30 pulses/second would be applied to stun the 
larvae. 

b. The second and subsequent electrofishing passes would be to capture fish that may be in the area and 
were not captured during the first electrofishing pass. The electrofishing unit would be set accordingly to 
deliver the appropriate pulse rate/ second at the appropriate voltage and duty cycle based in part on fish 
size, streamflow, velocity, depth, temperature, and conductivity. 

3. Captured fish and lampreys would be handled to the minimal extent possible and placed in containers of 
clean, aerated water. Individuals would be held in containers for the minimal time necessary. Captured 
individuals would be enumerated, identified, and noted in a field logbook before being released. Captured 
individuals would be released into a safe site as quickly as possible, and as near as possible to capture sites. 

4. After lampreys and other fish have been captured in the construction area, install the flume or dam-and-
pump equipment. 

5. Inspect the isolated area for stranded fish and salvage, if necessary. 

6. Construct crossing, restore waterbody channel, and remove flume equipment to restore flow in the 
construction area per the guidelines below: 

a. When downstream siltation must be avoided, flumes are generally not recommended for use where 
waterbodies have a broad unconfined channel, permeable substrate, excessive discharge, or where a 
significant amount of bed or bank alteration is required to install flumes or dams. 

b. Schedule crossing during low-flow period, if possible. 
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c. Complete watercourse activities as expediently as possible. In accordance with FERC procedures, the 
duration of construction would be limited to 24 hours across minor waterbodies (10 feet wide or less) and 
48 hours across intermediate waterbodies (between 10 and 100 feet wide). 

d. Do not refuel mobile equipment within 150 feet of a waterbody. Refuel stationary equipment per the 
SWPPP submitted to FERC in June 2013 (see Appendix B). 

e. Minimize riparian clearing to accommodate stream size, terrain, and existing vegetation conditions, and 
to avoid removal of significant trees, where possible, at the margins of the temporary construction zone. 
Existing LWD would be salvaged for reinstallation, and a sufficient quantity of large-diameter conifer logs 
would be stockpiled for post-construction aquatic habitat enhancement. 

f. Install temporary equipment crossing. 

g. In agricultural land, strip topsoil from spoil storage area. 

h. Instream spoil to be stored on banks a minimum of 150 feet from the top of bank for perennial streams. 

i. Leave hard plugs at the stream bank edge until just before pipe installation. 

j. Size flume to handle 150 percent of the anticipated flows. Install flume in watercourse and maintain 
correct alignment until removed. 

k. Construct upstream dam followed by downstream dam. Install a flange on upstream end of flume and 
seal to substrate with sandbags and polyethylene liner where necessary to ensure a watertight barrier. 
“Key” dams into banks or construct secondary dam, if necessary. 

l. Pump stream channel between dams, if necessary. Discharge water through a dewatering structure and 
onto a stable, well-vegetated area to prevent erosion and sedimentation. No heavily silt-laden water may 
be discharged in the stream. 

m. Construct sediment barriers (straw bales and/or silt fence) to prevent silt-laden water and spoil from 
flowing back into the watercourse. Constructed sediment barriers shall extend along the sides of the 
stockpiles and the ends of dams. Barriers may be temporarily removed to allow construction activities but 
must be replaced by the end of each work day. 

n. Complete prefabrication of instream pipe section and weight pipe as necessary before commencement of 
instream activity. 

o. Trench through watercourse. Install temporary (soft) plugs, if necessary, to control water flow and trench 
sloughing. 

p. Maintain streamflow, if present, through flume throughout crossing construction. 

q. Lower-in pipe, install trench plug, and backfill immediately. 

r. Backfill with native material. 

s. Restore watercourse channel to approximate preconstruction profile and substrate. 

t. Restore stream banks to approximate original condition and stabilize, as required. 

Restoration and cleanup would begin after the trench is backfilled or as soon as weather and site conditions 
permit, and in accordance with landowner requests, the FERC Plan, and as described in Resource Report 2, 
Appendix 2D. These fish salvage procedures would be followed at the Pipeline crossings requiring fish salvage. A 
field log would be kept for each fish salvage operation that documents the number of fish by species and age 
group (adult or juvenile), disposition of released fish noting any injuries or mortalities, date, salvage team 
members, and general observations. After stream crossings and salvages have been completed, a report would be 
compiled that summarizes the number of fish salvaged by species and their disposition. 

Rivers and streams that are known to support anadromous salmonids in the Northern Oregon Coastal and 
Willamette basins, and would be crossed using flume and open-cut crossing methods, are listed in Appendix C 
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(Characteristics of Streams Crossed by the Pipeline). Those listed as open-cut crossings are assumed to be dry 
during the in-water work window. Streams that contain water during Pipeline construction would be crossed 
using the flume method. 

Many perennial named and unnamed streams that the Pipeline would cross are likely to support resident coastal 
cutthroat trout or nongame fish species such as sculpin. Perennial streams are assumed to support fish and would 
require fish salvage at the crossing site. 

5.1.1.2. Physical Instream Habitat Alteration 
Physical instream habitat alteration would be avoided to the extent possible through conscientious Pipeline siting 
and the judicious use of HDD methods. The techniques discussed below would be employed to restore and 
minimize effects on instream habitat at flumed Pipeline crossings. Stream habitat would be restored, as closely as 
possible, to preconstruction condition by using appropriate available technologies. Native materials (including 
large wood, native vegetation, weed-free topsoil, and native channel materials [gravel, cobble, and boulders]) 
disturbed during site preparation would be conserved onsite for site restoration. The following actions would be 
taken to preserve and replace native materials and to restore the morphology of the stream: 

 Locations of instream habitat features would be photo-documented before construction. 

 If possible, native materials would be undisturbed. Where stream bank areas require clearing, vegetation 
would be clipped at ground level to retain root mass and encourage reestablishment of native vegetation. 

 During removal, streambed material would be segregated according to vertical horizons and backfill would 
occur in reverse order. Native materials that are moved, damaged, or destroyed would be replaced with a 
functional equivalent during site restoration. 

 LWD taken from below the Ordinary High Water Line and within 150 feet of a stream—along with native 
vegetation, weed-free topsoil, and native channel material displaced by construction—would be retained for 
use during site restoration. 

 As part of the site restoration, LWD taken from the riparian zone or stream during construction would be 
returned to those areas and placed in a natural configuration. 

 The waterbody would be restored to its preconstruction contours by using native materials augmented by 
functionally equivalent fill. 

Stream bank erosion would be minimized by clearing the smallest amount of vegetation possible at stream 
crossings and grubbing only over the ditch line. Rootstocks would be left in place for erosion control and rapid 
post-construction vegetative regeneration, in addition to seeding and mulching, planting native vegetation (where 
necessary), and—in some cases—use of biodegradable erosion control fabrics. 

Stream crossings would be conducted in compliance with the FERC Plan and Procedures for Pipeline stream 
crossings. They would be monitored after construction to ensure that bank stabilization methods employed were 
effective in abating increased sedimentation. Immediately after pipe installation and backfilling, and before the 
dams and flumes are removed and flow is returned to the waterbody channel, the stream banks would be 
reestablished to approximate preconstruction contours and stabilized. Erosion and sediment control measures 
would be installed across the construction easement to reduce stream bank and upland erosion and sediment 
transport into the waterbody. 

At stream crossings, the pipe would be buried at a depth to minimize the risk of exposure from vertical erosion or 
lateral migration. In the vertical dimension, the pipe would have a minimum of 3 feet of cover below the scour 
depth. In the lateral dimension, the vertical depth would be maintained for a minimum length of 2.2 times the 
active channel width, plus the channel migration zone. For streams with floodplains less than 2.2 times the active 
channel width, the vertical depth would be maintained across the entire width of the floodplain. Active channel 
migration zones and floodplains are applicable to streams with a gradient of less than 4 percent as streams with a 
gradient of 4 percent or greater do not have functional floodplains (Rosgen, 1996). 
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The specific depth that would be required at such crossings would be determined on a site-specific basis, which 
would require acquisition of additional detailed information on substrate characteristics, expected peak flow 
conditions, local bed slope, and upstream and downstream conditions. These data would be acquired before final 
design of the high-risk crossings. 

Should channel subsidence, bank erosion, channel scour, or other negative long-term effects of Pipeline 
construction become apparent during post-construction monitoring, case-specific responses would be tailored to 
alleviate the specific problems identified. 

After construction, stream banks would be restored according to plans submitted in the Applicant-Draft BA. 
Appendix 6A in Applicant-Draft BA (Stream Restoration Methods) shows the scenario in which various stream 
bank restoration techniques may be employed. Riparian habitat in the upland portions of the construction 
easements would be revegetated and returned to discretionary land use by the landowner, consistent with 
easement restrictions. Typically, FERC recommends a 10-foot-wide mow strip centered over the Pipeline (Figures 
5-1 and 5-2). In addition, FERC recommends that vegetation within 15 feet of the centerline may be maintained at 
a height of 15 feet. The remainder of the 75- to 100-foot-wide construction easements would revert to vegetation 
cover preferences or requirements of the landowner. For streams that currently contain riparian cover the 
following revegetation scenario would be adopted, as illustrated in Figures 5-1 and 5-2: 

 Riparian vegetation (trees and shrubs) would be restored continuously for a distance of that matches the 
width of the current riparian buffer, except for a 10-foot-wide herbaceous strip immediately above the 
Pipeline itself. Oregon LNG would deviate from FERC’s recommendations by planting woody vegetation up to 
the limits of the 10-foot-wide herbaceous strip, allowing the canopy to close over the 10-foot-wide mow strip. 

 Where there is preconstruction continuous riparian cover greater than 25 feet perpendicular from the top of 
the bank, then the riparian restoration would extend out to match the riparian width of existing conditions up 
to the width from the top of the bank required by the Forest Practices Act. 

 Trees adjacent to the 10-foot-wide herbaceous strip may be limbed to a height of 10 feet on the interior 
(direction of Pipeline) side of the tree to permit passage of personnel for purposes of inspecting the Pipeline. 

5.1.1.3. Mass Failures 
Erosion control BMPs and the methods outlined in the FERC Plan and Procedures would be implemented to 
reduce the potential for mass failure. In areas where landslides are a concern but specific landslide features 
cannot be identified, proper construction techniques would be implemented to minimize the potential for slope 
failure, landslides, or erosion resulting from Pipeline installation. In general, the installation of a Pipeline below 
ground (and subsequent backfilling of the trench zone with native material) results in a relatively short window of 
disturbance and minor change in subsurface conditions. The larger changes occur at the ground surface, where 
topography and vegetation are altered. Therefore, the majority of the construction techniques that would be 
implemented are performed to restore or improve the land and drainage features after construction is complete. 
These techniques may include the use of water bars, terracing, diversion ditches, and other methods to control 
runoff and erosion. Backfill operations would be performed to ensure that the trench backfill is adequately 
compacted so mounding is not required. Revegetation procedures would also be implemented to ensure rapid 
establishment of a vegetative cover after completion of construction. 

Where steeply sloped areas or mapped landslide hazard areas cannot reasonably be avoided, an effort has been 
made to align the pipe parallel to the maximum fall of the ground (that is, to run the pipe straight down the slope) 
and avoid placing the pipe parallel to the slope (that is, side-sloping the pipe). The potential for pipe damage 
because of soil deformations associated with rapid landslide movement is much less when the movement occurs 
parallel to the axis of the pipe. In areas where specific landslide hazards are identified, a number of methods are 
available for the mitigation of landslide deformation on pipelines. These include stabilization of the landslide, 
relocation of the Pipeline beyond the landslide, installation of the Pipeline above ground, installation below the 
landslide using directional drilling or deep excavation, or the use of deformable backfill such as polystyrene or 
other suitable material (Bukovansky and Major, 2002). 
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When avoidance measures are not practical, another option for mitigating the risks of landslide hazards includes 
maintaining the Pipeline within the landslide zone, which can be accomplished using a program of landslide and 
Pipeline monitoring. This approach is particularly well suited to existing landslide areas where movement is 
occurring relatively slowly, which is the case in much of the landslide topography mapped throughout the Coast 
Range. Installation and monitoring of equipment to monitor the movement of landslides and pipelines (and the 
associated strain imposed on the Pipeline) is a common method of maintaining pipelines in active landslide zones. 
Vibrating wire strain gauges have been used extensively during the last 20 years to monitor longitudinal pipeline 
strain changes caused by the landslide deformations (Bukovansky and Major, 2002). Monitoring of pipeline strains 
enables sensitive measurements of forces in the pipe and timely implementation of strain-relief measures if 
strains reach a critical level. According to Bukovansky and Major (2002), federal, state, and local agencies that 
regulate pipeline construction and operation in the United States generally accept strain monitoring to provide for 
the safety of pipelines located in areas of geologic hazards. This has contributed to the acceptance of strain gauge 
monitoring as a basic system for enhancing pipeline safety. 

To prevent landslides at high-risk crossings, BMPs (including slope breakers, straw bales, silt fences, wattles, and 
subsurface drainage) would be used, as detailed in the technical memorandum titled Landslide and Debris Flow: 
Relative Risk Assessment for the Bidirectional Project Pipeline (CH2M HILL, 2013e) in Applicant-Draft BA Appendix 
6B. Site-specific engineering techniques for minimizing landslide risk and for protecting the Pipeline against 
landslides, should they occur, are shown in drawings for each flumed and open-cut crossing that could affect ESA-
listed fish (see site-specific stream crossing drawings submitted with Applicant-Draft BA Appendix 6A). The 
consequences of mass slope failures, landslides, persistent turbidity, and Pipeline fractures on fish and wildlife 
resources would depend on downstream physical and biological conditions and timing should a landslide or mass 
failure occur. 

Because the severity of any given landslide with regard to ESA-listed fish is dependent on a nearly infinite number 
of variables, no generalities can be drawn. The effects could be as minor as a short-term pulse of turbidity that 
would require no corrective action or as severe as complete blockage of upstream migration. Should a landslide 
occur that is due to Pipeline construction and not other natural processes, ODFW, NMFS, and other interested 
parties would be consulted to design a site- and case-specific plan to mitigate any negative effects. 

5.1.1.4. Increased Turbidity and Sediment Loads 
Increased turbidity from construction at many crossings was avoided through the use of HDD methods. Turbidity 
would be further minimized through the use of dry crossing (flume) techniques. Before construction begins, the 
action areas would be surveyed to ensure that no spawning is occurring at the crossing location or within 500 feet 
downstream. If spawning is occurring, construction would be postponed until fry have had adequate time to leave 
the redds. The FERC Procedures would be followed to limit water quality effects on waterbodies during 
construction. BMPs and erosion and sediment control measures also would be implemented, as described in the 
SWPPP submitted to FERC in June 2013 (see Appendix B). In addition, a National Pollutant Discharge Elimination 
System (NPDES) 1200-C construction stormwater discharge permit would be obtained before construction of the 
Project. 

During construction of the Pipeline across perennial streams, measures to avoid construction-related effects 
would include placing spoils at least 150 feet from the water’s edge or in ATWS; using erosion and sediment 
controls to prevent the excessive delivery of sediment to waterbodies; and, where temporary vehicle crossing is 
needed, following the FERC Procedures for temporary equipment bridges. ATWS would be located at least 150 
feet from the top of bank. 

Crossing methods for each stream were determined based on field surveys, agency consultation, and review of 
fisheries data. The following general conservation measures would be employed at flume crossings: 

 Dams would be constructed of sandbags and plastic sheeting or other materials that would not contribute 
sediment to the stream channel. 

 Sandbags would be filled with a nonleachable material such as clean, prewashed sand. 
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 Sandbags would be tied securely before they are installed, and sheets of plastic would be interwoven 
between the layers of sandbags to ensure an effective seal. 

 At the flume outfall, flow would be dissipated as needed to avoid disturbing streambed sediments. 

 Work would be conducted during the summer to early fall (periods of low flow), thus minimizing risks of bank 
failure. 

To prevent sedimentation caused by construction and vehicular traffic crossing perennial waterbodies during 
clearing operations, two stream crossing techniques would be employed. Equipment either would be transported 
around streams or would cross on temporary bridges, as described in Section V of RR2 Appendix 2B. There would 
be little concern for erosion associated with flooding at the bridge crossings. However, some temporary bridges 
may need to be reset to facilitate stream crossings in the fall or winter in support of final stream bank restoration. 
In many cases, it would be possible to access the opposite side of larger streams from alternative access routes 
that would not require bridging the stream. At some of the flumed crossings where the stream/slough bottom is 
too soft to support the trenching equipment, temporary fill material (coarse rock) would be placed within the area 
isolated by the dams to allow a solid crossing foundation. This fill material would be removed before the dams are 
breached and would be transported to an upland location at least 150 feet from the stream channel. 

After completion of construction, a report would be prepared for submittal to NMFS that would include the 
following: 

 Fish monitoring and turbidity data taken during construction 

 Dates and times of activities 

 Description of the construction activities and associated downstream turbidity 

 Any corrective actions taken to reduce turbidity 

 Any reporting requirements of the 401 State Water Quality Certification issued for this Project 

 Amount or extent of incidental take that has occurred, including a description of any dead or distressed 
salmonids, and the total amount of disturbed habitat 

 An assessment of stream habitat conditions within the easement and downstream following construction 

5.1.1.5. Water Temperature 
Streams that are listed in the 1972 Clean Water Act § 303(d) as temperature sensitive along the Pipeline would be 
crossed using HDD, thereby avoiding loss of streamside shade in these temperature-sensitive streams. At flume 
and open-cut crossings, the removal of riparian vegetation would be minimized to the extent possible. However, 
based on the technical memorandum in Applicant-Draft BA Appendix 10, Characterizing Deforestation Impacts on 
Stream Temperature (CH2M HILL, 2009), even in the event that the full 100-foot construction corridor is cleared, it 
is unlikely that the resultant increase in incident solar radiation would be sufficient to cause biologically significant 
increases in downstream water temperatures. Revegetation of the easement over the long term (described 
above) would eliminate any small increases in water temperature that do result. 

5.1.1.6. Large Woody Debris 
In areas where unmerchantable trees or downed LWD greater than 12 inches in diameter at breast height occur 
within the Pipeline construction areas (i.e., permanent easements, temporary workspace [TWS], and ATWS), 
some of the material would be salvaged for retention on wood-deficient soil surfaces, consistent with wildfire 
protection regulations, or in stream channels in accordance with ODF and ODFW wood placement guidelines. 
Some of the unmerchantable LWD resulting from clearing would be stockpiled for redistribution to the site as part 
of post-construction rehabilitation, particularly the portion of the construction corridor outside the 50-foot 
operational/maintenance easement. To compensate for the disruption of LWD recruitment potential and shifting 
of instream LWD, LWD removed during construction would be replaced and the riparian corridor replanted, as 
described previously, to replenish source areas for LWD recruitment over the long term. A monitoring plan for 
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evaluating the effectiveness of LWD replacement would be prepared as part of the overall Pipeline monitoring 
plan. This plan would be developed before construction and would require agency approval before 
implementation. In this way, existing conditions with respect to LWD are expected to be maintained. 

5.1.1.7. Frac-outs 
Frac-outs are not anticipated, but their effects (should they occur) would be minimized through the use of the 
following conservation measures. The Spill Prevention, Control, and Countermeasures (SPCC) Plan for the Project 
(see Appendix B) outlines procedures for dealing with a frac-out. Depending on the severity of the release, the 
most common first step for the HDD contractor in reestablishing circulation and sealing fractures is to use a 
thicker, lower-viscosity mixture of sodium bentonite and water. The thicker mix of sodium bentonite and water 
would be more effective in forming a filter cake on the inside wall of the borehole and soil/rock particles around 
the borehole to seal voids and prevent further release of drilling mud. In some cases, unhydrated sodium 
bentonite chips would be pumped through the drill rods. These granules of bentonite would flow in and fill or 
bridge a void or fracture. They would hydrate and swell in the presence of the drilling fluid to seal off leaks or 
fractures. 

If the problem is more severe, standard drill fluid additives would be used. These drill fluid additives commonly 
consist of polyanionic cellulose (PAC), or water–swellable synthetic polymers capable of absorbing many times 
their weight in water. These materials work in a similar manner to the granular bentonite; that is, they are 
pumped through the drilling system and allowed to swell to seal voids and fractures. 

These leak-stopping additives may then be released into aquatic systems, potentially exposing fish and other 
aquatic biota. The toxicity of leak-stopping additives and their ingredients is summarized in Table 3.5-6 of the 
Applicant-Draft BA. Because it is not known which products would be used, ecological toxicity data were reviewed 
for 11 leak-stopping products from four of the largest manufacturers of drill-fluid additives. Key ingredients and 
Chemical Abstract Service (CAS) numbers (if presented) were obtained for each product. Ecological toxicity data 
were also obtained from the manufacturers. If ecological toxicity data were not available, the manufacturers were 
contacted to determine whether data could be obtained. In addition, searches were conducted of the USEPA 
Ecotox database and of published literature to identify whether ecological toxicity data were available. Searches 
were based on the CAS numbers of key ingredients in the products and focused exclusively on aquatic toxicity 
data (i.e., effects on fish and invertebrates). 

Ecological toxicity data were identified for at least one of the key ingredients for 9 of the 11 products considered 
(Applicant-Draft BA Table 3.5-6). Ecological effects data were not reported in the Material Safety Data Sheet 
(MSDS) for Fed Seal (manufactured by Federal) or Cel-U-Seal (manufactured by Alpine), and data for their key 
ingredients could not be identified in published literature. Because the ingredients of these products consist of 
cellulose, paper, and other natural fibers, toxicity is likely to be low. 

Ecological toxicity data were available for key ingredients for the nine remaining products, except for crystalline 
silica quartz and crystalline silica tridymite. Because these ingredients represent 1 percent or less of each product, 
as silica compounds are expected to be comparable to sand, they are considered unlikely to contribute to toxicity. 

Three of the products are composed almost entirely of PAC or carboxymethylcellulose sodium salt (Applicant-
Draft BA Table 3.5-6). PAC polymer is virtually nontoxic to fish; 96-hour LC50s (concentrations resulting in 50 
percent mortality) ranged from 17,000 milligrams per liter (mg/L) to greater than 20,000 mg/L. Invertebrates, 
however, are more sensitive; the 48-hour EC50s (concentration producing an effect [immobilization] in 50 percent 
of exposed individuals) for daphnids ranged from 87 to 123 mg/L. 

Two products (Polyswell and Macro-Fill) were composed of acrylamide polymer. Acrylamide polymer may be 
either anionic or cationic. Whereas anionic acrylamide polymer has a 96-hour LD50 for fish greater than 600 mg/L, 
cationic acrylamide polymer is much more toxic with a 96-hour LD50 for fish of 2 mg/L. Polyswell is identified as 
an anionic acrylamide polymer; the MSDS for Macro-Fill is not explicit about its composition. 

The remaining four products are composed of inorganic materials (clays, salts, and silicates). The key ingredients 
are bentonite clay, smectite clay, or gypsum (calcium sulfate). The clays have the lowest toxicity (fish LC50 = 
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19,000 mg/L), followed by gypsum (fish and daphnid LC50s greater than 1,970 mg/L). Toxicity testing conducted 
by the manufacturer for one of these products (Max Gel) indicates that the fish LC50 for the formulated product is 
greater than 10,000 mg/L (Table 3.5-6). 

In conclusion, leak-stopping products formulated from clays, gypsum, and silica have the lowest toxicity to fish 
and invertebrates. Products consisting of PAC or carboxymethylcellulose sodium salt have equally low toxicity to 
fish, but are moderately toxic to invertebrates. Products consisting of acrylamide copolymers may be more toxic 
to fish. However, the available toxicity data are limited (the maximum concentration tested was 600 mg/L; it is 
uncertain whether higher concentrations are toxic). Effects of acrylamide copolymers on invertebrates are 
uncertain. Although toxicity data for products formulated from cellulose, paper, and other natural fibers were 
lacking, toxicity is likely to be low. Even in the event of invertebrate toxicity, the additives likely would be bound 
to the bentonite and be poorly soluble in water. Because of the volume of river flow, the proposed cleanup 
provisions for frac-outs, and the demonstrated low toxicity, the effects of these additives is expected to be 
extremely limited. 

In the most severe cases, standard drill fluid additives may not be sufficient to seal fractures and reestablish 
circulation of drill fluid. In these conditions, coarser bridging agents may be required. These bridging agents may 
take the form of fiber, flake, or granular materials (Canon, 2003). Examples of fiber additives are cellulose fiber, 
cedar (or other wood) fiber, cane fiber, or spun mineral fiber. Mica is one of the most common examples of flake 
additives. Granular additives include nut hulls and granular bentonite (discussed above). Most of these bridging 
agents come in different sizes, from coarse to fine, and many manufacturers of drill fluid additives provide 
specially designed materials that may contain a combination of various bridging agents and polymers. 

Should the above methods prove unsuccessful, and HDD drilling fluid is released to water, appropriate local, state, 
and federal agencies would be notified, and a determination whether to cease operations would be made in 
accordance with the SPCC Plan for the Project (see Appendix B). The extent of the release would be assessed, and 
appropriate corrective actions would be taken. These corrective actions may range from simple monitoring in the 
case of small releases, to active cleanup using specialized pumps and filters, to abandonment of the HDD and 
sealing of the hole. In the event of an HDD drilling fluid release to land, the release and drilling hole entry point 
would be contained with berms, pumps, hay bales, sediment fencing, wood products, or other appropriate 
means, and the fluid would be cleaned up immediately using hand tools or vacuum trucks and transported to an 
approved disposal location. 

5.1.1.8. Fish Passage 
Three potential project actions are triggers for fish passage review and authorization for the Oregon LNG project: 
temporary coffer dams and dewatering work areas at stream crossings where trenching is the construction 
method; exposure of the pipeline as a result of stream erosion, post-construction; and new or replacement 
culverts where road improvements are required. Impediments to fish passage were avoided as much as possible 
through conscientious Pipeline siting and the judicious use of HDD methods. Trench construction would take place 
during summer in-water work windows when intermittent and ephemeral streams are expected to be dry and 
flows in perennial streams are at seasonal lows. In the spring and summer of 2015, Oregon LNG will be conducting 
supplemental field studies to evaluate the potential for scour at stream crossings. The results of 2015 field studies 
will supplement completed preliminary risk analysis and further inform which streams are at risk for vertical sour 
or lateral movement. The degree of risk would inform the depth of pipe burial and other in-stream restoration 
measures that could be applied to ensure that practicable measures have been taken to reduce or eliminate the 
risk of pipe exposure, post-construction. Access roads were examined and culvert replacements are not 
anticipated. Therefore, fish passage as a result of replacing culverts beneath roads is not a fish passage trigger. 

The following conservation methods would minimize negative effects on fish passage. Most stream crossings 
would be completed within 24 to 48 hours of initiation, thereby limiting possible effects on fish passage. With the 
few exceptions noted previously, streams known to support anadromous fish would not be crossed during periods 
of adult upstream migration. Downstream juvenile salmonid migrations would continue during construction 
through the bypass flume. Oregon LNG committed to burying the pipeline below the scour depth. The depth of 
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pipe burial would depend on the risk of vertical scour or lateral movement of a stream. The following courses of 
action would be taken: 

1. Submit fish passage applications to ODFW prior to FERC’s issuance of the final Environmental Impact 
Statement 

2. Construct and install upstream passage in conformance with the ODFW passage regulations (ODFW OAR 635-
412-0005). 

3. Restore streambeds and stream flows to baseline conditions in the same in-water window as pipeline 
construction 

4. For streams at a low risk of scour, bury pipeline at a standard depth (minimum three feet of cover between 
the pipeline and streambed) 

5. For streams at moderate to high risk of scour, bury pipeline below the scour depth or at a depth that 
minimizes the likelihood of exposure when other in-stream enhancements are applied 

6. At moderate to high risk streams, apply in-stream enhancements (rock and/or large wood) that would help 
direct and control flows to protect the streambed and reduce the likelihood of scouring; in-stream 
enhancements could be used to reduce the depth of pipe burial 

7. Use bioengeered approaches to restoring streambanks (see Table 6A-1 in Applicant-Draft BA Appendix 6A 

8. Engineer flume sizes to accommodate storm surges that could occur during construction 

During construction, regardless of duration, adequate flow rates would be maintained to protect aquatic life and 
avoid disruption of downstream uses. The area within 1,000 feet downstream of each crossing would be 
monitored for distressed fish and other aquatic biota. NMFS would be notified within 3 working days after a dead, 
injured, or sick individual of an endangered or threatened species is located. Initial notification would be made to 
the NMFS Law Enforcement Office. Notification would include the date, time, precise location of the injured 
animal or carcass, and any other pertinent information. Upstream passage of migratory fish is not likely to be 
impeded given that Pipeline construction would take place within in-water work windows approved by ODFW and 
NMFS, flows will be restored in the same in-water work window as construction, and many streams would be 
crossed using the HDD method. 

5.1.1.9. Water Withdrawals and Discharges 
During Pipeline construction, water withdrawals and discharges cannot be avoided. However, the following 
conservation measures would minimize the negative effects. 

Water withdrawals and discharges would be required for HDD drilling and hydrostatic testing. In addition, leakage 
from the dams, or subsurface flow from below the waterbody bed, may cause water to accumulate in the isolated 
crossing area. As water accumulates, it may be pumped out periodically and discharged into energy 
dissipation/sediment filtration devices, such as a geotextile filter bag or straw bale structure, or into well-
vegetated areas away from the water’s edge (see Applicant-Draft BA Figure 2.5-3). 

The amount of water required for HDD drilling operations would be small relative to the available sources, and no 
negative effects are anticipated. Conservation measures would include appropriate screening of water intakes to 
ensure no entrainment or impingement of juvenile salmonids. 

Hydrostatic testing would be conducted in accordance with the requirements of United States Department of 
Transportation Pipeline safety regulations, 49 Code of Federal Regulations (CFR) 192, Oregon LNG testing 
specifications, and applicable permits. Oregon LNG is proposing to use municipal water for a significant portion of 
hydrostatic test water. Use of municipal water would minimize concerns about potential cross-contamination 
between watersheds and quality of water that would be discharged back to streams. Discharge sites would be 
near sources to provide for recharge, but they would be in uplands sufficiently removed from the sources to 
prevent immediate direct surface water return. Environmental effects from the withdrawal and discharge of test 
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water would be minimized by applying the measures indicated in the FERC Procedures and through prudent 
implementation of the following measures: 

 Withdrawals and discharges to water sources would be done in compliance with appropriate agency 
requirements that consider the protection of fishery resources on a case-by-case basis. 

 Compliance would occur with appropriate permits and instream water rights. 

 Intakes would be screened to avoid entrainment of fish and aquatic species in accordance with NMFS fish 
screening criteria. A diagram of a typical fish screen at a water intake is provided in Applicant-Draft BA Figure 
2.5-2 as an example. 

 Adequate flow rates would be maintained during withdrawals to protect aquatic life and provide for 
waterbody uses and downstream withdrawals of water by existing users. 

 The discharge pipe would be anchored for safety. 

 The overall rate of discharge would be controlled to prevent flooding and erosion. 

 Test water would be discharged to straw bale dewatering structures to dissipate energy, reduce velocities, 
and spread water flow to avoid erosion and promote ground penetration. The base of the structure would 
consist of a 24-foot-square, single layer of tightly packed straw or hay bales. A second layer of bales would be 
placed atop the perimeter of the base layer as a rim to contain the discharge water, and the whole would be 
surrounded by silt fence. A final layer of bales would then be placed around the outside of the silt fence and 
staked into place. The dewatering structures would be closely monitored for structural integrity and to ensure 
that the water does not overtop the rim. The dewatering structures would effectively dissipate energy, reduce 
velocities, and spread water flow to avoid erosion and promote ground penetration. 

 Test water would be discharged only in uplands across well-vegetated areas. 

Because of the short residence time of the test water in the Pipeline system, the use of biocides or other 
hydrostatic test water additives would not be required. Water testing before discharge would not be required 
because no contaminants (oil, grease, solvents, etc.) are used in the construction procedures for the Pipeline. Dirt 
and scale from inside the pipe would be filtered out by the straw bale enclosure or other filtering device. 

At the time of testing, the Pipeline would be buried and insulated from solar heating. The water would be 
conveyed to the Pipeline from the source areas through temporary piping. Where fish are present, water would 
be withdrawn through screened intake structures that comply with ODFW and NMFS requirements. The actual 
size and type of screen to be used would be determined through consultation with ODFW during the Limited 
Water Use License application process based on information provided by the Oregon Water Resources 
Department on water availability. This information would be used to determine the most appropriate withdrawal 
rate and screen size. Depending on the outcome of the Limited Water Use License application process, intake 
pipefish screens could range from 2.8 square feet to more than 33 square feet in size. 

Hydrostatic test water would be discharged near the point of diversion to prevent cross-watershed disposal 
whenever possible. Discharge of the water would be performed to prevent spread of organisms and to prevent 
erosion and reduce turbidity by using erosion control structures and energy-dissipating devices (see Applicant-
Draft BA Figure 2.5-2). Turbidity levels would be maintained in accordance with those outlined in the NPDES 
permit issued by ODEQ or the 1200-C construction permit issued by Clean Water Services. 

Transfer of water between basins (Northern Oregon Coastal, Lower Columbia, and Willamette) would be avoided, 
except where municipal water is the source. Whenever possible, the water would be discharged within the 
subwatershed from which it was obtained, but it may be transferred from one section of pipe to the other, and 
ultimately discharged in a different subwatershed. In the event of discharge to a subwatershed different from that 
where the water was withdrawn, it would be discharged only to a straw-bale dewatering structure in upland areas 
sufficiently far from waterbodies to ensure complete infiltration. Water withdrawals would be conducted in 
accordance with existing water rights, such that no withdrawal would over-appropriate any given stream. In 
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addition, withdrawals would be conducted in consultation with ODFW district fish biologists to ensure that the 
withdrawals avoid particularly sensitive stream reaches. The discharge rate would also be carefully metered to 
ensure infiltration and avoid overland flow. Infiltration of the water in upland areas should effectively preclude 
the cross-watershed transfer of any exotic aquatic species or pathogens that may be present in the water. 

Careful adherence to appropriate regulations and implementation of BMPs would ensure that existing conditions 
are maintained. 

5.1.1.10. Hazardous Materials Release 
During consultation with ODFW, USFWS, and NMFS, it was agreed that unless approved by all three agencies, 
ATWS would be set back 150 feet from streams and wetlands. In addition, overnight parking of vehicles, storage 
of fuels and other hazardous materials, and refueling activities would take place no closer than 150 feet from a 
stream or a wetland, unless full containment of potential contaminants is provided. Under certain clearly defined 
conditions, and subject to agency approval, ATWS may be placed closer to waterbodies or wetlands where the 
ATWS placement would not increase effects on streams or fish habitat. This BMP, combined with observance of 
the conditions of the Sediment and Erosion Control Plan, would ensure that hazardous materials would not be 
released from construction equipment into any Pipeline action areas. 

5.1.1.11. Cross Contamination Among Waterbodies 
Cross contamination from water discharges is discussed above. Cross contamination from dirty construction 
equipment would be avoided through compliance with an equipment decontamination plan. The plan would 
encompass large equipment (such as excavators, earthmovers, and trucks), as well as small hand tools. Oregon 
LNG proposes the following risk minimization and equipment decontamination standards: 

 Vehicular traffic would be kept to the absolute minimum necessary. 

 Before equipment remobilizes to a new crossing location, cross contamination and loose debris (e.g., caked 
mud and dust) would be removed using scrapers or brushes. Solids would be removed from equipment and 
tools to the extent feasible and spread onsite. 

 Hand tools would be immersed in a warm soap-and-water solution and/or a solvent rinse using alcohol 
(methanol or isopropanol). 

 Decontaminate equipment by steam cleaning, pressure washing, or washing in soapy water (e.g., Alconox or 
other phosphate-free detergent), followed by a clean water rinse. 

 Decontamination would take place in designated decontamination areas with the following features, or with 
alternative features that provide an equivalent level of protection: 

 Puncture-resistant geomembrane/plastic sheeting robust enough to resist damage from vehicle traffic 

 Adequate size to accommodate the largest anticipated equipment, plus workspace for decontamination 
technician(s) 

 Adequate water from a stationary tank, water truck, or municipal/private supply 

 Bermed sides or sloped topography permitting the complete collection of spent wash water 

 Sides or curtains to contain splash or overspray 

 A tank or tank truck for storing spent wash water 

 Spent wash water would be hauled offsite and disposed of in a publicly owned treatment works (POTW) 
unless proper discharge permits are obtained for onsite disposal. 

It is anticipated that implementation of the final decontamination plan would be adequate to prevent the spread 
of pathogens and non-native species, and thereby maintain existing conditions. The final decontamination plan 
would be completed and approved by ODFW and NMFS before any work begins. 
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5.1.2 Terminal 
The potential Terminal site effects on individual ESA-listed fish, critical habitat, existing conditions, and on 
individual ESUs not related to critical habitat are summarized in Table 3.5-12 of the Applicant-Draft BA. 

Overall, the Project would have limited negative effects that would be offset by the proposed conservation 
measures. Following successful implementation of conservation measures, the overall result of the Project is 
expected to be neutral to positive. 

5.1.2.1. Dredging 
In-water work associated with dredging would be conducted during a proposed spring to fall extension of the 
work period. This would allow disposal to occur at USEPA permitted disposal sites at the Deep Water disposal site. 
It would also minimize the effect on eulachon, while mirroring channel maintenance dredging activities, which 
have been found to not jeopardize the existence of ESA-listed salmonids. 

Other minimization techniques include use of pipeline, clamshell or hopper dredges, and turbidity monitoring. 
Compensatory mitigation at the Youngs River Mitigation Site (discussed below) is proposed to compensate for the 
small negative effects on the food web and physical habitat of juvenile salmonids, green sturgeon, and eulachon. 

Direct Lethal Take 

The following conservation measures would be implemented: 

 Hopper dredging 

 Maintain dragheads in the substrate no more than 3 feet above the river bottom when the dredge pumps 
are running. 

 Clamshell dredging 

 Clamshell dredging is not expected to cause direct mortality to adult or juvenile listed or proposed fish 
species, because the movement of the bucket is typically slow enough for fish to avoid entrainment. 

 Pipeline dredging 

 Maintain cutterhead in the substrate during dredging, and if cutterhead cleaning is needed, do not raise 
the cutterhead more than 3 feet above the river bottom when the dredge pumps are running. 

 General provisions for dredging 

 The contractor shall not release any trash, garbage, oil, grease, chemicals, or other contaminants into the 
waterway. 

 The contractor, where possible, would use or propose for use materials that may be considered 
environmentally friendly in that waste from such materials is not regulated as a hazardous waste or is not 
considered harmful to the environment. If hazardous wastes are generated, disposal shall be done in 
accordance with 40 CFR parts 260-272 and 49 CFR parts 100-177. 

 Dredging would occur in relatively deep water areas and, therefore, should “avoid” areas where 
subyearling Chinook and chum salmon are present. Dredging may also be performed with a clamshell 
bucket dredge, which is unlikely to entrain salmonids or other ESA-listed or proposed species. 

 If at any time during dredging activities, listed salmonids are observed in distress or a listed salmonid is 
killed, operations would cease and NMFS would be notified. 

Turbidity 

Hopper and pipeline dredges generally do not produce large amounts of turbidity during dredging because of the 
suction action of the dredge pump and the fact that the drag-arm or cutterhead is buried in the sediment. 
Therefore, should they be employed, fewer conservation measures would be required. The following measures 
would be employed: 
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 Hopper and pipeline dredging 

 The cutterhead shall remain below the surface of the river bottom at all times while the hydraulic pumps 
for the cutterhead are running. The hydraulic pumps for the cutterhead shall be placed in neutral (idling) 
before raising the cutterhead above the river bottom. Backwashing of the hydraulic-pipeline dredge 
intake line shall only occur in water depths greater than -40 feet mean lower low water. 

 Clamshell Dredging 

 BMPs used to control turbidity include regulating the bucket speed, ensuring the bucket lips are closed 
before lifting the bucket out of the water, filling the bucket to capacity to minimize water in the bucket, 
not overfilling the bucket, and modifying the bucket size and/or type, if necessary. 

 General provisions for dredging 

 Dredging and global positioning system software would be used to model the dredge prism and track 
previously dredged areas to ensure that dredging efficiency is maximized. As an incentive to the dredging 
contractor to dredge only the authorized amount, the contractor would be held accountable should they 
dredge in excess of the authorized depths. Post-dredge bathymetry surveys would be conducted to 
ensure that only the material identified for removal before dredging was removed to the authorized 
depth. 

 If a bottom dump barge is used to transport the sediment to a disposal site, no material shall be allowed 
to leak from the barge or overtop the walls. The barge would be loaded so that enough of the freeboard 
remains to allow for safe movement of the barge and its material on route to the unloading facility. 

 Regardless of the assumptions and predicted levels of increased turbidity because of dredging, dredging 
operations would be monitored while they are being conducted and would be required to meet stringent 
ODEQ regulations designed to be protective of fish and their food resources. Dredging currently occurs in 
similar and nearby environments (that is, maintenance dredging of the shipping channels and Astoria 
harbor) in compliance with these ODEQ standards. Daily monitoring and reporting of turbidity are 
required by ODEQ for dredging operations in the LCRE, and these requirements should prevent any 
detrimental effects on listed or proposed fish species or their food resources from excessive turbidity. As 
demonstrated by previous dredge operations, ODEQ’s regulatory standards can be met using modern 
dredging equipment and containment measures. Any elevation in turbidity would be localized and short-
term, quickly returning to background levels. Existing conditions would be maintained. 

Resuspension of Toxics 

Results of the dredge characterization studies indicated that no contaminants were present that exceeded 
screening levels in the Sediment Quality Guidelines for standard chemicals of concern from the Regional Sediment 
Evaluation Team (USEPA and USACE, 2006). On the basis of these results, it can be expected that existing 
conditions would be maintained as the release of toxic substances from dredged materials is expected to be 
minimal and no adverse effects are anticipated. Therefore, no conservation measures are necessary. 

Food Web Effects 

Negative food web effects were minimized through siting of the Terminal in relatively unproductive deep water. 
Dredging would directly remove some salmonid and green-sturgeon food organisms and cause a long-term shift in 
the species make-up of benthic organisms at the Terminal location. Likewise, periodic maintenance dredging at 
approximately 3-year intervals would temporarily remove benthic organisms from the berth and turning basin for 
the life of the Project. However, because benthic sampling indicated that salmonid food organisms are relatively 
scarce in the dredge prism, and similar food resources are plentiful throughout the estuary, no onsite mitigation is 
proposed. 
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5.1.2.2. Dredge Disposal 
Negative effects of dredge disposal would be minimized by disposing of dredged material in previously approved 
dredged material disposal sites. Disposal at these sites has previously undergone consultation by NMFS, who 
found that operation of the disposal sites was unlikely to affect ESA-listed fish in the LCR on the population level. 

5.1.2.3. Construction of the Pier and Access Trestle 
Lighting 

As stated above, construction would be conducted during daylight hours, so construction lighting would be 
minimal. However, some lighting would be required early and late in the workday and for security during 
nighttime hours. Measures to minimize the potential for lighting effects on fish resources include use of the 
following: 

 Directional lighting facing away from the water to the extent possible 

 Screens or lighting hoods 

 Minimum light possible to safely perform the task 

 Full-cutoff light fixtures, which have no direct up-light, help eliminate glare, and are more efficient by 
directing lighting down to the intended area 

Acoustic Effects 

Avoidance and Minimization measures that are proposed include the following: 

 Observance of the in-water work period unless otherwise approved by ODFW and NMFS 
 Possible curtailment of pile driving in February 
 Vibratory hammers 
 Pile caps/hammer cushions 
 Bubble curtains 
 Noise monitoring during construction 

The in-water work period for the LCRE (November 1 to February 28) would be observed for pile driving, unless 
extended under authorization of ODFW and NMFS. Pile driving may be conducted 7 days per week during daylight 
hours, which average (sunrise to sunset) approximately 9.5 hours from November to February. Pile-driving 
activities require extensive setup, tear-down, and monitoring, which results in a maximum 4 hours per day of 
actual pile driving. Therefore, the duration of sound production would be significantly less than the total in-water 
work period, further minimizing effects on fish. NMFS has previously found that conducting pile driving during in-
water work periods in the LCRE minimizes negative effects because juvenile salmon and steelhead abundance is 
low and any fish present would likely relocate away from the affected area (NMFS, 2003b). 

Because 85 percent of the fish present during the work window occur during February, reasonable attempts 
would be made to complete pile driving during the period from November 1 to January 31. As construction 
progresses, the likelihood of completing pile driving during that period would be assessed in early January. If the 
contractor feels that pile driving cannot be completed within one in-water work window, pile driving would cease 
on January 31 and resume during the in-water work period of the following year. If the contractor feels that pile 
driving can be completed by extending into the first week or two of February, pile driving would proceed to 
completion, in order to avoid remobilization to the site. By eliminating or substantially reducing the amount of 
pile driving in February this conservation measure would further reduce effects on LCR subyearling Chinook by 50 
to 85 percent. 

Driving piles with impact hammers is more sound-intensive than with vibratory hammers and would be avoided 
whenever site conditions allow. It has been shown that fish can be startled by the first few strikes of an impact 
hammer, but they may then become acclimated and remain in the area, increasing their exposure to potentially 
harmful sound levels (NMFS, 2003b). Vibratory hammers produce lower intensity sound waves compared with 
impact hammers, and fish exhibit avoidance responses to vibratory hammers without becoming acclimated 
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(Dolat, 1997; Knudsen et al., 1997). Therefore, vibratory hammers would be employed whenever possible. 
However, because of the depth to which the piles must be driven and the substrate conditions, it is anticipated 
that an impact hammer would be required for a substantial portion of the pile driving. To reduce the sound 
produced by pile driving, technologies to reduce sound pressure levels by approximately 20 decibels (dB) would 
be employed. These technologies would likely include some combination of bubble curtains, bubble curtains 
confined in an isolation casing, bubble curtain tree, hammer cushions, and possibly dewatered cofferdams or 
sandbag rings in shallow intertidal areas. Comprehensive descriptions of most of these technologies and their 
effectiveness in reducing sound levels are available in Illingworth and Rodkin’s Compendium of Pile-Driving Sound 
Data (2007), and IFC Jones and Stokes et al. (2009). 

The sound produced by driving any particular pile is influenced by multiple site-specific variables, including 
currents, tidal condition, water density differences caused by differing salinities, substrate types, angle of the pile, 
water temperature, bottom topography, and barriers such as shoals. Because no models exist that accurately 
incorporate the multiple variables that can affect sound propagation, the actual risk posed by pile-driving noise 
would be monitored during operations through the use of hydrophones. This is described in detail in Applicant-
Draft BA Appendix 8, Oregon LNG Terminal and Oregon Pipeline Project—Underwater Noise, Propagation, 
Monitoring, and Mitigation (CH2M HILL, 2011). Potential negative effects would be minimized by adapting noise 
attenuation techniques based on measured sound pressure levels. Because achieving maximum noise attenuation 
relies on many interconnected and compounding factors, only a contractor with significant experience with pile 
driving in similar tidal systems would be selected. Because of increasing concern with noise effects on aquatic 
biota, contractors are available who are familiar with minimizing the negative effects of in-water construction. 
Adaptive management strategies could include modification of bubble curtain design, change in hammer size and 
type, change in pile cap material, or other techniques as agreed upon during consultation with NMFS, should 
further noise attenuation methods be necessary. 

A written report on hydroacoustic monitoring would be provided to NMFS following completion of the work. 
Conservation measures (creation of new shallow water habitat at the dredged material disposal site and new 
estuarine marsh habitat in Youngs Bay) are also proposed that should more than offset the one-time effects 
associated with pile driving. 

Hazardous Materials Release 

Over-water construction vessels would be fueled at existing commercial marine fuel docks. Such facilities have 
existing spill prevention systems in place that would be adequate to avoid spills or immediately address any 
accidental spills that do occur. The only potential sources of contaminants (lubricating oils and fuel) at the pier, 
mooring dolphin, and access trestle would be the construction equipment itself. 

General BMPs are proposed in Oregon LNG’s SPCC Plan (Appendix B). The SPCC meets state and federal agency 
requirements before commencing work. Proper execution of this plan and consistent implementation of BMPs 
would ensure that existing conditions are maintained. Oregon LNG would include a final SPCC Plan as part of the 
construction plan set package. 

BMPs to be employed during concrete pouring on over-water portions of the pier and access trestle are as 
follows: 

 Watertight forms 

 Watertight “walkway” around each pour that is at least 3 feet wide so that misplaced concrete is intercepted 
before entering the water 

 Preconstruction spill response plan (which is the responsibility of the contractor) 

5.1.2.4. Construction of the Onshore Facilities 
Habitat Loss 

The footprint of the shore-based facilities has been modified several times during conceptual design to avoid and 
minimize effects on important estuarine habitat. Early versions of the site plan extended into the intertidal 
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mudflat habitat and had a substantially larger footprint. The proposed footprint maintains existing intertidal 
mudflat habitat and minimizes degradation (through loss of habitat) of high and low marsh habitats. 

Hydrostatic Testing 

Conservation measures employed to minimize negative effects during hydrostatic testing of the LNG storage units 
are as follows: 

 Screening the intake in accordance with NMFS intake screen criteria for avoidance of entrainment of juvenile 
salmonids. The technical memorandum titled Oregon LNG—Deluge Fire Suppression System Intake Structure 
(see Applicant-Draft BA Appendix 3) illustrates the proposed screen for water withdrawals from the Columbia 
River. 

 Maintenance of the intake depth in the middle of the water column to minimize turbidity and prevent 
disturbance of the waterbody substrate 

 Maintenance of adequate stream flow rates to protect aquatic life, provide for waterbody uses, and 
downstream withdrawals of water by existing users 

 Discharging test water to the Warrenton POTW 

Hydrostatic test water withdrawal is a nonconsumptive use of water because the water would be discharged to 
the Columbia River through the Warrenton POTW. The discharge rate would be metered to accommodate the 
system capacity, as specified in applicable permits, and to mitigate any negative effects on the receiving body; 
therefore, the action is expected to maintain existing conditions. Because no significant negative effects are 
anticipated, no mitigation is proposed. 

Surface Runoff and Hazardous Materials Release 

An Erosion and Sediment Control Plan has been developed for implementation during site construction. The plan 
was developed in accordance with ODEQ’s Erosion and Sediment Control Manual (ODEQ, 2005b). This would 
ensure that (1) proper controls are in place to prevent surface water contaminants and sediments from reaching 
the estuary, and (2) current conditions are maintained. 

Concrete would be employed during construction of the onshore LNG storage tanks for soil improvement, but 
runoff would be contained with silt fences, straw bales, and other stormwater control devices. Concrete would 
not be poured during storms or extreme high tides. Concrete equipment wash-out would be conducted on upland 
areas away from drainage features and no concrete or runoff would be allowed to enter the LCRE. 

5.2 Compensatory Mitigation 
This section describes the unavoidable Project effects on federally listed and proposed fish species and critical and 
Essential Fish Habitat (EFH), and addresses the mitigation measures proposed to compensate for these effects, 
along with the rationale for the level of mitigation required for each ESU/Distinct Population Segment (DPS) 
known to occur within the Project action areas. Mitigation for nonlisted fish species is also addressed in this 
section but in somewhat less detail. Avoidance and minimization measures are discussed in Section 5.1. Stream 
bank restoration and the replacement of LWD at Pipeline crossings are considered conservation measures and not 
compensatory mitigation. 

The goal of the mitigation program is no net loss, of either individual ESUs/DPSs or habitat function. In order to 
compensate for individual fish lost to Project activities, mitigation is needed that results in increased survival of 
juveniles spawned in existing areas or the reestablishment of access to currently blocked spawning streams or 
rearing habitats. Such mitigation efforts could include riparian plantings, culvert replacement, diversion dam 
removal, return of water rights to instream use, habitat enhancement (e.g., LWD placement), restoration of tidal 
hydrology to diked estuarine wetlands, or monetary contributions to future restoration efforts. 
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5.2.1 Unavoidable Effects 
The primary sources of direct take of listed fish species include noise effects from pile driving and fish salvage at 
Pipeline crossings. Direct take from ballast/cooling water is expected to be insignificant. Take associated with 
salvage at Pipeline crossings would primarily involve “harassment” with a much smaller amount of direct 
mortality (Table 5-2). The methods for estimating take from these activities and the extent of the anticipated take 
are detailed in the Applicant-Draft BA. The initial modeling of take from ballast and cooling water withdrawal 
assumed 125 import ships per year, all of which would require ballast water. With the bi-directional Terminal, 
only an estimated two ships per year would be import ships requiring ballast water. Therefore, although Table 5-2 
lists salmonid take from ballast and cooling water withdrawals, the actual take from those operations is likely to 
be much less, with zero take of listed salmonids more likely than the take reported in Table 5-2. 

Other sources of direct take (including harassment), identified for the Project include dredging and ballast 
entrainment, turbidity (from dredging, dredge disposal and Pipeline construction), passage impediments (during 
Pipeline construction), and artificial light, and shading. Identified sources of indirect take include food web effects 
(due to dredging, dredge disposal, and sediment deposition during Pipeline construction), habitat alteration, and 
loss of riparian vegetation (leading to sediment inputs, increased water temperature, loss of LWD recruitment, 
and increased risk of mass failure). 

It was estimated that 0.3 percent of the area/time is available for salmonid migration. If the dredging was done 
over 1 year and conducted during the late part of the dredge season (July to October), or over two years in 
September and October, it would effectively avoid the smolt migration period entirely, eliminating the potential 
for entrainment. Dredging during the spring to fall time period would also completely avoid adult eulachon and 
would coincide only with the very latest downstream drifting juveniles during the first month of dredging. As 
discussed in the Applicant-Draft BA, neither the hydraulic dredge nor the clamshell dredge is likely to result in take 
of juveniles or adults of listed salmonid species. No species-specific estimates of take were made for any effects 
aside from ballast/cooling water withdrawal, fish salvage and pile-driving noise because there are no reliable 
methods for quantifying such take. Therefore, the amount of take from these other sources was assumed to be 
low but not entirely discountable. 

The degree to which species are susceptible to such effects as habitat loss/alteration, removal of riparian 
vegetation, etc. is dependent on their use of the affected habitats. Several species, including steelhead trout, 
sockeye salmon, and yearling (spring/summer) Chinook salmon move very quickly through the estuary and 
therefore, would be largely unaffected by the minor changes in food resources associated with deepening the 
river at the berth and turning basin. The relative degree to which species could be affected by various 
unquantified sources of take is illustrated in Table 5-3. In Table 5-3, species are rated on each effect from 1 to 3, 
with “1” being low effect and “3” being high. If a species would be unaffected by a given parameter or the effect is 
so small as to be biologically insignificant, it is given an “N/A” (not applicable) ranking. The rankings are based on 
the effects on a given species relative to the effects on other species; not the effects resulting from that 
parameter relative to other parameters. For instance, a species may rank “3” on artificial light and shading 
because it is the ESU/DPS most affected by artificial light and shading, even though the overall negative biological 
effect of artificial light or shading is minor. 

ODFW has expressed concern not only for ESA-listed salmonids, but for other species of fish in the Project action 
areas. Such species occur in the identified Project action areas (which were defined based on the documented 
presence of ESA-listed fishes), and at Pipeline crossings where ESA-listed fishes are not known to occur. Appendix 
C (Characteristics of Streams Crossed by the Pipeline) illustrates the number of Pipeline action areas and the 
number of additional stream crossing locations that are expected to contain nonlisted fish during Project 
construction (listed by 4th field Hydrologic Unit Code). Numerous other crossings are expected to be dry during 
the in-water work window and would be accomplished using open-cut methods. 

With the exception of species of concern, little site-specific information exists on native fishes in Oregon. 
Consequently it was not possible to calculate estimated direct and indirect take of these species. 
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State of Oregon sensitive species that are not ESA-listed or proposed that may occur in the Project areas include 
Coastal spring Chinook salmon ESU (listed as sensitive-critical), western brook lamprey (listed as sensitive-
vulnerable), Pacific lamprey (listed as sensitive-vulnerable), coastal cutthroat trout (listed as sensitive-vulnerable), 
and Oregon coast winter steelhead (listed as sensitive-vulnerable). Southwest Washington Steelhead DPS occurs 
in the Clatskanie River and Lewis and Clark River systems crossed by the Pipeline, but is not listed by the state of 
Oregon as sensitive. Conservation measures and mitigation proposed for Oregon coast coho would also benefit 
coastal cutthroat trout, Coastal spring Chinook and Oregon Coast winter steelhead. 

Pacific lamprey and western brook lamprey are unlikely to be negatively affected by Terminal construction and 
operation as they do not feed in the estuary, are not present during the in-water work window, and even though 
they are not as strong swimmers as salmonids, would be of large enough size to avoid entrainment by ballast and 
cooling water intake. Therefore, negative effects on species of lamprey would be restricted to non-HDD stream 
crossings. Direct effects from stream crossings primarily would be restricted to fish salvage and temporary 
displacement from the crossing locations. Habitat enhancements designed to be beneficial to ESA-listed 
salmonids should also mitigate negative Project effects on lamprey species. 

The effects on coastal pelagic and west coast groundfish EFH species are discussed in Section 3.8 of the Applicant-
Draft BA. Negative effects include larval entrainment, short-term turbidity increases during dredging, possible 
dredging entrainment and food-web effects, primarily to starry flounder and English sole. Detrital inputs from the 
mitigation area at the mouth of the Youngs River following reestablishment of tidal flow would benefit west coast 
groundfish with life history stages that utilize the LCRE. Because the negative effects on other coastal pelagic and 
west coast groundfish EFH species are relatively minor, no compensatory mitigation specific to these species is 
proposed. Measures discussed in the Applicant-Draft BA to avoid and minimize negative effects and the use of 
appropriate conservation measures during construction should be sufficient to ensure no net loss of EFH. 

For reference purposes, other fish species that likely occur in the Project action areas are identified in Tables 5-6 
and 5-7. 

5.2.2 Compensatory Strategies and Measures 
5.2.2.1. Goals and Objectives 
The goal of the mitigation program is no net loss of either individual ESUs/DPSs or habitat function. To 
compensate for unavoidable fish take or habitat loss/degradation, compensatory mitigation is needed. Oregon 
LNG is committed to providing appropriate mitigation and has identified the following six primary actions to 
mitigate for expected effects on listed and proposed fish species and their habitats: 

 Enhance approximately 140 acres of estuarine wetland habitat in Youngs Bay near the mouth of the Youngs 
River, through dike breaching and access  to historical sloughs. 

 Complete a minimum of eight fish barrier removal waterbody and riparian mitigation projects and 
executing those projects through a preferred provider, such as The Freshwater Trust or similar nonprofit 
organization. 

 Complete wetland mitigation at the Nehalem River property, which would reconnect an historical oxbow that 
currently traps juvenile Oregon Coast coho (OC coho) after subsidence of high water events. 

 Remove/replace road culverts that represent complete barriers to listed salmonids. 

 Acquire and preserve approximately 1,000 acres (final area to be based on habitat effects determined during 
final engineering) in the Coast Range. Management for old-growth habitat and preservation would provide 
watershed-level ecological uplift to OC coho. 

 Contribute to the long-term protection (through either conservation lease or purchase) of mature riparian 
habitat along one or more reaches of high-quality salmonid stream habitat. 

A legal instrument is in place for Oregon LNG to use the Youngs River property site for mitigation, including an 
agreement for a long-term conservation easement as a condition of a deed restriction. There are provisions for 
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supporting long-term maintenance and management including a revolving or endowment fund. Oregon LNG 
would prepare a long-term management plan that would be implemented by a third-party conservator.  

Mitigation goals include the following: 

 Breach an existing levee reconnecting 140 acres of historical floodplain along the Youngs River  
 Restore anadromous fish rearing, migration, and refugia habitat in the lower Youngs Bay watershed; 
 Create a low-maintenance and self-sustaining system. 
 Maintain the safety of landowners behind the dike. 
 Create estuarine wetland habitat for federally listed salmonids and other aquatic and terrestr ia l  species 
 Mitigation objectives include the following: 

Restoring high and low tidal marsh wetland; 

 Enhancing wetland hydrology by by sizing breaches to accommodate natural hydroperiod, tidal regime and 
peak flows; 

 Adding habitat structure by providing woody debris; 

 Reestablishment of self-sustaining  native plant communities; 

 Providing access to preferred rearing and refuge habitat; 

 Providing aquatic species support by export of organic matter; and 

 Increasing the quantity and quality of off-channel juvenile salmonid habitat for Youngs River salmonid 
populations by restoring off-channel habitat more than 2.5 miles.  

5.2.2.2. Mitigation Measures 
A description of each mitigation measure is provided below. 

The proposed restoration or enhancement of approximately 140 acres of diked pasture land at the mouth of 
Youngs Bay is discussed in detail in Section 7.0, Wetlands. Salmonid habitat at this strategic site in Youngs Bay 
would be enhanced by opening the extensive area to juvenile salmonid access, restoring meandering historic 
channels within the property, and creating new channel habitat along historic tidal channels. Major access points 
for juvenile salmonids (dike breaches) into the marsh would be located where existing subtidal habitat in Youngs 
Bay is close to the existing dike. Hydrodynamic modeling conducted by Coast and Harbor Engineering determined 
that the property would become inundated twice each day at high tide, with inundation ranging from 40 percent 
to 50 percent of the time. No adverse effects on flow circulation, sediment transport, or morphology are 
expected. The site would be reconnected to tidal exchange (historical condition) and develop its own natural 
equilibrium based upon the actual tidal, riverine, and sediment processes following construction. The proximity of 
subtidal habitat is one of the factors that determine whether juvenile salmonids would utilize marsh habitat 
because they require nearby refuge during low tide conditions. After native freshwater marsh plants have 
recolonized the property, the marsh is expected to provide productive new rearing habitat for juvenile salmon 
that use Youngs Bay. In addition to providing food resources within the mitigation site, substantial quantities of 
macro detritus would be exported annually to enhance the estuarine detrital food web, which provides food 
resources to juvenile salmonids as well as a wide variety of nonlisted fish species. 

Return of previously diked tidal areas in the LCRE has been shown to provide significant benefit to juvenile 
salmonids, and such projects have high restoration priority in the LCRE. Lessons learned from previous projects in 
the LCRE (Bonneville Power Administration [BPA] and USACE, 2013) include the following: 

 Geographically larger projects provide more benefits than smaller ones. 

 Projects closer to the Columbia’s main stem, making them more accessible to fish, are better than those 
farther away. 

 Restoring remnant channels is better than excavating new ones. 
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 Natural processes are preferable to engineered processes. 

The HYoungs River  property and the proposed process for its restoration meet these criteria. At 140 acres, the 
Youngs RIver property is large in the context of reconnection sites; the property is close to the Columbia 
Mainstem; it has existing remnant channels that can either be restored by allowing them to reestablish naturally; 
and naturally processes would be allowed to regenerated the marsh following dike breaching. 

In addition, much of the Youngs River property site has been identified as residing in the highest conservation 
score category (meaning it is a highly desirable site for restoration) by the Youngs Bay Bottomlands Conservation 
and Restoration Plan (Lev et al., 2006). 

Tidal wetland restoration has been shown to be very effective in providing habitat for rearing juvenile salmonids. 
A 2009 review of restoration sites in the Lower Columbia River Estuary (LCRE) found that juvenile salmon either 
arrived where they had been absent or greatly increased in number (Johnson and Diefenderfer, 2010). In the 
Grays River, a tributary to the LCRE, Roegner et al. (2010) found that juvenile salmon quickly expanded into newly 
available habitat following the removal of tide gates from diked pastureland. 

Haskell and Tiffan (2011) monitored a habitat project that reestablished about 94 acres of wetland and channel 
habitats at Crims Island and estimated 11,000 to 13,000 subyearling Chinook salmon used the site following 
restoration. 

Several road culverts that represent complete migration barriers for adult salmonids would be removed or 
replaced with fish friendly culverts in selected ESUs/DPSs. Oregon LNG is committed to opening seven culverts 
before Project operation. Funding for three additional culvert removals/replacements would be provided post-
operation to compensate for uncertainties in the impact analysis process or for any unanticipated effects that are 
identified through post operational monitoring. The seven culverts to be removed or replaced before construction 
would be located within the following ESUs/DPSs: 

 Coastal Coho ESU – three culverts 
 Snake River Fall-run (SRF) Chinook ESU – one culvert 
 Lower Columbia River Coho – three culverts 

These ESUs/DPSs have been identified through impact analysis as likely to be measurably impacted by 
construction or operation of the Project. The specific locations of the culverts to be removed or replaced have yet 
to be determined. Although specific culverts have not been identified for removal or replacement, the minimum 
criteria for culvert removal/replacement would be opening at least 1 mile of productive rearing and spawning 
habitat for the targeted ESUs/DPSs. Using agency-approved habitat survey methods, rearing and spawning habitat 
conditions upstream of each candidate culvert would be assessed and evaluated before final selection of culverts 
for removal/replacement. An estimation of the number of smolts produced as a result of the culvert replacements 
would be provided. Only sites that have high-quality spawning and rearing habitat for at least one mile upstream 
of the culvert would be selected. Agency agreement on the selected sites would be required. Oregon LNG would 
provide assurance to the resource agencies that it has acquired legal rights to remove or replace the culverts and 
that at least a 1-mile reach above each culvert would be protected from future degradation. 

To mitigate, in part, for the long-term loss of LWD recruitment potential at Pipeline crossings, Oregon LNG would 
purchase conservation easements on riparian conifer stands to prevent selective cutting of mature trees within 
100 feet of the stream edge. Locations would be identified within the range of each affected ESU (LCR Coho and 
Coastal Coho). Easements would be purchased on a 1:1 ratio. Based on the number of streams crossed with 
existing riparian vegetation, it is estimated that three to five miles (final mitigation to be based on habitat final 
habitat effects determined during final engineering) of riparian habitat would be protected in the Coast Range 

Additional mitigation for long-term loss of LWD recruitment and other uncertainties associated with effects at 
Pipeline crossings of perennial streams would be provided through the acquisition of a large tract or tracts in the 
Coast Range. The primary objective of funding such acquisitions is to provide compensation for upland and 
riparian effects along the Pipeline corridor. However, an added benefit could be the acquisition of property that 
contains critical habitat of OC coho. To provide additional mitigation for effects on OC coho from salvage, a relict 
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oxbow would be modified at the Nehalem River wetland mitigation site, adjacent to the Nehalem River, 1.7 river 
miles upstream of the HDD crossing at MP 33.5. A channel is choked with reed canary grass at the mitigation site. 
During high water events, the channel is flooded, and OC coho move into the channel. When the water recedes, 
the property owner has observed coho become stranded. Oregon LNG would remove the reed canary grass, 
enhance the current off-channel habitat, plant a mix of native vegetation, and deepen the connection with the 
Nehalem River to allow coho to exit the channel under all flow conditions. Additional detail is provided in 
Section 7.0. 

5.2.2.3. Liquefied Natural Gas Carrier Water Withdrawals 
The technical memorandum titled Oregon LNG: Probabilistic Analysis of ESA-Listed Salmonid Entrainment at 
Ballast and Cooling Water Intakes is provided in Appendix D of this Plan. The typical solution for minimizing the 
effect of water withdrawals is to place screens across the openings. NMFS and ODFW have specific criteria for 
screen mesh openings and approach velocities. Both NMFS and ODFW requested screening of the ballast and 
cooling water taken on by the liquefied natural gas carriers (LNGCs). The grates typically present on the LNGC sea 
chest intakes do not meet agency screening requirements for either mesh size or approach velocities during 
ballast water loading. 

In order to outfit LNGCs with fish screens, approvals would be required from flag states, insurance companies, 
classification societies, vessel owners, vessel managers, technical managers, and ship Captains and Chief 
Engineers before a screening device could be placed on or in close proximity to a vessel’s sea chests. While some 
portions of this approval process may be initiated before a vessel’s charter for a particular voyage, the installation 
of a screening device on a particular vessel would be subjected to a multiagency permitting process immediately 
before the installation. After extensive investigation, there is no practical way to undertake this process for the 
potential of one to two import transits per year of tankers of unknown size or origin. USCG would not permit 
affixing and device to a ship that could impede an emergency exit from port. The absence of a defined regulatory 
process or any semblance of consensus among the various interested federal and state agencies on this issue 
makes it impracticable for Oregon LNG to comply with NMFS and ODFW recommendations to screen ballast and 
cooling water. 

Even though take is expected to be less than that outlined in Appendix D (approaching zero) due to the transition 
from over 100 ships per year taking on ballast water to just two ships per year taking on ballast water, Oregon 
LNG is committed to ongoing coordination with federal and state agencies in developing strategies to minimize 
potential effects of ballast and cooling water intakes on listed species of fish. For example, the one or two import 
vessels per year, the transits that would be taking on ballast water, would mostly likely occur in the winter when 
peak demand for gas could not be met by existing pipeline sources. Winter import of gas would be past the peak 
time of salmon outmigration and therefore minimize the likelihood of entrainment in ballast water. Oregon LNG is 
proposing compensatory mitigation to offset the minimal take of fish in ballast and cooling water. The 140-acre 
Youngs River site at the mouth of the Youngs River, as well as riparian enhancement project,  is proposed for 
mitigation of the ESUs most affected by ballast water withdrawals. Removal of barriers to fish passage, discussed 
in Section 5.2.2 above, is also proposed to compensate for potential entrainment of listed species of fish in ballast 
and cooling water. 

5.2.3 Rationale for the Extent of Fish-Related Compensatory Mitigation 
The degree of take resulting from certain effects is expected to be insignificant and restricted to behavioral 
modifications not leading to significantly decreased survival. Consequently, no compensatory mitigation is 
proposed for the following effects: 

 Artificial light and shading 
 Turbidity (from dredging, dredge disposal and Pipeline construction) 
 Passage impediments (during Pipeline construction) 
 Food web effects 

The following effects are dependent on species and would require mitigation: 
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 Pile-driving noise 
 Fish salvage at Pipeline crossings 
 Habitat loss or alteration 
 Loss of riparian vegetation 
 Dredging entrainment (only if a hopper dredge is used) 

The severity of Project effects, and thus the need for compensatory mitigation depends, at least in part, on the 
duration of Project effects. Table 5-4 summarizes the duration of each “mitigatable” Project effect. 

As discussed in Section 3.8 of the Applicant-Draft BA, negative effects on many of the ESUs are minor, and would 
be addressed through minimization, avoidance, and BMPs. This results in the need for mitigation for only a subset 
of the ESA-listed species present in the Project action areas. Table 5-5 illustrates the proposed mitigation by 
ESU/DPS species. Proposed mitigation on a per ESU/DPS basis is discussed in Sections 5.2.3.1 through 5.2.3.11 
below. 

Mitigation efforts for the unavoidable effects are concentrated within the ranges of the specific ESUs/DPSs. 

5.2.3.1. Upper Columbia River Steelhead, Upper Willamette River Steelhead, Lower Columbia 
River Steelhead, Middle Columbia River Steelhead and Snake River Basin Steelhead 

Based on ballast water entrainment modeling, steelhead are minimally susceptible to entrainment, and therefore 
take resulting from entrainment would be essentially zero. Likewise, dredging and disposal are unlikely to entrain 
steelhead. Because steelhead move through the estuary very quickly, their utilization of the affected habitats is 
expected to be minor and the extent of unquantified take would be insignificant. Because the degree of direct and 
indirect take is expected to be so low, no compensatory mitigation is proposed. However, these DPSs could 
benefit from macro detritus production exported from the Youngs River Mitigation Site. 

5.2.3.2. Snake River Sockeye 
As with steelhead, sockeye salmon were shown not to be susceptible to ballast and cooling water entrainment, or 
dredging and disposal entrainment and therefore take due to entrainment would be essentially zero. Because 
Snake River sockeye move through the estuary very quickly, their utilization of the affected habitats is expected to 
be minor and the extent of unquantified take would be insignificant. Because the degree of direct and indirect 
take is expected to be so low, no compensatory mitigation is proposed. 

5.2.3.3. Upper Columbia River Spring-Run Chinook 
Because of their stream-type life history, spring-run Chinook, like steelhead and sockeye, are minimally 
susceptible to dredge and dredge disposal entrainment and entrainment due to ballast and cooling water 
withdrawal was estimated at much less than one juvenile salmonid. Upper Columbia River Spring-run Chinook 
move through the estuary very quickly, their utilization of the affected habitats is expected to be minor, and the 
extent of unquantified take would be insignificant. Because the degree of direct and indirect take is expected to 
be so low, no compensatory mitigation is proposed. However, this ESU could benefit from macro detritus 
production exported from the Youngs River Mitigation Site. 

5.2.3.4. Snake River Spring/Summer Chinook 
It was estimated that 0.01 – 0.07 Snake River Spring/Summer Chinook could be entrained in ballast and cooling 
water annually for an import only Terminal. This number is expected to be at least an order of magnitude lower 
for a bi-directional Terminal. Because Snake River Spring/summer Chinook are stream-type fish that migrate 
rapidly through the estuary, their utilization of the affected habitats is expected to be very minor and the extent 
of take due to habitat alteration would be insignificant. Thus, no compensatory mitigation is proposed. However, 
this ESU could benefit from macro detritus production exported from the Youngs River Mitigation Site.  

5.2.3.5. Lower Columbia River Chinook 
It was estimated that from 3.62 to 13.81 LCR Chinook juveniles could be entrained in ballast and cooling water 
annually for an import only Terminal. This number is expected to be at least an order of magnitude lower for a bi-
directional Terminal. A total of 185 could potentially be present in the “harm” zone during pile driving. This is by 
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far the greatest effect on any ESU from pile-driving noise. In addition, LCR Chinook may be most susceptible to 
dredging entrainment due to their longer period and estuarine utilization and their small size during estuarine 
residency, but this is mitigated by the fact that they tend to be found in shallow edge habitats, and not at the 
depths to be dredged. As ocean-type fish, LCR Chinook likely utilize the LCRE for rearing more than any of the 
other ESUs and therefore would be most negatively affected by habitat alterations and other unquantified forms 
of take. LCR Chinook are also present in streams crossed by the Pipeline. However, the rivers and streams 
containing LCR Chinook habitat would be crossed using HDD methods and therefore no mitigation is proposed for 
habitat effects at the Pipeline crossing locations. 

Mitigation is proposed to compensate for the one-time loss of 185 juvenile LCR Chinook due to pile-driving noise 
and the annual loss of 4 to 14 juvenile LCR Chinook due to ballast and cooling water withdrawal. 

Proposed Mitigation 

The proposed Youngs River Mitigation Site at the mouth of the Youngs River would provide preferred shallow 
water rearing habitat for far more than 185 juvenile LCR Chinook potentially taken during construction and would 
provide rearing habitat for many more than the 14 juveniles potentially taken annually. This rearing habitat would 
be available daily throughout the year and would export organic material that would benefit ESA-listed salmonids 
that do not directly utilize the shallow water and channel habitat to be reopened at the mitigation site. 

5.2.3.6. Upper Willamette River Chinook 
It was estimated that 0.04 to 0.28 Upper Willamette River (UWR) Chinook could be entrained in ballast and 
cooling water annually for an import only Terminal. This number is expected to be at least an order of magnitude 
lower for a bi-directional Terminal. UWR Chinook have both ocean-type and stream-type life histories and could 
also be affected by habitat changes to the LCRE, although the degree of negative effects is expected to be minor. 
Because the level of annual take is expected to be so low, no mitigation is proposed beyond that provided 
primarily to the ocean-type component of this ESU at the Youngs River Mitigation Site. Enhanced rearing 
opportunities at the proposed mitigation site should more than offset the very small amount of take from ballast 
water withdrawal. 

5.2.3.7. Snake River Fall-run Chinook 
It was estimated that 0.15 to 0.56 SRF Chinook could be entrained in ballast and cooling water annually for an 
import-only Terminal. This number is expected to be at least an order of magnitude lower for a bidirectional 
Terminal. It was also estimated that three SRF Chinook could potentially be in the “harm” zone during pile driving. 
SRF Chinook historically had an ocean-type life history and could also be affected by habitat changes to the LCRE, 
although the degree of negative effects is expected to be minor, and the majority of SRF Chinook currently adopt 
a reservoir-rearing life style. 

Mitigation would be conducted for habitat effects in the LCRE and for the direct losses due to ballast/cooling 
water withdrawal and pile-driving noise. 

There is currently only one population of SRF Chinook: the Lower Snake River Mainstem population. This 
population occupies the Snake River from its confluence with the Columbia River to Hells Canyon Dam, and the 
lower reaches of the Clearwater, Imnaha, Grande Ronde, Salmon, and Tucannon Rivers (NMFS, 2005). Currently, 
natural spawning is limited to the area from the upper end of Lower Granite Reservoir to Hells Canyon Dam, the 
lower reaches of the Imnaha, Grande Ronde, Clearwater, and Tucannon Rivers, and small mainstem sections in 
the tailraces of the lower Snake River hydroelectric dams (Good et al., 2005). Dams and alterations in river flow 
and temperatures from various water uses in the upper Snake River and tributaries are the primary continuing 
threats to fall Chinook salmon range and habitat (NMFS, 2005). 

Proposed Mitigation 

Oregon LNG proposes to complete one culvert removal/replacement project within the range of SRF Chinook. 
Because the Imnaha River contains spawning habitat and is located in Oregon, culvert removal/replacement 
efforts would focus on the Imnaha River unless ODFW or other agencies/ nongovernmental entities identify higher 
priority culverts outside the Imnaha Basin. 
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Redd counts in the Imnaha basin are highly variable and thus determining the likely effect of a culvert 
replacement would be very site specific. However, if suitable habitat is present (a requirement of any culvert 
replacement) and spawning adults are present downstream, it is reasonable to assume that at least one redd 
would be occur in a mile of additional spawning habitat. If egg to smolt survival ratio is assumed to be 0.104 for 
Chinook (Quinn, 2005), an additional five eggs would be required to replace the maximum of 0.56 juveniles lost 
annually. Assuming fecundity of 8,000 eggs per female (Scott and Crossman, 1973), opening up spawning habitat 
to even one additional pair of SRF Chinook would more than replace the juveniles lost to ballast and cooling water 
entrainment. 

There is also an ocean-type component of the SRF Chinook population that would benefit from increased rearing 
opportunities at the Youngs River Mitigation Site. Thus, the proposed mitigation site would compensate for any 
direct take due to ballast and cooling water entrainment or noise effects by providing additional productive 
rearing habitat. 

5.2.3.8. Lower Columbia River Coho 
It was estimated that 0.22 to 1.19 LCR coho could be entrained in ballast and cooling water annually for an import 
only Terminal. This number is expected to be at least an order of magnitude lower for a bi-directional Terminal. 
However, it is unlikely that LCR coho rear extensively in the LCRE, and therefore there would be few, if any, 
negative habitat effects in the estuary. Additionally, LCR coho are present at seven HDD stream crossings, and at 
or immediately downstream from eight flume or open-cut crossings that would use flume methods if they contain 
water at the time of construction. 

Juvenile coho density information is available from the Salmon Recovery Data Tracker website 
(http://odfwrecoverytracker.org/). Of the streams where LCR coho may be present, the Clatskanie River, Little 
Clatskanie River, Merrill Creek Tributary and Milton Creek have all been surveyed by ODFW at least once since 
1998. For these streams, the mean density of all samples was used to estimate the number of LCR coho 
potentially affected. For streams where there has been no sampling by ODFW, the mean density of all sampled 
sites over all years (0.09 juvenile salmon/square meter) was used. For the portion of habitat affected at each 
crossing that was not pool, coho density was assumed to be half that of pool habitat. It was assumed that 60 feet 
of waterbody would be isolated by cofferdams during construction and would require salvage. Stream sizes 
crossed and the number of LCR coho likely affected are provided in Table 5-6. Data on stream size were obtained 
from CH2M HILL habitat surveys. 

Using this method of estimation, 58 LCR Coho are expected within the flumed stream crossing isolation areas. Of 
course, this number could be higher or lower depending on the productivity of the year salvage occurs. Assuming 
3 percent mortality of salvaged fish, one or two would likely die as a result of electrofishing. Therefore, salvage 
would result in the loss of up to two and the harassment of 58 LCR coho. 

Based on the nature of the effects, mitigation would be conducted to offset losses due to fish salvage and reduced 
LWD recruitment potential. 

Proposed Mitigation 

The LCR Coho ESU includes 25 populations that historically existed in the Columbia River basin from the Hood 
River downstream. Eight of these populations are present in Oregon: Youngs Bay, Big Creek, Clatskanie River, 
Scappoose Creek, Clackamas River, Sandy River, Lower Gorge and Hood River/Upper Gorge. Although LCR coho 
can, and in some years do, occur in areas crossed by the Pipeline, previously, NMFS concluded that all natural 
populations outside the Sandy and Clackamas rivers were probably extinct, and since the mid-1970s there has 
been no natural reproduction in the Clatskanie River during most years (PSU, 2001). However, in recent years the 
number of coho in the Clatskanie River system has increased. In 2011, the estimated number of coho spawning in 
the Clatskanie River was 1,553, of which only 3 5 were hatchery origin (Lewis et al., 2012). Mitigation would be 
focused on the local populations in Youngs Bay, the Clatskanie River, and Scappoose Creek, all of which are at high 
risk of extinction based on a number of factors (McElhaney et al., 2007). Spatial structure has likely been reduced 
by habitat degradation, particularly in valley floor habitats of the lower basin. Habitat changes in the Columbia 
mainstem and estuary also likely have a significant effect on coho salmon (ibid). Although coho exhibit a primarily 
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stream-type life history, recent research indicates that so called “nomads” historically considered excess fry that 
moved downstream either due to disturbance (high flows) or density dependent factors can adapt to brackish 
water and may rear in estuarine environments before moving back into freshwater to overwinter (Koski, 2009). 
Therefore, the Youngs River Mitigation Site at the mouth of the Youngs River could provide rearing habitat for LCR 
coho “nomads.” 

To compensate for salvage losses Oregon LNG would conduct three culvert removal/replacement projects. 
Opening up one mile of habitat should more than compensate for the one-time loss from salvage. Culvert 
removal/replacement project selection would be conducted as described in Section 5.2.2. In order to compensate 
for the loss of LWD recruitment potential due to removal of riparian vegetation, Oregon LNG would purchase 
conservation easements (as described in Section 5.2.2) on a 1:1 replacement ratio. Of the flume crossings within 
the range of LCR coho, only Hackard Creek,  Milton Creek, Merrill Creek and its Tributary have intact woody 
riparian zones, and therefore, purchase of riparian conservation easements would result in the long-term 
protection of 300 feet of riparian vegetation. 

5.2.3.9. Oregon Coast Coho 
OC Coho do not occur in the Terminal location and would therefore only be affected by Pipeline construction and 
operation. OC coho are present at five HDD stream crossings, and at or immediately downstream from five flume 
crossings. 

The population affected is the Northern Oregon Coast, Nehalem River population, which is the fourth largest of 21 
populations. Therefore, mitigation would occur only within the geographic boundaries of the population. As 
reported in the Applicant-Draft BA, limiting factors include stream complexity and water quality. 

Salvage at the flume crossings would negatively affect some OC coho. Juvenile coho density information is 
available from the Salmon Recovery Data Tracker website (http://odfwrecoverytracker.org/). Of the streams 
where OC coho may be present, Alder Creek, Rock Creek, Clear Creek, and Cedar Creek have all been surveyed by 
ODFW at least once since 1998. For these streams, the mean density of all samples was used to estimate the 
number of OC coho potentially affected. For streams where there has been no sampling by ODFW, the mean 
density of all sampled sites over all years (0.37 juvenile salmon/square meter) was used. For the portion of habitat 
affected at each crossing that was not pool, coho density was assumed to be half that of pool habitat. It was 
assumed that 60 feet of waterbody would be isolated by cofferdams during construction and would require 
salvage. Stream sizes crossed and the number of OC coho likely affected (based on their average density) are 
displayed in Table 5-7. 

Using this method of estimation, 178 OC Coho are expected within the flumed stream crossing isolation areas. Of 
course, this number could be higher or lower depending on the productivity of the year salvage occurs. Assuming 
3 percent mortality of salvaged fish, five fish would likely die as a result of electrofishing. Therefore, salvage would 
result in the loss of up to five and the harassment of 178 OC coho. 

Proposed Mitigation 

In order to compensate for salvage losses, Oregon LNG would conduct three culvert removal/replacement 
projects. Culvert removal/replacement project selection would be conducted as described in Section 5.2.2. 

It is assumed that replacing three culverts would result in at least one redd within the additional mile of spawning 
habitat. If egg to smolt survival ratio is assumed to be 0.018 for coho (Quinn, 2005), an additional 7,055 eggs 
would be required to replace the 127 juveniles potentially affected by salvage. Assuming fecundity of 3,000 eggs 
per female (Scott and Crossman, 1973 – range reported to be 1,440 to 5,700 eggs per female in Washington), 
opening up spawning habitat to even three additional pairs of OC coho would replace the juveniles affected by 
salvage. Opening up spawning habitat to one pair would far exceed the projected lethal take due to salvage. 

To compensate for the loss of LWD recruitment potential due to removal of riparian vegetation, Oregon LNG 
would purchase conservation easements as previously described on a 1:1 replacement ratio. 
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Of the flume and open-cut crossings within the range of OC coho, Alder Creek, Rock Creek, N. Fork Wolf Creek, 
and Clear Creek currently have riparian zones with woody vegetation. The purchase of riparian conservation 
easements to mitigate for the loss of LWD recruitment would result in the long-term protection of 300 feet of 
riparian vegetation. 

To further compensate for habitat loss and unforeseen negative effects, Oregon LNG would acquire upland 
habitat that is managed as industrial timberland with riparian and stream components in the landscape. 
Preserving upland and riparian habitat and eliminating 40- to 60-year harvest regimes on large tracts of land 
would be beneficial to stream and fish habitat. Wetland restoration at the Nehalem River property is designed to 
eliminate entrainment of OC coho in reed canary grass. 

5.2.3.10. Green sturgeon 
Because of their large size, and the timing of their estuarine residency, green sturgeon are expected to be little 
affected by any Project activities. The only potential effect would be removal and burial of a small amount of food 
organisms during dredging and dredge disposal. Green sturgeon populations are unlikely to be limited by food 
availability. No compensatory mitigation is proposed. However, there would likely be some food-web benefit to 
green sturgeon from the Youngs River Mitigation Site. 

5.2.3.11. Eulachon 
Eulachon do not occur in any of the streams to be crossed by the Pipeline, except for the HDD crossing of the 
Columbia River. The proposed spring to fall dredging period restricts the negative effects of dredging entrainment 
to a few late drifting larvae in the spring, rather than having a dredging period that completely overlaps eulachon 
upstream and downstream movements. Because eulachon do not utilize food organisms that would be affected 
by the Project, negative effects would be restricted to ballast and cooling water entrainment during the period 
when larvae are present. Because larval mortality is so high and because ballast and cooling water operations 
would affect only a very small fraction of the water in the LCRE, no effect on eulachon populations is anticipated 
and no compensatory mitigation is proposed. 

5.2.3.12. Nonlisted Species 
Pacific Lamprey 

Direct effects from stream crossings primarily would be restricted to fish salvage and temporary displacement 
from the crossing locations. Pacific lamprey salvage would be conducted using low pulse-rate electrofishing gear 
proven to be effective for lamprey ammocoete collection. Culvert replacement or removal designed to be 
beneficial to ESA-listed salmonids should also mitigate negative Project effects on lamprey species. Pacific 
lamprey are likely to be present downstream from culvert replacement or removal locations, and therefore the 
cumulative benefit to lamprey would be greater than to any listed ESU/DPS. 

Nonlisted species would be negatively affected by direct and indirect effects in the LCRE and at Pipeline crossings. 
Negative effects in the LCRE include larval entrainment, short-term turbidity increases during dredging, possible 
dredging entrainment and food-web effects. These negative effects on the LCRE would be mitigated by detrital 
inputs from the Youngs River Mitigation Site at the mouth of the Youngs River following reestablishment of tidal 
flow and the creation of shallow water habitat at the dredge disposal sites. 

“Mitigatable” effects on nonlisted species at Pipeline crossings would include fish salvage and loss of LWD 
recruitment potential. Fish salvage is difficult to quantify, as the populations of the various nonlisted species is 
effectively unknown. However, based on the relatively large and nonthreatened nature of these populations, 
losses due to salvage are expected to be biologically insignificant. To replace the lost LWD recruitment potential, 
Oregon LNG would purchase conservation easements along 3 to 5 miles (to be based on habitat effects during 
final engineering) of stream in the Coast Range as previously described. 

5.2.4 Mitigation Project Lists 
To create a positive effect on species survival and recovery, mitigation would be directed by knowledgeable local 
agency personnel and would focus on areas where the “most bang for the buck” can be achieved. ODFW issued a 
2013 list of priority passage projects. Those in the Nehalem, Lower Columbia, and Lower Columbia-Clatskanie are 
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listed in Table 5-8. ODFW has created a 2013 priority list that identifies priority passage projects throughout the 
state. Priorities would change as projects get completed and therefore it is impossible to identify specific projects 
until Oregon LNG receives all necessary construction authorizations. Nonetheless, Table 5-8 was constructed to 
illustrate the abundance of available projects that could be identified that achieve stated mitigation goals. 
Projects would be executed in a manner consistent with ODFW design criteria and standards. Oregon LNG is 
committed to completing a minimum of eight fish barrier removal projects. Projects would be selected relative to 
direct take of listed fish by ESU. Project selection could be accomplished by focusing on alleviating limiting factors, 
restoring those populations that are most at risk, or implementing high-priority restoration activities. Oregon LNG 
is interested in using The Freshwater Trust or a similar conservation organization in executing stream and riparian 
mitigation projects.11 The Freshwater Trust has a tool, StreamBank, that can be modified for use as the online 
tool to communicate with the Adaptive Management Team, tracking projects from design through performance 
monitoring. 

In addition to the stream projects listed in Table 5-8, one large mitigation area is proposed to mitigate the 
negative effects caused by construction and operation of the Terminal. The Youngs River Mitigation Site would 
return currently diked tidal flat to tidal hydrology on 100 acres at the mouth of the Youngs River, 

5.3 Operational Mitigation, Post-Construction Monitoring, and 
Adaptive Management 

5.3.1 Pipeline 
5.3.1.1. Stream Crossings 
Stream banks would be restored according to plans submitted in the Applicant-Draft BA. Stream bank restoration 
would be monitored after construction to ensure that bank stabilization methods employed were effective. 

Should channel subsidence, bank erosion, channel scour, or other negative long-term effects of Pipeline 
construction become apparent during post-construction monitoring, case-specific responses would be tailored to 
alleviate the specific problems identified. 

Restoration procedures would be monitored to ensure their efficiency and effectiveness. If the monitoring 
identifies any areas of erosion or ineffective revegetation, the easement would be restored in accordance with 
the existing plans unless it is determined that modified plans are needed, in which case NMFS and ODFW would 
be contacted for approval of any such modifications. Sediment barriers would be properly maintained throughout 
construction and reinstalled as necessary (such as after backfilling of the trench) until replaced by permanent 
erosion controls, or until restoration of adjacent upland areas is complete and revegetation has stabilized the 
disturbed areas. 

After initial revegetation, a monitoring plan would be implemented to ensure successful reestablishment over the 
long term. The monitoring plan has not yet been developed, but it would be completed and approved by ODFW 
and DSL before consultation begins. It would provide for a minimum of 5 years of monitoring. 

5.3.1.2. Ongoing Vegetation Removal 
Disturbances due to continued maintenance include the effects of mowing, road maintenance, and herbicide use. 
The proposed long-term revegetation plan is described in Section 3.5.3 of the Applicant-Draft BA. Revegetation 
measures would be implemented following the FERC Plan and Procedures. Maintenance mowing and vegetation 
removal would be kept to the minimum necessary to satisfy Pipeline inspection and maintenance requirements. 

Mowing 

Maintenance of the Pipeline would include periodic vegetation mowing, as necessary and in accordance with the 
FERC Plan and FERC Procedures, to allow for visual Pipeline inspections. At stream crossings, the mowed area 
would be 10 feet. This corridor of permanent maintenance would experience a change in condition. However, the 

11  Identifying The Freshwater Trust as the preferred provider for stream and riparian mitigation does not constitute an endorsement of the Project by this 
conservation organization. 
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objective of riparian restoration, as shown in Figure 5-2, is to create a dense canopy so that, over time the effects 
from construction would be insignificant to ESA-listed fish species and their habitat. 

Access Road Maintenance 

Equipment such as “brush-hogs” that may be required for controlling vegetation would access the Pipeline on the 
existing access roads and the new road sections discussed above. The equipment would not cross streams that 
support ESA-listed fish where bridges do not currently exist. If necessary, workers would clear vegetation on foot. 

In the unlikely event that repairs are needed at Pipeline crossings, the repair access approach would be the same 
as that described for the original construction. Pipe installed using HDD methods would not be removed under 
any circumstances. If a pipe at an HDD crossing were to fail, a new pipe would be installed using HDD methods, 
rather than attempting a repair. 

Herbicide Application 

Herbicide application may be required for the control of natural vegetation or invasive species, such as Himalayan 
blackberry, in Pipeline easements. However, to preclude herbicide drift into sensitive streams or waterbodies, no 
herbicides would be applied unless absolutely necessary; and, if application becomes necessary, herbicides would 
not be applied within 100 feet of a wetland or waterbody, unless approved by appropriate federal and state 
agencies. In the event that herbicide application proves necessary, specific usage guidelines would be prepared in 
consultation with regulatory agencies to ensure that existing conditions are maintained. 

5.3.1.3. Human Access 
During regular Pipeline maintenance activities, any evidence that the public is using the corridor to access 
otherwise inaccessible areas would be noted. In the event that maintenance of the Pipeline corridor does lead to 
unintended use by the public, steps would be taken to curtail this use by concealing and blocking any trails that 
develop with logs, rootwads, or boulders; posting “no trespassing” signs; or taking other actions as appropriate. 
Existing conditions are expected to be maintained. The intent is to prevent motorized vehicles from unauthorized 
use that could create rutting that leads to erosion. Landowners may permit access for passive recreation or 
hunting. Terms of human use and use by landowners would be defined in the easements that are obtained by 
Oregon LNG. 

5.3.2 Terminal 
5.3.2.1. Long-Term Effects of Dredging 
Habitat Modification 

Construction would result in the conversion of 0.04 acre of shallow water habitat to deepwater habitat. 
Compensatory mitigation is proposed to replace this lost habitat. The ecological functions would be replaced by 
the functional uplift at the Youngs River property mitigation site. 

Hydrology 

Hydrodynamic modeling conducted by Coast & Harbor Engineering (2009a) indicates that the hydrology of the 
LCRE would not be significantly modified from its current state and therefore no conservation measures are 
necessary. 

Salinity and Temperature 

Hydrodynamic modeling indicates that the temperature and salinity of the dredge prism would not be significantly 
modified from their current state and therefore no conservation measures are necessary. 

5.3.2.2. Artificial Light 
In practice, the available methods for avoiding and minimizing light effects are constrained by the fact that 
minimum light requirements for safety and security are often set by industry standards. The minimum amount of 
light necessary to complete construction and operation tasks would be used, and lighting would be directed to 
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work areas in order to minimize stray light. Light sources would also be located as close as possible to critical 
instruments, such as gauges, so that additional general lighting is unnecessary. 

Lighting at the Terminal and onshore facilities would likely include a mixture of low-power fluorescent lighting and 
higher intensity security lighting. Measures to minimize the potential for lighting effects on fish resources include 
(a) the use of directional lighting facing onshore to the extent possible, (b) the use of screens or lighting hoods, (c) 
the use of motion-activated lighting, (d) the use of full-cutoff light fixtures, which have no direct uplight, help 
eliminate glare, and are more efficient by directing lighting down to the intended area only, and (e) the planting of 
vegetation along shorelines to screen open-water areas from operating lights. 

While some lighting would be required at all times on the pier and access trestle, more intense light would be 
required during unloading operations, a maximum of 2 days during those weeks when a LNGC is scheduled to 
arrive. Throughout the planning process for the Terminal, NMFS and USFWS would be consulted for input into 
light minimization and mitigation methods. 

5.3.2.3. Attraction of Avian Predators 
To prevent birds from roosting on the pilings, the tops of the pilings would be capped with cones designed to 
prevent roosting. As part of their training, facility employees would be instructed to report any observations of 
birds habitually using facility structures for roosting. During regular inspections and other activities mandated by 
safety and security requirements, a designated employee would be charged with monitoring to determine 
whether other structural components of the mooring pier or access trestle are being used as roosting sites for 
avian predators. Any signs of persistent avian roosting would be recorded, and during the first year of operations 
a report would be filed with designated ODFW and NMFS offices every 6 months. Thereafter, an annual report 
would be filed. If, after 2 years, no avian predators have been observed, reporting would cease but monitoring 
would continue. 

In the event that predatory birds begin using the platform, Terminal, or access trestle, an adaptive management plan 
would be implemented in consultation with local ODFW biologists to prevent roosting. Potential exclusion methods 
would vary, depending on the bird species involved and the specific roosting locations. Possibilities include wire 
mesh or netting to exclude birds from enclosed spaces; metal prongs, needle strips, or porcupine wires installed on 
horizontal roosting surfaces; sticky bird gel repellents; automated water spray deterrent devices; spaced overhead 
wires (similar to those described in Steuber et al., 1993); or other methods suggested by wildlife biologists. These 
methods may constitute “harassment” under the Migratory Bird Treaty Act (MBTA), and before implementation, any 
management plan would be submitted to USFWS for comment. In the unlikely event of nesting on facility structures, 
nests would be removed immediately upon discovery. If a nest becomes established and it is not discovered until 
young birds are present, the disposition of the nest would be handled in accordance with the provisions of the 
MBTA. The implementation of these preventive measures, long-term monitoring, and adaptive management plans 
are expected to ensure that existing conditions regarding avian predation of listed species are maintained. 

5.3.2.4. Shading 
The effects of shading have been minimized through conscientious siting and design of the pier and access trestle 
(e.g., situating the longest axis of the trestle in an east-west configuration, positioning of the trestle relatively high 
above the water surface) and use of grated steel decking. No additional conservation measures are proposed. 

5.3.2.5. Potential LNG Spills 
The potential for LNG spills is greatly reduced by numerous design and security measures, including multi-walled 
tanks, secondary containment of piping and onshore tanks, and leak detection equipment. If a spill were to occur, 
the effects on fish and fishery resources would be minor, localized, and short term. It is expected that existing 
conditions would be maintained. 

5.3.2.6. Hazardous Materials Release 
The SPCC Plan is found in Appendix B. Careful adherence to this plan and consistent implementation of preventive 
measures would ensure the maintenance of existing conditions. 
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5.3.2.7. Maintenance dredging 
The conservation measures described above for the initial dredging of the berth and turning basin would be 
implemented during periodic maintenance dredging. 

5.3.2.8. Terminal Water Discharges 
Impervious surfaces have been reduced to the maximum degree through conscientious site design, thereby 
avoiding and minimizing the potential effects from surface runoff. Conservation measures for the stormwater and 
fire suppression testing water include the conscientious implementation of the stormwater plan. Stormwater 
would be transported to the City of Warrenton POTW. Fire suppression water would be obtained from the 
Skipanon River and would drain back into the river after each test. 

5.3.2.9. Prop Wash 
The shoreline would be monitored for the first five LNG deliveries and thereafter at least once every 90 days 
(quarterly). Should the monitoring determine that potentially damaging erosion is occurring as a result of 
operations (rather than from significant storms or natural wave action) and that stabilization measures would 
reduce erosion potential, appropriate measures would be implemented pursuant to federal and state removal/fill 
approvals. In the event that monitoring indicates shoreline erosion, then soft armoring techniques, such as 
vegetation and brush layering, would be employed as an adaptive management strategy Period bathymetric 
surveys would be conducted concurrent with surveys to establish the necessity of maintenance dredging. Should 
bathymetric surveys indicate slope erosion, adaptive management would be conducted in consultation with 
USACE. Slope armoring or disposal of dredged material could be employed to arrest any slope erosion that does 
occur. 

5.3.2.10. Introduction of Exotic or Invasive Species 
Like other cargo vessels, LNGCs would be required to follow the ballast water management rules laid out in OAR 
340-143-0001. The Oregon rules are generally congruent with USCG regulations. The ballast water program is 
administered by ODEQ, and under the rules, a vessel may discharge ballast within waters of the state only if: 

 The vessel has conducted an open ocean exchange (at least 200 nautical miles [nm] from shore and in waters 
at least 2,000 meters deep); or 

 A coastal exchange of ballast water has been performed (at least 50 nm from shore and in waters at least 200 
meters deep) for vessels on coastal voyages traveling to Oregon from a North American coastal port south of 
40°N or north of 50°N; or 

 The vessel discharges ballast water that has been treated to remove organisms in a USCG-approved manner; 
or 

 Conditions are such that without performing an exchange, the exchange would be unsafe or infeasible 
because of adverse weather, vessel design limitations, or equipment failure. 

Vessels are also required to file ballast water management reports to ODEQ at least 24 hours before entry into 
the state. These measures should greatly reduce the likelihood of exotic species introductions via ballast water. 

5.3.3 Adaptive Management Summary 
As described in Sections 3.5 and 3.6 of Oregon LNG’s Applicant-Draft BA, construction and operation of the 
Project has the potential to affect listed fish through a number of direct and indirect pathways. Where direct 
effects on listed species are anticipated (i.e., mortality, harm or harassment), estimates of potential take have 
been provided in the Applicant-Draft BA. Indirect effects have also been described but are more subjective and 
have been estimated with less precision. These estimates of direct and indirect effects provide the targets 
(expected values or ranges of values) for assessment through monitoring. At the Terminal, monitoring programs 
would be developed for turbidity generated during construction dredging, maintenance dredging and dredged 
material disposal; underwater noise; propwash/bow thruster effects on shoreline structures; and for avian 
predator use of pier and trestle structures. 
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Also at the Terminal, monitoring would be conducted to validate modeling results for potential entrainment of 
fish in ballast and cooling water. The validation work would be conducted before commencement of Terminal 
operations. Potential methods of validation under consideration include surveying the density and location of fish 
in the water column, pumping water through a face plate with an opening similar in size as might be expected on 
an LNG tanker; or the use of a surrogate ship with intakes at depths similar to an LNG tanker. The fish survey 
approach would validate two of the main variables affecting the results of the entrainment modeling study. The 
face plate and pump mechanism would be tested by hanging the test apparatus at an appropriate depth from a 
barge. The method and timing of the validation study would be coordinated with the NMFS and ODFW before 
commencement of the study. The quantity of compensatory mitigation for direct take of fish may be adjusted, but 
no less than currently proposed, based on the results of the validation study. 

At stream crossings along the Pipeline route, construction and operation effects primarily involve effects on 
instream, bank and riparian habitat conditions rather than direct mortality, harm or harassment to listed fish 
species. The adaptive management plan for listed fish at stream crossings therefore, is described in Section 8.0, 
Stream Channels and Waterbodies. 

For the Terminal, adaptive management plans would be developed for turbidity, underwater noise, avian 
predation, prop and bow thruster wash and ballast/cooling water entrainment. The following summaries provide 
suggested adaptive management strategies for each of the Terminal effects that require monitoring: 

 Water quality effects associated with turbidity generated during dredging and dredge material disposal. 

 The monitoring requirements and location of monitoring sites downstream from dredging activities can 
vary somewhat from project to project, depending on site conditions. The following is based on typical 
requirements for maintenance dredging in the LCR and may not represent the specific requirements that 
ODEQ would specify for this Project. 

 Clamshell dredging would be used to dredge material from the berth and turning basin. Turbidity 
monitoring would be conducted throughout the hydraulic dredging operation at ODEQ-specified intervals 
(usually 4-hour intervals). A turbidity exceedance occurs when turbidity measured downcurrent (usually 
300 feet downstream) from the dredge cutter head exceeds 10 percent over background. If an 
exceedance is detected, the dredge captain would be notified and modifications to the dredging process 
would be made to reduce the turbidity-causing activity. Modifications could include reducing the rate of 
swing of the cutter head and/or reducing the rate of pumping. A second monitoring event would then 
performed two hours later. If turbidity exceeds 5 NTU over background (when background is less than 50 
NTU) during the second monitoring interval, the turbidity-causing activity would be stopped until turbidity 
levels return to background levels measured during that monitoring event. At that point, sampling would 
be continued at 4-hour intervals during active dredging operations. If continued exceedances occur, the 
dredging may be shut down until a satisfactory solution can be achieved to ensure that turbidity criteria 
are not exceeded. 

 Material dredged by clam shell dredging would be transported by barge to the dredge disposal sites and 
bottom-dumped at the disposal sites. Because of the short-term nature of the turbidity plume generated 
by the dumping process, it is not likely that adaptive management would be required for turbidity 
compliance at the disposal sites. However, bathymetric surveys would be conducted to document that 
the placement of material is located where it is supposed to be. 

 Underwater noise effects 

 Monitoring and the adaptive management strategies for reducing excessive underwater noise are 
described in Applicant-Draft BA Appendix 8, Oregon LNG Terminal and Oregon Pipeline Project—
Underwater Noise, Propagation, Monitoring, and Mitigation. 

 Avian predation 
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 Avian predators such as cormorants often use piers and pilings for perching and roosting. Bird predation 
on juvenile salmonids could increase if the proposed wharf and trestle were used as a preferred perching 
or roosting site. Monitoring would be conducted to determine whether the wharf and trestle are used by 
avian predators. If a problem is identified, adaptive management would be implemented to either make 
the wharf and trestle unattractive for roosting or perching or by employing methods that would scare the 
birds from the site. The scientific literature would be reviewed to determine what techniques have been 
used successfully in the past. One or more of these techniques would be selected and tested through 
continued monitoring. If the first technique is unsuccessful, additional techniques would be tested until a 
satisfactory solution is found. 

 Prop wash and shoreline erosion 

 Hydrodynamic modeling indicated that propwash from tugboats and LNGC main propeller would not 
result in bottom scour even for the most conservative scenarios. However, LNG bow thrusters may 
potentially generate dredged slope scour for extreme docking conditions. Although it is unlikely that such 
scour would result in significant effects on turbidity or physical habitat conditions, bathymetric 
monitoring would be conducted periodically to ensure that the conclusions of the hydrodynamic 
modeling are correct. If excessive erosion is identified, adaptive management would be implemented. 
Possible solutions may include changes in the departing procedures for the LNGCs or hardening the 
substrate (e.g., placement of coarse sand) at the site of erosion. 

 Ballast and cooling water 

 Oregon LNG proposed compensatory mitigation commensurate with take modeled for entrainment in 
ballast and cooling water. As an adaptive management strategy, Oregon LNG is committed to adjusting 
the amount of mitigation that may be performed following analysis of the results of the ballast and 
cooling water study. Mitigation may include opening up additional new spawning and rearing habitat 
through culvert removals or enhancement of degraded spawning and rearing habitat. Any such mitigation 
would be directed toward increasing production of juveniles in affected ESUs and would require 
monitoring to ensure that the expected increases are realized. 
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Habitat Types and Vegetation 
ODFW evaluates Project effects according to ODFW’s Habitat Mitigation Policy. This policy was written to 
standardize analyses and provide goals for the mitigation of effects resulting from development actions that may 
have an effect on fish and wildlife. The state policy is modeled on USFWS Mitigation Policy (46 Fed. Reg. 7644-
7655, Jan. 23, 1981) established in accordance with the Fish and Wildlife Act of 1956 (16 United States Code [USC] 
742(a)-754), the Fish and Wildlife Coordination Act (16 USC 661-667(e)), the Watershed Protection and Flood 
Prevention Act (16 USC 1001-1009), and the National Environmental Policy Act (42 USC 4321-4347). During 
preliminary consultations with ODFW and USFWS, a verbal agreement was made to follow the guidelines in the 
state policy because compliance with the state policy would provide compliance with the federal policy. 

Washington State does not have a qualitative habitat ranking system or associated habitat mitigation policy. 

To comply with ODFW’s Habitat Mitigation Policy, Oregon LNG held several meetings between 2007 and 2008 
with ODFW, USFWS, and other stakeholders to discuss definitions of habitat types and categories. Habitat types 
and categories were initially described in Resource Report 3. For a summary of habitat type descriptions and 
categories associated with the Project, see Appendix A of this Plan. 

6.1 Onsite Mitigation 
6.1.1 Habitat Categories—Pipeline Corridor 
Wildlife habitats found at the Pipeline include upland coniferous forest, upland deciduous forest (DF), riparian, 
palustrine scrub-shrub wetland, palustrine forested wetland, palustrine emergent (PEM) wetland, stream, 
agriculture/pasture/orchard/tree farm, and developed/buildings/roads. 

Habitat by type, ODFW category, and watershed for the Project are summarized in Resource Report 3, Appendix 
3F, Wildlife Habitat Mapping of the Oregon LNG Terminal and Pipeline, as updated in Appendix C to the Pipeline 
Supplement (Oregon LNG, 2014a). 

Impacts habitat typing is not included for Washington because Washington does not have a corresponding state 
habitat mitigation policy. However, most of the effects in Cowlitz County would be to agricultural lands that would 
be restored following construction. 

Table 6-1 displays the acres estimated to be affected by Pipeline construction activities by ODFW habitat category. 
Table 6-2 displays the acres estimated to be affected by Pipeline construction activities by habitat type in Oregon. 
Route selection avoided Category 1 habitats. In both the Coast Range and Lower Columbia provinces the highest 
quality habitat that would be affected are wetland types. Discrete patches of Category 2 conifer forest were also 
avoided by route selection. Most of the conifer forest in the Coast Range that would be affected is in younger age 
classes in second-growth forest. The greatest extent of habitat (80 percent) that would be affected by Pipeline 
construction is Categories 4 and 5, which are primarily private ownerships dominated by commercial forest and 
agricultural land use. 

Riparian zone effects were avoided as much as possible through conscientious Pipeline routing and the judicious 
use of HDD methods. Where possible, important specimen trees, significant wildlife snags, and nest trees in 
riparian areas would be retained. Natural habitat features—such as logs greater than 12 inches in diameter, 
downed large wood, and rocks—would be retained. Effects on the riparian zone would be minimized by reducing 
the amount of clearing as much as possible, and by revegetating the cleared riparian areas as rapidly as possible 
following construction. 

The entire width of the construction corridor, however, does not represent the permanent effect. For the purpose 
of analysis and disclosure, the 50-foot-wide permanent easement (Zones A, B, and C) is considered to be 
permanent because vegetation may be mowed (Zone A) or maintained at a height of 15 feet (Zones A and B), or 
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cleared in the unlikely event of Pipeline repair (Zone C) (Figure 5-1). The remainder of the corridor where trees 
may grow to their full potential is considered to be a temporary effect (Zone D).  

With the exception of the Compressor Station (less than 1 acre), none of the habitat effects along the Pipeline 
corridor represent a permanent loss of wildlife habitat in that the area is not being developed with impervious 
surfaces. However, there would be temporal effects on habitat cleared in Zone D and habitats in Zones A and B 
may be maintained in an early seral stage. 

6.1.2 Threatened and Endangered Plants 
Potentially suitable habitat was identified in Resource Report 3, Appendix 3G-3. Four plants listed by federal or 
state agencies as threatened or endangered or proposed for listing were identified as potentially occurring in the 
vicinity of the Project area. Of those species, three were determined to potentially occur within the Pipeline 
footprint based on evaluation of habitat requirements, elevation, and records of known occurrence. 

The office review determined that habitat may be present along the Pipeline to support four rare plant species: 

 Nelson’s checker-mallow (Sidalcea nelsoniana) 
 Water howellia (Howellia aquatilis) 
 Bradshaw’s lomatium (Lomatium bradshawii) 

Of the four rare species evaluated, three have potential habitat within the Project area. One species, Golden 
Paintbrush (Castilleja levisecta), which is on the Federal Threatened and State Endangered lists, is considered 
extirpated in Oregon and southwestern Washington. 

Because the proposed action would not likely have an adverse effect on any known individual rare plants or 
populations, and would not impact any designated critical habitat, no species-specific conservation measures are 
proposed. Oregon LNG would do preconstruction rare plant surveys in all areas where potential suitable habitat 
was identified in collaboration with the USFWS using USFWS habitat assessment and mitigation protocols in the 
year before Pipeline construction in order to encompass the complete range of bloom times for the identified 
species. 

6.1.3 Revegetation 
Clearing, grubbing, grading, and ground-disturbing activities resulting from construction of the Pipeline and 
Terminal facilities would necessitate reestablishment of vegetation. Onsite revegetation would serve to restore 
habitats and provide erosion control. Revegetation practices are addressed in the following document submittals 
supporting the preparation of the DEIS: 

 Appendix 1I in Resource Report 1, Typical Wetland and Waterbody Crossing Methods and Preliminary Site-
specific Waterbody Crossing Plans 

 Stormwater Pollution Prevention Plan for Construction of the Oregon LNG Terminal and Pipeline, Including 
Erosion Prevention and Sediment Control Plan; Spill Prevention, Control, and Countermeasures Plan; and Frac-
Out Contingency Plan (Appendix B to this Plan) 

 Section 2.3.5 and Appendix 2P of Resource Report 2 (Wetland Mitigation Plan), as updated in the December 
2014 supplemental filing (Oregon LNG, 2014b) 

 Section 3 of the Applicant-Draft BA pertaining to fisheries 

 Section(s) 3.5.1 and 3.5.3 of Resource Report 3, Fish, Wildlife, and Vegetation 

 Section 7.3.3 of Resource Report 7, Soils 

 Appendix 7G of Resource Report 7, FERC’s Upland Erosion Control, Revegetation, and Maintenance Plan 

 Appendix 7H of Resource Report 7, the Natural Resources Conservation Service (NRCS) Oregon & Washington 
Guide for Conservation Seedings and Planting 

 Appendix 7F of Resource Report 7, Agricultural Impact Mitigation Plan 
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6.1.3.1. Revegetation Along the Pipeline 
After construction, the construction corridor would be revegetated and returned to the discretionary land use of 
the landowner, consistent with easement restrictions. 

Onsite measures to restore vegetation would follow the standardized methods as defined in FERC’s Upland 
Erosion Control, Revegetation, and Maintenance Plan. Refined methods would be necessary for ensuring 
successful reestablishment given the variation between the physiographic environments that the Project spans. 
For more localized specificity, the NRCS Oregon & Washington Guide for Conservation Seedings and Plantings 
(NRCS, 2000) would provide guidance for developing specific revegetation plans. Revegetation in forested habitats 
would consider guidance in Oregon State University’s College of Forestry Guide to Reforestation in Oregon (Haase, 
2000). 

Oregon LNG would develop specific revegetation plans once the Project has been certified by FERC. Revegetation 
would occur in accordance with the following criteria: 

 Site and soil capability or limitations 
 Objectives of planting based on prevailing land use 
 Elevation, precipitation, and seed zone 
 Site-adapted species types and mixes 
 Planting density or seeding rate and methods 
 Amount, availability, quality, and sources of suited stock or seed 
 Timing of planting or seeding 
 Site-preparation and maintenance needs 
 Known disease, insect, or other vegetative health issues 
 Potential for success of planting and seeding application 

Additional consideration would be given to the following criteria: 

 Temporary over-winter cover and erosion control vs. final post-construction revegetation 

 Agricultural land that may be put into immediate production 

 Forest land that may be put back into immediate production 

 Vegetative conditions and land use of the private landowners the easement crosses 

 Lead time needed to produce and acquire available planting or seed stock in quantity 

 Labor force required and the sequencing within the construction and operation schedule to conduct 
revegetation and maintenance 

 Logistical complexities of transporting material onsite 

 Potential opportunities for utilizing biomass resulting from clearing the Pipeline corridor onsite as mulch or 
organic amendments 

After construction, the riparian habitat in the upland portions of the construction easements would be 
revegetated and returned to discretionary land use by the landowner, consistent with easement restrictions. 
Typically FERC recommends a 10-foot-wide mow strip centered over the Pipeline. In addition, FERC recommends 
that vegetation within 15 feet of the centerline may be maintained at a height of 15 feet. The remainder of the 
75- to 100-foot-wide construction easements would revert to vegetation cover preferences or requirements of 
the landowner. For streams that currently contain riparian cover the following revegetation scenario would be 
adopted: 

 Riparian vegetation (trees and shrubs) would be restored continuously for a distance of that matches the 
width of the current riparian buffer, except for a 10-foot-wide herbaceous strip immediately above the 
Pipeline itself. Where there is preconstruction continuous riparian cover greater than 25 feet perpendicular 
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from the top of the bank, then the riparian restoration would extend out to match the riparian width of 
existing conditions up to the width from the top of the bank required by the Forest Practices Act. 

6.1.3.2. Revegetation at the Terminal 
Following construction activities at the Terminal site, pervious soil surfaces would be revegetated. Permanent 
erosion control seeding would be applied to finish grades for stabilization, and vegetation would be selected for 
compatibility with site conditions, complementarity with adjacent natural plant communities, and consistency 
with operations at the Terminal. 

Upland areas would be covered with native nitrogen-fixing seed mixture taken from the list recommended by the 
NRCS for dredge spoil stabilization. Seeded surfaces would receive balanced fertilizer and mulch to promote 
germination. Water quality bio-infiltration facilities would be surfaced with a native herbaceous mix. 

6.1.4 Invasive Vegetation 
The technical memorandum titled Oregon LNG Bidirectional Project—Invasive Vegetation, located in Appendix 3Q 
of Resource Report 3 and submitted to FERC in June 2013 (Oregon LNG, 2013), identifies some of the noxious 
weeds and invasive plant species likely to occur within the Project area. Any invasive weeds encountered in the 
course of rare plants or wetland surveys would be documented. The Oregon Department of Agriculture (ODA) and 
2013 Cowlitz County noxious weed list would be used. 

Oregon LNG would take a multifaceted approach to control the spread of invasive species in the Project action 
area in order to ensure that the 50- foot permanent easement does not serve as a nursery for noxious weeds. It is 
assumed that landowners have a vested interest in controlling the spread of noxious weeds on agricultural 
properties. 

Restoring the construction corridor by sowing native seeds would be the first step taken to reduce the likelihood 
that weeds would invade the corridor. Certified, weed-free seed would be specified in the construction contracts. 
In nonagricultural areas, trees and shrubs planted for restoration must also be native species. Mechanical 
methods such as mowing or grubbing can also be used to minimize the spread of noxious weeds, especially if 
mowing takes place before seed set. FERC procedures allow for a 10-foot-wide strip over the Pipeline to be 
maintained in a herbaceous state. Mowing or grubbing is the preferred method within riparian areas and 
wetlands. 

Herbicides would be applied where it is necessary to control noxious weeds. Only USEPA-approved herbicides 
would be applied. Given the number of streams and wetlands in the Project area, only herbicides considered safe 
for aquatic areas would be used. A list of USEPA-approved herbicides that are also approved for use in and near 
aquatic habitats is attached to this technical memorandum. Each herbicide label includes specifics in terms of how 
many feet from any fresh or estuarine habitats, including wetlands, the product can be applied. Herbicide 
application would be conducted according to the methods outlined on the label and in accordance with federal 
and state regulations. FERC does not allow use of herbicides or pesticides within 100 feet of a wetland or 
waterbody except as allowed by the appropriate state or federal land management agency. 

Additional measures would include the application of weed-free straw to exposed soils to prevent erosion. 
Construction equipment would be washed before it enters construction areas to avoid biological contamination 
from other sites. 

6.2 Compensatory Mitigation 
6.2.1 Unavoidable Impacts 
The proposed strategy for compensating for long-term unavoidable and certain temporary impacts attributable to 
the Pipeline is the acquisition of land that would be managed as a conservation easement of in-kind, in-proximity 
Category 3 and 4 habitats. No Category 1 or 2 CF habitat would be impacted. 

The 50-foot-wide stripe (Zones A, B, and C) is considered to be permanent impact area relative to the Pipeline. 
The remainder of the construction corridor constitutes a temporary loss of habitat. 
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Determination of the amount to be compensated is based on the following factors: 

 A substantial proportion of the habitats that would be impacted are located on privately owned lands, of 
which commercial forestry and agriculture are the dominant land use. 

 There is no Category 1 or 2 riparian habitat in the Lower Columbia or Coast Range provinces. 

 Category 5 and 6 habitats would not receive compensatory mitigation. 

 BP habitat Category 3 or 4 would not receive compensatory mitigation as these areas are under the 
jurisdictional maintenance of power line easements. 

 Mitigation is not needed for HDD crossings. 

 Riparian areas that require compensatory mitigation are determined as those streams with at least  percent 
existing cover of woody vegetation immediately adjacent to a stream. 

 Riparian habitat would be double counted and thus receive multiple mitigation treatments: onsite 
restoration; specific riparian restoration; and inclusion in counting impacts to upland habitat. 

 Most of the forested riparian is typed as Category 3 or 4. 

 Analysis concluded that stream temperatures would not be adversely impacted by clearing, so no 
compensatory mitigation is proposed beyond that specified in riparian mitigation. 

Guidelines for compensatory mitigation are based on ratios created by Oregon LNG in cooperation with the 
agencies that administer state and federal terrestrial mitigation policies; ODFW and USFWS. Table 6-3 shows that 
Oregon LNG is generally proposing to provide compensatory mitigation for permanent impacts to habitat 
Category 3 and 4 CF and nonoak DF impacts at a 2:1 area ratio. CF and DF Category 3 and 4 habitat in temporary 
and ATWS would be provided at a 1:1 ratio. 

A number of factors were considered in establishing habitat mitigation ratios: 

 Pipeline habitat impacts are temporal in nature because the Pipeline would be buried: there would be no 
permanent impervious cover except for the Compressor Station; and wildlife would have unrestricted access 
to the same amount of area before and after construction. 

 For purposes of permitting and mitigation, Oregon LNG would count the entire 50-foot width of the 
permanent easement as a permanent impact, even though trees and shrubs would be restored. FERC allows 
shrubs within 15 feet (30 feet total) of the Pipeline to be maintained at a height of 15 feet, thereby 
maintaining most of the easement in an early seral stage of development. 

 Temporary and ATWS outside the permanent 50-foot Pipeline easement would be restored in-kind. 
Temporary and ATWS would be restored, consistent with the Oregon Forest Practices Act regarding 
reforestation. 

 Mitigation for riparian areas would be provided in the following three ways: (1) riparian shrub areas would be 
restored in all but the 10-foot mow strip of the Pipeline corridor, which exceeds FERC standards; (2) 
compensatory mitigation for riparian impacts would be provided at a 1.5:1 ratio; and (3) calculations of 
upland impacts included riparian buffers and riparian areas would be included in land acquisitions associated 
with upland compensatory mitigation. 

 Onsite restoration of the construction corridor is already an element of mitigation that would occur. 

 Mitigation measures to benefit fish would also contribute to in-kind, in-proximity riparian compensation (i.e., 
instream enhancement, fish passage restoration). 

 Coast Range compensatory mitigation would be managed and preserved for late-successional habitat 

To offset these impacts, and to mitigate for the temporal loss of habitat from Pipeline clearing, Oregon LNG 
proposes to acquire land for securing conservation easements. This approach is also intended to offset 
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unavoidable and temporal impacts related to upland and riparian resources in the Coast Range and would be 
intended to benefit a suite of compensatory objectives. 

Acquisition of land for conservation purposes was identified in the Coast Range and has multiple beneficial 

Attributes that would provide Category 2, 3, and 4 upland and riparian forested habitats, and potentially some 
Category 1 habitat are as follows: 

 Existing special and unique habitats, suitable or occupied threatened and endangered habitat, older forest 
structure, aquatic and riparian habitats, and designated critical habitat; 

 High-quality functional habitat can be managed for late-successional habitat and conserved in perpetuity 

 Existing high-quality habitat 

 provide sufficient replacement commensurate with mitigation ratios 

 Larger contiguous parcels adjacent to existing conservation areas 

 Capable of enhancing adjacent existing high-quality habitat 

 Capable to provide opportunities for enhancing connectivity between existing high-quality habitats 

Oregon LNG is exploring opportunities for acquiring land in the Coast Range. Land acquisition would be finalized 
once FERC issues NGA Section 7(c) authorization for the Project. 

6.2.2 Rare Plants 
Proposed compensatory mitigation for potential impacts to rare plant species and habitats are associated with the 
construction corridor of the Project. Compensatory measures proposed are additional to BMPs, plant salvage, and 
onsite restoration described previously. 

Oregon LNG would do preconstruction rare plant surveys in all areas where potential suitable habitat was 
identified in collaboration with the USFWS using USFWS habitat assessment and mitigation protocols in the year 
before Pipeline construction in order to encompass the complete range of bloom times for the identified species. 

If, during preconstruction surveys, rare plants are discovered, then additional compensatory mitigation would be 
provided at a ratio of 2:1 with a 1-acre minimum. The rationale for the 2:1 ratio is associated with the uncertainty 
that salvage and restoration would be successful. 

6.3 Operational Mitigation, Post-Construction Monitoring, and 
Adaptive Management 

6.3.1 Framework 
The framework for operational mitigation originates from Resource Report 1—General Project Description, and 
Resource Report 3, Appendix 3B—Biological Survey Reports – Aquatic Species and Habitat. The framework is 
further supported by the wetland documents contained in Appendix E of this Plan, titled Conceptual Wetland 
Restoration Monitoring Plan and Performance Standards and Review of Wetland Avoidance and Minimization 
Efforts. 

The purpose of the monitoring plan would be to confirm that performance standards are being properly followed 
and that performance standards are achieving the goals of habitat restoration and avoidance or minimization of 
adverse effects on the ecosystem. The scope of the monitoring plan scope would include the following: 

 Monitoring would evaluate the effectiveness of onsite revegetation and the management and conditions of 
acquired conservation easements. Fee-in-lieu benefits would be reported based on accomplishment and 
progress updates from advocacy groups receiving the funding. 

 Monitoring would occur at the Terminal and along the Pipeline alignment. Oregon LNG would conduct onsite 
restoration and ensure the reestablishment of vegetation in the Pipeline corridor. This includes restoring 
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disturbed areas with salvaged plant material, reseeding with native seed stock, or replanting with native 
plants. Site restoration would include a functional benefit of existing degraded plant communities through 
removal of non-native species. 

 During operations, the 30-foot-wide strip within the 50-foot-wide permanent Pipeline easement may be 
maintained. 

 The 10-foot-wide corridor may be replanted with herbaceous material. The 30-foot-wide area adjacent to the 
mow strip may be restored by replanting with shrubs. 

 Trees would be planted just outside of the 30-foot-wide maintenance corridor Seasonal monitoring would be 
conducted by a qualified biologist for a period of 10 years following final installation using the standards set 
forth in the Performance Standards. Stratified random sampling would be employed to evaluate performance 
of upland habitat. Site reviews for upland habitats would be conducted in years 1, 2, 3, 5, 7, and 10 unless 
substandard performance warrants additional management in specific locations. 

The monitoring report would contain the following information: 

 Identification of sample locations 

 Percent of planted materials surviving, classified by condition (e.g., vigorous, living, stressed) 

 Percent cover for the following four classes: native forbs and grasses; non-native forbs and grasses; shrubs 
and trees; bare ground and rock 

 Report on invasive vegetation, vandalism, dumping, wildlife damage or other conditions actually or potentially 
harmful to the restoration 

 Identification of maintenance concerns (e.g., plants needing to be replaced) 

 Representative color photographs keyed to recorded photo points 

Invasion of noxious weeds is most likely to occur during the first 3 years after construction. Therefore, it would be 
important to inspect the Pipeline and Lateral easement in the Coast Range annually for the presence of noxious 
weeds during the first 3 years after construction or until native vegetation has become established. The best time 
to survey for invasive species is in the late spring or early summer (May to early July timeframe). 

6.3.2 Performance Standards 
Performance standards for the Pipeline corridor would be developed based on the specific revegetation plan. 
Monitoring would be conducted by a qualified biologist using best professional judgment. Performance standards 
would be established based on the following goals: 

 Grass, shrub, and forest habitat diversity must be present to an extent equal to or better than preconstruction 
conditions. 

 Diversity of species is equal to or better than the goals of the revegetation plan. 

 Planting density is within 5 percent of planting plan—typically 60 to 80 percent survivorship (native species 
recruitment on the site may be included). 

 Aerial cover is increased in successive years. 

 Bare substrate represents no more than 20 percent cover after 3 years. 

 No more than 10 percent cover of invasive species. 

 If monitoring shows that performance standards are not achieved, Oregon LNG would recommend corrective 
management actions. Corrective actions may include invasive species control (typically spring/early summer); 
protective sleeves to minimize browsing damage by herbivores (typically applied spring/summer); and 
replanting (typically dormant or rainy season). Biologists would keep a written record to document the date of 
each visit, site conditions, and any corrective actions taken. 
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6.3.3 Contingencies and Adaptive Management 
Quantification of habitat types and classifications was based on aerial photography conducted in 2007 for the 
portion of the Pipeline in Clatsop County and 2012 photography used for Columbia County. Since the earliest 
Pipeline construction would occur is 2015 and since logging activities are ongoing in the Coast Range, then habitat 
mapping would be out-of-date by the time construction begins. Oregon LNG would update habitat mapping 
before construction using photography that is no more than 2 years old at the time of construction. 

The proposed mitigation plan established mitigation ratios for various types and classes of habitat impacts. If the 
results of updated habitat mapping differ from the original filed with FERC, then Oregon LNG would adjust the 
quantity and quality of terrestrial mitigation to be commensurate with impacts at the time of construction. 

Surveys for rare plants were incomplete because some property owners denied access. Oregon LNG is committed 
to completing surveys for rare plants in areas with potentially suitable habitat with USFWS using USFWS habitat 
assessment and mitigation protocols. Oregon LNG would conduct these surveys in the year prior to Pipeline 
construction to encompass the complete range of bloom times for the identified species. Despite completion of 
recommended surveys, it is still possible that individuals or populations of rare plant species may be encountered 
in the course of Pipeline construction. In the event of such a discovery, a qualified botanist would be retained to 
verify identity of the plant(s) and make recommendations for addressing the situation 

Oregon LNG would implement the following adaptive management procedures if Bradshaw’s lomatium or other rare 
plants are observed within the Pipeline corridor during Project construction: 

 Work near the rare plant(s) would cease immediately; 

 A qualified botanist would verify identity and delineate the extent of the plant(s); 

 The USFWS would be notified of the discovery; and 

 All efforts would be made to avoid disturbance to discovered species, including implementation of micrositing 
to relocate the Pipeline where possible to avoid rare plant populations. 

If disturbance to the plant cannot be avoided, Oregon LNG would minimize disturbance to the maximum extent 
practicable. Possible avoidance measures may include the following: 

 Clearly delineate and fence rare plant populations; 
 Retain a qualified botanist to provide monitoring during construction;  
 Salvage plants; and 
 Implement site restoration measures immediately upon completion of any work near rare plants. 
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Wetlands 
The purpose of the wetland mitigation plan is to present additional information on wetlands that are located 
within the construction and permanent easements (also referred to as TWS and permanent easement) for the 
Oregon LNG Pipeline, Terminal, and related aboveground facilities. For wetland features in the Project area, 
avoidance and minimization efforts have been evaluated in the context of both area and wetland function. The 
approach to mitigation follows the USACE, DSL, Ecology, and USEPA rules and guidance with the goal of no net 
loss of wetland functions and values. The approach follows the USACE, DSL, and Ecology mitigation sequencing 
and, where compensation is required, uses a watershed approach to select available resource replacement sites 
that offer the greatest functional benefits. 

The following definitions from OAR 141-085 0510 provided the framework for developing onsite mitigation 
measures: 

 “Temporary Impacts” are adverse impacts to waters of the state that are rectified within 24 months from the 
date the impact occurred. 

 “Temporal Loss” means the loss of the functions and values of waters of this state that occurs between the 
time of the impact and the time of their replacement through compensatory mitigation. 

7.1 Onsite Mitigation 
Most of the wetlands in the study area would be avoided by the Project, with temporary and permanent impacts 
for the Terminal and Pipeline totaling approximately 174 acres of wetlands identified in the Project study area. 

7.1.1 Pipeline 
7.1.1.1. Avoidance and Minimization 
A variety of methods have been implemented during Project design to avoid and minimize impacts to wetlands. 
Examples of methods are as follows: 

 Revise layout 
 Alter the Pipeline route 
 Co-align with existing easements and rights-of-way 
 Cross wetlands at the narrowest point possible 
 Select appropriate construction techniques 
 Use HDD to avoid wetlands 

Avoidance 

Oregon LNG avoided wetlands to the greatest extent possible while still providing a Project route that is 
constructible yet with minimal impact and is acceptable to the public and regulatory agencies. 

Site visits were conducted with state and federal agency staff to view stream crossings identified as areas of 
concern during preliminary agency reviews. Micrositing adjustments were made to avoid or minimize impacts to 
wetlands or streams. For example, in a location where the Pipeline was proposed to cross a beaver marsh on the 
Clatskanie River, the route was relocated to avoid the wetland and limit impacts to a narrow stream crossing. 

During several design iterations, the Pipeline alignment and TWS were shifted away from wetlands and other 
waters, where possible reducing the acreage of impact. In addition, during construction, wetlands outside of the 
construction corridor would be demarcated in the field and identified on work plans as “no work zones” to avoid 
additional wetland impacts. 

Palustrine forest (PFO) wetlands and wetlands greater than 5.0 acres were evaluated on an individual basis and 
for purposes of analysis considered to be of high value. Further efforts to avoid or minimize permanent impacts to 
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high-value wetlands consist of sorting the wetlands by their size, Cowardin class and reevaluating the potential for 
further avoidance or minimization. Of the 489 wetlands identified within the Terminal and Pipeline study area, 87 
high-value wetlands were identified. With the use of avoidance measures such as route shifts and HDD, Oregon 
LNG has avoided permanent impacts to 31 high-value wetlands and minimized impacts to 28 others. Table 7-1 
identifies high-value wetlands and the specific measures taken to further avoid and minimize permanent and 
temporary impacts. 

Large wetland areas would be avoided using the HDD construction method. More than 24 acres of high-value 
wetlands associated with the Adairs Slough the Lewis and Clark River area would be avoided using the HDD 
drilling method. 

The Pipeline was also aligned so that high-value streams could be crossed at a right angle or crossed using HDD 
techniques and avoided completely. Approximately 1.65 miles (27.5 percent) of the area from MP 0 to MP 6 
would be constructed using the HDD construction method. Most of this area is behind dikes where there is 
potential for floodplain restoration, reconnecting historic floodplain to the tidal estuary. In the HDD areas, the 
Pipeline would be deep and would not preclude surface restoration. For the remaining 4.35 miles, Oregon LNG is 
anticipating shallow groundwater. Before final design, Oregon LNG would consider where weight-coating is 
required between MP 0 and MP 6 to make the Pipeline compatible with high water tables or future restoration 
efforts. Oregon LNG would coordinate with ODFW and other stakeholders to determine whether there are areas 
with a low water table (that is, areas not otherwise requiring weight-coating) and which are priority sites for 
restoration. At this stage in planning, Oregon LNG would consider what reasonable measures could be taken to 
accommodate future wetland restoration in those drier areas identified as priorities for restoration and where 
weight-coating would not otherwise be needed. 

ATWS are associated with HDDs and perennial stream crossings. Most would be located 150 feet away from the 
top of bank of streams which exceeds FERC’s minimum standard by 100 feet. ATWS are sited less than 150 feet 
where the existing zone of forested riparian cover is less than 150 feet or where the risks of erosion are low. 
ATWS in riparian areas could have an indirect effect on streams or wetlands by increasing the risk of erosion near 
the wetland or waterbody as a result of land clearing. Extending the distance between ATWS and a wetland or 
waterbody reduces the risks of sediments eroding into the wetland or waterbody. Additionally, BMPs and erosion 
control applications outlined in the Conceptual Wetland Restoration Monitoring Plan and Performance Standards 
(Appendix E) would contribute to reducing risks as well. 

Further avoidance efforts are demonstrated with the type of access road the Project proposes to use. Access to 
the temporary and permanent Pipeline easement and aboveground facilities would be through existing public and 
private roads to the extent practical. Where the Pipeline parallels existing utilities, Oregon LNG would use the 
utility maintenance access roads to the extent practical. Oregon LNG would also use a combination of existing 
paved, existing gravel, modified gravel, pasture roads, and other conveyances as appropriate. 

In general, access roads would lead to the Pipelines approximately every mile along the routes of the Oregon 
Pipeline. Of the access roads to be used for the Project, few existing road need improvements, primarily little 
more than additional gravel. None of the new access roads are proposed in areas that would cross wetlands or 
waterbodies. Existing drainage patterns and culverts would be maintained during construction. Erosion and 
sedimentation controls would be installed at the limits of the access roads where necessary. 

Oregon LNG would not construct any new permanent bridges or culverts along the Pipeline routes at stream 
crossings. During land clearing and construction streams up to about 30 feet wide would be crossed using 
temporary bridges. Equipment would be driven around wider crossings. For post-construction maintenance, 
heavy equipment would not be driven across streambeds. Equipment such as a brush-hog, which may be required 
for controlling vegetation, would access the Pipelines via the predetermined existing access roads stationed 
approximately every mile along each route. Should access by a brush-hog type of machine be impractical, clearing 
as required would be accomplished manually with hand tools. 
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Minimization 

The steps involved in modifying the Pipeline alignment in order to minimize wetland impacts included the 
following: 

 HDD methods would be used to install the Pipeline many feet below the surface of wetlands and streams. 

 The Pipeline was aligned parallel or with existing road right-of-way (ROW) utility corridors, or previously 
disturbed areas. 

 The Pipeline route was aligned so that wetlands would be crossed at their narrowest point when possible. 

 The Pipeline was aligned so that streams would be crossed at a right angle to their banks in order to minimize 
negative impacts to riparian areas and streambed. 

 The width of the Pipeline ROW would be reduced to 75 feet when crossing nonagricultural wetlands to 
minimize the area of disturbance. 

 TWS would be located in areas outside of wetlands to minimize the number of acres of disturbance. 

Pipeline Routing 

In selecting the proposed route, Oregon LNG sought to minimize impacts to the environment and landowners by 
seeking to parallel other linear features to the greatest extent possible or practical. 

Minimizing impacts to wetlands did have limitations due to rugged topography, high densities of wetland areas, 
and a preference to avoid high-quality wetland areas and streams. In areas where a high density of wetlands 
existed, the Pipeline was aligned in a way that minimized impacts to most wetlands. The Pipeline route was 
sometimes aligned to cross wetlands with low functional assessment values in order to avoid wetlands with 
higher values. If the Pipeline could be microsited to avoid every wetland, this would increase the overall length of 
the Pipeline and period of active construction which could result in more permanent impacts to the landscape and 
longer periods of temporary disturbance and active construction along the Pipeline route. 

Some of the wetlands crossed by the Pipeline route are agricultural wetlands. These wetland areas may have 
wetland hydrology at least seasonally or have altered wetland hydrology (e.g., as a result of drain tiling or 
irrigation ditches), but do not have wetland or native vegetation due to farming activities where native vegetation 
is replaced by crops, and therefore provide low quality or only seasonal natural habitat for most species. 

Approximately 10.86 miles of wetlands are crossed by the Pipeline route and approximately 2.47 miles are 
agricultural wetlands. No long-term impacts to these wetlands are anticipated because, following construction, 
these areas would be restored to their preconstruction topographical and hydrological patterns, and would be 
allowed to return to their preexisting agricultural practices. This process would result in no net loss of wetland 
acreage within the Pipeline corridor. Oregon LNG would follow the construction procedures and mitigation 
measures in the FERC Procedures requiring standard upland protective measures, including workspace and 
topsoiling requirements, as they apply to these agricultural wetlands. The width of the ROW would not be 
reduced to 75 feet in agricultural wetlands. 

Construction 

Efforts would be made before, during, and after Pipeline construction to minimize the extent and duration of 
Project-related disturbances to wetland resources. For example, Oregon LNG would segregate and salvage the top 
1 foot of topsoil from nonsaturated wetland areas to be disturbed by trenching (generally coincident with the 10-
foot mow strip maintained during operation) and replace the topsoil at the finish grade after trench 
reconstruction. The duration of temporary wetland disturbance during Pipeline construction would be minimized. 
The backfilled trench would contain anti-seep plugs at appropriate intervals to prevent a French drain effect. 

Oregon LNG would make every effort to maintain a reduced construction easement width of 75 feet in wetlands, 
in accordance with the FERC Procedures. Agricultural wetlands are not included in this width restriction. During 
construction, vegetation would be manually cleared throughout the entire 75-foot construction easement. There 
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would be no grubbing, and the root systems would be left intact except for an approximately 10-foot-wide area 
directly over the pipe trench. This swath would be grubbed in preparation for trenching and pipe placement. 

Work within the 75-foot construction easement would be conducted on mats where wetland soils are wet at time 
of construction to minimize impacts to vegetation and to minimize soil compaction. When constructing the 
Pipeline through the wetlands, the only soil excavation would occur at the Pipeline trench area, which would be 
about 10 feet wide, depending on the depth of the pipe. Temporary fill would occur next to the trench, where soil 
and plant materials from the trench would be stockpiled. Indirect soil disturbance, resulting in removal/fill, is 
expected to occur throughout the 75-foot-wide construction corridor from aboveground vegetation removal and 
mechanized land clearing, which could result in soil displacement. Following construction, all wetlands would be 
rehabilitated to preconstruction soil and hydrology conditions, and revegetated. 

Four construction procedures would be typically used to minimize impacts associated with construction of the 
Pipeline on water resources, as described below. 

Crossing Method 1 

This method would be used in dry wetlands where soils are stable enough to support equipment without sinking 
(for example, mineral hydric soils), or in wetlands that have already been disturbed to provide sufficient traffic 
ability. A reduced construction easement of 75 feet would be maintained and overland construction techniques 
would be used, unless exceptions are required by site conditions. Topsoil disturbed by trenching would be 
segregated, and no matting would be used if conditions are dry. 

Crossing Method 2 

This method would be used in wetlands where the soils are too wet (for example, permanently or 
semipermanently saturated or histic epipedon is present) to support Pipeline construction equipment. Timber 
mats would be used as necessary to support the construction equipment. A reduced construction easement of 75 
feet would be maintained and overland construction techniques would be used, unless a variance has been 
granted. Topsoil disturbed by trenching would not be segregated. 

Crossing Method 3 

This method is not anticipated for use during the Project. It is used in wetlands with standing water (permanent or 
semipermanently flooded) where it is necessary to use push/pull construction techniques. A construction corridor 
wide enough for only a single tractor to work on timber mats is used. The trench is dug and the pipe pulled into 
place. There are no passing or working lanes, only room for spoil on each side of the trench with the 
digging/pulling tractor in the middle. A reduced construction easement of 75 feet is maintained and overland 
construction techniques are used, unless a variance has been granted. 

Crossing Method 4 

HDD methods would be used for specialized crossings of large wetland areas. In general, directional drilling results 
in fewer adverse impacts and less turbidity than conventional excavation methods. Directional drilling is limited in 
application and dependent on critical wetland characteristics, including subsurface lithology, crossing length, 
burial depth, sediment composition, bank conditions, and access. Adverse environmental impacts that may result 
from drilling operations on waterway crossings would be related to discharge and transportation of drilling fluid; 
however, aside from turbidity effects, drilling fluid is a relatively environmentally benign substance. Mitigation of 
any adverse impact from drilling fluid would be by collection and cleanup of spilled material. 

Buffers would be clearly marked in the field during construction activities. Operation of construction equipment in 
wetlands would be limited to that needed to clear the easement, dig the trench, fabricate the pipe, install the 
pipe, backfill the trench, and restore the easement. A detailed description of other measures to minimize 
construction and post-construction maintenance effects on wetlands is provided in Section VI of the FERC 
Procedures. 

The FERC Procedures require ATWS to be located at least 50 feet outside identified wetland boundaries, except 
where the adjacent uplands consist of actively cultivated or rotated cropland or other disturbed land. 
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During discussions with USFWS and NMFS for this Project, it was agreed that (unless approved by USFWS, NMFS, 
and ODFW) ATWS would be set back 150 feet from wetlands and streams. Oregon LNG has made extensive efforts 
to locate the ATWS at least 50 feet from wetlands and other waterbodies. In addition, overnight parking of 
vehicles, storage of fuels and other hazardous materials, and refueling activities would take place no closer than 
150 feet from a wetland or a stream, unless full containment of potential contaminants is provided. Under certain 
clearly defined conditions, and subject to agency approval, ATWS may be placed closer to wetlands or 
waterbodies where the ATWS placement would not increase impacts to streams or fish habitat. BMPs and erosion 
control applications outlined in the Wetland Restoration Plan would be implemented to reduce risk of sediments 
entering the waterbodies. 

7.1.1.2. Best Management Practices and Wetland Rehabilitation 
The construction schedule would consider the recommended ODFW in-water work periods unless an extension of 
those work periods is granted. The start and end dates are variable depending on the region and the stream; start 
dates can begin as early as June 1 and end dates are as late as October 15. 

The construction schedule would also consider biological patterns to minimize potential impacts to species and 
habitats. In accordance with the FERC Procedures, restoration and monitoring of wetland crossings would be 
conducted to help ensure successful wetland revegetation. Oregon LNG would abide by additional wetland 
construction methods, monitoring, and restoration as required by the FERC Procedures. 

The rehabilitation/restoration plan is proposed for temporary wetland impact acreage. Rehabilitation of the 
Pipeline construction corridors to preconstruction wetland conditions would include the following activities: 

 Work in the Lower Columbia River Estuary would be timed to take advantage of seasonal low and high tides. 

 A cover crop (in nonagricultural areas) would be planted and erosion control implemented before the rainy 
season following land clearing. 

 Riparian areas would be cleared the same year in which the Pipelines are constructed. Riparian areas would 
be kept intact when land is cleared a year in advance of construction. 

 Work timing would be coordinated with the biological needs of special-status species. For example, no 
harvesting of trees would occur until migratory bird species have completed nesting activities, after August 15 
and before March 15, unless biological surveys indicate the absence of nesting. 

 Where the Pipeline trench may drain a wetland (steep slopes), clay plugs would be constructed or the trench 
bottom would be sealed as necessary to maintain the original wetland hydrology. 

 Oregon LNG would segregate the topsoil up to 1 foot deep over the area disturbed by trenching in wetlands 
where hydrologic conditions permit this practice, and this topsoil would be placed in the trench at the end of 
backfilling of trench spoils once the trench is backfilled. 

For the trench excavation area, natural revegetation with native species would be encouraged by providing 
suitable soil conditions and applying salvaged topsoil from cleared trench area, except that weed-infested topsoil 
would not be reapplied. Proper topsoil stockpile procedures (aeration, moisture, shading) would ensure that 
viable plant propagation sources (e.g., viable seeds, rhizomes, roots, spores, fungi) are replaced following 
construction in the trench area. Temporary erosion control seeding with sterile wheat grass or other accepted 
seed mixes would be used to stabilize soil until natural revegetation occurs. Revegetation efforts would include 
the following measures: 

 Vegetation clearing would take advantage of the dry season. 

 Revegetation would focus on the cool, rainy season. 

 Permanent erosion control would consist of seeding with native wetland species, and seedbed preparation 
where soils are displaced or compacted by equipment. 
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The wetland areas temporarily impacted by vegetation clearing, equipment traffic, and material storage outside 
the trench area would be rehabilitated by reestablishing wetland vegetation from seedbank germination and 
vegetative propagation via resprouting of live roots and propagules left intact and protected during construction. 
Sterile wheat grass cover would be used to temporarily stabilize soil until natural germination occurs. In some 
instances, a permanent native wetland seed mix would be applied to ensure adequate cover of the site by 
desirable species. The seeding and planting mixtures recommended by NRCS for Oregon would be used as a basis 
for developing a Project-specific seed mixture. Measures would be taken to control the spread of noxious weeds. 

For natural regeneration of temporarily cleared forested wetlands outside the 10-foot-wide maintenance 
corridor, the following actions would be taken: 

 To reduce injury to viable roots and shoots, construction traffic would be managed to reduce areas affected 
by soil compaction and rutting; supported by mats, pallets, or other ground pressure dissipaters in moist or 
wet soils; and characterized by low ground pressure equipment where terrain allows. 

 Woody debris, chipped woody vegetation, and unmerchantable logs greater than 12 inches would be salvaged 
for surface application outside the 10-foot-wide maintenance corridor where existing downed wood is 
insufficient. 

 Various site specific seed mixes would be used for temporary erosion control seeding to avoid conflicts with 
the permanent cover. 

 Where compatible with preconstruction woody species, seeds of native woody wetland species would be 
incorporated into permanent erosion control seed mixes. 

 If annual monitoring during 3 years after construction indicates that disturbed wetland areas are not 
successfully revegetating with desirable woody plants, supplemental planting would be undertaken. 

Restoration and cleanup would begin after the trench is backfilled. The disturbed areas would be graded as closely 
as practical to preconstruction contours. During cleanup, trash that remains in the easement would be removed 
and disposed of in approved areas in accordance with applicable regulations. Organic refuse unsuitable for 
spreading over the easement would be disposed of at an authorized facility. Disturbed areas would be restored as 
closely as practical to their original condition, permanent erosion control measures would be installed as 
appropriate, and revegetation measures would be implemented. In addition, line markers would be installed 
directly above the buried Pipelines in accordance with 49 CFR 192, Transportation of Natural and Other Gas by 
Pipeline: Minimum Federal Safety Standards, Subpart M, “Maintenance,” 192.707. 

7.1.2 Terminal 
The Terminal’s location was selected to minimize the Project’s environmental impacts, including high-value 
wetlands, air emissions, water usage, and potential fisheries resources impacts, by siting the Terminal on land that 
is appropriately zoned for industrial use, is on an existing deep-water channel, and is relatively close to major 
natural gas pipeline networks and markets. 

The initial conceptual design for the Terminal was a layout in a square that would have extended the area of fill 
into the low marsh, mudflats, and shallow subtidal areas on the east side of the northern end of the East Bank 
Skipanon Peninsula (ESP). Subsequent layouts were designed along a north-south axis to avoid these high-value 
habitats. Estuarine wetlands are considered high-quality wetlands because of their importance to salmonids. 
There is greater nutrient contribution to the estuary from high and low marshes than from interior palustrine 
wetlands. Modifications to the site layout were made in the 2012 to accommodate the change in the project 
description from primarily import to primarily export of natural gas. 

Principles used in siting the Terminal facilities included the following: 

 Avoiding impacts to low marsh and shallow subtidal habitats that have high functional value for salmon 

 Maximizing the use of nonwetland area 

 Avoiding estuarine wetlands would be more important than avoiding freshwater wetlands 
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 Maximize use of existing roads (Northeast King Avenue) to access the Terminal site 

 Demarcating wetlands outside of the construction corridor in the field and identified on work plans as “no 
work zones” to avoid additional wetland impacts 

The main goal in development of the proposed layout was to minimize wetland impacts to the higher quality 
wetland. The proposed layout was also developed to balance the excavation volume with the fill volume such that 
imported fill material would be minimized. Estuarine wetlands are higher quality in terms of providing functions 
for salmonids because of surface water connectivity. There is greater nutrient contribution from estuarine 
wetlands than from interior palustrine wetlands. The proposed layout has less impact to the estuarine wetland 
type than the palustrine wetland type. 

The proposed layout for the Project has been compressed as much as possible to avoid and minimize wetland 
impact, while at the same time remaining consistent with the Export Project Purpose and Need for providing 
bidirectional capability. 

7.2 Compensatory Mitigation 
Oregon LNG intends to avoid, minimize, and, where necessary, compensate for disturbance to wetlands 
associated with the construction and operation of the Project. For all long-term temporary construction impacts, 
mitigation would occur onsite through restoration of the areas to PEM, PSS, or PFO. For permanent Cowardin 
class changes that would occur to palustrine forest in the 30-foot-wide permanent easement (Areas A and B on 
Figure 7-1) and to PSS in the 10-foot mow strip (Area A on Figure 7-1) and permanent Terminal impacts, Oregon 
LNG intends to provide offsite compensatory mitigation. 

Approximately 391 acres of wetlands were identified in the entire Project area. The Project estimates 
approximately 150 acres of temporary and permanent wetland impacts. Permanent unavoidable impacts consist 
of approximately 57 acres of wetlands, inclusive of the Terminal and associated supporting infrastructure. 

Avoidance of some wetlands was not feasible because of the following Project constraints: 

 Large wetland complexes spanning several acres not entirely avoidable 
 HDD method not feasible for small wetlands due to greater overall environmental impacts 
 Orientation of sensitive stream crossings prevented complete avoidance of adjacent wetlands 
 Preference to use existing utility and road ROW resulted in greater impacts to wetlands 

7.2.1 Pipeline 
Construction of the Pipeline would include ground-disturbing activities for installation of the Pipeline itself, 
associated aboveground facilities, and construction staging/storage areas. Construction of the Pipeline would 
result in short-term disturbances to wetland hydrology, water quality, and, where new permanent easement is 
required, long-term disturbance in the form of functional conversion of forested wetlands to emergent wetlands 
within the 10-foot maintenance corridor. Impacts to wetlands associated with the Pipeline construction and 
operation were quantified based on the proposed activity in temporary construction and permanent operation 
zones. 

Of the approximate 276 acres of wetlands identified within the Pipeline study area, approximately 23 acres of 
permanent and 85 acres of temporary impacts would result from activities associated with construction and 
operation of the Pipeline. 

7.2.1.1. Permanent Impacts 
During operations, a 30-foot-wide area within the 50-foot-wide permanent easement would be routinely 
maintained at a maximum frequency of once every 3 years. This area would be maintained free of trees over 15 
feet tall. Within the 30-foot-wide maintained area and centered over the Pipeline would be a 10-foot-wide mow 
strip. The 10-foot-wide mow strip would be maintained annually in a nonwoody or treed condition to allow line-
of-sight for aerial surveys. Figure 7-1 and Table 7-2 show the 75-foot construction and 50-foot permanent 
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easements and the construction and maintenance activities that would occur in each. This table also shows the 
type of impacts to wetlands and the type of wetland class conversion that would occur. 

The acreage extent of permanent impacts to wetlands and the compensatory offset is displayed in Table ES-2. 
Mitigation ratios are based on ODFW Habitat Categories. 

7.2.1.2. Temporary Impacts 
The alignment of the main Pipeline would temporarily impact approximately 85 acres of jurisdictional wetlands. 
When constructing the Pipeline through the wetlands, the only soil excavation would occur at the Pipeline trench 
area, which would be about 10 feet wide, depending on depth of pipe. Temporary fill would occur next to the 
trench where soil and plant materials from the trench would be stockpiled. 

During construction, vegetation would be cleared manually throughout the entire 75-foot construction easement 
and use of heavy equipment would be minimized. There would be no grubbing and the root systems would be left 
intact except for the 10-foot-wide area directly over the pipe trench. This swath would be grubbed in preparation 
for trenching and pipe placement. Work within the 75-foot construction right-of way would be conducted on mats 
to minimize soil compaction and minimize impacts to vegetation. Following construction, wetlands would be 
rehabilitated to preconstruction soil and hydrology conditions, and revegetated. 

As a result, the following assessment of Project construction impacts can be made for the 75-foot-wide 
construction corridor: 

 Impacts to wetlands would be short-term and temporary throughout the construction easement (e.g., 
reestablishment of vegetation beginning within days or weeks of cessation of site work), with the exception of 
the trench excavation area. 

 In the estimated 10-foot-wide trench area, impacts would be longer-term and temporary and herbaceous 
wetlands would recover more slowly as a result of clearing, grubbing, and soil excavation. 

7.2.2 Terminal 
The land-based portion of the Terminal includes the Terminal footprint, Terminal access road, and new water 
supply and wastewater disposal pipelines to connect to City of Warrenton water and wastewater systems. 
Construction of the Terminal and pier, would affect estuarine and nontidal wetlands in the area, resulting in both 
temporary and permanent impacts to wetlands. Siting of the proposed Terminal has gone through several 
iterations in an effort to avoid impacts to high-quality wetlands. 

Total wetland impacts from construction of the Terminal and associated facilities would be approximately 38.07 
acres, with 34.92 acres of permanent impacts and 3.15 acres of temporary impacts. 

7.2.2.1. Permanent Impacts 
Impacts to wetlands associated with the Terminal and related facilities were considered permanent if they were in 
the permanent facility or removal/fill footprint. For permanent Terminal impacts, Oregon LNG intends to propose 
offsite compensatory mitigation. 

7.2.2.2. Temporary Impacts 
Impacts to wetlands associated with the Terminal and related facilities were considered temporary if they were 
within the area disturbed by construction but outside the permanent facility and removal/fill footprint. In 
accordance with state and federal regulatory requirements, Oregon LNG would offset temporary loss of wetland 
function and values by restoring functions to the impacted area upon completion. Compensation for temporary 
impacts to wetlands as a result of Terminal construction will be mitigated through onsite wetland rehabilitation. 
To the extent feasible, rehabilitation of the Pipeline construction corridors to preconstruction wetland conditions 
will be undertaken. This will involve topsoil segregation and replacement, topsoil management to maintain 
viability of seedbank and vegetative propagules, reconstruction of grades, permanent erosion control seeding 
with native wetland species, and seedbed preparation where soils are displaced or compacted by equipment. 
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7.2.3 Mitigation Banking and In-lieu or Fee-in-lieu Payment Strategy 
Compensation for wetland impacts at the Terminal will include both In-Lieu Fee bank credits and offsite, in- kind 
mitigation. DSL currently has mitigation credits in the Lower Columbia In-Lieu Fee bank. The Project proposes 
utilizing 1.9 credits for Terminal impacts. The remaining 33.02 acres of impacts from the Terminal will be 
compensated through an in-kind, offsite Youngs River mitigation site described in Section 7.2.4 below and in 
Section 5.2.2.2 above. 

For the Lower Columbia–Clatskanie River basin in Washington, wetland mitigation would consist of purchase of 
credits in the Columbia River Wetland Mitigation Bank or another mitigation bank that may be in service prior to 
construction.  

7.2.4 Land Acquisition and Conservation Easement Strategy 
7.2.4.1. Lower Columbia River Basin 
For impacts associated with the Terminal construction and operation, including pile-driving noise effects, ballast 
and cooling water withdrawals, dredging and dredge material disposal, Oregon LNG would enhance 
approximately 140 acres of diked pasture land at the mouth of the Youngs River where historical tidal 
floodplain would be reconnected to the estuary (see Figure 7-2). The riverside parcel is currently used for 
grazing and protected from flooding by a levee. Oregon LNG intends to breach the levee to create estuarine 
wetland habitat and provide access for federally listed salmonids and other aquatic species. Salmonid and 
other fish habitat at this strategic site at the mouth of the Youngs River would be enhanced by restoring 
meandering historic channels within the property. To ensure that juvenile salmonids can utilize newly created 
marsh habitat during low tide conditions, Oregon LNG would create three breaches in areas that facilitate 
connection to existing subtidal habitat in Youngs River. The site would be reconnected to tidal exchange 
(historical condition) and develop its own natural equilibrium based upon the actual tidal, riverine, and sediment 
processes following construction. The proximity of subtidal habitat is one of the factors that determine whether 
juvenile salmonids would utilize marsh habitat because they require nearby refuge during low tide conditions. 
After native freshwater marsh plants have recolonized the property, the marsh is expected to provide productive 
new rearing habitat for juvenile salmon that use Youngs Bay, and possibly for prey items for green sturgeon. 

A legal instrument is in place for Oregon LNG to use the Youngs Riverproperty site for mitigation, including an 
agreement for a long-term conservation easement as a condition of a deed. There are provisions for supporting 
long-term maintenance and management including a revolving or endowment fund. Oregon LNG would prepare 
a long-term management plan that would be implemented by a third-party conservator.  

Mitigation goals include the following: 

 Breaching an existing levee reconnecting 140 acres of historical floodplain along the Youngs River  

 Restorating anadromous fish rearing, migration, and refugia habitat in the lower Youngs Bay watershed 

 Creating a low-maintenance and self-sustaining system 

 Maintaining the safety of landowners behind the dike 

 Creating estuarine wetland habitat for federally listed salmonids and other aquatic and terrestr ia l  
species 

Mitigation objectives include the following: 

 Restoring high and low tidal marsh wetland 

 Enhancing wetland hydrology by sizing breaches to accommodate natural hydroperiod, tidal regime and peak 
flows 

 Adding habitat structure by providing woody debris 

 Reestablishment of self-sustaining native plant communities 
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 Providing access to preferred rearing and refuge habitat 

 Providing aquatic species support by export of organic matter 

 Increasing the quantity and quality of off-channel juvenile salmonid habitat for Youngs River salmonid 
populations by restoring more than 2.5 miles of off-channels habitat 

7.2.4.2.  Nehalem and Lower Willamette River Basin 
To offset unavoidable permanent impacts to approximately 11.26 acres of Habitat Category 2 and 3 associated 
with the Pipeline segments in the Nehalem and Lower Willamette River basin, Oregon LNG is working with a 
private landowner to restore and enhance 45 acres of floodplain adjacent to the Nehalem River (see Figure 7-3). 
The property contains a large remnant river oxbow with an outlet to the Nehalem River. Much of the property 
consists of a monoculture of reed canary grass used for grazing cattle. A ratio of 3:1 for enhancement and 1:5:1 of 
wetland creation is proposed. Mitigation objectives for the site include the following: 

 Salmon restoration and enhancement. Salmon fry access the site via the remnant oxbow tributary during 
annual freshets and become trapped within the reed canary grass. Mitigation objectives include the 
establishment of slow-water salmonid refugia that contains high quality habitat. Site modifications would 
restore necessary contours and reestablish native vegetation. 

 Floodplain enhancement and forest restoration. The floodplain is mowed and grazed annually. Mitigation 
would create additional wetlands within the floodplain. The wetlands would retain floodwater and slow the 
velocity of the water flowing back into the river as floodwaters recede. Floodplain forest would be restored by 
replanting native species. This site has been identified as the western extent of Oregon ash plant assemblage. 
The site currently has small remnant patches of ash. Mitigation goals are to expand and restore the floodplain 
forest and scrub-shrub communities. 

7.3 Operational Mitigation, Post-Construction Monitoring, and 
Adaptive Management 

Oregon LNG was unable to delineate wetlands on properties where access was denied during the planning and 
permitting phase of the Project. Once Oregon LNG gains right-of-entry, then wetland delineations would be 
completed. Federal and state permit applications took a conservative approach in determining the amount of 
permanent impacts to wetlands by counting National Wetland Inventory wetlands and areas with hydric soils as 
jurisdictional wetlands for the purposes of determining the mitigation requirements. 

Oregon LNG would recalculate the area of jurisdictional wetlands that would be impacted and recalculate the 
amount of wetland mitigation that is necessary upon completion of the final field delineated surveys. In the 
unlikely event that additional mitigation is needed, Oregon LNG would provide it, consistent with the conceptual 
plan (e.g., purchasing credits in approved mitigation banks). However, compensatory mitigation sites are 
oversized to accommodate additional unanticipated impacts to wetlands. 

If route changes occur during construction, then biologists would be deployed immediately to determine if 
wetlands are present in the area of the route change. If present, then wetlands would be delineated and reported 
to DSL and USACE within 48 hours of discovery. Impacts would be evaluated to determine if additional mitigation 
would be necessary. 

7.3.1 Framework 
The framework for operational mitigation is documented in the technical memorandums in Appendix E titled 
Conceptual Wetland Restoration Monitoring Plan and Performance Standards and Review of Wetland Avoidance 
and Minimization Efforts. 

Seasonal monitoring of wetland restoration along the Pipeline would be conducted by a qualified wetland 
scientist for a period of ten years following final installation using the standards set forth in the Performance 
Standards. 
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The monitoring report would consist of the following: 

 Vegetation transect (or transects depending on size of wetlands) that detail herb, shrub, and tree aerial cover 
at radii of 3 feet, 15 feet, and 30 feet, respectively 

 Percent of planted materials surviving, classified by condition (e.g., vigorous, living, stressed) 

 Percent cover for the following four classes: native forbs and grasses; non-native forbs and grasses; shrubs 
and trees; bare ground and rock 

 Documentation of invasive vegetation, vandalism, dumping, wildlife damage, or other conditions actually or 
potentially harmful to restoration 

 Maintenance concerns (e.g., plants need to be replaced) 

 Color photographs that show the restoration site, taken from a fixed photo point (or points depending on size 
of wetland) drawn on a map of the restoration area, keyed to lines of sight from those photo points 

 Monitoring reports submitted to the permitting agencies (DSL and USACE) 

Table 7-3 summarizes the restoration monitoring schedule. 

7.3.2 Performance Standards 
The proposed performance standards would be evaluated by a qualified biologist using best professional 
judgment. Table 7-4 summarizes the performance standards that would be used to evaluate success of the 
planting according to established landscape standards for wetland vegetation communities in the appropriate 
zones (Franklin and Dyrness, 1973) west of the Cascade Crest. 

If any monitoring report shows that performance standards are not achieved, Oregon LNG would recommend 
corrective management actions. Wetlands with substandard performance would be monitored annually until 
there are two successive years demonstrating successful performance. Corrective actions may include invasive 
species control (typically spring/early summer); protective sleeves to minimize browsing damage by herbivores 
(typically applied spring/summer); and replanting (typically dormant or rainy season). Biologists would keep a 
written record to document the date of each visit, site conditions, and any corrective actions taken. 
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Stream Channels and Waterbodies 
Mitigation measures for stream channels and waterbodies are derived from Section 3.6 and Appendix D of the 
Applicant-Draft BA, Appendix 2B in Resource Report 2, and Section 3.5.1 in Resource Report 3. Anticipated 
construction-related impacts and specific conservation methods including avoidance, minimization, and 
mitigation efforts are addressed in Resource Report 2; in the SWPPP (Appendix B in this Plan); in the Wetland 
Mitigation Plan (Appendix 2P of Resource Report 2, as revised in the supplemental filing [Oregon LNG, 2014b]); 
and in Resource Reports 1 and 7. 

Because the Pipeline crossings of stream channels and waterbodies would occur in waters owned by the state of 
Oregon, actions are under the jurisdiction of DSL OARs “Governing the Issuance and Enforcement of Removal-Fill 
Authorizations within Waters of Oregon Including Wetlands” (OAR 141-085). Crossings of stream channels and 
waterbodies also occur in the state of Washington. The Revised Code of Washington (RCW) and Washington 
Administrative Code (WAC) are the bodies of law governing the state’s associated water quality regulations. The 
USACE provides Ecology with the jurisdictional authority to regulate the filling and removal of material in the 
waters of the state, including wetlands, under the applicable WAC 173-201A. The WDFW administers hydraulic 
code for the protection of freshwater habitat. 

In general, avoidance, minimization, and mitigation of impacts to waterbodies during Pipeline construction would 
follow the FERC Procedures. Pipeline stream crossings would also require ODFW fish passage approval per Oregon 
Revised Statute 509.580-910, and WDFW Hydraulic Project Approval per RCW Chapter 77.55. Oregon LNG would 
consult with DSL, ODFW, Ecology, and WDFW regarding stream crossing methods and timing. DSL and Ecology 
place the highest priority on avoidance and minimization of impacts. Oregon LNG has avoided stream crossings 
wherever possible through careful Pipeline siting and design that minimizes impacts. 

8.1 Onsite Mitigation 
Onsite mitigation measures for stream channels are derived from the FERC Procedures; and from stream crossing 
drawings, supplemental descriptions, and stream bank restoration plans in Appendix 6A of the Applicant-Draft BA. 
Mitigation measures address potential effects on channel morphology and water quality. 

8.1.1 Stream Channel Crossings 
Stream crossings would be conducted in compliance with the FERC Plan and Procedures for Pipeline stream 
crossings. The crossings would be monitored after construction to ensure that bank stabilization methods 
employed were effective in abating increased sedimentation. A Stream Crossing Restoration and Post-
Construction Monitoring Plan would be completed and submitted for agency approval before construction begins. 
Immediately after pipe installation and backfilling, and before the dams and flumes are removed and flow is 
returned to the waterbody channel, the stream banks would be reestablished to approximate preconstruction 
contours and stabilized. Erosion and sediment control measures would be installed across the construction 
easement to reduce stream bank and upland erosion and sediment transport into the waterbody. 

8.1.1.1. Determine Crossing Methods 
Stream crossing locations were carefully considered during Pipeline route selection to minimize impacts from the 
crossing method employed. Three crossing methods would be employed: HDD, open-cut trenching, and open-cut 
dry flume methods. HDD would be used on large streams and rivers; open-cut trenches would be used on streams 
that are dry at the time of construction; and open-cut dry flume methods would be used on smaller rivers and 
streams that contain water at the time of construction. Specific procedures for installing temporary bridges over 
waterbodies as well as construction methods for HDD, flume, and trench crossings are detailed in Resource 
Report 1, General Project Description. 

Construction of the pipeline would cross numerous intermittent and perennial streams and rivers. A total of 120 
streams crossed by the Oregon Pipeline have perennial flow regimes, support ESA-listed salmonids, or have 
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designated critical habitat. Twenty-four of those streams support ESA-listed salmonids or have designated critical 
habitat. Some intermittent and ephemeral drainages not supporting ESA-listed salmonids would require further 
investigation before final engineering design. 

There would be 13 HDD crossings. Site-specific stream crossing drawings for streams with ESA-listed fish are 
provided in Appendix 6A of the Applicant-Draft BA. Oregon LNG used the Washington Department of Natural 
Resources (WDNR) Watershed Analyses (1994) technique to evaluate stream morphologies in the Project area. 
Based on WDNR Standard Watershed Analysis Methodology, six channel types with the potential for either lateral 
(bank erosion causing channel migration) and/or vertical (debris flow) scour potential were identified for streams 
being crossed by the pipeline. Of the 24 perennial/ ESA stream crossings, 11 possess some potential for vertical 
scouring or debris flow events, while 23 have at least some potential for lateral channel migration. 

Preconstruction surveys were conducted at crossing locations on ESA-listed and other select streams to evaluate 
design considerations needed to avoid and minimize impacts to channel morphology. Table 1 in the Technical 
Memorandum titled Channel Response Matrix for Pipeline Crossings of Perennial Waterbodies and Streams 
Supporting ESA-Listed Salmonids (located in Appendix F of this document) provides information important for 
estimating the susceptibility of individual channel types to morphological response, particularly vertical scour and 
lateral migration. These site-specific data were important in determining the type and feasibility of crossing 
methods at each stream crossing. 

At Pipeline crossings containing ESA-listed fish or streams crossed within 0.1 mile of such streams, the Pipeline 
would be buried to a minimum depth of 3 feet (top of pipe). At streams with moderate to high scour potential, 
the Pipeline would be buried 3-feet deeper than the scour depth to ensure against exposure. The specific depth 
that would be required at such crossings would be determined on a site-specific basis, which would require 
acquisition of additional detailed information on substrate characteristics, expected peak flow conditions, local 
bed slope, and upstream and downstream conditions. These data would be acquired before final design of the 
high-risk crossings. 

8.1.1.2. Implement Erosion Control Best Management Practices 
Erosion control BMPs and the methods outlined in the FERC Plan and FERC Procedures would be implemented to 
reduce the potential for mass failure. In areas where landslides are a concern but specific landslide features 
cannot be identified, proper construction techniques would be implemented to minimize the potential for slope 
failure, landslides, or erosion resulting from Pipeline installation. In general, the installation of a Pipeline below 
ground (and subsequent backfilling of the trench zone with native material) results in a relatively short window of 
disturbance and minor change in subsurface conditions. The larger changes occur at the ground surface, where 
topography and vegetation are altered. Therefore, the majority of the construction techniques that would be 
implemented are performed to restore or improve the land and drainage features after construction is complete. 
These techniques may include the use of water bars, terracing, diversion ditches, and other methods to control 
runoff and erosion. Backfill operations would be performed to ensure that the trench backfill is adequately 
compacted so mounding is not required. 

8.1.1.3. Avoid or Minimize Landslide Hazards 
Revegetation procedures would be implemented to ensure rapid establishment of a vegetative cover after 
completion of construction. Where steeply sloped areas or mapped landslide hazard areas cannot reasonably be 
avoided, an effort has been made to align the pipe parallel to the maximum fall of the ground (that is, to run the 
pipe straight down the slope) and avoid placing the pipe parallel to the slope (that is, side-sloping the pipe). The 
potential for pipe damage because of soil deformations associated with rapid landslide movement is much less 
when the movement occurs parallel to the axis of the pipe. In areas where specific landslide hazards are 
identified, a number of methods are available for the mitigation of landslide deformation on pipelines. These 
include stabilization of the landslide, relocation of the Pipeline beyond the landslide, installation of the Pipeline 
above ground, installation below the landslide using directional drilling or deep excavation, or the use of 
deformable backfill such as polystyrene or other suitable material (Bukovansky and Major, 2002). 
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When avoidance measures are not practical, another option for mitigating the risks of landslide hazards includes 
maintaining the Pipeline within the landslide zone, which can be accomplished using a program of landslide and 
pipeline monitoring. This approach is particularly well suited to existing landslide areas where movement is 
occurring relatively slowly, which is the case in much of the landslide topography mapped throughout the Coast 
Range. Installation and monitoring of equipment to monitor the movement of landslides and pipelines (and the 
associated strain imposed on the Pipeline) is a common method of maintaining pipelines in active landslide zones. 
Vibrating wire strain gauges have been used extensively during the last 20 years to monitor longitudinal pipeline 
strain changes caused by the landslide deformations (Bukovansky and Major, 2002). Monitoring of pipeline strains 
enables sensitive measurements of forces in the pipe and timely implementation of strain-relief measures if 
strains reach a critical level. According to Bukovansky and Major (2002), federal, state, and local agencies that 
regulate pipeline construction and operation in the United States generally accept strain monitoring to provide for 
the safety of pipelines located in areas of geologic hazards. This has contributed to the acceptance of strain gauge 
monitoring as a basic system for enhancing pipeline safety. 

The consequences of mass slope failures, landslides, persistent turbidity, and Pipeline fractures on fish and 
wildlife resources would depend on downstream physical and biological conditions and timing should a landslide 
or mass failure occur. 

Because the severity of any given landslide with regard to ESA-listed fish is dependent on a nearly infinite number 
of variables, no generalities can be drawn. The effects could be as minor as a short-term pulse of turbidity that 
would require no corrective action or as severe as complete blockage of upstream migration. Should a landslide 
occur that is due to Pipeline construction and not other natural processes, ODFW, NMFS, and other interested 
parties would be consulted to design a site- and case-specific plan to mitigate any negative effects. By identifying 
potential landslide hazards in advance and developing appropriate engineering solutions to minimize the risk of 
landslides at sensitive sites, there should be minimal risk to listed fish from the effects of landslides at the open-
cut or flumed stream crossings. 

8.1.1.4. Crossing Methods 
HDD Crossings 

HDD crossing methods are a primary mitigation measure for avoiding and minimizing impacts to ESA or other fish-
bearing and perennial streams. Locations of HDD crossings are listed in Table 5-1 (Section 5.0 above). 

Site drawings for each of the proposed HDD crossing locations at ESA streams were provided to FERC in the June 
2013 filing. The HDD crossings of ESA streams are typical of HDDs at non-ESA streams. 

Surface-Water Crossings 

Surface-water crossing methods for each stream were determined based on field surveys, review of fisheries data, 
and preconsultation meetings with the Services. Perennial streams would be crossed with the flume method on 
non-HDD streams. Stream flow may be channeled into one or multiple flume pipes to convey water across the 
trench and maintain downstream flow. The trench would be excavated from under the flume pipe, the Pipeline 
would be threaded under the flume, the trench would be backfilled, and the flume pipe would be removed to 
restore natural downstream flow. Figure 6A-26 in Appendix 6A of the Applicant-Draft BA shows the details of a 
typical flume crossing method. Temporary cofferdams would be constructed above and below the entry and 
outfall of the flume pipes. Before dewatering the work area, fish salvage would take place according to the 
Oregon LNG Pipeline Waterbody Crossing: Fish Salvage Plan technical memorandum originally submitted to FERC 
in 2008, and revised and resubmitted in June 2013 as Resource Report 3, Appendix 3O (see Appendix 2C of the 
Applicant-Draft BA for the June resubmittal version). 

At stream crossings, the pipe would be buried at a depth to minimize the risk of exposure from vertical erosion or 
lateral migration. In the vertical dimension, the pipe would have a minimum of 3 feet of cover below the 
maximum scour depth. In the lateral dimension, the vertical depth would be maintained for a minimum length of 
2.2 times the active channel width, plus the channel migration zone. For streams with floodplains less than 2.2 
times the active channel width, the vertical depth would be maintained across the entire width of the floodplain. 
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Active channel migration zones and floodplains are applicable to streams with a gradient of less than 4 percent, 
because streams with a gradient of 4 percent or greater do not have functional floodplains (Rosgen, 1996). To 
prevent landslides at high-risk crossings, BMPs (including slope breakers, straw bales, silt fences, wattles, and 
subsurface drainage) would be used, as detailed in the technical memorandum titled Landslide and Debris Flow: 
Relative Risk Assessment for the Bidirectional Project Pipeline in Applicant-Draft BA Appendix 6B. Site-specific 
engineering techniques for minimizing landslide risk and for protecting the Pipeline against landslides, should they 
occur, are shown in drawings for each flumed and open-cut crossing that could affect ESA-listed fish. Should 
channel subsidence, bank erosion, channel scour, or other negative long-term effects of Pipeline construction 
become apparent during post-construction monitoring, case-specific responses would be tailored to alleviate the 
specific problems identified. 

Stream bank erosion would be minimized by clearing the smallest amount of vegetation possible at stream 
crossings and grubbing only over the ditch line. Rootstocks would be left in place for erosion control and rapid 
post-construction vegetative regeneration, in addition to seeding and mulching, planting native vegetation (where 
necessary), and—in some cases—use of biodegradable erosion control fabrics. 

The open-cut trenched method is applicable to intermittent and ephemeral streams that are not fish bearing, and 
to fish-bearing intermittent or ephemeral streams if dry at the time of construction. Applicant-Draft BA Figure 6A-
27 in Appendix 6A shows the details of a typical open-cut trenched crossing method. This method is allowable for 
the crossing of minor or intermediate waterbodies. The restrictions on instream work, restoration of 
preconstruction contours, limitations on equipment operating in the waterbody, or required bridging identified in 
the FERC Procedures would be practiced as follows: 

 Limit the use of the equipment operating in the waterbody to only the needed equipment. 
 Return the waterbody to its preconstruction contours. 

Other general measures to be applied for surface-water crossings are as follows: 

 Stabilize channel banks and install temporary sediment barriers within 24 hours after completing the crossing. 

 Perform pipe stringing, pipe bending, and welding greater than 25 feet on each side of the stream. 

 Give clearing crews specifications for minimizing riparian clearing to accommodate stream size, terrain, and 
existing vegetation conditions, and to avoid removal of significant trees, where possible, at the margins of the 
temporary construction zone. 

 Occasionally require a wider riparian clearing width to cross streams in steep terrain. To account for larger 
trench backslopes and perform temporary grading for equipment access, limit clearing for steep terrain 
crossings to the minimum clearing width to safely perform access and construction. 

 Salvage existing LWD for reinstallation, and stockpile a sufficient quantity of large-diameter conifer logs for 
post-construction aquatic habitat enhancement. 

 Upon completion, regrade and stabilize stream banks, and restore the riparian area with native vegetation 
(see stream bank restoration plan in Applicant-Draft BA Appendix 6A). 

 Segregate topsoil, nontopsoil substrate, instream spoils, and LWD and maintain it near the crossing locations 
for backfilling and restoration activities. Take care to segregate substrate by grain size so that streambeds can 
be restored with their original substrate following pipe installation. 

 For open-flume crossings, remove temporary “bridges” used for construction following construction. It is 
Oregon LNG’s intention to remove these bridges and maintain access to the Pipeline easement by the listed 
access roads. Temporary bridges would only be in place during the late spring and summer dry season. Only if 
there is a Pipeline concern under a waterbody would post-construction reentry be considered. 
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8.1.2 Applicant and Contractor Responsibilities 
8.1.2.1. Oregon LNG 
Throughout the construction phase, Oregon LNG would ensure that the contractor is following prescribed 
methods and is conducting operations in accordance with the final Construction, Restoration, and Monitoring Plan 
and applicable permits and regulations. Oregon LNG would mark waterbody crossings before construction and 
would ensure that the contractor is aware of procedures related to sensitive wildlife habitats, and has sufficient 
supplies to address any unforeseen complications that arise. Oregon LNG would require that the contractor 
maintain sufficient supplies and equipment to complete construction in accordance with the FERC Plan and 
Procedures and the final Construction, Restoration, and Monitoring plan. These supplies would include spill 
control and cleanup devices (absorbent pads, socks, and “kitty litter” type granules), silt fencing, straw bales, and 
other erosion control devices. Erosion controls would be carefully monitored during construction to ensure that 
excessive sediment discharge to streams is avoided. Oregon LNG may have several representatives at the 
construction site at any one time, but one staff member would be designated as the environmental inspector (EI). 

The EI would be responsible for maintaining compliance with the FERC Plan and Procedures, the final restoration 
and monitoring plan, and any other regulations as specified in OARs. The EI would ensure that in-water work 
periods are observed and that markings and flagging remain in place during construction. The EI would have “stop 
work” authority in the case of any activities by the contractor not allowed under the final Construction, 
Restoration, and Monitoring plan. The EI would supervise construction activities in waterbodies including 
installing dams and flumes, fish salvage, and stockpiling/replacing soils, boulders and LWD. The EI would also be 
responsible for overseeing stream restoration and mitigation activities. The EI would ensure that crossings are 
graded to preconstruction contours, that temporary and permanent erosion control devices are installed, that 
crossings are revegetated in accordance with revegetation plans, and would have final say regarding the 
“completeness” of restoration activities. Oregon LNG would also be responsible for the long-term soil 
stabilization, restoration, and monitoring of stream crossings. 

8.1.2.2. Contractors 
Oregon LNG would engage one or more contractors for construction, reclamation, revegetation, and monitoring. 
The construction contractor would be responsible for all phases of construction. This would include procuring 
sufficient supplies to complete construction on schedule, maintaining equipment in good working order, and 
following procedures in the final Construction, Restoration, and Monitoring plan. Specific to stream crossings, the 
contractor would be responsible for installing erosion control devices (silt fence, straw bales, or other sediment 
barriers), installing temporary equipment crossings, segregating spoils (including topsoil, LWD, and other up-land 
and instream spoils), installing flumes, stringing pipe, backfilling trenches, and restoring banks and streambeds. 

8.1.3 Preconstruction Site Characterization and Documentation 
The purpose of the preconstruction assessment is to establish a baseline sufficient to determine whether post-
construction restoration is effective in returning streams to their preconstruction functional ability. As such, the 
preconstruction assessment is not designed to be a comprehensive characterization of wildlife habitats or 
vegetation present at each stream crossing. The method employed would be largely subjective in nature, relying 
on observations by experienced biologists. A key component of the monitoring program would be “before and 
after” photographs. Procedures for photo documentation would follow Edelen and Crowder, 1997. 

Before construction, each stream crossing location would be assessed and documented using the following 
methods (Rashin, Bell, and Clishe, 1993; Federal Interagency Stream Restoration Working Group [FISRWG], 1998; 
OWEB, 1999; and Oregon Plan for Salmon and Watersheds, 2004): 

1. Stream crossings would be assigned a unique identification number. A whiteboard or similar suitable sign 
would be prepared with the date, time, and crossing identification (ID) number to identify the crossing 
location, and would be placed in photographs. Each crossing location would be photographed from multiple 
angles and care would be taken to document adjacent upstream and downstream channel segments. Efforts 
would be made to photograph significant habitat features such as over-hanging banks, root-wads, LWD, 
boulders, and stream substrate. 
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2. A data sheet would be completed at each stream crossing. Information recorded would include bank 
substrate and condition, streambed substrate, stream morphology, dominant bank vegetation, percent 
bankfull discharge at the time of assessment, LWDs or other instream structures, and a narrative describing 
the crossing location in as much detail as possible. A site sketch would be completed on the data sheet, and 
photographs taken would be described. The site sketch would include features that were photographed and 
an indication of the photographer’s location at the time of each photo (for example, a labeled photo with an 
arrow to indicate the direction of the photograph). 

During preconstruction site characterization, Oregon LNG would identify and mark potential donor plant sites at 
adjacent areas where replacement vegetation may be obtained for use in restoration activities. 

8.1.4 Stream Channel Restoration Measures 
8.1.4.1. Schedule 
The construction schedule would adhere to the recommended ODFW in-water work periods unless an extension 
of those work periods is granted. In-water work periods by Pipeline mile and river/basin are shown in Table 8-1. 
As indicated in the table, the start and end dates are variable depending on the region and the stream; start dates 
are as early as April and end dates are as late as October. 

Oregon LNG would complete flume method stream crossing construction in perennial streams in 3 days or less. In 
accordance with the FERC Procedures, the duration of in -water construction would be limited to 24 hours across 
minor waterbodies (10 feet wide or less) and 48 hours across intermediate waterbodies (between 10 and 100 feet 
wide). Bank restoration would follow as quickly as is technically possible. Final cleanup would include regrading, 
mulching, placing erosion control mats, reseeding or transplanting vegetation. Reseeding and reclamation would 
be accomplished as quickly as possible following pipe installation. In the event that precipitation events or other 
force majeure complications preclude the completion of seeding and reclamation within 10 days, exposed 
erodible substrates would be covered with straw or other suitable mulch until seeding is completed and seedlings 
are established as described below. 

Oregon LNG would follow the FERC Procedures to limit water quality effects on waterbodies during construction. 
Oregon LNG would also implement erosion and sediment control measures as described in Figures 6A-26 through 
6A-31 in Applicant-Draft BA Appendix 6A to control soil erosion and sediment discharge. In addition, Oregon LNG 
would obtain an NPDES 1200-C construction stormwater discharge permit before construction of the Project. 

8.1.4.2. Regrading 
Following Pipeline installation, areas disturbed during construction would be returned to their preconstruction 
contours. Trenches would be backfilled and topsoil would be replaced as close as possible to the location from 
which it was excavated. The original profiles, meanders, and contours would be reconstructed, except for very 
steep bank profiles. Steep banks may be graded to a stable angle of repose to prevent erosion. 

Excess rock that cannot be returned to the trench or used for slope stabilization, and is not utilized as instream 
structure for habitat mitigation/enhancement, may be distributed throughout the right-of-way or be utilized as a 
barrier to block unauthorized vehicular access to the right-of-way. No solid waste or construction debris would be 
allowed to remain in the right-of-way following final regrading. 

8.1.4.3. Erosion Control 
Temporary and permanent erosion control would be deployed during and after the Pipeline installation. The 
specific temporary erosion control methods used would be based on site specific requirements related to bank 
slope and substrate conditions. Individual HDD crossing drawings containing detailed plans for the location and 
type of erosion control structures to be applied at those locations. 

The following potential stream bank stabilization BMPs would be used after construction at stream crossings 
regardless of whether they are flowing or dry at the time of construction: 

 Use clean gravel or native cobbles for the upper 1 foot of trench backfill in waterbodies that contain 
coldwater fisheries. 
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 For open-cut crossings, stabilize waterbody banks and install temporary sediment barriers within 24 hours of 
completing instream construction activities. For flume crossings, complete streambed and bank stabilization 
before returning flow to the waterbody channel. 

 Return waterbody banks to preconstruction contours or to a stable angle of repose, as approved by the EI. 

 Employ primarily bioengineering techniques for bank armoring and protection. Apply site-specific BMPs, such 
as those described by McCullah and Gray (2005). 

 Riprap shall not be used for bank stabilization unless a geotechnical or environmental engineer determines 
that alternative soft armoring methods would be inadequate. If riprap is used, it shall be limited to the 
minimum required stream length. 

 Revegetate disturbed riparian areas with conservation grasses and legumes or native plant species, preferably 
woody species. 

 Install a permanent slope breaker across the construction easement at the base of slopes greater than 
5 percent that are less than 50 feet from the waterbody, or as needed to prevent sediment transport into the 
waterbody. 

 At dam and pump and flume crossings, repair unavoidable streambed scour at pump discharges with clean 
gravel. 

 Remove all non-native materials from the crossing after construction and stabilization are complete. 

8.1.4.4. Revegetation 
Banks would be revegetated according to the plan submitted in the Applicant-Draft BA, Appendix 6A to stabilize 
soils and prevent erosion. 

8.1.4.5. LWD Placement and Other Restoration/Mitigation Activities 
If LWD is removed from the streambed during construction, it would be stockpiled until construction is completed 
and then replaced. The EI would be responsible for ensuring that the LWD is appropriately anchored to prevent it 
from displacing downstream and that post-construction placement would provide similar habitat benefits to 
preconstruction conditions. Large trees removed from the construction right-of-way would also be stockpiled for 
use in post-construction operations. 

8.1.5 Restoration Documentation 
Following the completion of reclamation activities but before post-construction monitoring begins, Oregon LNG 
would perform a final inspection of the crossings to verify that preconstruction commitments have been satisfied. 
When the inspection is complete, Oregon LNG’s construction or restoration contractor would be notified of any 
required remedial actions. During the post-construction site visit, temporary erosion control devices (such as silt 
fences) that are no longer required would be noted and Oregon LNG would contract for their removal. In the 
event that temporary erosion control devices are still required, but are in poor repair, Oregon LNG would repair or 
replace them as necessary. 

A post-construction report demonstrating “as-built” conditions is required under OAR 141-085-0151(2)(a) for 
compensatory mitigation, and Oregon LNG would submit a similar report within 90 calendar days of completing 
grading, reclamation, and revegetation. The report would include details on final grading and a discussion of any 
variation from the approved plan. 

Information would be provided on the date and duration of each stream crossing, an explanation of any crossings 
that exceeded the 24-hour preferred construction duration, a description of reclamation activities (temporary and 
permanent erosion control, excess rock placement, remediation activities, and revegetation), and any deficiencies 
(that is, obvious erosion) noted during the initial post-construction inspection. Appendix G in this Plan contains 
drawings of typical non-ESA-listed stream crossings. 
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8.1.6 Water Quality 
Oregon LNG would follow the FERC Procedures to limit water quality effects on waterbodies during construction. 
Oregon LNG would also implement erosion and sediment control measures as described in Figures 6A-26 through 
6A-31 in Applicant-Draft BA Appendix 6A to control soil erosion and sediment discharge. In addition, Oregon LNG 
would obtain an NPDES 1200-C construction stormwater discharge permit before construction of the Project. 

The SWPPP is provided in Appendix B. The locations of site-specific erosion control and BMPs are identified in 
typical stream crossing drawings. Typical details are listed in the figures. The SPCC Plan includes information 
regarding the containment of drilling mud during HDD wetland and waterbody undercrossings. 

During preconsultation discussions with USFWS and NMFS, it was agreed that unless approved by USFWS, NMFS, 
and ODFW, ATWS would be set back 150 feet from perennial streams and wetlands. In addition, overnight parking 
of vehicles, storage of fuels and other hazardous materials, and refueling activities would take place no closer 
than 150 feet from a stream or a wetland, unless full containment of potential contaminants is provided. Under 
certain clearly defined conditions, and subject to agency approval, ATWS may be placed closer to waterbodies or 
wetlands where the ATWS placement would not increase effects on streams or fish habitat. 

During the construction of the Project across perennial streams, measures to avoid construction-related impacts 
would include placing spoils at least 50 feet from the water’s edge for streams without water or in ATWS 150 feet 
from perennial streams; using erosion and sediment controls to prevent the excessive delivery of sediment to 
waterbodies; and, where temporary vehicle crossing is needed, following the FERC Procedures for temporary 
equipment bridges. 

8.1.6.1. Increased Sediment Inputs 
Within the construction easement, erosion and sediment control measures would be installed to reduce post-
construction stream bank and upland erosion and sediment transport into the waterbody, thus eliminating 
concerns for excessive sediment transport from uplands into the streams. The erosion and sediment control 
methods would be maintained until vegetation is established within the riparian zone. Stream bank restoration 
and monitoring would be conducted in accordance with the Restoration and Monitoring Plan to be completed 
before construction begins. 

The Project would use methods adopted from FERC’s Upland Erosion Control, Revegetation, and Maintenance 
Plan to minimize effects from construction operations on slopes and to prevent soil erosion. The Project would 
also comply with the ODEQ Erosion and Sediment Control Manual (ODEQ, 2013) and the Oregon Department of 
Transportation (ODOT) Erosion Control Manual (ODOT, 2005). The adapted version of the FERC Plan is presented 
in Appendix 7G of Resource Report 7 (Oregon LNG, 2013). 

The FERC Plan, as well as the state of Oregon guidance documents, specifies BMPs to reduce sediment discharge 
from construction sites. These BMPs include the use of terraces, mulch (e.g., hay and straw), mulch anchored with 
a light asphalt tack, or mats in areas where a high erosion potential exists. The FERC Plan also specifies the use of 
seeding mixtures that would ensure rapid revegetation. These consist of species adapted to the various conditions 
encountered along the Pipeline easement, including wet and shady areas and areas with shallow soils. 

Sediment barriers would be installed immediately after initial disturbance of the waterbody or adjacent upland. In 
areas where the Pipeline alignment crosses steep slopes, the need for additional erosion control measures, above 
and beyond those required by state and federal agencies, would be evaluated on a case-by-case basis. 
Construction would be conducted in the late spring to early fall, and revegetation of exposed areas would occur 
immediately to avoid exposure of bare soils during the winter rainy season. 

Restoration procedures would be monitored to ensure their efficiency and effectiveness. If the monitoring 
identifies any areas of erosion or ineffective revegetation, the easement would be restored in accordance with 
the existing plans unless it is determined that modified plans are needed, in which case NMFS and ODFW would 
be contacted for approval of any such modifications. Sediment barriers would be properly maintained throughout 
construction and reinstalled as necessary (such as after backfilling of the trench) until replaced by permanent 
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erosion controls, or until restoration of adjacent upland areas is complete and revegetation has stabilized the 
disturbed areas. 

8.1.6.2. Water Temperature 
The streams that are listed (1972 Clean Water Act § 303(d)) as temperature sensitive along the Pipeline would be 
crossed using HDD, thereby avoiding loss of streamside shade in these temperature-sensitive streams. At flume 
and open-cut crossings, the removal of riparian vegetation would be minimized to the extent possible. However, 
even in the event that the full 100-foot construction corridor is cleared, it is unlikely based on the technical 
memorandum in Appendix 10 of the Applicant-Draft BA, Oregon LNG: Characterizing Deforestation Impacts on Stream 
Temperature (CH2M HILL, 2009), that the resultant increase in incident solar radiation would be sufficient to cause 
biologically significant increases in downstream water temperatures. Revegetation of the easement over the long 
term (described above) would eliminate any small increases in water temperature that do result. 

8.2 Compensatory Mitigation 
A post-construction report demonstrating “as-built” conditions is required under OAR 141-085-0151(2)(a) for 
compensatory mitigation, and Oregon LNG would submit a similar report within 90 calendar days of completing 
grading, reclamation, and revegetation. The report would include details on final grading and a discussion of any 
variation from the approved plan. 

Information would be provided on the date and duration of each stream crossing, an explanation of any crossings 
that exceeded the 24-hour preferred construction duration, a description of reclamation activities (temporary and 
permanent erosion control, excess rock placement, remediation activities, and revegetation), and any deficiencies 
(that is, obvious erosion) noted during the initial post-construction inspection. Appendix G in this Plan contains 
drawings of typical non-ESA-listed stream crossings. 

8.3 Operational Mitigation, Post-Construction Monitoring, and 
Adaptive Management 

Post-construction monitoring would be conducted twice during the first year following construction at 
approximately 6-month intervals and annually thereafter for a total of 5 years or until successful reclamation is 
complete, whichever is longer. 

The objectives of the post-construction monitoring program are twofold: 

1. To ensure that stream crossing locations are able to fulfill their preconstruction functions by documenting and 
correcting problems with bank stabilization and revegetation; and 

2. Document the success of LWD placement or other habitat enhancement activities completed as part of the 
mitigation plan. Further details regarding mitigation would be provided upon final selection of mitigation sites 
and methods. 

Objectives would be accomplished by evaluating the following: 

 Growth of riparian vegetation compared to preconstruction conditions, based on species representation, 
cover, and vegetative structure 

 Vegetative conditions in the 10-foot-wide vegetated zone over the Pipeline and the effects of maintenance 
mowing 

 Height of trees and shrubs; assess whether they have attained a height of at least 15 feet in the 30-foot-wide 
vegetated zone centered over the pipe (except for the 10-foot-wide mow strip) 

 Relative condition and dominance of reestablished native trees and shrubs in the Pipeline corridor and the 
riparian buffers 

 Vegetative conditions in relation to the revegetation plan and FERC requirements 
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 Presence and abundance of noxious weeds and the effectiveness of control measures in the adjacent buffer; 
and the within the Pipeline corridor 

 Effectiveness of erosion control applications to stabilize soil and prevent excessive erosion 

 Retention of important specimen trees, significant wildlife snags, nest trees, downed large wood, and rocks in 
riparian areas and stream bank zones 

Monitoring would be conducted to assess streams at the same time of year as their preconstruction site visit. The 
post-construction monitoring would focus on identifying problems with bank stabilization and revegetation. 

During post-construction monitoring events, Oregon LNG or a contractor would look for trench subsidence and 
erosion indicators such as gullies, undercutting banks, bare ground, bank slumping, and evidence of sheet erosion. 
If initial erosion control features are shown to be inadequate or if erosion control structures fail, Oregon LNG 
would retain a contractor to conduct remedial actions as soon as site conditions allow. 

Repairs or remedial actions could include additional seeding or transplanting, installing more robust erosion/ 
sediment control materials, maintaining or replacing the initial erosion control features, placing boulders or LWD, 
slope armoring, additional mulching, or matting. If trench subsidence is observed, Oregon LNG would direct the 
contractor to fill and compact the trench to grade with appropriately sized substrate. If trench remediation is 
required below the ordinary high water mark, activities would be conducted within appropriate ODFW in-water 
work periods. 

Revegetation monitoring would include a qualitative assessment of the following parameters in comparison to 
adjacent undisturbed areas: 

 Percent total adjacent herbaceous cover (seeded/transplanted species plus desirable volunteers) 
 New or expanded populations of noxious weeds 
 Species composition 

Post-construction surveys would be conducted by experienced biologists. The assessments would include photo 
documentation and completion of data forms for reporting and documentation. 

8.3.1 Performance Standards 
Criterion for establishing adequate vegetation recruitment would be defined in the final Construction, 
Restoration, and Monitoring Plan following consultation with ODFW and DSL. For example, areas may be 
considered successfully reestablished if, after the first year, disturbed areas contain at least 50 percent of the 
herbaceous cover as adjacent undisturbed areas, with no bare spots greater than 2 feet in any dimension and the 
species composition is a mixture of seeded or replanted species and desirable volunteers. At the end of 5 years, 
success may be defined as at least 80 percent of the herbaceous cover as adjacent undisturbed areas. 

Areas with poor reestablishment or undesirable species mixes would be evaluated to determine, if possible, the 
cause of the problem (that is, poor germination, poor planting technique, herbivory), and corrective measures 
would be undertaken. Potential corrective measures include replanting, planting an alternative species mix, or 
protecting existing seedling from herbivory. 

The reclaimed right-of-way would be considered stable when the surface appears similar to adjacent undisturbed 
land and the following accelerated erosion indicators do not exist: 

 Perceptible soil movement (exceeding preconstruction conditions) 
 Flow pattern development resulting in rills or gullies greater than 3 inches deep 
 Evidence of sheet erosion 
 Evidence of siltation in stream substrates downstream of the crossing 
 Perceptible downstream movement of instream rock or woody debris 
 Trench subsidence or slumping 
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8.3.2 Reporting 
Following each monitoring period, Oregon LNG would prepare a report for submittal to the DSL. The report would 
contain the following: 

 Summary of bank vegetation recruitment and species composition as compared with adjacent undisturbed 
areas 

 Assessment of the condition of transplants in riparian areas 

 Discussion of non-native species and noxious weeds in disturbed areas 

 Description of any deviations from the monitoring plan 

 Discussion of Project performance and an assessment of whether Project goals are being met 

 Any observations not included on monitoring forms that further elucidate the success or potential for failure 
of revegetation and restoration efforts 

 Identification of areas that require remedial action 

 Recommendations and schedule for remedial action(s) 

 Before and After photo pairs for each crossing 

 Monitoring forms 

If success criteria have not been met by the end of year 5, Oregon LNG would consult with agencies to determine 
future actions. Actual contingency measures would be based on monitoring data and site circumstances as they 
occur. 

8.3.3 Adaptive Management Summary 
Adaptive management at stream and river crossings would address both unanticipated emergencies (e.g., 
landslides into the stream channel, exposure of the Pipeline through streambed scouring, and frac-outs during 
HDD drilling operations) and compliance with proposed restoration goals. A comprehensive post-construction 
monitoring plan and SPCC plan for stream crossings is included in Resource Report 2, Attachment 2H. 

8.3.3.1. Frac-outs 
Adaptive management for frac-outs is thoroughly addressed in the SPCC plan and includes steps such as the 
following: 

 Depending on the severity of the release, the most common first step for the HDD contractor in reestablishing 
circulation and sealing fractures is to utilize a thicker, lower-viscosity mixture of sodium bentonite and water. 
The thicker mix of sodium bentonite and water would be more effective in forming a filter cake on the inside 
wall of the borehole and soil/rock particles around the borehole to seal voids and prevent further release of 
drilling mud. In some cases, un-hydrated sodium bentonite chips would be pumped through the drill rods. 
These granules of bentonite would flow in and fill or bridge a void or fracture. They would hydrate and swell 
in the presence of the drilling fluid to seal off leaks or fractures. 

 If the problem is more severe, standard drill fluid additives would be used. These drill fluid additives 
commonly consist of PAC, or water–swellable synthetic polymers capable of absorbing many times their 
weight in water. These materials work in a similar manner as the granular bentonite, that is, they are pumped 
through the drilling system and allowed to swell to seal voids and fractures. 

 In the most severe cases, standard drill fluid additives may not be sufficient to seal fractures and reestablish 
circulation of drill fluid. In these conditions, coarser bridging agents may be required. These bridging agents 
may take the form of fiber, flake, or granular materials (Canon, 2003). Examples of fiber additives are cellulose 
fiber, cedar (or other wood) fiber, cane fiber, or spun mineral fiber. Mica is one of the most common 
examples of flake additives. Granular additives include nut hulls and granular bentonite (discussed above). 
Most of these bridging agents come in different sizes from coarse to fine and many manufacturers of drill fluid 
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additives provide specially designed materials that may contain a combination of various bridging agents and 
polymers. 

Should the above methods prove unsuccessful, and HDD drilling fluid is released to water, appropriate local, state, 
and federal agencies would be notified, and a determination on whether or not to cease operations would be 
made in accordance with the SPCC Plan. The extent of the release would be assessed, and appropriate corrective 
actions would be taken. These corrective actions may range from simple monitoring in the case of small releases, 
to active cleanup using specialized pumps and filters, to abandonment of the HDD and sealing of the hole. In the 
event of an HDD drilling fluid release to land, the release and drilling hole entry point would be contained with 
berms, pumps, hay bales, sediment fencing, wood products, or other appropriate means, and the fluid would be 
cleaned up immediately using hand tools or vacuum trucks and transported to an approved disposal location. 

8.3.3.2. Mass Failures 
The steps to be followed in the event of a mass failure would be outlined in the Post Construction Monitoring 
Plan. Because the severity of any given landslide to ESA-listed fish is dependent on a nearly infinite number of 
variables, no generalities can be drawn. The effects could be as minor as a short-term pulse of turbidity that 
would require no corrective action, to complete blockage of upstream migration. Should a landslide occur, that is 
due to Pipeline construction and not other natural processes, the Interagency Adaptive Management Team would 
be consulted to design a site- and case-specific plan to alleviate the problem and mitigate for any negative 
impacts. 

8.3.3.3. Streambed Scour/Pipeline Exposure 
Should channel subsidence, bank erosion, channel scour, or other negative long-term effects of Pipeline 
construction become apparent during post construction monitoring, case-specific responses would be tailored to 
alleviate the specific problems identified. The post-construction monitoring plan would outline the steps to be 
followed in the event that Pipeline exposure is discovered. The steps would likely include first stabilizing the 
exposed pipe, followed by consultation with the agencies on the most effective course of action. Depending on 
the timing and circumstances, the methods followed may be significantly different. For instance, should the scour 
occur during the in-water work period, the most effective and least destructive course of action may be 
immediate reburial at a greater depth, but should the scour become apparent during sensitive spawning or 
migration periods, different options may be pursued. 

8.3.3.4. Compliance with restoration goals. 
The Post Construction Monitoring plan has yet to be completed. However, adaptive management would be an 
integral component of the overall strategy to meet mitigation goals. The plan would lay out steps to follow should 
any of the mitigation or restoration efforts (e.g., LWD placement, bank revegetation, fish passage improvements) 
prove less effective than anticipated, or should the negative effects be greater than anticipated (for instance, if 
more fish are salvaged than predicted in the Applicant-Draft BA). 

Monitoring would be conducted, and reports would be filed annually with ODFW, DSL, and other interested 
parties, outlining the state of restoration efforts, and discussing any proposed alterations/refinements to the 
overall plan based on any deficiencies identified. 
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SECTION 9 

Marine Reptiles and Mammals 
Section 4.0 in the Applicant-Draft BA provides the basis for mitigation measures recommended for marine reptiles 
and mammals. 

9.1 Onsite Mitigation 
Onsite mitigation measures for marine mammals and marine reptiles are proposed in the following sections. 

9.1.1 Marine Mammals 
9.1.1.1. Nonlisted Seals and Sea Lions 
Underwater noise mitigation measures may not reduce noise levels below established thresholds. Since seals and 
sea lions are known to swim past the ESP, there is potential for individuals to be exposed to harming noise. The 
proposed action is likely to harass, but not adversely affect seal and sea lion population numbers. This effect 
would be restricted to, at most, two in-water work periods when pile driving would occur. Oregon LNG would 
apply for an Incidental Harassment Authorization (IHA) for level B harassment on pinnipeds. 

The reduced speed limits proposed as a conservation measure to minimize whale strikes would benefit the seals 
and sea lions. LNG ships would slow to speeds below 15 knots as they approach the mouth of the Columbia River. 
If a spill were to occur, Oregon LNG would immediately report the incident and take recommended actions to 
prevent or minimize effects on marine life. 

Measures would be taken to reduce the potential effects of underwater noise on seals and sea lions. Pile driving 
would occur only during daylight hours. The actual number of hours of pile driving each day is not expected to 
exceed 4 hours because of mobilization time for each pile. Vibratory driving would be used where it is practical. 
Density of substrates would determine the extent to which vibratory driving can be used for each pile. Vibratory 
pile driving cannot be used alone, as impact driving would be required to test each pile. In an effort to reduce 
noise levels during impact driving, the Project anticipates installing mitigation measures to achieve approximately 
a 15 to 20 dB reduction. Proposed sound attenuation measures are bubble curtains, confined bubble curtains, pile 
hammer cushions, dewatering caissons, or cofferdams. CH2M HILL outlined underwater noise monitoring 
protocols in detail in the Oregon LNG Terminal and Oregon Pipeline Project—Underwater Noise Propagation, 
Monitoring, and Mitigation (Applicant-Draft BA Appendix 8). Monitoring protocols call for monitoring underwater 
noise, monitoring for the presence of seals and sea lions, and ceasing pile driving if seals and sea lions are visible 
within the zone where underwater noise exceeds the harassment threshold. 

LNG vessels transiting to or from Asia would follow a Great Circle route and would not be in proximity of 
designated critical habitat. Cargo and tanker vessels typically transit about 50 miles offshore (Cameron, 2008; 
Applicant-Draft BA Tables 4.3-1 -4.3.3). LNG vessels are expected to follow a similar pattern of transit along the 
West Coast. Therefore, LNG vessels are expected to be many miles offshore from rookeries that are designated 
critical habitat, thus adverse effects are unlikely. 

9.1.1.2. Whales 
The technical memorandum in Applicant-Draft BA Appendix 11, Oregon LNG: Estimate of Potential Whale Strikes 
(CH2M HILL, 2013) addresses provides the basis for mitigation measures related to potential impacts to whales. 

Ship collisions involving whales are uncommon but possible. Depending on the known occurrence and relative 
abundance of select species in the Project area, the proposed action could adversely affect whales. The proposed 
action is not likely to adversely affect critical habitat, nor would the proposed action adversely affect the 
suitability of any occupied (seasonally or permanently) habitats. The proposed action would not degrade 
unoccupied habitats. Effects on whales analyzed in the Applicant-Draft BA include the following: 

 Sei Whale (Federal, Endangered; State, Endangered) 
 North Pacific Right Whale (Federal, Endangered; State, Endangered) 
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 Blue Whale (Federal, Endangered; State, Endangered) 
 Fin Whale (Federal, Endangered; State, Endangered) 
 Humpback Whale (Federal, Endangered; State, Endangered) 
 Killer Whale (Federal, Endangered; State, Not Listed) 
 Sperm Whale (Federal, Endangered; State, Endangered) 

Oregon LNG would adopt the following vessel strike avoidance measures suggested by the NMFS (NMFS, 2008d) 
and recommended for inclusion in the Terminal Users agreement with LNG vessels: 

 Vessel operators and crews should post watch for the detection of whales to avoid striking sighted animals. 

 When whales are sighted, maintain a distance of 100 yards or greater between the whale and the vessel. 

 Reduce vessel speed to 10 knots or less when whales are observed near the vessel, as safety permits. 

Oregon LNG would also adopt the following NMFS recommend measures for reporting any whale strikes (NMFS, 
2008d). 

 Vessel crews must report sightings of any injured, entangled or dead whales as soon as possible, regardless of 
whether the injury or death is caused by your vessel. 

 Report to the Northwest Mammal Stranding Networks 

 If your vessel is responsible for injury or death of a whale, notify the USCG to report the incident and request 
the information be relayed to NMFS, Northwest Regional Office. 

The report should include the following information: 

 Time, date, and location (latitude/longitude) of the incident 
 Name and type of the vessel involved 
 Vessel’s speed during the incident 
 Description of the incident 
 Water depth 
 Environmental conditions (e.g., wind speed and direction, sea state, cloud cover, and visibility) 
 Species 

As ships approach the Columbia River, they would slow to speeds below 15 knots. At slower speeds, collisions 
with whales would be even less likely to occur. In the event of a ship strike or spill, Oregon LNG would 
immediately report the incident and take actions to mitigate or eliminate effects on whales. 

9.1.2 Marine Reptiles 
The proposed action may affect sea turtles, but is not expected to affect their population or habitat. No effect on 
the suitability of seasonally or permanently occupied or unoccupied habitat, or critical habitat is anticipated. 
Effects on sea turtles analyzed in the Applicant-Draft BA include the following: 

 Green Sea Turtle (Federal, Endangered; State, Endangered) 
 Leatherback Sea Turtle (Federal, Endangered; State, Endangered) 
 Loggerhead Sea Turtle (Federal, Threatened; State, Threatened) 
 Olive Ridley Sea Turtle (Federal, Threatened; State, Threatened) 

Conservation measures proposed for avoiding and minimizing strikes to whales would also minimize effects on 
sea turtles. No additional species-specific conservation measures are prescribed. 

9.2 Compensatory Mitigation 
For the marine mammals analyzed, potential conflicts with shipping could occur, and Steller sea lions could be 
disturbed by construction impacts at the Terminal. Therefore, expected adverse effects on individuals are likely. 
Methods for monitoring and mitigating for underwater noise are discussed in the technical memorandum in 
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Applicant-Draft BA Appendix 8 titled Oregon LNG Terminal and Oregon Pipeline Project—Underwater Noise, 
Propagation, Monitoring, and Mitigation (CH2M HILL, 2011). 

Effects on seals and sea lions would be restricted to, at most, two in-water work periods when pile driving would 
occur. Oregon LNG would apply for an IHA for level B harassment on pinnipeds. Effects on critical habitat are 
unlikely. Therefore, a not likely to adversely affect determination is warranted for critical habitat. 

Effects on whales and marine reptiles are not expected because no critical habitat would be impacted, and the 
suitability of occupied habitat would not be negatively affected. Therefore, the proposed action is not likely to 
adversely affect whales and marine reptiles, nor is it expected to degrade unoccupied habitats. Thus, no species-
specific compensatory mitigation is needed for whales and marine reptiles. 

9.3 Operational Mitigation, Post-Construction Monitoring, and 
Adaptive Management 

Unanticipated events could include incidental lethal take of seals and sea lions, incidental take (ship-strike) of a 
sea turtle, and whale strikes over and beyond that which is predicted. Oregon LNG outlined monitoring and 
reporting procedures during pile driving in the technical memorandum titled Oregon LNG Terminal and Oregon 
Pipeline Project—Underwater Noise, Propagation, Monitoring, and Mitigation (Applicant-Draft BA Appendix 8; 
CH2M HILL, 2011) and reporting procedures for whale strikes in the conservation measures section (Section 
9.1.1.2, above). 

Appropriate adaptive management would begin with an evaluation of the circumstances surrounding the 
unanticipated events. For example, if whale strikes are higher than predicted, then a number of factors would be 
evaluated including vessel speeds, whale population numbers, locations of strikes, and volumes of ship traffic, and 
LNG whale strikes in proportion to other vessels. Potential adaptive management would be dependent on the 
results of the analysis and could include altering ship speeds or routes. The adaptive management strategy would 
differ depending on the analysis. For example, increased whale strikes as a result of increased whale populations 
and constant ship traffic might be treated differently than increased whale strikes in the context of constant or 
declining whale populations. 
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Migratory Birds 
Mitigation measures for migratory birds were developed using the Migratory Birds—Regulatory Review and 
Mitigation technical memorandum submitted as Appendix 3P to Resource Report 3 (Oregon LNG, 2013) and 
included as Appendix H in this Plan. 

The MBTA (50 CFR 10.13) prohibits the taking, killing, possession, transportation, and importation of migratory 
birds, their eggs, parts, and nests, except when specifically authorized by the Department of the Interior. 

While the MBTA has no provision for allowing unauthorized take, the USFWS recognizes that some birds may be 
taken during activities such as Pipeline construction even if reasonable measures to avoid take are implemented. 
The USFWS’s Office of Law Enforcement carries out its mission to protect migratory birds not only through 
investigation and enforcement, but also through fostering relationships with individuals and industries that 
proactively seek to eliminate their impacts on migratory birds. Although it is not possible under the MBTA to 
absolve individuals, companies, or agencies from liability (even if they implement avian mortality avoidance or 
similar conservation measures), the Office of Law Enforcement focuses on those individuals, companies, or 
agencies that take migratory birds with disregard for their actions and the law, especially when conservation 
measures have been developed but are not properly implemented. 

Oregon LNG recognizes that construction of the Project and maintenance of the permanent right-of-way for the 
Pipeline may result in direct impacts to migratory birds and impacts to the habitats upon which they depend for 
various life requisites. Oregon LNG also recognizes that because of the size of the Project and the fact that some 
construction and operation would occur during the nesting season for a majority of migratory bird species found 
in the Project area, take of active nests, (i.e., eggs and young) may occur in spite of reasonable efforts to avoid 
such take. 

Oregon LNG is committed to taking reasonable measures to comply with the MBTA and would commit to 
providing preservation of habitats for migratory birds in the vicinity of the area where the Pipeline would be 
constructed, operated, and maintained. Accordingly, Oregon LNG has prepared this summary of efforts to comply 
with the MBTA. 

The list of migratory birds of concern in Table 10-1, adapted from a list provided by the USFWS, includes state and 
federal listed species, Oregon birds of conservation concern, and other migratory birds that are known or 
suspected to occur in the action area. 

10.1 Onsite Mitigation 
Clearing of vegetation before construction would occur in the spring, when many birds are nesting. Clearing 
outside of the breeding season for most migratory birds (that is, April 15 to August 15) poses its own risks and 
limitations. For example, clearing in the early spring or late summer/fall could be challenging for workers who 
need to establish effective erosion control on bare ground during the rainy season. The likelihood of causing 
mortality to nesting birds is moderate to high if felling trees and land-clearing takes place during the bird-nesting 
season. However, there is reduced risk of soil erosion if land is cleared at the end of the rainy season. 

Generally, Pipeline construction would follow FERC’s Plan and Procedures, except where inappropriate, infeasible, 
or where unsuitable conditions prevail. The Plan and Procedures help the Project to avoid, minimize, and mitigate 
potential impacts to wildlife and wildlife habitat by establishing best practices for Pipeline construction. In the 
event that construction activities differ from the approved actions within the Plan or Procedures, Oregon LNG 
would request a variance from FERC before beginning construction. 

Oregon LNG would avoid or minimize overall impacts to migratory bird habitat by constructing the Terminal on 
sandy dredge spoils, much of which is devoid of vegetation, and where vegetated, covered by poor quality nesting 
habitat (Scotch broom and Himalayan blackberry). The Pipeline was sited primarily in industrial forest in Oregon 
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and agricultural land in Washington that does not contain blocks of old-growth forest typically associated with 
interior forest species, northern spotted owls, and marbled murrelets. 

Oregon LNG would perform 13 HDDs for Pipeline installation. Avoidance of habitat impacts, particularly riparian 
areas, would occur over a total of 12.3 miles or about 9 percent of the Pipeline as a result of using the HDD 
construction method. Entry and exit points were sited to be outside forested riparian vegetation. 

At stream crossings using trenching and fluming methods, riparian vegetation clearing typically would be 100 feet 
wide to account for workspace requirements for steeper terrain. Many stream crossings would be reduced to a 
width of 75 feet (see Section 2 of the Applicant-Draft BA). 

Riparian clearing is required for equipment access, temporary equipment bridges, installation and removal of 
fluming materials, trench backslopes, pipe capping (if used), and soil handling. Soil stockpiling, pipe stringing, pipe 
bending, and welding would occur at least 50 feet or more from streams. The minimum distance would vary 
according to susceptibility to impacts from erosion. For example, relatively level farm ground with minimal 
riparian vegetation poses a minimal risk that stockpiled material would erode into a stream during the summer 
construction season. Therefore, stockpiling may take place 50 feet of a stream. However, sensitive salmonid 
streams on steeper terrain pose a different set of risks and would require a setback of 150 feet from a perennial 
stream. Through negotiations during prefiling, Oregon LNG and agencies agreed to a minimum 150-foot setback 
for ATWS in the Coast Range or where greater riparian protection is needed in farmlands. Locating ATWS 150 feet 
from streams would minimize impacts to habitat utilized by riparian species. The width of clearing would be 
reduced by aligning the Pipeline parallel to existing cleared easements, such as transmission lines, roads, and 
railroads. Approximately 1.4 miles of new temporary access roads would be constructed. There would be an 
access point to the Pipeline approximately every mile. Extensive use of existing logging roads in the Coast Range 
minimizes impacts to bird habitat. Pipeline storage yards would be located in developed areas and not require 
impacts to migratory bird habitat. 

Within the 50-foot-wide permanent easement, FERC typically allows 10 feet centered over pipelines to be mowed 
on an annual basis. While this may occur, Oregon LNG does not contemplate mowing on an annual basis. Thus, 
compensatory mitigation would be proposed even though the actual impact is likely to be less severe than that 
allowed by FERC. FERC allows woody vegetation to be maintained at a height of 15 feet over a 30-foot wide strip 
over the Pipeline. Oregon LNG is committed to planting trees and shrubs up to the 10-foot-wide herbaceous strip 
over the Pipeline in forested wetlands and riparian areas. Oregon LNG has committed to not topping trees and 
shrubs at 15 feet within 15 feet of the Pipeline in forested wetlands and riparian areas. Oregon LNG may prune 
branches up to a maximum height of 10 feet on the Pipeline side of the 10-foot-wide herbaceous strip. Otherwise, 
canopies would be managed to allow for full canopy closure in forested wetlands and riparian areas. The 
remaining permanent easement, TWS, and ATWS would be restored on a trajectory to reestablish preconstruction 
habitat conditions. 

Revegetation would occur immediately after construction has been completed. Native tree and shrub species 
would be established outside the 10-foot-wide maintenance corridor centered over the pipe. 

10.1.1 Preconstruction Monitoring 
Oregon LNG first completed 2 years of protocol level surveys for the northern spotted owl and marbled murrelet 
in August 2009 followed by the completion of one additional year of spotted owl surveys in 2012 and an 
additional 2 years of protocol marbled murrelets surveys in July 2013. Oregon LNG’s survey data, combined with 
data from private and public landowners, indicates that there are no nesting pairs of either species within the 
surveyed portions of the construction corridor or within an area subject to noise disturbance during construction. 
However, due to access restrictions, protocol spotted owl surveys could not be completed in 2013 and two areas 
of potentially suitable marbled murrelet habitat could not be surveyed in 2012 and 2013. Oregon LNG is 
committed to additional surveys, if the Pipeline construction schedule is delayed and to protocol surveys in areas 
that were previously unsurveyed. 

Assuming that vegetation clearing cannot be avoided during the nesting and breeding season, Oregon LNG would 
provide biologists to conduct a preconstruction reconnaissance of the Terminal and Pipeline corridor to identify 
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any active migratory bird nests. If one or more active nests are identified within the construction corridor, 
biologists would mark the location(s) of the nest(s) in the field and on the construction plans and delay vegetation 
clearing around the active nest(s) until such time as the nest(s) have fledged or failed (due to natural causes). If 
one or more active nests are identified outside the construction corridor but nearby, the biologists would monitor 
the nest(s) during construction for signs of disturbance. If it appears that the monitored nest(s) are exhibiting 
disturbance that could lead to unintentional indirect take pursuant to the MBTA, construction should be halted 
temporarily until such time as the nest has fledged or failed (due to natural causes). Trees with nests may be cut 
during the non-nesting season. 

In the absence of field surveys, no harvest of trees in riparian areas would occur until migratory bird species have 
completed nesting activities, after August 15 and before April 15. Vegetation clearing shall not occur within 500 
feet of any existing eagle or peregrine falcon nest locations or trees used as perches by eagles and falcons unless a 
variance is granted, in writing, by USFWS. Band-tailed pigeon nesting or roosting tree(s), as well as any tree(s) 
near an existing great blue heron rookery, are not to be removed unless approved in writing by USFWS. Removing 
trees in a designated nest patch of a northern spotted owl shall be avoided. Removing trees in a cluster of trees 
known to provide nesting for marbled murrelets shall be avoided. 

Unintentional take, the observation that land clearing has unintentionally killed a migratory bird, shall be reported 
to Oregon LNG’s designated environmental compliance officer within 24 hours of such an incident. The 
environmental compliance officer would be responsible for reporting the unintentional take to USFWS. 

10.2 Compensatory Mitigation 
Oregon LNG is committed to complying with ODFW’s Habitat Mitigation Policy. Compensatory mitigation would 
be provided for impacts to terrestrial habitats, riparian areas. In addition, compensatory mitigation would be 
provided for permanent impacts to wetlands in compliance with state and federal wetland rules. Key elements of 
the habitat mitigation plan include provisions to support habitats that support the special-status species listed in 
Table 10-1. Oregon LNG is committed to supporting the preservation, restoration, and enhancement of upland 
and wetland prairie habitat that would support yellow-breasted chat, Oregon vesper sparrow, streaked horned 
lark, and other raptors. Compensatory mitigation would be provided to preserve, restore, and enhance riparian 
habitat in support of bald eagle, great blue heron, little wouldow flycatcher, purple martin, yellow-breasted chat, 
osprey, acorn woodpecker, and other raptors. For habitat impacts in the Coast Range, Oregon LNG is proposing to 
place conservation easements on large-blocks of land and manage them to create late-successional and old-
growth habitat suitable for interior forest species such as olive sided flycatcher, other raptors, and for northern 
spotted owls and marbled murrelets. The habitat mitigation plan would be provided as an appendix to a 
Memorandum of Understanding established between Oregon LNG and the USFWS. 

10.3 Operational Mitigation, Post-Construction Monitoring, and 
Adaptive Management 

10.3.1 Construction Monitoring 
If one or more active nests are identified outside of the construction corridor but nearby, then a qualified biologist 
would monitor the nest(s) during construction for signs of disturbance. If it appears that the monitored nest(s) are 
exhibiting disturbance that could lead to unintentional indirect take pursuant to the MBTA, the environmental 
compliance inspector would immediately contact the USFWS to discuss potential actions. Potential actions may 
include a determination of no significant effect, a temporary work stoppage until nesting is completed, measures 
to muffle noise or vehicle traffic, or other measures to reduce disturbance. 

10.3.2 Contingency Salvage 
In the event that chicks or fledglings are found out of a nest during construction then the following actions would 
be taken. The USFWS would be contacted immediately during normal business hours. If eggs or chicks can be 
salvaged, then they would be taken to a wildlife rehabilitation center (such as the Portland Audubon Society) by a 
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person authorized to handle migratory birds. The EI shall maintain a log of unintentional bird mortalities and file a 
report to the USFWS within 24 hours of an occurrence. 
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SECTION 11 

Reptiles and Amphibians 
Section 5.0 in the Applicant-Draft BA and Appendix 3D in Resource Report 3 (Oregon LNG, 2013) document 
Project effects on reptiles and amphibians. Federally threatened, endangered, and candidate amphibian and 
reptile species are not documented to occur within the Pipeline construction corridor or Project area. 
Preconstruction surveys and a search of the ORNHIC database of recorded sightings revealed that there have 
been no documented occurrences of federally threatened, endangered, and candidate reptile species in the 
Project area, nor is there any federal or state designated critical habitat. Hence, species-specific conservation 
measures are not recommended. 

Mitigation strategies recommended for aquatic, riparian, wetland, and upland habitats should minimize impacts 
to their habitat. Compensatory measures to acquire conservation easements for Coast Range riparian and upland 
habitats should in effect offset adverse effects on reptiles and amphibians. 

Biologists would be deployed to riparian areas immediately before land-clearing to search for and salvage 
amphibians and reptiles according to a plan approved by ODFW. Biologists would obtain state and federal 
collection and handling and salvage permits before Project construction. If riparian land clearing is not concurrent 
with Pipeline construction, then biologists would be deployed again immediately before construction to search for 
and salvage reptiles and amphibians. No in-stream work is anticipated during land-clearing. Thus, amphibian and 
reptile salvage need not focus in streams during the land-clearing phase. In-stream reptile and amphibian salvage 
would occur concurrently with the conduct of fish salvage before Pipeline construction. The reptile and amphibian 
salvage plan would be prepared concurrently with final engineering design. 
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Invertebrates 
Mitigation measures for invertebrates are based on findings documented in Section 5.4 of the Applicant-Draft BA. 
Section 5.5 addresses rare plants, several of which are considered host species for butterflies. 

12.1 Onsite Mitigation 
12.1.1 Fender’s Blue Butterfly (IIcaricia icarioides fenderi) (Federal Endangered) 
Fender’s blue butterfly (FBB) is not known to occur within 2 miles of the proposed construction corridor. The 
nearest occurrence of suitable habitat within the action area is likely to be where this species’ dominant host 
plant, Kincaid’s lupine, has been documented to occur. Kincaid’s lupine was not observed within the 
portions of the Pipeline corridor surveyed in 2008 (see Applicant-Draft BA Appendix 14). 

Therefore, the Project may affect, but is not likely to adversely affect FBB. There would not be any effects on 
designated critical habitat. The following conservation measures are proposed to avoid or minimize effects on 
FBB: 

 Survey areas of potentially suitable habitat on 

 Properties where access was denied before construction. Target species are FBB, host species in the genus 
Lupinus, and nectar plants as listed in the draft joint recovery plan (USFWS, 2008b). 

 Limit removal of host or nectar plants to the minimum necessary for construction. 

 Restore areas that are cleared to preconstruction condition. Seed mixes and plantings in hedgerows, 
roadsides, or other nonagricultural areas would include nectar plants for FBB. 

 If larval host plants are identified during construction, consider the following avoidance and mitigation 
measures: 

 Implement micrositing: alter the Pipeline route slightly to avoid effects on plants. 

 Remove and conserve plants; replant following construction. However, current research has found that 
replanted adult plants have a low survival rate. Plants should either be relocated immediately or stored 
for later planting. Transplanting of adult plants during the growing season is not advised. Disturbance 
during late fall/winter, when plants are dormant, lowers effects on plants. Disturbing plants during winter 
may result in plants that do not thrive as well during the following growing season. 

 Mitigate by seeding an approved offsite area with the same species. Propagation from seed is more 
successful than transplanting of adult plants. 

 Obtain agency approval of mitigation, as well as monitoring for a defined period of time. 

12.1.2 Oregon Silverspot Butterfly (Speyeria zerene hippolyta) (Federal 
Threatened) 

Because typical suitable habitat for the larval host plant is not found at the Terminal or along the Pipeline 
construction right- of-way, and neither the Oregon silverspot butterfly nor its larval host plant has been 
documented within 2 miles of the proposed action even though dispersal habitat may be present, the Project may 
but is not likely to adversely affect the Oregon silverspot butterfly. No designated critical habitat occurs within the 
Project area. The nearest documented occurrence of the species is located approximately 5 miles south of the 
Terminal in the Clatsop Plains area (ORNHIC, 2009). 

The following conservation measures are proposed to avoid or minimize effects on the Oregon silverspot 
butterfly: 
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 Survey areas of potentially suitable habitat on properties where access was denied before construction. 
Target species are Oregon silverspot butterfly, associated larval host species, and nectar plants as listed 
above. 

 Limit removal of host or nectar plants to the minimum necessary for construction. 

 Restore cleared areas to preconstruction condition. 

 If larval host plants are identified during construction, consider the following avoidance and mitigation 
measures: 

 Implement micrositing: the Pipeline route would be altered slightly to avoid effects on plants. 
 Remove and conserve plants; replant following construction. 

12.1.3 Taylor’s Checkerspot Butterfly (EEuphydryas editha taylori) (Federal 
Candidate) 

Because no suitable habitat is present within the action area and neither this butterfly nor its larval host plant has 
been documented within the Project area, the proposed action may affect, but is not likely to adversely affect 
Taylor’s checkerspot butterfly. Critical habitat has not been designated for the species. 

The following conservation measures are proposed to avoid or minimize effects on Taylor’s checkerspot butterfly: 

 Survey areas of potentially suitable habitat on properties where access was denied before construction. 
Target species are Taylor’s checkerspot butterfly, associated larval host species, and nectar plants as listed 
above. 

 Limit removal of host or nectar plants to the minimum necessary for construction. 

 Restore cleared areas to preconstruction condition. 

 If larval host plants are identified during construction, consider the following avoidance and mitigation 
measures: 

 Implement micrositing: the Pipeline route would be altered slightly to avoid effects on plants. 
 Remove and conserve plants; replant following construction. 

12.2 Compensatory Mitigation 
FBB is associated with its primary host plants, Lupinus sulphureus ssp. kincaidii, L. arbustus (longspur lupine), and 
L. albicaulis (sickle-keeled lupine). The majority of adult foraging behavior occurs within 1 kilometer (km) of a host 
plant. Adult nectar sources are typically species that are not listed as threatened or endangered, such as: Allium 
acuminatum (tapertip onion), Allium amplectens (narrow-leaved onion), Calochortus tolmiei, Camassia quamash, 
Cryptantha intermedia (clearwater cryptantha), Eriophyllum lanatum, Geranium oreganum (Oregon geranium), 
Iris tenax (Oregon iris), Linum angustifolium (pale flax), Linum perenne (blue flax), Sidalcea campestris (meadow 
checker-mallow), Sidalcea malviflora ssp. virgata, Vicia cracca (bird vetch), V. sativa (common vetch) and V. 
hirsute (tiny vetch) (USFWS, 2008b). 

For the purposes of modeling potential direct and indirect take the USFWS recommended several steps to 
evaluate potential presence and habitat of FBB. Oregon LNG is committed to following the USFWS’s 
recommendations. 

1) Map potential suitable habitat (this step was completed for Oregon LNG by USFWS). 

a. Identify potential suitable habitat as high (Level 1), medium (Level 2) or low (Level 3) 

i. High-Oak savannah; remnant upland or wet prairie; abandoned pastures or fields (e.g., 
abandoned ryegrass field) 

ii. Medium-degraded wet prairies, fields, and pastures that are not plowed or infrequently plowed 
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iii. Low-Roadside ditches, fence rows, edges between fields and forest that are typically not 
cultivated, but often treated with herbicides 

b. Buffer each Level 1 habitat by 1 km 

2) Determine if there is any Level 3 habitat within the 1 km buffer of each Level 1 polygon 

a. Determine the number of Level 3 polygons 

b. Determine the number of acres of Level 3 habitat are present 

Compensatory mitigation for FBB is associated with habitat rare plant mitigation as described in Section 6.2.2. 

12.3 Operational Mitigation and Post-Construction Monitoring 
Invertebrates of concern are closely associated specific habitats and host plants. Operational mitigation, 
construction monitoring, and adaptive management for invertebrates is covered in Section 6.3. 
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SECTION 13 

Other Birds 
Mitigation measures for other birds are based on findings documented in Section 5.3 of the Applicant-Draft BA. 

13.1 Onsite Mitigation 
13.1.1 Streaked Horned Lark (EEremophila alpestris strigata) (Federal Threatened, 

State Sensitive)  
Potentially suitable habitat for the streaked horned lark is present in the Project area. Disturbance attributable to 
the proposed action has the potential to disturb this ground-nesting bird. No effects are expected on their 
populations.  

The following conservation measures are incorporated as part of the proposed action to minimize effects on 
streaked horned lark potentially suitable habitat: 

 Preconstruction clearance surveys would be conducted in areas of potential suitable habitat for streaked horn 
larks along the Pipeline between MP 82.7 and MP 86.8 if construction is planned to occur during the nesting 
season (March to July). 

 If nests are located in the construction area, postpone or reschedule construction until the completion or 
natural failure of nesting and fledging. 

 If streaked horned larks are confirmed in the Project area during construction, a speed limit of 15 mph would 
be maintained in areas of known or assumed horned lark occupied habitat to avoid flushing birds into 
oncoming traffic. 

 If streaked horned larks are confirmed in the Project area during construction, areas of affected native 
habitats would be mapped and restored with an ODFW-approved native seed mix. 

Standard nest survey methods would be used to survey suitable habitat within the disturbance areas for the 
potential presence of nesting streaked horned larks. Experienced biologists would conduct the preconstruction 
clearance nest surveys by walking 75-foot-wide transects while sweeping the survey area with binoculars for the 
presence of ground nests associated with the species. If an active nest is identified within the disturbance area 
during preconstruction clearance surveys of suitable habitats (described above), Oregon LNG would take one of 
the following actions: (1) install and maintain an avoidance buffer (defined through consultation with USFWS) 
until the young have fledged or the nesting season ends; (2) modify the Pipeline route (if practicable); or (3) 
provide compensatory mitigation in the form of land acquisition. 

13.1.2 Western Yellow-billed Cuckoo (Coccyzus americanus) (Federal Threatened) 
No riparian cottonwood trees would be removed from the small patches of cottonwood riparian habitat along the 
Pipeline corridor. A few cottonwoods may be removed from mixed deciduous stands within the action area, but 
these areas are not considered suitable habitat for the western yellow-billed cuckoo. Therefore, no habitat loss is 
expected as a result of the proposed action. 

Oregon LNG would implement the following conservation measures to avoid or minimize effects on western 
yellow-billed cuckoos: 

 Preconstruction clearance surveys would be conducted on the west and east banks of the Columbia River 
where the Pipeline crosses the only portion of the action area considered marginally suitable for yellow-billed 
cuckoo nesting habitat. 

 If any protected species are observed during preconstruction clearance surveys, the results would be 
submitted to USFWS prior to initiation of construction. 

EN0427151027PDX 13-1 



APPLICANT-PREPARED CONCEPTUAL MITIGATION PLAN FOR THE OREGON LNG TERMINAL AND OREGON PIPELINE PROJECT 

13.2 Effects and Compensatory Mitigation 
No permanent effects on suitable or critical habitat are anticipated. These two species are not expected to be 
adversely affected nor require compensatory mitigation.  

If future preconstruction clearance surveys result in a streaked horned lark detection within 325 feet of the 
Pipeline, Oregon LNG would immediately notify and consult with USFWS to identify measures necessary to 
prevent “take” or “harassment.” Possible measures include construction deferment, habitat replacement via 
land acquisition, or route changes (as practicable). 
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SECTION 14 

Mammals 
Section 5.2.1 in the Applicant-Draft BA provides the basis for mitigation measures recommended for the 
Columbian White-tailed Deer. Columbian white-tailed deer may be directly affected by temporary habitat loss 
during construction of the Pipeline. This effect would be temporary and of short duration. In addition, habitat 
would not likely be affected in any significant way because the species’ habitat in the Pipeline corridor near the 
species’ current range is limited and of low quality relative to the quality of the surrounding habitat, affected 
habitat (i.e., primarily agricultural fields) would be returned to preconstruction conditions, and only a small 
amount of potentially suitable habitat would be affected. 

14.1 Onsite Mitigation 
14.1.1 Columbia White Tailed Deer (OOdocoileus virginianus leucurus) 

(Endangered) 
Oregon LNG would implement the following conservation measures to avoid or minimize effects on Columbian 
white-tailed deer: 

 Preconstruction surveys would be conducted in suitable habitat within the action area to identify any 
Columbian white-tailed deer or signs of the subspecies in the vicinity of the Project. 

 Project personnel would be trained in the identification of Columbian white-tailed deer and instructed to 
reduce vehicle speeds to 15 mph around the Project site in areas of potentially suitable habitat (MP 81.5 to 
MP 84.4) to avoid vehicle-deer collisions. Project personnel would also be instructed not to approach adults or 
fawns at any time. 

 If Columbian white-tailed deer are observed within the action area during preconstruction surveys or during 
construction, Oregon LNG would work with USFWS and ODFW to identify appropriate mitigation. For 
example, construction and restoration activities generating noise and visual activity above local ambient noise 
and visual activity levels in areas that support Columbian white-tailed deer (MP 82.7 to MP 84.4) may be 
avoided during the fawning season from 1 June to 15 July. 

 The permanent ROW and temporarily affected areas would be revegetated with native species that would 
create suitable habitat for Columbian white-tailed deer browsing. 

14.2 Effects and Compensatory Mitigation 
Columbian white-tailed deer are not known to occur in the action area and potentially suitable habitat in the 
action area is very limited and of relatively low quality compared to the general vicinity. However, there is a low 
likelihood that the species could occur in the area during construction, which could result in adverse effects such 
as disturbance of fawning or does or abandonment and predation of fawns. Therefore, a may affect, not likely to 
adversely affect determination is warranted for Columbian white-tailed deer. 

Because no critical habitat has been designated for the species, the proposed action would have no effect on 
designated critical habitat for this species.
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TABLE 1-1 
Oregon Department of Fish and Wildlife Mitigation Goals and Implementation Standards by Habitat Category 

Habitat 
Category Mitigation Goal Achieved by 

Category 1 No loss of habitat quantity or quality Avoidance 
Category 2 No net loss of habitat quantity or quality and to provide  

a net benefit of habitat quantity or quality 
In-kind, in-proximity mitigation 

Category 3 No net loss of habitat quantity or quality In-kind, in-proximity mitigation  
Category 4 No net loss of habitat quantity or quality In-kind or out-of-kind, in-proximity or off-proximity 

mitigation 
Category 5 Net benefit in habitat quantity and quality Actions that improve habitat conditions 
Category 6 Minimize impacts Conscientious Project design 
Source: Oregon Department of Fish and Wildlife (ODFW). 2006. The Oregon Conservation Strategy. Oregon Department of Fish 
and Wildlife, Salem, Oregon. February. 
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TABLE 3-1 
Definitions of Categories of Relative Intensity for Habitat Removal and Other Indirect Effects for the Northern Spotted Owl 
Habitat Category Definition 

Severe Removal of a Site/Activity Center, or otherwise cause a northern spotted owl home range to become 
nonfunctional (loss of the home range) 

High Removal of any High NRF acres from any portion of the home range, or Project corridor bisects the home 
range and impacts the Core Area (passes within 0.5 mile of the Site/Activity Center), or removal of  > 5 
acres total of NRF from any portion of the home range, or removal of  > 2 acres total of NRF within the 
Core Area 

Moderate Project corridor bisects the home range and does not impact the Core Area (passes within 0.5 mile of the 
Site/Activity Center), or removal of 2-5 acres total of NRF from any portion of the home range, or 
removal of < 2 acres total of NRF within the Core Area 

Low Project corridor touches the home range boundary, but does not bisect it, or removal of < 2 acres total of 
NRF within a home range (all outside of the Core Area), or the Habitat is located outside of a northern 
spotted owl home range 
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TABLE 3-2 
Impacts and Proposed Mitigation for Habitat Removal  

Impact Category Habitat Impacts 
(acres) 

Habitat  
Type 

Mitigation  
Ratio 

Unadjusted 
Mitigation 
(acres) 

Adjustment 
Factor 

Adjusted 
Mitigation 
(acres) 

High 
24 NRF 4.00 98 1.00 98 
18 DISP 2.50 44 1.00 44 
1 CAP 2.00 2 1.00 2 

Mod 
7 NRF 3.00 21 1.00 21 
0 DISP 2.00 1 1.00 1 
4 CAP 1.75 7 1.00 7 

Low and outside 
19 NRF 3.00 58 1.00 58 
197 DISP 2.00 393 1.00 393 
0 CAP 1.50 0 1.00 0 

Total 271   624  624 
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TABLE 3-3 
Impacts and Proposed Mitigation for Other Indirect Effects 

   

Impact Category Habitat Impacts 
(acres) 

Habitat  
Type 

Mitigation  
Ratio 

Unadjusted 
Mitigation 
(acres) 

Adjustment 
Factor 

Adjusted 
Mitigation 
(acres) 

High 
48.93 NRF 4.00 195.72 0.80 156.58 
27.48 Dispersal 2.50 68.70 0.35 24.05 
1.39 Capable 2.00 2.78 0.30 0.83 

Mod 
7.82 NRF 3.00 23.46 0.80 18.77 
0.96 Dispersal 2.00 1.92 0.23 0.44 
1.76 Capable 1.75 3.08 0.20 0.62 

Low and outside 
0 NRF 3.00 0 0.60 0 

449.90 Dispersal 2.00 899.80 0.13 116.97 
0 Capable 1.50 0 0.10 0 

Total 538.24   1195.46  318.26 
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TABLE 3-4 
Summary of Adjusted Habitat Acquisition (acres) for Removal and Other Indirect Effects 

Habitat Type Other Indirect Effects Removal Total 
NRF 175.35 148.96 324.30 

Dispersal 141.46 346.23 487.83 
Capable 1.45 6.38 7.83 

Total 318.26 501.57 819.96 

    

 

PAGE 1 OF 1 



  

TABLE 3-5 
Theoretical Scaling of Habitat Acquisitions Dependent on Availability in the Marketplace 

Habitat Type to Be 
Mitigated 

Adjusted Mitigation 
Obligation (acres) 

Multiplier (Division) for 
Converting to Same or 
Different Habitat Type 

Out-of-Kind  
Habitat Type 

Out-of-Kind Area 
(acres) to be Acquired 

NRF 324.30 2.5 Dispersal 810.75 
NRF 324.30 4.0 Capable 1,297.20 

Dispersal 487.83 2.5 Capable 1,219.58 
Dispersal 487.83 (2.5) NRF 195.13 
Capable 7.83 (2.5) Dispersal 3.13 
Capable 7.83 (4) NRF 1.96 
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TABLE 3-6 
Silvicultural Treatment Ratios for Northern Spotted Owl Habitat Removal and Other Indirect Impacts to Northern Spotted Owl 

Habitat Category Impacted HIGH Impacted Home 
Ranges 

MODERATE Impacted Home 
Ranges 

LOW Impacted Home 
Ranges and OUTSIDE Home 

Ranges 
High NRF N/A N/A N/A 
NRF N/A N/A N/A 
Dispersal 5:1 4:1 3:1 
Capable 3:1 2.5:1 2:1 
N/A = not applicable    
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TABLE 4-1 
Marbled Murrelet Suitable Habitat Units within the Action Area 

Site No. Status* Inland Zone Owner NWFP Land Use 
Allocation 

M1901 OSH 1 Private None 
M3001 OSH 1 Private None 
M3901 USH 1 ODOT None 
ALD1 USH 1 ODF None 
ALD2 USH 1 ODF None 
ALD3 USH 1 ODF None 
M4601 USH 1 ODF None 
WOLF USH 1 ODF None 

* OSH = assumed occupied suitable habitat; USH = unoccupied suitable habitat 
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TABLE 4-2 
Definitions of Categories of Relative Intensity for Habitat Removal and Other Indirect Effects for the Marbled Murrelet 
Habitat Category Definition 

Severe Removal of a known nest tree in OSH at any time of year, or otherwise cause a marbled murrelet SHU to 
become nonfunctional  

High Removal of any Suitable Habitat, or removal of Recruitment Habitat within the 300-foot buffer around the 
Suitable Habitat (regardless of whether SHU is in Critical Habitat or not)  

Moderate Removal of any Capable Habitat within the 300-foot buffer around the Suitable Habitat (regardless of 
whether SHU is in Critical Habitat or not), or  
removal of any Recruitment Habitat within the 0.5-mile buffer around the Suitable Habitat located within a 
SHU in Critical Habitat  

Low Removal of Recruitment Habitat outside of an SHU, or  
removal of Capable Habitat within the 0.5-mile buffer around the Suitable Habitat located within a SHU in 
Critical Habitat  
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TABLE 4-3 
Removal Impacts and Habitat Acquisition for the Marbled Murrelet  

Impact Categorya Habitat Impact 
(acres) 

Habitat  
Type 

Mitigation 
Ratio 

Mitigation 
(acres) 

Adjustment 
Factor 

Adjusted 
Mitigation 
(acres) 

High 
1.77 Suitable 8.00 14.16 1.00 14.16 
12.89 Recruitment 4.00 51.56 1.00 51.56 
16.11 Capable 2.00 32.22 1.00 32.22 

Mod 
0.00 Suitable N/A N/A 1.00 0.00 
2.03 Recruitment 3.00 6.09 1.00 6.09 
5.18 Capable 1.75 9.07 1.00 9.07 

Low and outside 
N/A Suitable N/A N/A 1.00 0.00 
54.59 Recruitment 2.50 136.48 1.00 136.48 
564.60 Capable N/A 564.60 0.00 0.00 

a There are no impacts in the “severe” category. 
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TABLE 4-4 
Other Indirect Impacts and Habitat Acquisition for the Marbled Murrelet 

Impact 
Categorya 

Habitat Impact 
(acres) 

Habitat  
Type 

Mitigation  
Ratio 

Mitigation 
(acres) 

Adjustment 
Factor 

Adjusted 
Mitigation 
(acres) 

High 
5.99 Suitable 8.00 47.92 0.80 38.34 
22.26 Recruitment 4.00 89.04 0.35 31.16 
26.10 Capable 2.00 52.20 0.30 15.66 

Mod 
0.00 Suitable 0.00 0.00 0.80 0.00 
0.00 Recruitment 3.00 0.00 0.23 0.00 
0.00 Capable 1.75 0.00 0.20 0.00 

Low and outside 
N/A Suitable 0.00  0.60 0.00 
34.60 Recruitment 2.50 86.50 0.13 11.25 
0.00 Capable 0.00 0.00 0.10 0.00 

a There are no impacts in the “severe” category. 
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TABLE 4-5 
Summary of Adjusted Habitat Acquisition (acres) for Removal and Other Indirect Effects 

Habitat Type Other Indirect Effects Removal Total  
Suitable 38.34 14.16 52.50 

Recruitment 42.41 194.13 236.54 

Capable 15.66 41.29 56.95 

Total 96.41 249.58 345.99 
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TABLE 4-6 
Hypothetical Adjustments to Mitigation for Out-of-kind Habitat Acquisitions 

Habitat Type to  
be Mitigated 

Adjusted Mitigation 
Obligation (acres) 

Multiplier (Division) for 
Converting to Different 

Habitat Type 
Out-of-Kind  
Habitat Type 

Out-of-Kind Area 
(acres) to be  

Acquired 
Suitable 52.50 1.5 Recruitment 78.75 
Suitable 52.50 5 Capable 262.50 

Recruitment 236.54 3.5 Capable 827.89 
Recruitment 236.54 (1.5) Suitable 157.69 
Capable 56.95 (3.5) Recruitment 16.27 
Capable 56.95 (4.0) Suitable 14.06 
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TABLE 4-7 
Mitigation Ratios for Silvicultural Treatments for Indirect Effects on Marbled Murrelet Habitat 

Habitat Category Impacted HIGH-Impacted Suitable 
Habitat Units 

MODERATE Impacted 
Suitable Habitat Units 

LOW Impacted Suitable 
Habitat Units and OUTSIDE 

Suitable Habitat Units 

Recruitment N/A N/A 4:11 
Capable 5:1 4:1 3:1 
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TABLE 5-1 
Rivers and Streams Crossed Using HDD 

Pipeline 
Milepost River or Stream Crossed Length (feet) 

Milepost 

Begin End 

Columbia River and Estuaries 

Terminal Skipanon River 1,950 NA NA 
0.4 Levee/Columbia Rivera 1,450 0.3 0.6 
1.0 Adair Slough 1,480 0.9 1.2 
3.0 Lewis and Clark River 2,950 2.8 3.4 
5.2 Lewis and Clark River 2,450 5.0 5.5 

5.0 Unnamed Waterway Included in HDD listed above 
5.2 Tributary of Lewis and Clark River Included in HDD listed above 
5.4 Tributary of Lewis and Clark River Included in HDD listed above 

5.7 Lewis and Clark River 2,100 5.6 6.0 
5.8 Tributary of Lewis and Clark River Included in HDD listed above 

11 Lewis and Clark River 1,320 10.9 11.2 

Northern Oregon Coastal Basin Rivers 

33.5 Nehalem River 2,010 33.3 33.7 
41.0 Rock Creek  1,910 40.9 41.3 
43.1 South Fork Rock Creek 2,920 43.1 43.6 

43.4 Bear Creek Included in HDD listed above 
43.5 Tributary of Bear Creek    
57.7 Rock Creek 3,000 57.5 58.1 

57.7 Tributary of Rock Creek Included in HDD listed above 
57.7 Braided Channel to Rock Creek  Included in HDD listed above 

63.8 Nehalem River 3,370 63.6 64.3 

Columbia Basin 

82.3 Columbia River 5,030 81.9 82.8 
82.0 Dyna Nobel Channel Included in HDD listed above 

a Horizontal directional drill (HDD) is tangential to the Columbia River in this location and the HDD is proposed 
to minimize impacts to an existing levee and tidal wetlands. 
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TABLE 5-2 
Potential Direct Take of Special-Status Species from Ballast/Cooling Water Withdrawal, Pile-Driving Noise, and Fish Salvage 

Species 
Annual Take of Juveniles 
Resulting from Ballast  

Water Withdrawal 
Take Resulting from 
Pile-Driving Noise 

Take of Juveniles  
Resulting from Fish Salvage 

Endangered Species 
Upper Columbia River Steelhead 
Trout (O. mykiss) 

0 0 0 

Snake River Sockeye Salmon  
(O. nerka) 

0 0 0 

Upper Columbia River Spring-run 
Chinook Salmon (O. tshawytscha) 

0 0 0 

Threatened species 
Lower Columbia River Steelhead 
Trout (O  mykiss) 

0 Harassment of adults 0 

Middle Columbia River Steelhead 
Trout (O. mykiss) 

0 Harassment of adults 0 

Upper Willamette River Steelhead 
Trout (O. mykiss) 

0 Harassment of adults 0 

Snake River Basin Steelhead Trout 
(O. mykiss) 

0 0 0 

Lower Columbia River Chinook 
Salmon (O. tshawytscha) 

3.62 122 0 

Upper Willamette River Chinook 
Salmon (O. tshawytscha) 

0.04 0 0 

Snake River Fall Chinook Salmon 
(O. tshawytscha) 

0.15 3 0 

Snake River Spring/Summer-run 
Chinook Salmon (O. tshawytscha) 

0.01 0 0 

Lower Columbia River Coho Salmon 
(O. kisutch) 

0.22 Harassment of adults 58 

Oregon Coast Coho Salmon  
(O. kisutch) 

0 0 178 

North American Green Sturgeon 
(A. medirostris) 

0 0 0 

Columbia River Chum Salmon  
(O. keta) 

0 Harassment of adults 
and juveniles 

0 

Eulachon (T. pacificus) Several thousand larvae (up to 
0.005% of the estuarine 

population) 
0 0 
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TABLE 5-3 
Degree to which Species are Affected by Unquantified Sources of Take 

Species 
Terminal Pipeline 

Artificial 
Light and 
Shading 

Food 
Web 

Effects 
Dredge 

Entrainment 
Turbidity 

(dredging and 
disposal) 

Habitat 
Loss/ 

Alteration 
Fish 

Salvage 
Passage 

Impediments 
Habitat 
Loss/ 

Alteration 
Turbidity 

Food 
Web 

Effects 
Loss of 
Riparian 

Veg. 
Endangered Species 
Upper Columbia River Steelhead 
Trout (O. mykiss) NA NA NA NA NA NA NA NA NA NA NA 

Snake River Sockeye Salmon 
(O. nerka) NA NA NA NA NA NA NA NA NA NA NA 

Upper Columbia River Spring-run 
Chinook Salmon 
(O. tshawytscha) 

NA NA NA NA NA NA NA NA NA NA NA 

Threatened Species 
Lower Columbia River Steelhead 
Trout (O. mykiss) NA NA NA NA NA NA NA NA NA NA NA 

Middle Columbia River Steelhead 
Trout (O. mykiss) NA NA NA NA NA NA NA NA NA NA NA 

Upper Willamette River Steelhead 
Trout (O. mykiss) NA NA NA NA NA NA NA NA NA NA NA 

Snake River Basin Steelhead 
Trout (O. mykiss) NA NA NA NA NA NA NA NA NA NA NA 

Lower Columbia River Chinook 
Salmon (O. tshawytscha) 3 3 3 3 3 NA NA NA NA NA NA 

Upper Willamette River Chinook 
Salmon (O. tshawytscha) 2 1 1 1 1 NA NA NA NA NA NA 

Snake River Fall Chinook 
Salmon (O. tshawytscha) 1 2 1 1 1 NA NA NA NA NA NA 

Snake River Spring/Summer-run 
Chinook Salmon 
(O. tshawytscha) 

NA NA NA NA NA NA NA NA NA NA NA 

Lower Columbia River Coho 
Salmon (O. kisutch) 1 2 NA NA NA 2 2 2 2 2 2 

Oregon Coast Coho Salmon 
(O. kisutch) NA NA NA NA NA 3 3 3 3 3 3 

North American Green Sturgeon 
(A. medirostris) NA 1 NA NA NA NA NA NA NA NA NA 
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TABLE 5-3 
Degree to which Species are Affected by Unquantified Sources of Take 

Species 
Terminal Pipeline 

Artificial 
Light and 
Shading 

Food 
Web 

Effects 
Dredge 

Entrainment 
Turbidity 

(dredging and 
disposal) 

Habitat 
Loss/ 

Alteration 
Fish 

Salvage 
Passage 

Impediments 
Habitat 
Loss/ 

Alteration 
Turbidity 

Food 
Web 

Effects 
Loss of 
Riparian 

Veg. 
Columbia River Chum Salmon 
(O. keta) 2 NA NA NA 1 NA NA NA NA NA NA 

Eulachon (T. pacificus) NA NA 1 1 NA NA NA NA NA NA NA 
Notes: 
NA = Not applicable. 
1 = Low effect. 
2 = Moderate effect. 
3 = High effect. 
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TABLE 5-4 
Duration of Project Impacts 

Impact Duration Notes 
Ballast and Cooling Water 
Entrainment 

Life of the Project Number of entrained fish estimated to be low. 

Pile-Driving Noise One in-water work period One-time effect, salmonid numbers low during in water 
work window. 

Dredging Entrainment Initial one-time effect, periodic 
maintenance dredging at approximately 
3-year intervals 

Salmonid numbers low during in-water work window; 
salmonids and other special-status species not especially 
susceptible. 

Fish Salvage One-time effect during Pipeline 
construction 

Approximately 236 listed fish (Lower Columbia River and 
Oregon Coast coho) will be harassed and approximately 
seven fish will suffer mortality during the removal process. 

Habitat Loss/Alteration Months to years Terminal habitat alteration of minor concern. Habitats will 
be returned to preconstruction conditions.  

Loss of Riparian Vegetation Years to life of the Project Loss of riparian vegetation will be significant only at a 
subset of crossings. 
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TABLE 5-5 
Proposed Mitigation by Evolutionarily Significant Unit 

Species Present During  
In-water Work 

Use of Terminal Action 
Area, Pipeline Action 

Area, or Both 
Number of non-HDD 
Pipeline Crossings 

Total Estimated Take 
(lethal and nonlethal) Proposed Mitigation 

Endangered Species 
Upper Columbia River Steelhead Trout 
(O. mykiss) No Terminal NA 0 None 

Snake River Sockeye Salmon (O. nerka) No Terminal NA 0 None
Upper Columbia River Spring-run Chinook 
Salmon (O. tshawytscha) No Terminal NA 0 None 

Threatened Species 
Lower Columbia River Steelhead Trout 
(O. mykiss) Yes (few adults) Terminal NA 0 None 

Middle Columbia River Steelhead Trout 
(O. mykiss) Yes (few adults) Terminal NA 0 None 

Upper Willamette River Steelhead Trout 
(O. mykiss) Yes (few adults) Both N/A 0 None 

Snake River Basin Steelhead Trout 
(O. mykiss) No Terminal NA 0 None 

Lower Columbia River Chinook Salmon 
(O. tshawytscha) Yes (juveniles) Both 0 

3.62 – 13.81 (annually), 
and 122 (one-time pile-

driving loss)
Hess Property 

Upper Willamette River Chinook Salmon 
(O. tshawytscha) Yes (few juveniles) Both 0 0 None 

Snake River Fall Chinook Salmon 
(O. tshawytscha) Yes (few juveniles) Terminal NA 

0.15 – 0.56 (annually), 
and 3 (one-time pile-

driving loss) 

Hess Property mitigation 
site, riparian conservation 
easements, and culvert 

replacement
Snake River Spring/ Summer-run Chinook 
Salmon (O. tshawytscha) No Terminal NA 0.01 to 0.07 annually None 

Lower Columbia River Coho Salmon 
(O. kisutch) Yes (few adults) Both 9 

0.22 – 1.19 (annually), 
and 2 (one-time salvage 
loss), with 58 harassed 

by fish salvage
Hess Property mitigation 
site, culvert replacements 

Oregon Coast Coho Salmon (O. kisutch) Yes (juveniles) Pipeline 5 
5 (one-time salvage 

loss), with 178 harassed 
by fish salvage 

Hess Property mitigation 
site, riparian conservation 
easements, and culvert 

replacement
North American Green Sturgeon 
(A. medirostris) No Terminal NA 0 None 
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TABLE 5-5 
Proposed Mitigation by Evolutionarily Significant Unit 

Species Present During  
In-water Work 

Use of Terminal Action 
Area, Pipeline Action 

Area, or Both 
Number of non-HDD 
Pipeline Crossings 

Total Estimated Take 
(lethal and nonlethal) Proposed Mitigation 

Columbia River Chum Salmon (O. keta) Yes (juveniles and few 
adults) Terminal NA 0 None 

Eulachon (T. pacificus) No Terminal NA Several thousand larvae 
annually None 

HDD = horizontal directional drilling 
NA = not applicable 
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TABLE 5-6 
Estimated Lower Columbia River Coho Affected by Salvage 

Stream Width (ft.) 
Area (ft2), 

Assuming 60 ft. 
of Salvage Area 

% Pool Area (m2) Assumed 
Density 

Oregon Coast 
Coho Potentially 

Affected 
Barret Slougha 12 720 0% 66.888 0.09 3.0 
Heckarda Creek 10 600 60% 55.74 0.09 4.0 
Clatskanie Riverb 18.5 1110 100% 103.119 0.19 19.6 
Little Clatskanie 
River 2 120 0% 11.148 0.01 0.1 

Merrill Creeka,b 10 600 100% 55.74 0.09 5.0 
Tributary to 
Merrill Creekb 1 60 100% 5.574 0.06 0.3 

Milton Creek 10 600 5% 55.74 0.17 5.0 
Milton Creekb 22 1320 100% 122.628 0.17 20.8 
a Not surveyed by Oregon Department of Fish and Wildlife, and thus the average coho density from all streams in all years 

surveyed (0.37 fish/m2) was used. 
b  Not surveyed by Applicant, and thus are assumed to be 100 percent pool. 
ft = foot/feet 
ft2 = square foot 
m2 = metric foot 
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TABLE 5-7 
Estimated Oregon Coast Coho Affected by Salvage 

Stream Width (ft.) 
Area (ft2), 

Assuming 60 ft. 
of Salvage Area 

% Pool Area (m2) Assumed 
Density 

Oregon Coast 
Coho Potentially 

Affected 
Alder Creek 13 780 100% 72.462 0.28 20.3 
Rock Creek 20 1200 0% 111.48 0.3 16.7 
South Fork Rock 
Creeka 15 900 100% 83.61 0.37 30.9 

North Fork Wolf 
Creeka,b 30 1800 100% 167.22 0.37 61.9 

Clear Creek 10 600 15% 55.74 0.23 7.4 
a Not surveyed by the Oregon Department of Fish and Wildlife, and thus the average coho density from all streams in all years 

surveyed (0.37 fish/m2) was used. 
b  Not surveyed by the Applicant, and thus are assumed to be 100 percent pool.
ft = foot/feet 
ft2 = square foot 
m2 = metric foot 
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TABLE 5-8 
Fish Barrier Projects Ranked as High Priority in Clatsopa , Columbiaa ,and Wallowa Countiesb 

Basin Subbasin Stream 
Culvert Stream 

Mile 
Habitat 
Quality Comment 

Length Diam. Drop 
Columbia R Blind Sl Anderson Cr 60 48 0 2.5 Fair Two pipes, both very rusty; meet fish passage standards. 
Pacific Ocean Necanicum R Bergsvik Cr 120 72 48 0.5 Good Water falls 4’ onto fill. Culvert bows in middle. Impassable culvert. 
Columbia R Gnat Cr Big Noise Cr 98 96 8 3.2 Good Culvert is a velocity barrier to all fish at low flows. May be 

passable at higher flows in some instances. 
Pacific Ocean Necanicum R Circle Cr 130 72 6 2.1 Good Steel pipe inside concrete box. Many baffles in pipe. Juvenile 

barrier at low water. Velocity problems at high water 
Pacific Ocean Necanicum R Circle Cr 230 72  1.6 Good No pool below, water falls onto fill. Velocity is high.  
Columbia R Youngs R Crosel Cr 65 48 0 1.3 Poor Upstream of pipe is unused pasture. 
Necanicum R Bergsvik Cr Joe Cr 54 96 12 2.1 Fair Culvert is a low water barrier due to drop and will impede fish at 

high water due to slope.  
Columbia R Youngs R Moosmoos Cr 60 36 20 1.1 Ukn Culvert is a juvenile barrier; probably blocks adults at most flows. 
Columbia R Gnat Cr Rock Cr 120 120 12 12.9 Good Water cascades 12” onto bedrock. There is no pool so this culvert 

is impassable at most flows. Length and slope create very high-
velocity water. There are several miles of fish bearing stream 
above this culvert. 

Nehalem Bay Nehalem R Rock Cr 162 90 0 6.6 Good High water velocity inhibits fish passage. 
Nehalem R N fork Soapstone Cr 80 60 0 0.6 Fair Could not access downstream end. Velocity of water is too high.  
Columbia R Gnat Cr Supply Cr 40 78 12 5.4 Good Upper end of culvert is full of rock debris leaving a 2’ opening.  
Klaskanine R N fork Un Cr 60 36 2 1 Fair No comments. 
Necanicum R Circle Cr Un Cr 38 0 24 0.2 Good This culvert is located just west of ODOT culvert. Creek provides 

excellent habitat. 
Necanicum R Circle Cr Un Cr 150 24 4 0.2 Good Good habitat for cutthroat. Culvert is impassable. 
Nehalem Bay Nehalem R Un Cr 75 60 6 0.8 Fair High-velocity water and drop impede fish passage. 
Nehalem Bay Nehalem R Un Cr 75 60 6 1.5 Fair High-velocity water through culvert inhibits fish passage. 
Pacific Ocean Necanicum R Un Cr 75 24 0 0.6 Good 0.1 mi. east of Necanicum Jct. Creek is currently dry. Culvert 

appears to be too small and will greatly increase water velocity. 
Pacific Ocean Necanicum R Un Cr 0 48 0 2 Excellent Juvenile passage is primary concern.  
Rock Cr S fork Un Cr 163 72 0 1.4 Good Upper 140’ of pipe is steep. Bottom 40 feet 0% gradient.  
Snake R Imnaha Imnaha -- -- -- -- Good Gumboot weir retrofit. 
Scappoose Bay Milton Cr Dart Cr 80 60 16 4.5 Fair Juvenile step barrier. Velocity impedes adult passage. 
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TABLE 5-8 
Fish Barrier Projects Ranked as High Priority in Clatsopa , Columbiaa ,and Wallowa Countiesb 

Basin Subbasin Stream 
Culvert Stream 

Mile 
Habitat 
Quality Comment 

Length Diam. Drop 
Scappoose Cr N Scappoose 

CR 
Alder Cr 45 60 4 0.2 Good Middle section buckles up. Most of creek flows under culvert. 

Barrier. 
Scappose Bay Milton Cr Cox Cr 60 96 0 1.6 Good Juvenile barrier at low water, possibly velocity barrier at higher 

flows. 
Columbia R Clatskanie R Merrill Cr 60 36 12 0.8 Fair Impassable at most flows. 
Columbia R Clatskanie R Keysone Cr 60 60 24 1 Fair Beaver ponds above. Culvert is too small, too steep and too high. 

Impassable. 
Nehalem Bay Nehalem R Un Cr 60 36 48 0.7 Fair District Priority Rating H6—High-velocity water inhibits/prevents 

fish passage. 
Nehalem Bay Nehalem R Messing Cr 38 69 0 5 Good District Priority Rating H3—High-velocity water.  
Nehalem Bay Nehalem R Messing Cr 72 117 0 4.3 Fair Culvert completely rusted through with 1' metal shards sticking up 

throughout. Road is painted-may be slated for replacement. 
Nehalem Bay Nehalem R E fork 65 96 2 5.4 Good Newly placed pipe with high-velocity water due to slope of bottom 

2/3 of pipe. Pipe sits on fill which extends past the end of the 
pipe, then there is a 1' drop to a 3' deep pool. This culvert is a 
fish barrier at low flows and problably impedes fish at most other 
flows. 

Nehalem Bay Nehalem R Oak Ranch Cr 160 72  1.5 Good Water velocity is high due to slope of culvert with a fair amount of 
silt and gravel in level sections. 

Nehalem Bay Nehalem R Cedar Cr 50 60 0 5.6 Good District Priority Rating H4--Not on straight-line chart. Water spills 
24" onto bedrock. Couldn't assess gradient of pipe as both ends 
are blocked w/ debris. Creek is currently dry. Lots of gravel and 
intact riparian area. 

Nehalem Bay Nehalem R Un Cr 75 36 24 1.1 Fair Boulders have recently been placed downstream of this culvert to 
aid fish passage. This end may be achieved at high water but will 
no aid low water passage. Water velocity is high. District rank H14 

Nehalem R Beaver Cr Un Cr 60 60 12 1 Ukn Velocity and drop inhibit fish passage. 
Nehalem R E fork Elk Cr 80 96 12 5.5 Fair 2 pipes. Very high-velocity water. 
Nehalem R Rock Cr Selder Cr 40 60 0 5.4 Good Juvenile step barrier. Velocity impedes adult passage. 
a Source: Oregon Department of Fish and Wildlife 2006 Culvert Inventory. http://www.dfw.state.or.us/fish/passage/inventories.asp 
b Source: Nez Perce Tribal Fisheries Program. 



 

TABLE 6-1
Pipeline Construction Impacts by Habitat Category (Oregon) 

Habitat Category 
Total Acres 

(temporary and permanent) 

1 0 

2 12.61 

3 267.17 

4 603.00 

5 166.51 

6 3.27 

Total 1,052.56 

Precision loss may occur because of rounding. Area 
between HDD entry and exit points excluded in 
calculations of habitat impacts. 

 



 

TABLE 6-2
Pipeline Construction Impacts by Habitat Type (Oregon) 

Habitat Type 
Total Acres 

(temporary and permanent) 

AW 34.54 

BP 29.96 

CF 840.03 

DF 65.36 

E2USN 5.06 

NO 16.00 

PEM 26.57 

PEM/PFO 0.14 

PFO 12.50 

PSS 11.06 

PSS/PFO 6.41 

ST 4.94 

Total 1,052.56

Precision loss may occur because of rounding. Area 
between HDD entry and exit points excluded in 
calculations of habitat impacts. 
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TABLE 6-3 
Ratios for Compensatory Mitigation of Coniferous Forest and Non-Oak Deciduous Forest Habitats 

Habitat Category 
Affected 

Category of Conservation Easement to be Acquired 
Category 5 Category 4 Category 3 Category 2 Category 1 

Category 5 * NA NA NA NA NA 
Category 4 2:1 2:1 2:1 2:1 2:1 
Category 3 2:1 2:1 2:1 2:1 2:1 
Category 2 3:1 3:1 2:1 2:1 2:1 
Category 1 3:1 3:1 2:1 2:1 2:1 
* Compensatory mitigation is not required for  Category 5 habitat as this habitat will be restored onsite within the construction 
corridor and permanent easements 
NA = not applicable. 
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TABLE 7-1 
Summary of Minimization and Avoidance Measures for High-Value Wetlands 

Wetland ID 
4th Hydrological 
Unit Code (HUC) 

Subbasin 
Milepost High-Quality Determination Minimization and Avoidance Measures for High-Value Wetlands 

Terminal 
W4BCL05 Lower Columbia Terminal Greater than 5 acres in size, overall 

functioning score greater than 1.5 
Unavoidable portion of the footprint Terminal. Bioswales moved and first-stage 
vaporizer moved for avoidance. Spill containment basin moved to minimize 
impacts. 

W4BCL06 Lower Columbia Terminal Greater than 5 acres in size Design of Terminal created to avoid low marsh habitats. 
W4BCL07 Lower Columbia Terminal Greater than 5 acres in size, overall 

functioning score greater than 1.5 
Pier modified to minimize impacts. 

W5BCL084 Lower Columbia Terminal Palustrine Forested Wetland  Existing road used to minimize impacts. 

 
W5BCL085 Lower Columbia Terminal Palustrine Forested Wetland  Existing road used to minimize impacts. 

 
W99CL0001 Lower Columbia Terminal Palustrine Forested Wetland  10-inch potable water supply line with temporary impacts. 
W99CL0002 Lower Columbia Terminal Palustrine Forested Wetland 10-inch potable water supply line with temporary impacts. 
W99CL0006 Lower Columbia Terminal Palustrine Forested Wetland  Horizontal directional drill (HDD) staging area unavoidable impacts. 
W99CL0007 Lower Columbia Terminal Palustrine Forested Wetland  HDD staging area unavoidable impacts. 
W99CL0009 Lower Columbia Terminal Palustrine Forested Wetland  HDD staging area unavoidable impacts. 
W99CL00026 Lower Columbia Terminal Greater Than 5.0 Acres in size No impacts wetland avoided. 
Pipeline 
W99CL0021 Lower Columbia 0.8 Greater than 5 acres in size Temporary impacts unavoidable. 
W40CL001 Lower Columbia 2.7 Greater than 5 acres in size Temporary impacts unavoidable. 
W40CL002 Lower Columbia 2.9 Palustrine Forested Wetland  HDD will be used to avoid permanent impacts to wetland. 
W40CL003 Lower Columbia 3.0 Palustrine Forested Wetland  HDD will be used to avoid impacts to wetland and associated waterbody. 
W40CL005 Lower Columbia 3.0 Palustrine Forested Wetland  HDD will be used to avoid impacts to wetland and associated waterbody. 
W99CL033 Lower Columbia 3.7 Palustrine Forested Wetland  Route aligned so that associated stream, wetland, and riparian area are 

crossed in a perpendicular orientation to minimize environmental impacts. 
W99CL077A Lower Columbia 3.7 Greater Than 5.0 Acres in size Numerous route realignments to minimize wetland impacts. This route has the 

least temporary impacts associated with construction. 
W5BCL042F Lower Columbia 4.2 Greater Than 5.0 Acres in size Numerous route realignments to minimize wetland impacts. This route has the 

least temporary impacts associated with construction. 
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TABLE 7-1 
Summary of Minimization and Avoidance Measures for High-Value Wetlands 

Wetland ID 
4th Hydrological 
Unit Code (HUC) 

Subbasin 
Milepost High-Quality Determination Minimization and Avoidance Measures for High-Value Wetlands 

W42CL001 Lower Columbia 4.5 Greater Than 5.0 Acres in size Additional temporary workspace aligned to avoid stream and associated 
riparian area. 

W5BCL073 Lower Columbia 4.5 Palustrine Forested Wetland  Permanent impacts to wetland avoided through route alignment. 
W40CL017 Lower Columbia 4.9 Palustrine Forested Wetland HDD will be used to avoid permanent impacts to wetland. 
W40CL018 Lower Columbia 5.0 Palustrine Forested Wetland HDD will be used to avoid permanent impacts to wetland. 
W39CL009 Lower Columbia 5.1 Palustrine Forested Wetland HDD will be used to avoid impacts to wetland construction corridor necked 

down to 75 feet. 
W1BCL001 Lower Columbia 7.9 Palustrine Forested Wetland Wetland is crossed at narrower end to minimize impacts. 
W39CL005 Lower Columbia 11.0 Palustrine Forested Wetland HDD will be used to avoid permanent impacts to wetland and associated 

waterbody. 
W39CL007 Lower Columbia 11.0 Palustrine Forested Wetland HDD will be used to avoid permanent impacts to wetland and associated 

waterbody. 
W39CL007 Lower Columbia 11.0 Palustrine Forested Wetland HDD will be used to avoid permanent impacts to wetland and associated 

waterbody. 
W39CL012 Lower Columbia 11.0 Palustrine Forested Wetland HDD will be used to avoid permanent impacts to wetland and associated 

waterbody. 
W39CL012 Lower Columbia 11.1 Palustrine Forested Wetland HDD will be used to avoid permanent impacts to wetland and associated 

waterbody. 
W1BCL024 Lower Columbia 12.6 Palustrine Forested Wetland No impacts to wetland. 
W1BCL038 Lower Columbia 18.5 Palustrine Forested Wetland Route aligned to avoid impacts to wetland and parallels existing road right-of-

way. 
W1BCL012 Lower Columbia 18.6 Palustrine Forested Wetland Impacts minimized by necking down construction corridor to 75 feet. 
W1BCL014 Lower Columbia 18.6 Palustrine Forested Wetland Route alignment parallels existing road and wetland extends north and south 

of the Project, making complete avoidance unfeasible. 
W1BCL015 Lower Columbia 18.9 Palustrine Forested Wetland Permanent impacts to wetland minimized by crossing the wetland where is 

narrow. Construction corridor necked down to 75 feet to minimize wetland 
impacts. 

W1BCL016 Lower Columbia 19.0 Palustrine Forested Wetland Additional temporary workspaces moved to avoid wetland. 
W1BCL018 Lower Columbia 19.0 Palustrine Forested Wetland Riparian wetland, unavoidable, necking down to minimize impacts. 
W1BCL021 Lower Columbia 19.3 Palustrine Forested Wetland Permanent impacts to wetland will be avoided through route alignment. 
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TABLE 7-1 
Summary of Minimization and Avoidance Measures for High-Value Wetlands 

Wetland ID 
4th Hydrological 
Unit Code (HUC) 

Subbasin 
Milepost High-Quality Determination Minimization and Avoidance Measures for High-Value Wetlands 

W2BCL008 Lower Columbia 19.6 Palustrine Forested Wetland, overall 
functioning score greater than 1.5 

Gnarly topography limits micrositing of Pipeline to avoid permanent impacts to 
wetland. 

W7BCL006 Lower Columbia 22.4 Palustrine Forested Wetland Permanent impacts to wetland minimized by crossing the wetland where it is 
narrow. 

W6BCL003 Lower Columbia 22.5 Palustrine Forested Wetland, overall 
functioning score greater than 1.5 

Permanent impacts to wetland have been minimized by crossing the wetland 
where it is narrow. 

W3BCL101 Nehalem 36.3 Palustrine Forested Wetland Unavoidable impacts. Construction area necked down to minimize wetland 
impacts. 

W3BCL100 Nehalem 36.5 Palustrine Forested Wetland Unavoidable impacts. Construction area necked down to minimize wetland 
impacts. 

W3BCL101b Nehalem 36.7 Palustrine Forested Wetland; Wetland 
Greater Than 5.0 Acres 

Unavoidable impacts. Construction area necked down to minimize wetland 
impacts. 

W3BCL003 Nehalem 37.1 Palustrine Forested Wetland Route alignment parallels existing road to minimize permanent impacts. 
W3BCL002 Nehalem 37.2 Palustrine Forested Wetland Route alignment parallels existing road to minimize permanent impacts. 
W1BCL050A Nehalem 39.6 Palustrine Forested Wetland, overall 

functioning score greater than 1.5 
Route alignment parallels Highway 26 minimize impacts and wetland extends 
to north and south, making it unavoidable. 

W8BCL007B Nehalem 41.0 Palustrine Forested Wetland HDD will be used to avoid impacts to wetland. 
W8BCL011A Nehalem 41.4 Palustrine Forested Wetland Permanent impacts avoided through route alignment and temporary impacts 

minimized by narrowing the width of temporary workspace. 
W8BCL011B Nehalem 41.5 Palustrine Forested Wetland Route alignment parallels Highway 26 and crosses the wetland where it is 

narrow to minimize permanent impacts. 
W8BCL012 Nehalem 41.6 Palustrine Forested Wetland Route aligned to parallel Highway 26 and cross wetland where it is narrow to 

minimize permanent impacts. 
W8BCL013 Nehalem 41.7 Palustrine Forested Wetland Route alignment parallels Highway 26 and crosses the wetland where it is 

narrow to minimize permanent impacts. 
W8BCL018 Nehalem 42.3 Palustrine Forested Wetland Unavoidable impacts. Construction area necked down to minimize wetland 

impacts. 
W1BCL043 Nehalem 43.2 Palustrine Forested Wetland HDD will be used to avoid impacts to wetland and stream. 
W1BCL044 Nehalem 43.4 Palustrine Forested Wetland HDD will be used to avoid impacts to wetland and stream. 
W1BTI001 Nehalem 44.2 Palustrine Forested Wetland, overall 

functioning score greater than 1.5 
Wetland and associated stream S1BTI001 are crossed in a perpendicular 
orientation to minimize impacts. 
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TABLE 7-1 
Summary of Minimization and Avoidance Measures for High-Value Wetlands 

Wetland ID 
4th Hydrological 
Unit Code (HUC) 

Subbasin 
Milepost High-Quality Determination Minimization and Avoidance Measures for High-Value Wetlands 

W6BCO003 Nehalem 47.6 Palustrine Forested Wetland Unavoidable impacts. Construction area necked down to minimize wetland 
impacts. 

W6BCO004 Nehalem 47.6 Palustrine Forested Wetland Unavoidable impacts. Construction area necked down to minimize wetland 
impacts. 

W3BCO111 Nehalem 50.6 Palustrine Forested Wetland Unavoidable impacts. Construction area necked down to minimize wetland 
impacts. 

W3BCO112 Nehalem 50.8 Palustrine Forested Wetland Unavoidable impacts. Construction area necked down to minimize wetland 
impacts. 

W3BCO100 Nehalem 57.7 Palustrine Forested Wetland HDD will be used to avoid impacts to wetland and stream. 
W5BCO002 Nehalem 63.3 Palustrine Forested Wetland Wetland avoided, no impacts. 
W3BCO102 Nehalem 63.5 Palustrine Forested Wetland Unavoidable impacts. Construction area necked down to minimize wetland 

impacts. 
W3BCO010 Nehalem 63.7 Palustrine Forested Wetland HDD will be used to avoid impacts to wetland and stream. 
W6BCO005 Nehalem 69.1 Palustrine Forested Wetland Unavoidable impacts. Construction area necked down to minimize wetland 

impacts. 
W3BCO007 Lower Willamette 72.9 Palustrine Forested Wetland Unavoidable temporary impacts. 
W1BCO023 Lower Willamette 73.5 Palustrine Forested Wetland Riparian wetland, unavoidable, necking down to minimize impacts. 
W5BCO010 Lower Willamette 74.5 Palustrine Forested Wetland Wetland avoided, no impacts. 
W6BCO002 Lower Willamette 74.6 Palustrine Forested Wetland Alignment placed to avoid majority of wetland. 
W6BCO001 Lower Willamette 74.9 Palustrine Forested Wetland Riparian wetland, unavoidable, necking down to minimize impacts. 
W3BCO013 Lower Columbia - 

Clatskanie 
76.4 Palustrine Forested Wetland Riparian wetland, unavoidable, necking down to minimize impacts. 

W3BCO117 Lower Columbia - 
Clatskanie 

79.1 Palustrine Forested Wetland Unavoidable temporary impacts. 

W5BCO013 Lower Columbia - 
Clatskanie 

81.5 Palustrine Forested Wetland Unavoidable temporary impacts. 

W99CO003 Lower Columbia-
Clatskanie 

81.6 Palustrine Forested Wetland HDD will be used to avoid impacts to wetland and stream. 

W99CO005 Lower Columbia - 
Clatskanie 

81.7 Palustrine Forested Wetland HDD will be used to avoid impacts to wetland and stream. 
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TABLE 7-1 
Summary of Minimization and Avoidance Measures for High-Value Wetlands 

Wetland ID 
4th Hydrological 
Unit Code (HUC) 

Subbasin 
Milepost High-Quality Determination Minimization and Avoidance Measures for High-Value Wetlands 

W99CO006 Lower Columbia - 
Clatskanie 

81.8 Palustrine Forested Wetland HDD will be used to avoid impacts to wetland and stream. 

W99CO007 Lower Columbia - 
Clatskanie 

81.8 Palustrine Forested Wetland HDD will be used to avoid impacts to wetland and stream. 

W99CO020 Lower Columbia-
Clatskanie 

81.9 Palustrine Forested Wetland HDD will be used to avoid impacts to wetland and stream. 

W99CW001 Lower Columbia - 
Clatskanie 

82.7 Wetland Greater Than 5.0 Acres HDD will be used to avoid impacts to wetland and stream. 

W99CW002 Lower Columbia - 
Clatskanie 

83 Palustrine Forested Wetland; Wetland 
Greater Than 5.0 Acres 

HDD will be used to avoid impacts to wetland and stream. 

W6BCW001 Lower Columbia - 
Clatskanie 

84.2 Wetland Greater Than 5.0 Acres Temporary impacts to agricultural wetlands. 

W99CW007 Lower Columbia - 
Clatskanie 

84.9 Palustrine Forested Wetland; Wetland 
Greater Than 5.0 Acres 

Unavoidable wetland impacts. Wetland is located in highway medium. 

W99CW005 Lower Columbia - 
Clatskanie 

83.0 (HDD 
Pullback) 

Palustrine Forested Wetland Unavoidable impacts. Construction area necked down to minimize wetland 
impacts. 
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TABLE 7-2 
Determination of Wetland Impacts Associated with Permanent and Temporary Easements and Planned Maintenance Activities 

 

75-foot Wetland Crossing Width 

50-foot-wide Permanent Easement 25-foot-wide  
Construction Easement 

A B C D 
 Ten-foot mow strip 

centered over Pipeline 
Additional 20-foot area 
(10 feet on each side of 
the mow strip) 

Twenty-foot-wide area 
on outside boundary of 
easement (outer 10 feet 
of 50-foot permanent 
easement) 

25-foot-wide additional area needed 
for construction; 5 feet on one side 
and 20 feet on the other side of the 
50-foot permanent easement 

Frequency of 
Maintenance 
Activities 

Annual mowing Every 3 years, routine 
maintenance to cut 
trees over 15 feet tall 

No maintenance activity No maintenance activity 

Wetland type Type of Wetland 
Impact 

Type of Wetland 
Impact 

Type of Wetland 
Impact Type of Wetland Impact 

PEM Temporary during 
construction 

Temporary during 
construction 

Temporary during 
construction 

Temporary during construction 

PSS Temporary wetland 
impacts during 
construction; permanent 
conversion of wetland 
type to PEM 

Temporary Temporary Temporary 

PFO Temporary wetland 
impact during 
construction; permanent 
conversion of wetland 
type to PEM 

Temporary wetland 
impact during 
construction; permanent 
conversion of wetland 
type to PEM or PSS 

Temporary impact 
during construction 

Temporary impact during 
construction 
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TABLE 7-3 
10-Year Restoration Monitoring Schedule 

Year 
Monitoring and Restoration Activities 

Season 
Winter Spring Summer Fall 

1  Monitor Restoration Sites 
Noxious Weed Control (As 
Needed) 

Monitor Restoration Sites 
Noxious Weed Control (As 
Needed) 

Monitor Restoration Sites 
Replant (As Needed) 

2 Submit Results of Year 1 
Monitoring 

Monitor Restoration Sites 
Noxious Weed Control (As 
Needed) 

Monitor Restoration Sites 
Noxious Weed Control (As 
Needed) 

Monitor Restoration Sites 
Replant (As Needed) 

3 Submit Results of Year 2 
Monitoring 

Monitor Sites Deficient 
During Year 1 and 2 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient 
During Year 1 and 2 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient 
During Year 1 and 2 
Replant (As Needed) 

4 Submit Results of Year 3 
Monitoring 

Monitor Sites Deficient 
During Year 1 and 2 and 
Monitor 50% of Sites* 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient 
During Year 1 and 2 and 
Monitor 50% of Sites* 
Noxious Weed Control (As 
Needed)* 

Monitor Sites Deficient 
During Year 1 and 2 and 
Monitor 50% of Sites* 
Replant (As Needed) 

5 Submit Results of Year 4 
Monitoring 

Monitor Sites Deficient 
During Year 1 and 2 and 
Monitor 50% of Sites* Not 
Monitored Year 4 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient 
During Year 1 and 2 and 
Monitor 50% of Sites* Not 
Monitored Year 4 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient 
During Year 1 and 2 
Monitor 50% of Sites Not 
Monitored Year 4 
Replant (As Needed) 

6 Submit Results of Year 5 
Monitoring 

Monitor Sites Deficient in 
Previous Year 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient in 
Previous Year 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient in 
Previous Year 
Replant (As Needed) 

7 Submit Results of Year 6 
Monitoring 

Monitor Sites Deficient in 
Previous Year 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient in 
Previous Year 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient in 
Previous Year 
Replant (As Needed) 

8 Submit Results of Year 7 
Monitoring 

Monitor Sites Deficient in 
Previous Year 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient in 
Previous Year 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient in 
Previous Year 
Replant (As Needed) 

9 Submit Results of Year 8 
Monitoring 

Monitor Sites Deficient in 
Previous Year 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient in 
Previous Year 
Noxious Weed Control (As 
Needed) 

Monitor Sites Deficient in 
Previous Year 
Replant (As Needed) 

10 Submit Results of Year 9 
Monitoring 

Monitor  Restoration Sites 
Noxious Weed Control (As 
Needed) 

Monitor Restoration Sites 
Noxious Weed Control (As 
Needed) 

Monitor Restoration Sites 
Noxious Weed Control (As 
Needed) 

11    Submit Final Reports 
*Choose sites using a stratified random approach across watersheds. 
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TABLE 7-4 
Summary of Performance Standards

Objective Performance Standard 
Ensure that areas of wetland 
have hydrology through April 
15 

Hydrology present in accordance with U.S. Army Corps of Engineers Wetland Delineation Manual 
(1987) 
2 years with normal or below normal precipitation 

Maintain structural diversity Grass, shrub, and forest habitat diversity present to an extent equal or better than preconstruction 
conditions 

Maintain species diversity Plant a diverse assemblage of species native to the project area or region to an extent equal or 
better than preconstruction conditions 

Ensure survivorship of trees 
and shrubs 

Planting density within 5 percent of planting plan—typically 60 to 80 percent survivorship (native 
species recruitment on the site may be included) 
Increase aerial cover in successive years; 15 percent aerial cover of trees 3 years after planting; 40 
to 60 percent aerial cover of shrubs after 3 years 

Ensure survivorship of 
ground cover 

30 to 50 percent ground after 1 year 
60 to 80 percent ground cover 2 years after installation in emergent zones 
50 percent ground cover within 2 years in shrub and forest habitat 
Bare substrate represents no more than 20 percent cover after 3 years 

Make cover of noxious 
weeds and non-native 
species minimal 

No more than 10 percent cover of invasive species such as reed canarygrass, Himalayan 
blackberry, Evergreen blackberry, purple loosestrife, kudzu, Japanese knotweed, thistles, and poison 
hemlock 3 years after installation 
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TABLE 8-1 
In-Water Work Periods Recommended by the Oregon Department of Fish and Wildlife 

Pipeline Mile River 
In-Water Work Period 

Start Date End Date 
Terminal 
Not applicable Columbia River Estuarya November 1 February 28 
Oregon Portion of the Pipeline 
Columbia Estuary Tributaries 
0 – 13.80 Youngs Bay tributaries—tidal areasa July 1 September 15 
13.80 – 24.25 Youngs River and tributaries July 15 September 30 
Northern Oregon Coastal Basin Rivers 
24.25 – 69.3  Upper Nehalem and tributaries  July 1 August 31 
Clatskanie River 
69.3 – 71.8 Clatskanie River and tributaries July 15 September 15 
Columbia River Tributaries 
71.8 – 75.7 Columbia River tributaries (St. Helens to Sandy River) July 15 August 31 
75.7 – 81.9 Columbia River tributaries (Hunt Creek to St. Helens) July 15 September 15 
Columbia River 
81.9 – 82.5 Columbia River (Tongue Point to Bonneville Dam) November 1 February 28 
Washington Portion of the Pipeline 
Columbia River Tributaries 
82.5 – 85.9 Columbia River tributaries TBDb TBDb 
a  The Oregon Department of Fish and Wildlife (ODFW) normally treats the in-water work window for tidal areas as the same 

dates as the Columbia River Estuary. ODFW is willing to work with the applicant to approve Pipeline construction during the 
published in-water work window. (Stream Subgroup Meeting Notes, August 14, 2008, copy provided in Appendix 1K of 
Resource Report 1—General Project Description [Oregon LNG, 2013]). 

b  To be determined: Washington Department of Fish and Wildlife does not publish approved in-water periods. Oregon LNG will 
contact Washington Department of Fish and Wildlife to determine the preferred work period for Washington streams. 
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TABLE 10-1 
List of Migratory Birds of Concern for the Oregon LNG Project and Associated Ecoregions within the Project Action Area 

Species Ecoregion 
Harlequin Duck (Histrionicus histrionicus) Coast Range 

Peregrine falcon (Falco mexicanus) Lower Columbia, Coast Range, 
Osprey (Pandion haliaetus) Lower Columbia, Coast Range 

Bald Eagle (Haliaeetus leucocephalus) Lower Columbia, Coast Range 
Other raptors Lower Columbia, Coast Range 

Marbled Murrelet (Brachyramphus marmoratus) Marine, Coast Range 
Great Blue Heron (Ardea Herodias) Lower Columbia, Coast Range 

Band-tailed Pigeon (Patagioenas fasciata) Coast Range 
Northern Spotted Owl (Strix occidentalis caurina) Coast Range 

Rufous Hummingbird (Selasphorus rufus) Lower Columbia, Coast Range 
Olive-sided Flycatcher (Contopus cooperi) Coast Range 

Little Willow Flycatcher (Empidonax trailii brewsteri) Coast Range 
Streaked Horned Lark (Eremophila alpestris strigata) Coast Range 

Purple Martin (Progne subis) Coast Range 
Yellow-breasted Chat (Icteria virens) Lower Columbia, Coast Range 

Oregon Vesper Sparrow (Pooecetes gramineus affinis) Coast Range 
Acorn woodpecker (Melanerpes formicivorus) Coast Range 
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Appendix A 
Wildlife Habitats by Oregon Fish and Wildlife 

Department Category with Mitigation Goals 
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 APPENDIX A
Wildlife Habitats by Oregon Fish and Wildlife Department Category with Mitigation Goals 

Habitat 
ODFW

Category Explanation Mitigation Goal 

Terminal and Pipeline

Upland Coniferous
Forest

CF

1 Irreplaceable, essential habitat; limited on a physiographic or site specific basis. Old growth forests as
defined by the Regional Ecosystem Office (REO), age class 180+ years. Category 1 also includes nest patches
(100 acre area around nest for northern spotted owl [NSO]), patches of trees where MAMU are nesting or
potentially nesting, and nests for state and federally listed and sensitive/critical species (for example, bald
eagles). Category 1 includes habitat for other state and federally listed and sensitive/critical species.

Avoidance. No loss of either habitat quantity or quality.

2 Essential and limited habitat. Late successional forests as defined by the REO, 80 to 179 year age class, with
important habitat elements. Category 2 includes suitable habitat for NSO within an active NSO activity center
(area within 1.5 mile radius of a nest patch).

No net loss of either habitat quantity or quality, and provide
a net benefit of habitat quantity or quality.

3 Essential habitat or important and limited habitat. This includes mid seral forests, 40 to 79 year age class.
Category 3 includes Ponderosa pine woodlands, 3 to 39 year age class, as they are an Oregon Strategy
Habitat.

No net loss of either habitat quantity or quality.

4 Important habitat. Early seral stage forests, age class 3 to 39 years (excluding Ponderosa pine). In the context
of this Project, these are typically managed timberlands. Contributor to sustaining populations of some
common wildlife species over time.

No net loss of either existing habitat quantity or quality.

5 Habitat having a high potential to become either essential or important habitat. Degraded habitats, clear
cuts (0 to 3 year age class), and habitats lacking soil to support plants. Plant cover is minimal and may be
composed of weedy and invasive species. It includes sandy dredge spoils, sand dunes, or other soils that are
devoid of vegetation.

Provide a net benefit in either habitat quantity or quality.

Upland Deciduous
Forest

DF

1 Irreplaceable, essential habitat; limited on a physiographic or site specific basis. Mature oak woodlands and
oak savannah (1 to 2 oak trees per acre) with native grassland component. Category 1 includes old growth
legacy oak trees. Category 1 includes habitat for state and federally listed and sensitive/critical species.

Avoidance. No loss of either habitat quantity or quality.

2 Essential and limited habitat. Nonmature oak woodland (1 to 2 oak trees per acre). No net loss of either habitat quantity or quality, and provide
a net benefit of habitat quantity or quality.

3 Essential habitat or important and limited habitat. Category 3 includes forests other than oak, such as maple,
alder, and cottonwood.

No net loss of either habitat quantity or quality.

4 Important habitat. Contributor to sustaining populations of some common wildlife species over time.
Category 4 includes early seral stages such as scrub shrub habitat (for example, shrub hedgerows between
farm fields).

No net loss of either existing habitat quantity or quality.

5 Habitat having a high potential to become either essential or important habitat. Degraded habitats and
habitats lacking soil to support plants. Plant cover is minimal and may be composed of weedy and invasive
species. It includes sandy dredge spoils, sand dunes, or other soils that are devoid of vegetation.

Provide a net benefit in either habitat quantity or quality.
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 APPENDIX A
Wildlife Habitats by Oregon Fish and Wildlife Department Category with Mitigation Goals 

Habitat 
ODFW

Category Explanation Mitigation Goal 

Riparian Habitat RH 1 Irreplaceable, essential habitat; limited on a physiographic or site specific basis. Patches of large trees with
nest sites for marbled murrelets, eagles, and northern spotted owls. Category 1 habitat includes old growth
conifers and equivalent gallery forests of cottonwoods and other deciduous species. Category 1 includes
habitat for state and federally listed and sensitive/critical species. See also CF and DF Category 1.

Avoidance. No loss of either habitat quantity or quality.

2 Irreplaceable, essential habitat; limited on a physiographic or site specific basis. Habitats composed of
woody vegetation adjacent to perennial streams. In the Coast Range, the width of the riparian habitat is
defined by rules in the Oregon Forest Practices Act (ORS 527, and its attendant rules, OAR Chapter 629,
divisions 605 through 665) for private lands or in the Forest Management Plan for state forests.

No net loss of either habitat quantity or quality, and provide
a net benefit of habitat quantity or quality.

3 Essential habitat or important and limited habitat. Young, or early seral stage habitats, such as scrub shrub,
that are either somewhat degraded or provide limited shading and minimal contributions to woody debris
and nutrients (detritus). See Category 2 for riparian widths.

No net loss of either habitat quantity or quality.

4 Important habitat. Degraded habitats dominated by weeds or non native plants. Vegetation does not
overhang stream banks and shading is very minimal. Contributions of woody debris and nutrients are low.
This habitat type and category are equivalent to CF and DF Category 4.

No net loss of either existing habitat quantity or quality.

5 Habitat having a high potential to become either essential or important habitat. This includes nonpaved trails
and easements adjacent to streams. Presence of woody vegetation, shrubs, or trees, is absent. Where
adjacent to streams, this habitat type is equivalent to CF and DF Category 5.

Provide a net benefit in either habitat quantity or quality.

Palustrine Scrub
shrub

PSS

1 Irreplaceable, essential habitat; limited on a physiographic or site specific basis. This includes scrub shrub
wetlands associated with bogs. PSS with state and federally listed and sensitive/critical species.

Avoidance. No loss of either habitat quantity or quality.

2 Essential and limited habitat. Larger patches of PSS or interspersed with PFO, PEM, or open water. No net loss of either habitat quantity or quality, and provide
a net benefit of habitat quantity or quality.

3 Essential habitat or important and limited habitat. Smaller patches of PSS and those not interspersed with
PEM, PFO, or open water.

No net loss of either habitat quantity or quality.

Palustrine Forested
Wetland

PFO

1 Irreplaceable, essential habitat; limited on a physiographic or site specific basis. Old growth wetland forests
dominated by native species. These include PFO with mature stands of Oregon ash or cottonwood with
characteristic native plants in the understory. PFO with state and federally listed and sensitive/critical
species.

Avoidance. No loss of either habitat quantity or quality.

2 Essential and limited habitat. Young stands or larger patches of PFO or interspersed with PEM, PSS, or open
water.

No net loss of either habitat quantity or quality, and provide
a net benefit of habitat quantity or quality.

3 Essential habitat or important and limited habitat. Early seral stage PFO of lower quality than Category 2
such as small areas of PFO or areas not interspersed with PEM, PSS, or open water.

No net loss of either habitat quantity or quality.
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 APPENDIX A
Wildlife Habitats by Oregon Fish and Wildlife Department Category with Mitigation Goals 

Habitat 
ODFW

Category Explanation Mitigation Goal 

Palustrine Emergent
Wetland

PEM

1 Irreplaceable, essential habitat; limited on a physiographic or site specific basis. True wet prairie with native
plants, vernal pools, or bogs. These are remnant patches representing historical conditions of this habitat
type. Category 1 includes mineral seeps and mineral springs in the Coast Range. PEM with state and federally
listed and sensitive/critical species.

Avoidance. No loss of either habitat quantity or quality.

2 Essential and limited. Large areas of PEM and those interspersed with PFO, PSS, or open water. No net loss of either habitat quantity or quality, and provide
a net benefit of habitat quantity or quality.

3 Essential habitat or important and limited habitat. PEM habitat is disturbed, small in area, composed of non
native vegetation, or not interspersed with PSS, PFO, or OW habitats.

No net loss of either habitat quantity or quality.

4 Important habitat. There are no Category 4 PEMs. No net loss of either existing habitat quantity or quality.

5 Habitat having a high potential to become either essential or important habitat. Farmed wetlands that are
plowed on a regular basis. They have hydric soils and may be partially drained. These areas generally support
ryegrass or other row crops.

Provide a net benefit in either habitat quantity or quality.

Estuarine and
Estuarine Emergent
Wetland

ES

1 Irreplaceable, essential, and limited. This includes rocky tidepools and forested intertidal zones. Avoidance. No loss of either habitat quality or quantity.

2 Essential and limited habitat. Potentially suitable habitat for listed salmonids. Includes estuarine emergent
wetlands that provide dendritic channel access to juvenile salmonids and other fish species and contribute
nutrients to the estuarine system; and intertidal and shallow subtidal flats habitat to 6 feet MLLW.

No net loss of either habitat quantity or quality, and provide
a net benefit of habitat quantity or quality.

3 Essential habitat, or important and limited habitat. High marsh habitat above the mean high water line,
other emergent estuarine wetlands that do not allow access to juvenile salmonids (that is, lack dendritic
channels), and deep subtidal/open water habitat beyond the 6 feet MLLW contour.

No net loss of either habitat quantity or quality.

Stream

ST
1 Irreplaceable, essential, and limited habitat. In northwest Oregon, Category 1 for the ST habitat type includes

Oregon chub habitat.
Avoidance. No loss of either habitat quantity or quality

2 Essential and limited habitat. Critical or essential fish habitat for federally or state listed fish species. Nonfish
bearing streams with state or federally listed species and sensitive/critical species of reptiles or amphibians.

No net loss of either habitat quantity or quality, and provide
a net benefit of habitat quantity or quality.

3 Essential habitat, or important and limited habitat. Category 3 includes nonfish bearing streams that do not
provide habitat for sensitive/critical species of reptiles and amphibians.

No net loss of either habitat quantity or quality.

Agriculture/Pasture/
Orchard/Tree Farm

NO

4 Important habitat. Noncultivated areas provide some habitat for wildlife. This may include hedgerows,
perennial crops, orchards, vineyards, and tree farms (for example, Christmas trees). See also CF and DF
Category 4.

No net loss of either existing habitat quantity or quality.

5 Habitat having a high potential to become either essential or important habitat. Degraded by human actions
or natural phenomena. Annually cultivated with limited wildlife habitat value, such as ryegrass fields and row
crops. See also CF, DF, and PEM Category 5.

Provide a net benefit in either habitat quantity or quality.
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 APPENDIX A
Wildlife Habitats by Oregon Fish and Wildlife Department Category with Mitigation Goals 

Habitat 
ODFW

Category Explanation Mitigation Goal 

Developed/Buildings/
Roads

BP

4 Important habitat. Category 4 includes utility easements and similar areas where maintenance and
management are required at frequent (less than [<] 5 year) intervals. These areas are typically maintained in
an early seral stage of succession (scrub shrub) by frequent mowing or application of herbicides. Non native
and weedy species may be mixed with native species. See also CF, DF, PSS, and NO Category 4.

Provide a net benefit in either habitat quantity or quality.

5 Habitat having a high potential to become either essential or important habitat. Degraded by human actions
or natural phenomena. These areas (for example, unpaved roads and logging landings) are typically devoid of
plants. They may be used as travel corridors for some species of wildlife, but they generally do not provide
food or cover.

Provide a net benefit in either habitat quantity or quality.

6 Low habitat value and low restoration potential. Not important in sustaining populations of wildlife species.
Category 6 includes developed areas such as structures, roads, parking lots, and other impervious surfaces.

Minimize effects.

Rare Plants

RP
1 Irreplaceable, essential, and limited habitat. The intent of this habitat is to ensure that locations of federally

or state listed are captured as Category 1 habitats, regardless of patch size and surrounding habitat type.
This is a default category for rare plants.

Avoidance. No loss of either habitat quantity or quality

Source: OARs 635 415 0000 to 635 415 0025, the ODFW Habitat Mitigation Policy.
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APPENDIX C
Characteristics of Streams Crossed by the Pipeline

Milepost Stream ID

Stream

Typea Water Bodyb
Hydrologic Unit Code

(4th Order) Crossing Method

Water Body

Typec
Bedrock

Percentage
Boulder

Percentage
Cobble

Percentage
Rubble

Percentage
Gravel

Percentage
Fines

Percentage
Gradient
Percent

Embedded-
ness

Bankfull
Width

(ft)

Bankfull
Depth

(ft)

Channel
Type

(Rosgen) Fish Speciesd

Substrate

Scoree

Bankfull

Scoref

Scour Potential 
(Ave. of substrate 

and bankfull 

scores)g

Miles to 
Salmon
Habitat Preferred Work Period

1 S99CL001 Perennial Adairs Slough Lower Columbia Method 2 - HDD Minor 0 0 0 Co 1 0.5 0 November 1- Feb 28

1.5 S5BCL074 Perennial Vera Creek Lower Columbia Method 2 - HDD Minor 0 0 0 Co 1 0.5 0.49 November 1- Feb 28

3.1 S99CL067 Perennial Lewis and Clark River Lower Columbia Method 2 - HDD Minor 0 0 0 Co,FaCh 1 0.5 0.16 November 1- Feb 28

4.1 S5BCL059 Perennial Tributary of Barrett Slough Lower Columbia Method 1 - Flume Minor 0 0 0 Co 1 0.5 0.1 November 1- Feb 28

4.2 S5BCL062 Intermittent Tributary of Barrett Slough Lower Columbia Method 3 - Open cut Minor 0 0 0 Co 1 0.5 0.12 November 1- Feb 28

4.3 S5BCL063 Intermittent Tributary of Barrett Slough Lower Columbia Method 3 - Open cut Minor 0 0 0 Co 1 0.5 0.06 November 1- Feb 28

4.5 S5BCL064 Perennial Barrett Slough Lower Columbia Method 1 - Flume Minor 0 0 0 Co 1 0.5 0 November 1- Feb 28

4.6 S5BCL066 Intermittent Tributary of Barrett Slough Lower Columbia Method 3 - Open cut Minor 0 0 0 Co 1 0.5 0.11 November 1- Feb 28

4.8 S5BCL068 Intermittent Tributary of Green Slough Lower Columbia Method 3 - Open cut Minor 0 0 0 Co 1 0.5 0.3 November 1- Feb 28

4.8 S5BCL069 Intermittent Tributary of Green Slough Lower Columbia Method 3 - Open cut Minor 0 0 0 Co 1 0.5 0.39 November 1- Feb 28

4.9 S5BCL070 Intermittent Unnamed Lower Columbia Method 3 - Open cut Minor 2 0.2 November 1- Feb 28

5 S5BCL071 Intermittent Tributary of Lewis and Clark Lower Columbia Method 2 - HDD Minor 0 0 0 FaCh 1 0.5 0.23 November 1- February 28

5.2 S5BCL072 Perennial Tributary of Lewis and Clark Lower Columbia Method 2 - HDD Minor 0 0 0 Co,FaCh 1 0.5 0.09 July 15- Sept. 15

5.7 S99CL064 Perennial Lewis and Clark River Lower Columbia Method 2 - HDD Major 0 0 0 Co,FaCh 1 0.5 0 July 15- Sept. 15

5.8 S38CL003 Intermittent Tributary of Lewis and Clark Lower Columbia Method 2 - HDD Minor 0 0 0 Co 1 0.5 0.41 November 1- February 28

7.9 S1BCL001 Perennial Heckard Creek Lower Columbia Method 1 - Flume Intermediate 0 0 0 Co 1 0.5 0.02 July 1 - Sept. 15

8.1 S1BCL050 Intermittent Unnamed Lower Columbia Method 3 - Open cut Intermediate 10 0.13 July 15- Sept. 15

8.6 S1BCL002 Intermittent Tributary of Lewis and Clark Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 1.17 July 1 - Sept. 15

8.8 S1BCL018 Perennial Tributary of Lewis and Clark Lower Columbia Method 1 - Flume Intermediate 0-5 0-5 0-5 0-5 0-5 95-100 1 5 25 1 C6 Co,FaCh 5 3 4 1.29 July 1 - Sept. 15

9.1 S1BCL003 Intermittent Tributary of Lewis and Clark Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 0.86 July 1 - Sept. 15

9.3 S1BCL004 Intermittent Tributary of Lewis and Clark Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 0.82 July 1 - Sept. 15

9.7 S1BCL005 Intermittent Tributary of Lewis and Clark Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 0.97 July 1 - Sept. 15

9.7 S1BCL006 Ephemeral Tributary of Lewis and Clark Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 0.96 July 1 - Sept. 15

9.9 S1BCL007 Intermittent Tributary of Lewis and Clark Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 0.97 July 1 - Sept. 15

10 S1BCL008 Perennial Tributary of Lewis and Clark Lower Columbia Method 1 - Flume Intermediate 0 0 0 Co,FaCh 1 0.5 0.98 July 1 - Sept. 15

11 S99CL018 Perennial Lewis and Clark River Lower Columbia Method 2 - HDD Minor 0 0 0 Co,FaCh 1 0.5 0.08 July 1 - Sept. 15

12.8 S1BCL016 Perennial Tributary of Speelyai Creek Lower Columbia Method 1 - Flume Minor 0-5 40-45 40-45 15-20 0-5 0-5 14 1 10 1 A2a+ Co 2 2 2 1.03 July 1 - Sept. 15

13.8 S5BCL040 Perennial Tributary of Youngs River Lower Columbia Method 1 - Flume Minor 0 0.8 0 Co,FaCh 1 0.5 2.02 July 1 - Sept. 15

13.8 S5BCL041 Perennial Tributary of Youngs River Lower Columbia Method 1 - Flume Minor 0 2 0 Co,FaCh 1 0.5 2.03 July 1 - Sept. 15

13.9 S5BCL042 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 2.05 July 15- Sept. 30

13.9 S5BCL043 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 2.08 July 15- Sept. 30

14.1 S5BCL045 Perennial Tributary of Youngs River Lower Columbia Method 1 - Flume Minor 0 0 0 Co,FaCh 1 0.5 2.15 July 15- Sept. 30

14.2 S5BCL044 Perennial Tributary of Youngs River Lower Columbia Method 1 - Flume Minor 0 0 0 Co,FaCh 1 0.5 2.16 July 15- Sept. 30

14.8 S5BCL038 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 2.28 July 15- Sept. 30

15.3 S5BCL035 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 2.09 July 15- Sept. 30

15.6 S5BCL030 Perennial Tributary of Youngs River Lower Columbia Method 1 - Flume Minor 0-5 0-5 5-10 5-10 5-10 85-90 4 3 4 1.2 A5 Co,FaCh 5 1 3 2.11 July 15- Sept. 30

15.6 S5BCL034 Perennial Tributary of Youngs River Lower Columbia Method 1 - Flume Minor 0-5 0-5 0-5 0-5 55-60 40-45 4 2 4 2 A4 Co,FaCh 5 1 3 2.08 July 15- Sept. 30

15.8 S5BCL031 Perennial Tributary of Youngs River Lower Columbia Method 1 - Flume Minor 15-20 5-10 5-10 10-15 20-25 45-50 5 4 5 5 A5 Co,FaCh 4 2 3 2.25 July 15- Sept. 30

16.1 S99CL016 Perennial Bayney Creek Lower Columbia Method 1 - Flume Minor 9.1 0 0 1 0.5 July 15- Sept. 30

16.6 S5BCL032 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0 0.4 0 Co,FaCh 1 0.5 2.98 July 15- Sept. 30

17.3 S5BCL077 Perennial Tributary of Youngs River Lower Columbia Method 1 - Flume Minor 0 0 0 Co,FaCh 1 0.5 3.61 July 15- Sept. 30

17.8 S5BCL079 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0-5 5-10 10-15 10-15 25-30 40-45 4 3 5 0 Co,FaCh 4 2 3 4.09 July 15- Sept. 30

17.8 S5BCL078 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0-5 5-10 15-20 20-25 35-40 25-30 2 3 6 1 Co,FaCh 4 2 3 4.05 July 15- Sept. 30

17.9 S5BCL080 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 4.2 July 15- Sept. 30

18.4 S5BCL076 Perennial Tributary of Rock Creek Lower Columbia Method 1 - Flume Minor 0-5 0-5 0-5 0-5 40-45 60-65 2 3 4 2 B4 Co,FaCh 5 1 3 4.64 July 15- Sept. 30

18.5 S1BCL009 Perennial Rock Creek Lower Columbia Method 1 - Flume Intermediate 0-5 0-5 20-25 25-30 40-45 15-20 1.5 1 17 2.4 C4 Co,FaCh 2 2 2 4.78 July 15- Sept. 30

18.8 S1BCL010 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 5.08 July 15- Sept. 30

19 S1BCL011 Perennial Tributary of Youngs River Lower Columbia Method 1 - Flume Minor 0-5 0-5 15-20 15-20 15-20 55-60 4 4 6 1 Co,FaCh 4 2 3 5.25 July 15- Sept. 30

19.1 S1BCL012 Intermittent Unnamed Lower Columbia Method 3 - Open cut Minor 0 0 0 1 0.5 2.93 July 15- Sept. 30

19.3 S1BCL014 Perennial Osgood Creek Lower Columbia Method 1 - Flume Minor 0-5 55-60 40-45 1 1 20 3 C4 Co,FaCh 5 3 4 5.55 July 15- Sept. 30

19.6 S2BCL013A Perennial Tributary of Osgood Creek Lower Columbia Method 1 - Flume Minor 0-5 0-5 0-5 0-5 0-5 90-95 0 2 7 3 Co,FaCh 5 2 3.5 5.79 July 15- Sept. 30

20.1 S2BCL013B Perennial Fox Creek Lower Columbia Method 1 - Flume Intermediate 0-5 0-5 25-30 35-40 25-30 5-10 3 1 35 2 B3a Co,FaCh 3 3 3 6.1 July 15- Sept. 30

21.4 S38CL013 Perennial South Fork Youngs River Lower Columbia Method 1 - Flume Minor 0 0 0 Co,FaCh 1 0.5 7.16 July 15- Sept. 30

21.6 S42CL003 Intermittent Unnamed lower Columbia Method 3 - Open cut Minor 2.83 July 15- Sept. 30

21.8 S5BCL058 Perennial Tributary of Youngs River Lower Columbia Method 1 - Flume Intermediate 10-15 10-15 15-20 40-45 20-25 0-5 4 1 15 3 B3a Co,FaCh 3 2 2.5 7.58 July 15- Sept. 30

22.1 S5BCL049 Perennial Tributary of Youngs River Lower Columbia Method 1 - Flume Minor 0-5 0-5 0-5 5-10 40-45 50-55 10 2 2.5 1.5 A5 Co,FaCh 5 1 3 7.85 July 15- Sept. 30

22.2 S5BCL048 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 7.92 July 15- Sept. 30

22.5 S6BCL016 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 8.2 July 15- Sept. 30

22.6 S6BCL014 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 4 Co,FaCh 8.29 July 15- Sept. 30
22.6 S6BCL013 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 1 Co,FaCh 8.28 July 15- Sept. 30

22.6 S6BCL015 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 8.23 July 15- Sept. 30

22.8 S6BCL017 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 8.51 July 15- Sept. 30

22.8 S6BCL010 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 2 Co,FaCh 8.49 July 15- Sept. 30
22.8 S6BCL011 Intermittent Tributary of Youngs River Lower Columbia Method 3 - Open cut Minor 2 Co,FaCh 8.45 July 15- Sept. 30
22.9 S6BCL018 Intermittent Tributary of Fall Creek Lower Columbia Method 3 - Open cut Minor 25-30 5-10 5-10 20-25 30-35 10-15 7 4 20 3 Co,FaCh 3 3 3 8.62 July 15- Sept. 30

23 S6BCL019 Perennial Tributary of Fall Creek Lower Columbia Method 1 - Flume Intermediate 0 0 0 Co,FaCh 1 0.5 8.66 July 15- Sept. 30

23.1 S6BCL020 Intermittent Tributary of Fall Creek Lower Columbia Method 3 - Open cut Minor 0 0 0 Co,FaCh 1 0.5 8.77 July 15- Sept. 30

23.4 S38CL014 Perennial Fall Creek Lower Columbia Method 1 - Flume Minor 0 0 0 Co,FaCh 1 0.5 9.11 July 15- Sept. 30

24.3 S5BCL016 Intermittent Tributary of Fishhawk Creek Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 10-15 90-95 11 3.5 0.1 Co,FaCh 5 1 3 2.36 July 1- Aug. 31
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24.4 S5BCL018 Perennial Tributary of Fishhawk Creek Nehalem Method 1 - Flume Minor 0-5 5-10 10-15 15-20 30-35 40-45 9 3.5 0.1 Co,FaCh 4 1 2.5 2.32 July 1- Aug. 31

24.4 S5BCL017 Intermittent Tributary of Fishhawk Creek Nehalem Method 3 - Open cut Minor 0-5 5-10 10-15 25-30 35-40 25-30 12 5 6 1 A5a+ Co,FaCh 4 2 3 2.34 July 1- Aug. 31

24.8 S2BCL001 Intermittent Tributary of Fishhawk Creek Nehalem Method 3 - Open cut Minor 0-5 0-5 20-25 35-40 15-20 5-10 7 7 0 Co,FaCh 2 2 2 2.09 July 1- Aug. 31

24.8 S2BCL002 Intermittent Tributary of Fishhawk Creek Nehalem Method 3 - Open cut Intermediate 50-55 0-5 0-5 0-5 15-20 15-20 7 25 0 Co,FaCh 3 3 3 2.08 July 1- Aug. 31

25.1 S2BCL003 Ephemeral Tributary of Fishhawk Creek Nehalem Method 3 - Open cut Minor 34 0 0 Co,FaCh 2 1 1.5 1.97 July 1- Aug. 31

25.2 S2BCL005 Perennial Tributary of Fishhawk Creek Nehalem Method 1 - Flume Intermediate 0 0 0 Co,FaCh 1 0.5 1.96 July 1- Aug. 31

25.2 S2BCL004 Intermittent Tributary of Fishhawk Creek Nehalem Method 3 - Open cut Minor 0-5 5-10 50-55 20-25 15-20 10-15 34 10 0 Co,FaCh 2 2 2 1.96 July 1- Aug. 31

25.3 S2BCL007 Perennial Tributary of Fishhawk Creek Nehalem Method 1 - Flume Minor 0-5 0-5 15-20 25-30 40-45 15-20 13 1 3 0.1 A4a+ Co,FaCh 2 1 1.5 1.95 July 1- Aug. 31

25.4 S2BCL008A Perennial Tributary of Fishhawk Creek Nehalem Method 1 - Flume Intermediate 0 0 0 Co,FaCh 1 0.5 1.95 July 1- Aug. 31

25.7 S2BCL009 Perennial Tributary of Little Fishhawk Creek Nehalem Method 1 - Flume Intermediate 20-25 0-5 15-20 25-30 15-20 20-25 4 2 10 0.1 B1a Co 3 2 2.5 4.29 July 1- Aug. 31

25.7 S2BCL010 Intermittent Tributary of Little Fishhawk Creek Nehalem Method 3 - Open cut Minor 0 0 0 Co 1 0.5 4.27 July 1- Aug. 31

25.9 S2BCL012 Intermittent Tributary of Little Fishhawk Creek Nehalem Method 3 - Open cut Minor 0 0 0 Co 1 0.5 4.19 July 1- Aug. 31

26.3 S5BCL019 Perennial Tributary of Little Fishhawk Creek Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 0-5 15-20 85-90 9 5 1.2 0.2 A5 Co 5 1 3 3.87 July 1- Aug. 31

26.5 S5BCL029 Perennial Tributary of Little Fishhawk Creek Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 0-5 15-20 85-90 18 1.5 0.2 A5+ Co 5 1 3 3.68 July 1- Aug. 31

26.6 S5BCL027 Perennial Tributary of Little Fishhawk Creek Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 0-5 0-5 95-100 6 1 0.2 A5 Co 5 1 3 3.63 July 1- Aug. 31

26.6 S5BCL028 Intermittent Tributary of Little Fishhawk Creek Nehalem Method 3 - Open cut Minor 0 3 0 Co 1 0.5 3.63 July 1- Aug. 31

26.8 S5BCL023 Perennial Tributary of Little Fishhawk Creek Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 0-5 0-5 95-100 23 1.3 0.2 A5 Co 5 1 3 3.4 July 1- Aug. 31

26.8 S5BCL025 Perennial Tributary of Little Fishhawk Creek Nehalem Method 1 - Flume Minor 17 1.4 0.7 A5a+ Co 1 0.5 3.41 July 1- Aug. 31

27 S5BCL022 Intermittent Tributary of Little Fishhawk Creek Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 0-5 95-100 23 0 0 Co 5 1 3 3.27 July 1- Aug. 31

27.2 S5BCL021 Perennial Tributary of Little Fishhawk Creek Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 0-5 0-5 95-100 2 6 0.2 B4 Co 5 2 3.5 3.05 July 1- Aug. 31

27.3 S5BCL020 Perennial Tributary of Little Fishhawk Creek Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 0-5 0-5 95-100 4 1.8 0.2 A4 Co 5 1 3 2.97 July 1- Aug. 31

27.4 S5BCL015 Perennial Tributary of Little Fishhawk Creek Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 0-5 5-10 95-100 13 4 0.2 A5a+ Co 3 1 2 2.89 July 1- Aug. 31

27.6 S5BCL014 Intermittent Tributary of Little Fishhawk Creek Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 0-5 95-100 6 2.4 0.2 Co 5 1 3 2.68 July 1- Aug. 31

27.8 S5BCL012 Intermittent Tributary of Little Fishhawk Creek Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 0-5 95-100 10 2 0.1 Co 5 1 3 2.55 July 1- Aug. 31

27.8 S5BCL013 Intermittent Tributary of Little Fishhawk Creek Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 0-5 95-100 16 2 4 Co 5 1 3 2.56 July 1- Aug. 31

27.9 S5BCL011 Intermittent Tributary of Little Fishhawk Creek Nehalem Method 3 - Open cut Minor 0-5 5-10 5-10 10-15 30-35 45-50 10 4 3 1 A5 Co 2 1 1.5 2.46 July 1- Aug. 31

28.1 S5BCL010 Perennial Tributary of Little Fishhawk Creek Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 0-5 30-35 55-60 6 3.5 0.5 Co 2 1 1.5 2.35 July 1- Aug. 31

28.4 S5BCL007 Intermittent Tributary of East Humbug Creek Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 0-5 95-100 0 6 6 Co 5 2 3.5 1.24 July 1- Sept. 15

28.5 S5BCL004 Intermittent Tributary of East Humbug Creek Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 0-5 95-100 7 7 2.5 Co 5 2 3.5 1.13 July 1- Sept. 15

28.5 S5BCL005 Intermittent Tributary of East Humbug Creek Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 0-5 95-100 5 4 0.1 Co 5 1 3 1.19 July 1- Sept. 15

29 S5BCL001 Intermittent Tributary of East Humbug Creek Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 0-5 95-100 0 3 3.5 Co 5 1 3 0.79 July 1- Sept. 15

29 S5BCL002 Intermittent Tributary of East Humbug Creek Nehalem Method 3 - Open cut Minor 0 0 0 Co 1 0.5 0.81 July 1- Sept. 15

29.4 S6BCL007 Intermittent Tributary of East Humbug Creek Nehalem Method 3 - Open cut Minor 0 0 0 Co, FaCh 1 0.5 0.81 July 1- Sept. 15

29.4 S6BCL008 Intermittent Tributary of East Humbug Creek Nehalem Method 3 - Open cut Minor 0 0 0 Co, FaCh 1 0.5 0.8 July 1- Sept. 15

29.5 S6BCL006 Perennial Tributary of East Humbug Creek Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 5-10 20-25 65-70 7 2 7 1 A5 Co 5 2 3.5 0.79 July 1- Sept. 15

29.5 S6BCL005 Perennial Tributary of East Humbug Creek Nehalem Method 1 - Flume Minor 0.78 July 1- Sept. 15

29.9 S6BCL004 Intermittent Tributary of East Humbug Creek Nehalem Method 3 - Open cut Minor 0.59 July 1- Sept. 15

30.9 S2BCL021 Intermittent Tributary of East Humbug Creek Nehalem Method 3 - Open cut Minor 0 0 0 Co 1 0.5 0.72 July 1- Sept. 15

31.4 S2BCL008B Perennial Alder Creek Nehalem Method 1 - Flume Intermediate 0 0 0 Co 1 0.5 0 July 1- Sept. 15

31.6 S6BCL001 Intermittent Tributary of Alder Creek Nehalem Method 3 - Open cut Minor 0-5 5-10 20-25 5-10 20-25 30-35 10 3 6 1.5 A3 Co 3 2 2.5 0.78 July 1- Sept. 15

32 S3BCL001 Intermittent Tributary of Nehalem River Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 10-15 75-80 25 6 1 Co,SpCh,FaCh 5 2 3.5 0.69 July 1- Aug. 31

32 S3BCL002 Intermittent Tributary of Nehalem River Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 10-15 75-80 13 6 1 Co,SpCh,FaCh 5 2 3.5 0.68 July 1- Aug. 31

32.1 S3BCL003 Intermittent Tributary of Nehalem River Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 10-15 75-80 15 4 1 Co,SpCh,FaCh 5 1 3 0.67 July 1- Aug. 31

32.1 S3BCL004 Intermittent Tributary of Nehalem River Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 10-15 75-80 11 6 1 Co,SpCh,FaCh 5 2 3.5 0.66 July 1- Aug. 31

32.3 S3BCL005 Intermittent Tributary of Nehalem River Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 10-15 90-95 7 8 0 Co,SpCh,FaCh 5 2 3.5 0.67 July 1- Aug. 31

32.3 S3BCL006 Intermittent Tributary of Nehalem River Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 10-15 90-95 7 6 0 Co,SpCh,FaCh 5 2 3.5 0.67 July 1- Aug. 31

32.4 S3BCL007 Intermittent Tributary of Nehalem River Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 10-15 90-95 12 8 5 Co,SpCh,FaCh 5 2 3.5 0.68 July 1- Aug. 31

33.5 S99CL108 Perennial Nehalem River Nehalem Method 2 - HDD Major 0 0 0 Co,SpCh,FaCh 1 0.5 0 July 1- Aug. 31

34.4 S5BCL046 Perennial Tributary of Nehalem River Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 0-5 0-5 95-100 14 2 0.5 A6a+ Co,SpCh,FaCh 5 1 3 1.06 July 1- Aug. 31

36.2 S3BCL101 Perennial Unnamed Nehalem Method 1 - Flume July 1- Aug. 31
36.3 S3BCL102 Perennial Unnamed Nehalem Method 1 - Flume July 1- Aug. 31
37.5 S8BCL004 Perennial Tributary of North Fork Quartz Nehalem Method 1 - Flume 0.47 July 1- Aug. 15

37.7 S8BCL003 Intermittent Tributary of North Fork Quartz Nehalem Method 3 - Open cut 0.54 July 1- Aug. 15

38.5 S8BCL001 Perennial Tributary of South Fork Quartz Nehalem Method 1 - Flume 1.28 July 1- Aug. 15

39.6 S1BCL029 Intermittent Tributary of Military Creek Nehalem Method 3 - Open cut Minor 0 0 0 Co 1 0.5 0.28 July 1- Aug. 31

39.8 S1BCL027 Intermittent Tributary of Military Creek Nehalem Method 3 - Open cut Minor 0 0 0 Co 1 0.5 0.17 July 1- Aug. 31

39.8 S1BCL028 Intermittent Tributary of Military Creek Nehalem Method 3 - Open cut Minor 0 0 0 Co 1 0.5 0.18 July 1- Aug. 31

41 S8BCL005 Perennial Rock Creek Nehalem Method 2 - HDD Intermediate 15-20 0-5 5-10 20-25 15-20 55-60 2 3 20 0.3 F5b Co 4 3 3.5 0 July 1- Aug. 31

42.3 S8BCL009 Perennial Tributary of South Fork Rock Nehalem Method 1 - Flume Intermediate 0 11 0 Co 1 0.5 0 July 1- Aug. 31

42.7 S1BCL020 Perennial Tributary of South Fork Rock Nehalem Method 1 - Flume Minor 0-5 25-30 20-25 15-20 0-5 50-55 8 5 6 3 A2a+ Co 3 2 2.5 0.03 July 1- Aug. 31

43.1 S1BCL021 Perennial South Fork Rock Creek Nehalem Method 2 - HDD Intermediate 0-5 0-5 10-15 35-40 40-45 15-20 1 2 15 1 C4 Co 3 2 2.5 0 July 1- Aug. 31

43.4 S1BCL022 Perennial Bear Creek Nehalem Method 2 - HDD Intermediate 0-5 0-5 0-5 0-5 50-55 50-55 1 3 12 1 Co 5 2 3.5 0 July 1- Aug. 31

43.5 S1BCL023 Intermittent Tributary of Bear Creek Nehalem Method 2 - HDD Minor 0 0 0 Co 1 0.5 0.04 July 1- Aug. 31

43.7 S1BCL024 Perennial Tributary of Bear Creek Nehalem Method 1 - Flume Minor 0 0 0 Co 1 0.5 0.09 July 1- Aug. 31

43.9 S1BCL025 Intermittent Tributary of Bear Creek Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 0-5 95-100 2 5 4 1 Co 5 1 3 0.12 July 1- Aug. 31

44 S1BCL026 Intermittent Tributary of Bear Creek Nehalem Method 3 - Open cut Minor 0-5 0-5 0-5 0-5 0-5 95-100 4 5 3 1 Co 5 1 3 0.11 July 1- Aug. 31

44.2 S1BTI001 Perennial Bear Creek Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 0-5 0-5 95-100 1 5 6 2 Co 5 2 3.5 0.18 July 1- Aug. 31

44.3 S1BTI002 Intermittent Tributary of Bear Creek Nehalem Method 3 - Open cut Minor 0 0 0 Co 1 0.5 0.27 July 1- Aug. 31

44.8 S5BTI001 Perennial Tributary of Wolf Creek Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 0-5 25-30 65-70 6 3 5 0.1 A4a+ Co 5 2 3.5 0.59 July 1- Sept. 15
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45.1 S1BTI003 Intermittent Tributary of Wolf Creek Nehalem Method 3 - Open cut Minor 0 0 0 Co,SpCh 1 0.5 2.41 July 1- Aug. 31

47.6 S6BCO002 Perennial North Fork Wolf Creek Nehalem Method 1 - Flume Intermediate Co, SpCh, St 0.00 July 1 - August 31

48.3 S1BCO000 Perennial Tributary of North Fork Wolf CreekNehalem Method 1 - Flume Minor not confirmed 0.64 July 1 - August 31

50.5 S3BCO012 Perennial Clear Creek Nehalem Method 1 - Flume Intermediate 0 0 0 Co 1 0.5 0.03 July 1 - August 31

53.6 S3BCO002 Perennial Fall Creek Nehalem Method 1 - Flume Minor not confirmed 2.28 July 1 - August 31

55.7 S3BCO107 Perennial Cedar Creek Nehalem Method 1 - Flume Intermediate 0-5 0-5 0-5 10-15 35-40 55-60 2 4 10 3 Co 4 2 3 0.01 July 1 - August 31

55.8 S3BCO106 Perennial Tributary of Cedar Creek Nehalem Method 1 - Flume Minor 0-5 0-5 0-5 10-15 55-60 35-40 4 3 4 4 not confirmed 4 1 2.5 0.21 July 1 - August 31

57.7 S3BCO101B Perennial Braided Channel to Rock Creek Nehalem Method 2 - HDD Intermediate 0-5 0-5 0-5 0-5 0-5 95-100 2 30 30 Co, SpCh, St 5 3 4 0.00 July 1 - August 31

57.7 S3BCO100 Perennial Tributary of Rock Creek Nehalem Method 2 - HDD Intermediate 0.01 July 1 - August 31

57.7 S3BCO101 Perennial Rock Creek Nehalem Method 2 - HDD Intermediate 0.00 July 1 - August 31

63.8 S3BCO014 Perennial Nehalem River Nehalem Method 2 - HDD Intermediate 0-5 0-5 0-5 0-5 0-5 95-100 2 3 30 10 Co, SpCh, St 5 3 4 0.00 July 1 - August 31

66.3 S3BCO103 Intermittent Tributary of Oak Ranch Creek Nehalem Method 3 - Open cut Minor not confirmed 0.94 July 1 - August 31

67.7 S6BCO004 Intermittent Unnamed Nehalem Method 3 - Open cut Minor 0.38 July 1 - August 31

68.0 S6BCO003 Perennial Unnamed Nehalem Method 1 - Flume Minor 0.49 July 1 - August 31

70.2 S3BCO003 Intermittent Tributary of Clatskanie River Lower Columbia-Clatskanie Method 3 - Open cut Intermediate not confirmed 0.59 July 1 - August 31

70.7 S99CO020 Perennial Clatskanie River Lower Columbia-Clatskanie Method 1 - Flume Intermediate 0.00 July 1 - August 31

71.0 S99CO021 Perennial Unnamed Lower Columbia-Clatskanie Method 1 - Flume Minor 0.19 July 1 - August 31

71.8 S5BCO001 Perennial Little Clatskanie River Lower Columbia-Clatskanie Method 1 - Flume Minor Co 0.06 July 1 - August 31

72.7 S3BCO008 Perennial/Intermittent Tributary of Milton Creek Lower Willamette Method 1 - Flume Minor not confirmed 0.24 July 15 - August 31

73.0 S3BCO010 Perennial Milton Creek Lower Willamette Method 1 - Flume Intermediate Co, St 0.02 July 15 - August 31

73.5 S1BCO004 Intermittent Apilton Creek Lower Willamette Method 3 - Open cut Minor not confirmed 0.54 July 15 - August 31

73.6 S1BCO005 Intermittent Tributary of Apilton Creek Lower Willamette Method 3 - Open cut Minor not confirmed 0.58 July 15 - August 31

74.5 S5BCO011 Perennial Unnamed Lower Willamette Method 1 - Flume Minor 0.12 July 15-September 15

74.6 S5BCO010 Perennial Unnamed Lower Willamette Method 1 - Flume Intermediate 0.12 July 15-September 15

74.9 S6BCO001 Perennial Milton Creek Lower Willamette Method 1 - Flume Intermediate 0.00 July 15-September 15

76.3 S3BCO110 Intermittent Tributary of Merrill Creek Lower Columbia-Clatskanie Method 3 Minor 0-5 0-5 0-5 0-5 30-35 70-75 12 4 2 1 A5a+ not confirmed 5 1 3 0.23 July 15-September 15

76.4 S3BCO017 Perennial Merrill Creek Lower Columbia-Clatskanie Method 1 - Flume Intermediate 0.00 July 15-September 15

78.2 S2BCO009 Intermittent Tributary of Merrill Creek Lower Columbia-Clatskanie Method 3 Minor not confirmed 0.38 July 15-September 15

78.4 S3BCO122 Perennial Tributary of Merrill Creek Lower Columbia-Clatskanie Method 1 - Flume Intermediate 0-5 0-5 10-15 10-15 30-35 50-55 4 3 12 2 Co 4 2 3 0.20 July 15-September 15

79.0 S3BCO120 Intermittent Tributary of Merrill Creek Lower Columbia-Clatskanie Method 3 Minor not confirmed 0.87 July 15-September 15

79.0 S3BCO119 Intermittent Tributary of Merrill Creek Lower Columbia-Clatskanie Method 3 Minor 0-5 0-5 0-5 0-5 5-10 95-100 4 4 1 1 A6 not confirmed 5 1 3 0.92 July 15-September 15

79.9 S3BCO115 Perennial Tributary of Merrill Creek Lower Columbia-Clatskanie Method 1 - Flume Minor 0-5 0-5 0-5 0-5 5-10 95-100 17 4 2 2 A5a+ not confirmed 5 1 3 2.01 July 15-September 15

81.6 S99CO011 Perennial Deer Island Slough Lower Columbia-Clatskanie Method 1 - Flume Intermediate  38  not confirmed 1 0.5 0.46 July 15-September 15

82.0 S3BCO123 Perennial Dyna Nobel Channel Lower Columbia-Clatskanie Method 2 - HDD Intermediate  20  not confirmed 1 0.5 0.45 July 15-September 15

82.3 S99CO014 Perennial Columbia River Lower Columbia-Clatskanie Method 2 - HDD Major  3300  not confirmed 1 0.5 0.00 November 1-February 28

83.3 S99CW020 Perennial Burris Creek Lewis Method 1 - Flume Intermediate  10  not confirmed   0.00 August 1-August 31

85.8 S99CW021 Perennial Unnamed Lewis Method 1 - Flume Minor  2  not confirmed   0.36 August 1-August 31

86 S99CW022 Perennial Unnamed Lewis Method 1 - Flume Minor  2  not confirmed   0.31 August 1-August 31

86.5 S99CW023 Intermittent Unnamed Lewis Method 1 - Flume Proxy  3  not confirmed   0.48 August 1-August 15

86.7 S99CW025 Intermittent Unnamed Lewis Method 1 - Flume Proxy  3  not confirmed   0.40 August 1-August 15

86.8 S99CW026 Perennial Unnamed Lewis Method 1 - Flume Proxy  3  not confirmed   0.39 August 1-August 15

Co = Coho Salmon
E = Ephemeral
FaCh = Fall Chinook Salmon
I = Intermittent
MP = Milepost
NA = Not available
NDA = No data available
P = Perennial

SpCh = Spring Chinook Salmon
St = Winter Steelhead

Additional Notes:
Widths in feet are stream ordinary high water mark (OHWM).
Stream ID numbers beginning in S99 are for areas with no field access and are based on aerial photo and Pacific Northwest Hydrography Network database.
Remaining data are from field surveys.

Duplicate milepost numbers occur because of rounding of mileposts to nearest tenth of a mile.
Precision loss may occur because of rounding.

a As determined by field observation or the U.S. Geological Survey (USGS) 7.5-minute topographic maps. Intermittent: has surface flow for at least 3 months out of the year and has a connection to 
b Waterbody names are as depicted on USGS 7.5-minute topographic maps.

g Scour Potential (Ave. of substrate and bankfull width scores) column: The scour potential is the average of the substrate and bankfull width scores and represents the potential for vertical and/or horizontal scour. Scour potential is on a scale of 1-5 with 1 representing low scour potential typically because the stream is small with a high percentage of boulder, cobble, rubble, gravel substrate and low 
energy flows. A 5 represents larger channels with higher energy flows and a high percentage of fines and/or gravel.

Proxy Data = These data were provided by the National Wetlands Inventory (NWI) database, the Warrington Local Wetland Inventory (LWI) database, the Pacific Northwest (PNW) Hydrography Framework, and the Natural Resources Conservation Service (NRCS) Soil Survey Geographic (SSURGO) database.
The data do not include certain information, such as stream type, stream width, or wetland type. Once the final pipeline route is approved and access to these areas is secured, these data will be collected.

f Bankfull Score column: The bankfull width score is based on the bankfull width of the channel. Scores are on a scale of 1-5 with 1 representing the narrowest channels and 5 representing the widest channels.

c Stream designation includes minor, intermediate, and major waterbodies crossed by the Project. Minor waterbodies include all waterbodies less than or equal to 10 feet wide at the water's edge at the time of crossing; intermediate waterbodies include all waterbodies greater than 10 feet wide but less than or equal to 100 feet wide at the water's edge at the time of crossing; and major waterbodies 
include all waterbodies greater than 100 feet wide at the water's edge at the time of crossing.
d Fisheries classifications within the state of Oregon are considered to be coldwater fisheries (see Resource Report 3 for more information).
e Substrate Score column: The substrate score is based on percent fines, embeddedness, and professional judgment for salmonid spawning substrate. Scores are on a scale of 1-5 with 1 being the best salmonid spawning habitat and 5 being the worst.

Abbreviations:
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Introduction
Oregon LNG is proposing to construct a liquefied natural gas (LNG) Terminal near 
Warrenton, Oregon. While unloading, LNG carriers (LNGCs) take on ballast and cooling 
water, which is accomplished through openings in the hull known as “seachests.” These 
seachests are not screened to exclude juvenile fish and, as such, there is the potential for fish 
listed under the Endangered Species Act (ESA) in the Lower Columbia River Estuary 
(LCRE) to be entrained or impinged. Oregon LNG is currently pursuing methods to screen 
or otherwise exclude juvenile salmonids from ballast and cooling water intakes. However, 
because of numerous technical and operational challenges, development of a screening or 
exclusion system has proven challenging. The purpose of this technical memorandum is to 
estimate the potential number of individual fish that could be entrained from each 
Evolutionarily Significant Unit (ESU) or Distinct Population Segment (DPS) of ESA-listed 
salmonids if screens are not used or if screens fail during use.  

It is assumed that because of their relatively large size and good swimming ability during 
estuarine residency, adult eulachon (proposed for threatened status), adult salmon, and 
adult and subadult green sturgeon will not be susceptible to entrainment. Larval eulachon 
will be susceptible to entrainment but—because of their small size—would not be excluded 
from ballast tanks even if screens were employed. There is also concern for the entrainment 
of juvenile Pacific lamprey, an unlisted species that is potentially in decline and is culturally 
important to Native American tribes. Unfortunately, there are no data on lamprey 
abundance, distribution, or behavior in the LCRE, making estimates on their entrainment 
impossible. Juvenile lamprey have been shown to be relatively poor swimmers, and 
therefore are likely susceptible to entrainment. 

Throughout this technical memorandum, the word “entrainment” will be used as a 
surrogate for both entrainment and impingement since both have the same effect—mortality 
of the entrained or impinged fish. This modeling addresses only juvenile salmonids, as 
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adults of those species are strong swimmers and are able to avoid entrainment. Therefore, 
any reference to “fish” is in regard to juvenile salmonids. The only other listed or proposed 
species in the LCRE is green sturgeon. Green sturgeon subadults are at least 1.5 years old 
upon entry into the Columbia River estuary, and large enough to avoid entrainment. 
Although some unlisted species present in the LCRE may be susceptible to entrainment, 
population density and distribution data for those species (perhaps with the exception of 
white sturgeon) are so limited that they preclude reasonably accurate prediction of those 
species’ entrainment potential. Nonetheless, impacts to unlisted species will be addressed in 
subsequent documents outlining proposed mitigation activities. 

This technical memorandum provides an update to a previously published technical 
memorandum on this topic1 (the “May 22 memo”). 

In the analysis conducted and reported in the May 22 memo, many assumptions were made 
about uncertain variables that assumed the conservative “worst case.” Thus, the resulting 
entrainment estimates were similarly conservative. Throughout this updated memorandum, 
the assumptions of the May 22 memo are included and briefly discussed for comparison 
purposes. After reviewing earlier versions of the May 22 memo, regulatory agencies 
requested a sensitivity analysis that could be used to establish confidence limits around the 
entrainment estimates. This updated memorandum discusses a revised entrainment 
estimate methodology in which published research and expert opinion were used to assign 
probability distributions and outcomes to a series of key uncertain variables. Probabilistic 
fish entrainment estimates were then developed using Monte Carlo simulation.  

Monte Carlo Simulation Methods 
Monte Carlo simulation calculates fish entrainment by taking a random sample of each 
specified distribution. This result is saved and the simulation is run again, and the result is 
saved. This process continues for 10,000 simulations. The final result is a probability 
distribution for fish entrainment that encapsulates the accumulated knowledge of all the 
uncertain variables.  

Ideally, the selection of probability distributions for key variables should be based on 
consideration of the underlying physical processes or mechanisms thought to drive the 
observed variability. For example, if a key variable is the result of the product of a large 
number of other random variables, it would make sense to select a lognormal distribution 
for testing. As another example, the exponential distribution would be a reasonable 
candidate if the stochastic variable represented a process akin to inter-arrival times of events 
that occur at a constant rate. As a final example, a gamma distribution would be a 
reasonable candidate if the random variable of interest were the sum of independent 
exponential random variables. 

However, in most risk assessment projects, the uncertainties are not the result of underlying 
physical processes or mechanisms, or there are inadequate data available to use as a basis 

                                                      
 
1 Technical Memorandum from Bob Ellis, Ellis Ecological Services, Inc., to Jay Lorenz, CH2M HILL. May 22, 2009. Oregon 
LNG: Analysis of ESA-Listed Salmonid Entrainment at Ballast and Cooling Water Intakes. Distributed to subgroup members 
May 22, 2009. 
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for selection of a particular distribution. In such cases, there are a few types of distributions 
that are used frequently because their parameters are easy to elicit from subject matter 
experts. For this analysis, all probabilistic variables were assigned one of two distributions: 
the triangle distribution and the uniform distribution. A brief discussion of each distribution 
follows.  

Triangle Distribution 
The triangle distribution specifies a triangular distribution using a midpoint (statistically, 
the mode, or the “base” estimate) and the upper and lower limits (endpoints) of the 
distribution. This distribution allows for skewness, where the upper bound is farther, 
typically, from the most likely outcome than the lower bound (that is, +50/-20). The 
following parameters have been specified for all triangle distributions: 

Lowest possible outcome 
Most likely outcome 
Highest possible outcome 

In this analysis, triangle distributions are used to characterize the following variables: 

1. Percentage of vessels annually that will be 148,000 cubic meters (m3) capacity 

2. Percentage of time slack water occurs 

3. Percentage of fish south of Desdemona Sands 

4. Percentage of fish in the top 20 feet (ft) of water 

5. Percentage of fish that react to an entrainment threat at cruising speed (versus burst 
speed or sustained speed) 

6. Fish lengths by species  

Uniform Distribution 
The continuous uniform distribution is such that all intervals of the same length between its 
endpoints are equally probable. The distribution is defined by a minimum and maximum 
value. In this analysis, the uniform distribution is used to characterize intake velocities at 
seachests in each of four potential capture zones.  

Methodology Overview 
Estimated fish entrainment by species is a function of a series of relationships between 
relevant variables, some of which are modeled as deterministic (single point estimates), and 
some of which are modeled as uncertain with a probability distribution. A flow diagram 
that shows the relationships between variables is shown in Figure 1. In the diagram, 
deterministic variables are shown as yellow squares, probabilistic variables are shown as 
green ovals, and calculated values are shown as blue, rounded squares.  
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Terminal Variables 
The Terminal variables refer to data regarding the ships that will dock at the proposed 
Terminal. They include the number of annual deliveries, vessel size, hours of intake, intake 
velocities, and potential capture zones. 

Terminal Operation  
During the unloading process, the LNGCs will take on ballast water in order to offset the 
tonnage lost due to the LNG unloading process and to correct for any trim, list, or structural 
considerations. The intake of ballast water is necessary to maintain safe operations and to 
provide a constant freeboard between the vessel and the marine Terminal. Cooling water is 
also required to cool ship engines. Ballast and cooling water systems and requirements vary 
among vessels, including vessels of similar size and capacity. 

Pertinent characteristics of LNGCs and LNG operations were gathered through contacts 
within the shipping industry and engine manufacturers, and from design data and 
photographs of the largest expected LNGC’s seachests at the Daewoo Shipbuilding & 
Marine Engineering (DSME) Shipyard. Such data are often proprietary or closely held and 
are not typically shared outside the industry. Therefore, it was challenging to obtain 
accurate information on seachest design and configuration. 

A single seachest is a recess or cavity in the ship’s hull through which water is drawn for 
onboard uses (Figure 2). Different ship water systems (e.g., ballast water, cooling water, and 
fire suppression water) do not have individual seachests but, rather, the various water 
supplies obtain their water via intakes within shared seachests. Each seachest has one or 
several openings. A typical opening is 0.8 meter (m) (2.6 ft wide and 1.5 m (4.9 ft) high. It 
was assumed that each seachest is equipped with four of these openings, as was the case for 
the observed ship at the DSME Shipyard. Each opening is equipped with a grate or trash 
rack. Figure 1 illustrates a typical seachest with four grated openings. A typical grate 
consists of 2.5- to 5.0-millimeter (mm) (0.1- to 0.2-inch [in.])-wide bars, 25 mm (one in.) on 
center. Most LNGCs have a filter inboard of the seachest intake, consisting of a mesh with 
5-mm (0.2-in.) openings. This mesh size is larger than the screening criterion of 2.38 mm 
(3/32 in.) recommended by the National Marine Fisheries Service (NMFS) and the Oregon 
Department of Fish and Wildlife (ODFW) for intakes where salmonid fry are present, and is 
less than the 6.35-mm (1/4-in.) screening criterion where fry are never present. 

A typical ship will have four seachests—two “high” and two “low.” The low seachests are 
located on either side of the keel, and it is assumed they will not be used when the LNGCs 
are docked in the Columbia River. This is because the seachests would be located so near the 
bottom of the river that there would be risk of entraining sediment. The high seachests are 
located on the lower part of the hull on either side (port and starboard), typically near the 
stern. The depth of the seachests relative to the water surface can vary, but because the ship 
must maintain a constant draft, the seachest depth is expected to remain relatively constant 
while the vessel is at dock. On the basis of industry sources, this depth is expected to be 
27 to 35 ft below the water line, and for the purposes of this modeling, it was assumed to be 
30 ft (9 m) deep. Water can be pumped through any of the seachests, as the various water 
systems have connections to each. 
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FIGURE 1 
Methodology Flow Diagram 
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FIGURE 2 
Typical Seachest, Photographed at the DSME Shipyard 
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The DSME Shipyard data indicate that although there is variability in the seachest 
configuration and flow rates, the operational principles are similar for most LNGCs. The 
DSME Shipyard provided typical ballast water requirements, seachest locations and 
opening sizes, operating parameters of ballast and cooling water intake, and cooling water 
requirements for three types of LNGCs: a common carrier of 148,000 m3 capacity, a carrier of 
213,000 m3 capacity (Q-Flex Class), and a carrier of 266,000 m3 capacity (Q-Max Class).  

In general, most LNGCs under 150,000 m3 are steam powered while many of the newer 
ships with capacities greater than 150,000 m3 are diesel powered. Currently, most vessels in 
service throughout the world have capacities of 150,000 m3 or less and are powered by 
steam. Diesel- and steam-powered vessels differ in the amount of cooling water required. A 
steam-powered vessel requires a large quantity of water to cool the condensers, even while 
the vessel is docked. Cooling water is also required for the ship’s equipment (for example, 
generators), but at a much lower flow rate. A diesel-powered ship requires cooling water 
primarily for the ship’s equipment; diesel-powered ships do not use condensers. Therefore, 
the quantity of water required is substantially less for larger diesel-powered ships. 

Hours of Water Intake 
LNGC vessels require cooling water at a constant rate for the entire time they are at port. 
The amount of time the vessels spend in port is dictated by two things: the unloading 
capacity of the Terminal, and unpredictable variables such as the amount of time it takes to 
complete paperwork or other administrative tasks. The amount of ballast water required 
depends on the size of the vessel; larger vessels require more ballast water to offset their 
cargo, and because the on-loading rate is constant, they must therefore spend more time 
unloading.  

A typical steam-powered vessel will use a large pump rated at 10,000 m3 per hour for the 
main condenser cooling water, and a smaller pump rated at 3,000 m3 per hour for the ship’s 
equipment. The total flow that is actually used is normally less than the maximum capacity 
of the pumps; total use is 1,090 m3 per hour for main condenser cooling and 1,300 m3 per 
hour for auxiliary equipment, or a total cooling-water flow rate of approximately 2,390 m3 
per hour. In comparison, the typical cooling-water requirements for the new diesel-powered 
vessels are expected to be approximately 2,040 m3 per hour (i.e., 1,300 m3 per hour for main 
condenser cooling and 740 m3 per hour for auxiliary equipment). 

For the purposes of modeling, it was assumed that each vessel would be in port for 
21 hours. This was based on industry sources, including data obtained from Lone Star R.S. 
Platou Inc., a shipping company, which reported time at port for several vessels at several 
LNG terminals; and data for the Cove Point and Elba LNG terminals in Maryland and 
Georgia, respectively. Times at port for Lone Star R.S. Platou ships ranged from 4 hours, 
14 minutes to 23 hours 15 minutes, with an average of 20 hours, 57 minutes. Time spent at 
port for ships at the Elba and Cove Point facilities ranged from 17 hours 40 minutes to 
33 hours 32 minutes, with an average of 23 hours, 38 minutes and a median of 21 hours 
57 minutes.  

Of the 21 hours spent in port, the amount of time spent unloading is based on the unloading 
capacity of the Terminal. During this time, both ballast water and cooling water are 
required. For the remainder of the 21 hours, only cooling water will be withdrawn from the 
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estuary. Table 1 shows the total water requirements for different vessel classes. Annual 
hours of water intake will then be calculated as follows: 

Annual hours of water intake = (number of ships by class) * (hours at 
Terminal for each ship) 

TABLE 1 
LNGC Water Flow and Time at Terminal 

 Water Flow (m3 per hour) 
Maximum Intake 

Rate (ft3/sec) Time at Terminal (hr) 

LNGC Class 
(cm) Ballast Cooling 

Ballast and 
Cooling Ballast and Cooling 

Cooling 
Only 

Ballast and 
Cooling 

148,000 6,200 2,478 8,678 85.1 9 12 

213,000 6,600 2,040 8,640 84.7 7 14 

266,000 6,600 2,040 8,640 84.7 5 16 

Note: Time at Terminal estimated for cooling water only and for ballast and cooling water combined. 

Abbreviations:  

m3 = cubic millimeters. 
ft3/sec = cubic feet per second. 
hr = hours. 

The maximum intake rate was calculated for the “typical” seachest, with four openings 
0.8 m (2.6 ft) wide and 1.5 m (4.9 ft) high. In the initial modeling (discussed in the May 22 
memo), it was assumed that each of the 100 vessels per year would be withdrawing water at 
the maximum flow rate (85 cubic feet per second [ft3/sec]) for 20 hours. In the updated 
modeling, intake velocities around the seachests were calculated for each condition (cooling 
and ballast plus cooling), and incorporated the expected proportion of different ship types 
and the amount of time each ship type spends withdrawing water. 

Annual Deliveries 
In order to determine the amount of water withdrawn annually, it is necessary to estimate 
how many of each vessel class will call at the Terminal each year (because the different 
vessel classes have different water requirements). When the Terminal is operating at design 
capacity, it is assumed that 100 vessels will arrive at the Terminal annually. This reflects the 
annual capacity of the Terminal. In initial years, fewer vessels are anticipated; therefore, the 
amount of salmonid entrainment estimated in this memorandum is the maximum expected 
during full Terminal operation.  

According to Oregon LNG representatives, most ships delivering LNG to the Terminal, at 
least initially, will be the smaller, steam-powered vessels, with fewer Q-Flex and fewer still 
Q-Max class vessels. Oregon LNG representatives believe that the most likely proportion of 
ship sizes that will call at the Terminal is as follows: 

148,000 m3—45 ships per year 
213,000 m3—35 ships per year 
266,000 m3—20 ships per year 
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Because the number of ships in each class will vary from year to year, and because the 
number of each class that will call at the Terminal is unknown, this variable was modeled 
using a triangle distribution. Oregon LNG representatives estimate that the 148,000-m3 
vessels will be the most common, and that the proportion of this vessel size will vary 
according to a triangle distribution, as shown in Table 2. 

TABLE 2 
Likelihood That Vessels Will Be 148,000 m3 in Size 

Lowest Possible Most Likely Highest Possible 

0% 45% 100% 

During the Monte Carlo simulation process, the ratio of vessels arriving in each class in the 
most likely scenario is used to determine the number of vessels in each class under all other 
scenarios. In other words, in each simulation the number of 148,000-m3 vessels is selected 
from the triangle distribution, and 100 minus that number of vessels (the remainder) is 
allocated as follows: the number of 213,000-m3 vessels is 35/55 (64 percent) of the remainder, 
and the number of 266,000-m3 vessels is 20/55 (36 percent) of the remainder. An example of 
this method is shown in Table 3.  

TABLE 3 
Ship Size Distribution in Four Example Model Iterations

148,000-m3

Vessels Remainder 
213,000-m3

Vessels 
266,000-m3

Vessels 

Most likely  45 55 35 20 

Iteration 2 52 48 31 17 

Iteration 3 41 59 38 21 

Iteration n 68 32 20 12 

In the initial modeling (discussed in the May 22 memo), the variability in ship sizes and 
water needs was not captured. Instead, 100 vessels per year were assumed to withdraw 
water at the maximum rate (85 ft3/sec) for 20 hours.  

Intake Velocities 
To estimate the potential for entrainment, it is necessary to know the shape and size of the 
area around the seachest where intake velocities exceed the swimming abilities of various 
fish. A velocity of 0.4 foot per second (ft/sec) was set as the lower limit for the area of 
potential entrainment because 0.4 ft/sec is the approach velocity set by NMFS as safe for 
salmonid fry at screens with automated cleaning.  

Coast and Harbor Engineering completed hydrodynamic modeling to determine intake 
velocities around the seachests during both cooling water withdrawal and ballast + cooling 
water withdrawal.  
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Modeling was conducted with nonhydrostatic, three-dimensional (3-D), hydrodynamic 
modeling code. The model is based on the 3D Reynolds Averaged Navier-Stokes (RANS) 
equations and the Boussinesq approximation (Kanarska and Maderich, 2003). The model 
equations are integrated with mode-splitting technique and decomposition of pressure and 
velocity fields on hydrostatic and nonhydrostatic components. The model has been tested 
with experimental data and proved to be a reasonable tool for engineering analysis of flow 
hydrodynamics at intakes and jets. 

The modeling domain was set up to be large enough that the flows on the far ends of the 
domain were not affected by the intake velocities. Ambient flows were included in the 
model as constant initial- and boundary-condition velocities with speed 1.64 ft/sec 
(0.5 meter per second [m/sec]). Figure 3 illustrates the expected intake velocities at the 
seachest and at varying distances from the ship’s hull under slackwater conditions, looking 
from the stern toward the bow, with the riverbed illustrated in red at the bottom of the 
figure. Figure 4 is a plan view, looking down, with the four seachest openings illustrated 
from bow to stern. 

FIGURE 3 
Intake Velocities at the Seachest 
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FIGURE 4 
Intake Velocities at the Seachest, Plan View 

 

As can be seen, the zone of influence, where intake velocities exceed 0.4 ft/sec, extends 
approximately 5 ft out from the ship’s hull, and the maximum intake velocity at the face of 
the seachest will be 2.2 ft/sec. Modeling indicated that under tidal or riverine cross-flow 
conditions of 1.64 ft/sec (which would be average cross flow), the zone of influence was 
smaller and maximum velocities at the face of the seachest were less (Figure 5).  

Because Terminal unloading capacity dictates the rate at which water is required, the 
velocity at the seachests is the same, regardless of ship size (provided that the seachests 
have the same dimensions). Only the time of water withdrawal differs among vessel types. 

Potential Capture Zones 
In order to calculate entrainment, it is necessary to know the total area around the seachest 
through which a fish could potentially swim that has velocities above its swimming ability 
(discussed below in the section titled Fish Variables). For modeling purposes, four potential 
“capture zones” were defined around the seachests. These zones were established 
somewhat arbitrarily, with the zone of highest velocity (zone 1) containing a range of 
0.6 ft/sec, while the remaining zones each contain a range of 0.4 ft/sec. Table 4 illustrates 
the range of velocities within each of the capture zones. Velocities within each zone were 
assumed to be a uniform distribution within the ranges.  
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FIGURE 5 
Change in Intake Velocities at the Seachest under Cross-flow Conditions of 1.64 ft/sec 

 

 

TABLE 4 
Intake Velocities in Each Capture Zone 

Velocity in Feet per Second 

Zone 1 Zone 2 Zone 3 Zone 4 

Low 1.6 1.2 0.8 0.4 

High 2.2 1.6 1.2 0.8 

    

In the initial modeling (reported in the May 22 memo), only two capture zones were used. 
Zone A had velocities from 0.66 to 2.2 ft/sec, and Zone B had velocities from 0.4 to 
0.66 ft/sec. The probabilistic modeling (discussed herein) further differs from the initial 
modeling in two important ways: the number of seachests assumed to be in operation, and 
the influence of tidal cross flow. These factors were not captured in the initial modeling; 
instead, cross flow was considered to be nonexistent and only one seachest was assumed to 
be in operation at all times. Neither of these scenarios represents typical conditions; in fact, 
Oregon LNG has stated that it will require LNGCs to use two seachests (both of the high 
seachests, one on either side of the ship) unless there is a compelling reason to do otherwise. 

To address these issues, Coast and Harbor Engineering completed multiple modeling runs 
and calculated the area within each capture zone under each scenario. Capture zone areas 
are the two-dimensional areas corresponding to the velocities of each zone as defined in 
Table 4, above, and are reported in Table 5.  
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TABLE 5 
Potential Capture Zone Areas Under Eight Different Modeled Scenarios 

Capture Zone (square feet) 

Zone 1 Zone 2 Zone 3 Zone 4 

Capture Zone Area – Cooling and Ballast 

Slack Water
One seachest open 4.2 4.4 7.4 23.0 

Two seachests open 0.0 0.0 4.2 11.7 

Typical cross flow of 1.64 
feet per second (ft/sec)     

One seachest open 0.0 0.0 1.4 5.6 

Two seachests open 0.0 0.0 0.0 0.1 

Capture Zone Area – Cooling Water Only 

Slack Water
One seachest open 0.0 0.0 0.0 6.5 

Two seachests open 0.0 0.0 0.0 0.0 

Typical cross flow of 
1.64 ft/sec     

One seachest open 0.0 0.0 0.0 0.0 

Two seachests open 0.0 0.0 0.0 0.0 

NOTE: Based on modeling by Coast and Harbor Engineering. 

Additional assumptions included in the model were as follows: 

Two seachests will operate 90 percent of the time. According to Oregon LNG, it is 
standard industry practice to use both seachests for cooling and ballast water intake. The 
only time that a single seachest is open is when some type of malfunction or other 
unusual event occurs.  

The percentage of time with slack water vs. typical cross flow was defined as a triangle 
distribution (discussed below in the section titled River Variables). 

As can be seen in Table 5, during cooling-water-only withdrawal, only the lowest velocity 
zone is present, and then only when one seachest is in operation under slackwater 
conditions. At all other times, velocities in excess of 0.4 ft/sec do not occur, even at the face 
of the seachest. Therefore, except under very rare conditions involving slack water, atypical 
seachest operation, and very small fish, no entrainment will occur during cooling-water-
only withdrawal. 

River Variables 
There are several uncertain variables related to the river that affect the potential for fish 
entrainment. The river variables considered in the model include the size of the “Area of 
Interest” and tidal or riverine cross-flow conditions. 
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Area of Interest 
Each fish in the LCRE was assumed to pass once through a two-dimensional plane 
extending from the water surface to the riverbed (top to bottom) and from the Oregon to the 
Washington shore (north to south). The total area of this plane in the LCRE is 51,422 square 
meters (m2) (553,500 square feet [ft2]) at an average tidal stage (Mean Tide Level). Fish are 
likely to be entrained only within a small portion of this plane in the immediate vicinity of 
the seachests. The area where fish are susceptible to entrainment is termed the “Area of 
Interest.” In the initial modeling, fish were assumed to be uniformly distributed in both the 
horizontal and vertical planes. 

For the purposes of probabilistic modeling, fish were distributed horizontally on either side 
of Desdemona Sands and vertically within the water column, as discussed below. On the 
basis of available data, it was assumed that most fish occur in water less than 20 ft deep, and 
any fish that do occur below the 20-ft depth would be uniformly distributed. Therefore, the 
Area of Interest is that portion of the LCRE greater than 20 ft in depth, between the Oregon 
shore and Desdemona Sands. The size of the Area of Interest is approximately 114,125 ft2 

(10,602 m2) (Figure 6). Any fish occurring above this depth or on the north side of 
Desdemona Sands would not be susceptible to entrainment. 

FIGURE 6 
”Area of Interest” in the LCRE 

 

The area of the four capture zones under each of the eight modeled scenarios (Table 5) was 
divided by the total Area of Interest to determine the percentage of the total area occupied 
by each of the four zones under each scenario. This percentage was used in later 
calculations. 

River Flow Conditions 
River cross flow influences the size of the capture zones, as discussed above. Therefore, it is 
necessary to estimate the amount of time that there is slack water versus the amount of time 
with cross flow. Slack water occurs only as the tide switches from flood to ebb (four times 
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each day for brief periods), or when the river flow equals the incoming tidal flow. Because 
tidal and river outflow conditions vary, the amount of time with slack water annually was 
assumed to follow a triangle distribution, shown in Table 6. 

TABLE 6 
Percent of Time Slack Water Occurs 

Lowest 
Possible 

Most Likely 
Condition 

Highest 
Possible 

10% 20% 30% 

While cross-flow velocities are highly variable, for the purposes of this analysis typical 
cross-flow conditions are assumed to be 1.64 ft/sec and to vary probabilistically along with 
slack water. In other words, the amount of time that typical cross-flow conditions occur is 
calculated as 1—the percentage of time that slack water occurs (as calculated by the triangle 
distribution). 

Fish Variables 
Fish variables considered in the analysis include salmonid abundance, seasonal occurrence, 
horizontal and vertical distribution, size/swimming speed, and behavioral responses to the 
threat of entrainment. 

Salmonid Abundance 
Salmonid abundance estimates were obtained from Ferguson (2006, 2007, and 2009). These 
documents provide abundance data under two scenarios: “transportation with spill,” where 
some juvenile salmonids are transported around the dams and some pass through, and “full 
transportation,” where all juvenile salmonids are assumed to be transported around the 
dams. Population numbers for the “transportation with spill” scenario are slightly lower 
(for example, 2 percent lower for subyearling Chinook) because of mortality of fish passing 
over the dams. However, according to Mr. Randy Absolon of NMFS, the most appropriate 
data to use are the transportation with spill data, because that is the typical scenario 
experienced by fish in the Columbia River (Absolon, 2009).  

The population data obtained from Ferguson (2006, 2007, and 2009) are for juvenile fish at 
Tongue Point. These estimates do not include fish from populations downstream of Tongue 
Point that could potentially be affected by the proposed Project, and there are no reliable 
data on the numbers of fish this may include. The primary population of fish downstream of 
Tongue Point is present in the Youngs Bay drainage, including Youngs River and its 
tributaries (primarily the Klaskanine River and its branches) and the Lewis and Clark River. 
Significant hatchery releases occur in Youngs Bay and in the Youngs and Klaskanine rivers; 
for example, in 2008, 1.3 million coho, 1.25 million fall Chinook, 543,000 spring Chinook, 
and 41,000 winter steelhead were released (ODFW, 2009). However, winter steelhead in 
Youngs Bay belong to the Southwest (SW) Washington ESU, which is not ESA listed; and 
the spring and fall Chinook that are released into the system include fall Chinook stock 52 
(also called the “Rogue” stock) and spring Chinook stocks 22 and 24, none of which are part 
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of any ESA-listed ESU (ODFW and CEDC, 2005a and b). Most of the hatchery Chinook are 
raised in the Youngs Bay net pens for the Select Area Fishery, with smaller numbers 
released into the Klaskanine River and tidewater sections of Youngs River. Any entrainment 
of these unlisted salmonid juveniles could potentially have an impact on recreational and 
commercial fisheries.  

Coho released into the system belong to hatchery stocks 14 and 11, both of which are 
included in the listing for Lower Columbia River [LCR] coho (ODFW and CEDC, 2005c). 
However, the vast majority of the releases occur from the Youngs Bay net pens for the Select 
Area Commercial and Recreational Fisheries (those not released to the net pens include 
small numbers distributed to area high schools for educational purposes). This stock is 
heavily harvested upon its return (with a 98 percent harvest rate for the 1993 to 1997 broods) 
and the goal is for no spawning escapement, as any hatchery strays that spawn successfully 
would compete with the few native fish that may be present (ODFW and CEDC, 2005c). 
Therefore, although there is a small chance that listed LCR coho hatchery releases could be 
entrained, any entrainment would not reduce the future reproductive potential of the 
population (because all listed hatchery releases are targeted for harvest) and, therefore, 
would have no effect on species recovery. Because the population is small, and smolt-to-
adult survival is likewise small, entrainment of juveniles from the Youngs Bay population 
would not affect recreational or commercial harvest (for comparative purposes, entrainment 
losses from the entire population of more than 13 million LCR coho would result in the 
estimated loss of only three fish to the fishery). 

Further, natural reproduction in the Youngs Bay drainage is effectively nonexistent for both 
coho and Chinook, except for hatchery-origin strays. ODFW and CEDC (2005c) state that no 
wild LCR fall Chinook spawners were observed in LCR tributaries (which include the 
Youngs and Lewis and Clark rivers) from 1998 to 2005, and that all of the spawning that did 
occur was from unlisted hatchery stocks. Therefore, the number of listed LCR Chinook 
produced below Tongue Point that could be potentially affected by the proposed Project is 
very small to nonexistent.  

ODFW has expressed concern about the impact in the future if populations were to increase. 
According to the Lower Columbia River Salmon Recovery and Fish and Wildlife Subbasin Plan, 
the population of fall Chinook in Youngs Bay is considered to be a “stabilizing” population 
(LCRFRB, 2004), meaning that it is likely to be maintained at its current low level in the 
future rather than increased significantly. This is because of the multiple challenges faced by 
the population, which make its recovery of low priority. This plan was completed by 
Washington state agencies and does not necessarily represent the final opinions of ODFW, 
but it was completed in consultation with ODFW. Because ODFW population recovery 
plans have not been completed, this estimate of future reproductive potential is the only 
estimate available. Because the population is effectively zero and is not expected to increase, 
the entrainment potential of this population is also effectively zero now and in the future.  

In regard to Youngs Bay coho, McElhaney et al. (2007) state that “the [Youngs Bay] 
population [of coho] is dominated by hatchery fish, with on average at least 80 percent of 
the coho of hatchery origin…these data indicate little, if any natural productivity of coho in 
the Youngs Bay population and we consider the population most likely in the “extirpated or 
nearly so” or “high risk” category.” The 2005 Native Fish Status Report (ODFW, 2005) states 
that “it is likely that a large portion of [LCR coho] returns over the past 30 years have been 
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hatchery origin…Hatchery fractions since 1999 have ranged from 49 to 99 percent.” 
Spawner density per mile of spawning habitat in the Youngs Bay basin from 2000 to 2003 
ranged from 17 to 231 (ODFW, 2005). Combining the spawning density and the percent 
hatchery origin numbers from ODFW (2005) yields from 0.17 to 71.4 natural-origin 
spawners per mile, with a mean over the 4 years of 29.1. Suring et al. (2006) state that from 
2002 to 2004, the estimated wild-origin spawning population ranged from 142 to 281 with a 
mean of 213 for the entire Astoria population, which includes the Youngs and Lewis and 
Clark rivers and numerous tributaries upstream of Tongue Point (which would have been 
included in the NMFS population estimates). This suggests that the total number of 
spawners contributing ESA-listed coho smolts that were not included in the NMFS 
population estimates used for the modeling is something less than 200 adult fish. Assuming 
200 spawners (half of which are female), fecundity of 2,878 eggs per spawner, and egg-smolt 
survival of 0.018 (Quinn, 2005) yields 5,180 smolts. As with fall Chinook, coho in the Youngs 
Bay basin are considered to be a “stabilizing” population in the Lower Columbia River Salmon 
Recovery and Fish and Wildlife Subbasin Plan (LCRFRB, 2004), and the population is therefore 
unlikely to increase in the future. Thus, the Youngs Bay population was assumed to consist 
of 5,180 smolts annually in the subsequent modeling. 

Tables 7 and 8 contain total fish populations used in the modeling, and the percentage of 
each population that is ESA listed. The 3-year population means were used in subsequent 
calculations. 

TABLE 7 
Total Juvenile Salmonid Population at Tongue Point 

Total 2006 2007 2008 3-year Mean 

Chinook yearling 38,832,655 28,719,701 29,538,756 32,363,704 

Chinook subyearling  89,791,172 90,003,337 81,742,198 87,178,902 

Sockeye 1,368,440 1,663,764 1,650,027 1,560,744 

Coho 18,360,241 16,883,265 18,579,800 17,941,102 

Chum 1,607,982 1,452,982 1,342,982 1,467,982 

Steelhead 14,278,819 13,922,277 14,046,231 14,082,442 

 

TABLE 8 
Percentage of the Total Juvenile Population at Tongue Point That Is ESA Listed 

Species Status 2006 2007 2008 3-year Mean 

Spring/Summer
Chinook
yearling 

Wild 26.55 11.28 13.91 17.25 

Ad-clip* 6.04 6.85 6.26 6.38 

No ad-clip* 0.76 2.43 1.98 1.72 

Fall Chinook yearling Ad-clip* 1.27 1.14 1.09 1.17 

No ad-clip* 0.43 1.41 1.20 1.01 

Chinook subyearling Wild 26.59 26.20 30.18 27.66 
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TABLE 8 
Percentage of the Total Juvenile Population at Tongue Point That Is ESA Listed 

Species Status 2006 2007 2008 3-year Mean 

Ad-clip* 26.01 41.38 46.33 37.91 

No ad-clip* 18.91 1.11 0.86 6.96 

Sockeye Wild and hatchery 2.73 4.58 6.60 4.64 

Coho Wild 6.53 7.10 6.40 6.68 

Ad-clip* 54.85 52.98 55.86 54.56 

No ad-clip* 7.93 22.71 8.05 12.90 

Chum  100 100 100 100.00 

Steelhead Wild 19.5 18.86 15.77 18.04 

Ad-clip* 22.98 19.77 21.87 21.54 

No ad-clip* 4.7 5.35 5.47 5.17 

Note:
* Ad-clip = adipose-fin-clipped hatchery fish; no-ad-clip = non-adipose-fin-clipped hatchery fish. 

Ferguson (2006, 2007, and 2009) also provides percentages of the ESA-listed fish that belong 
to each ESU/DPS. Table 9 provides the 3-year mean for the percentage of the total listed fish 
that belong to each ESU. 

TABLE 9 
Percentage of the Total ESA-listed Juvenile Salmonids That Belong to Each ESU/DPS 

Evolutionarily Significant 
Unit/Distinct Population 

Segment (ESU/DPS) 

% of the Listed 
Wild Fish in 
Each ESU 

% of the Listed  
Ad-clipped Fish in 

Each ESU 

% of the Listed Non- 
ad-clipped Fish in 

Each ESU 

Yearling Chinook 

Snake River spring/summer 13.21 16.63 14.39 

Snake River fall 0.00 3.59 24.27 

Upper Columbia River  5.34 2.83 26.97 

Lower Columbia River Spring 24.89 22.10 25.01 

Upper Willamette River 56.56 54.87 9.37 

Subyearling Chinook 

Snake River fall  0.66 2.25 25.41 

Lower Columbia River tule 77.28 97.75 74.59 

Lower Columbia River late run 22.06 0.00 0.00 

Steelhead 

Snake River 29.03 61.88 60.03 

Upper Columbia River 4.98 7.61 21.09 

Middle Columbia River summer 25.90 7.26 5.28 



OREGON LNG: PROBABILISTIC ANALYSIS OF ESA-LISTED SALMONID ENTRAINMENT AT BALLAST AND COOLING WATER INTAKES 

20

TABLE 9 
Percentage of the Total ESA-listed Juvenile Salmonids That Belong to Each ESU/DPS 

Evolutionarily Significant 
Unit/Distinct Population 

Segment (ESU/DPS) 

% of the Listed 
Wild Fish in 
Each ESU 

% of the Listed  
Ad-clipped Fish in 

Each ESU 

% of the Listed Non- 
ad-clipped Fish in 

Each ESU 

Middle Columbia River winter 3.44 0.00 0.00 

Lower Columbia River summer 2.88 0.00 0.00 

Lower Columbia River winter 23.49 23.24 13.60 

Upper Willamette River  10.96 0.00 0.00 

Sockeye 

Snake River sockeye 100   

Coho 

Lower Columbia River coho 100 100 100 

Seasonal Abundance 
In the initial modeling effort, the number of fish passing the Terminal each hour was 
calculated for each species. With the exception of subyearling Chinook, this estimate was 
based on the 3-year mean population and the 5-year mean of daily passage at Bonneville 
Dam. In the case of subyearling Chinook, the population was divided into an upriver 
component (which is produced above Bonneville Dam) and a lower river component. 
Hourly passage rates were calculated for the upriver population based on Bonneville Dam 
daily passage data. For the lower river population, hourly passage was based on a seasonal 
abundance curve constructed from data in Bottom et al. (2008). 

Once the hourly passage rate was calculated, it was then necessary to determine the number 
of fish passing through the LCRE during those hours when ships are at berth. It was 
assumed that ships would be withdrawing water for 20 hours and that two ships would 
arrive per week. A matrix was developed that multiplied the hourly fish passage through 
the LCRE on any given day by the number of hours that a ship was at port during that day. 
Ship arrivals were staggered throughout the year at 3- to 4-day intervals, and numerous 
runs were completed such that a ship was present during each calendar day. The simulation 
was run only for those periods of the year when fish of each species would be expected in 
the LCRE. The runs were then averaged to obtain the mean number of fish passing through 
the LCRE while the ships were at port in an average year. The number of fish passing 
through the LCRE was then multiplied by the percentage of the LCRE cross-section 
occupied by the capture zone, to obtain the total “entrainable” population of each species 
(this number was then further reduced by subtracting out unlisted salmonids and those fish 
that could escape, based on swimming ability). 

A much simpler calculation for the number of fish potentially entrained, which ignores 
seasonality, is to simply take the total annual population of any given species multiplied by 
the percentage of time (in a given year) that ships are withdrawing water (22.8 percent of 
the year, assuming 100 ships withdrawing water for 20 hours), times the percentage of the 
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LCRE cross-section occupied by each capture zone (as defined in the initial model). This 
simplified method ignores the influence of daily fluctuations in fish populations, but it 
yields estimates that are, in all cases, within one percent of those obtained by the more 
complicated seasonal curve calculation method. Therefore, the simpler method was used for 
the probabilistic model. 

Fish Distribution 
Both horizontal distribution and vertical distribution are important in estimating 
susceptibility to entrainment. In the initial model, fish were assumed to be evenly 
distributed both horizontally and vertically, except for chum (which were assumed to be 
more prevalent on the Washington side and to reside only in the top 20 ft of the water 
column) and subyearling Chinook (95 percent of which were assumed to be in the top 20 ft 
of the water column, above seachest depths). Although data are limited, the assumption of 
equal horizontal and vertical distribution is overly conservative. 

Horizontal
Unlike the initial modeling effort, the LCRE was divided at approximately the midpoint of 
Desdemona Sands, which are exposed at low tide, and the fish were distributed either to 
their north or south. McComas et al. (2007 and 2008) studied acoustic-tagged yearling and 
subyearling Chinook at the mouth of the Columbia River, and found significantly more fish 
on the Washington side of the navigation channel than on the Oregon side, and very few 
fish within and immediately adjacent to the navigation channel itself. These distribution 
results may not be the same as fish distribution at the Terminal location, in that the tracking 
array was located more than 5 miles downstream of the Terminal at river mile (RM) 5.6; but 
2 years of data did not illustrate any concentrations of fish near the Oregon shore. 

Truelove (2005) also tracked salmonids in the LCRE by releasing more than 2,600 radio-
tagged, barged and run-of-river steelhead, yearling, and subyearling Chinook. Of these, 62 
were actively tracked for 2 to 26 hours through the LCRE, from approximately RM 27 
downstream to approximately RM 8 (no individual fish was tracked over the entire 
distance). The author found that all tracked salmon spent a portion of their migration in the 
main navigation channel, while a majority moved from the navigation channel through 
numerous shallow side channels, and into the deep northern channel, near the Washington 
shore. Some steelhead and one spring/summer (yearling) Chinook used the shipping 
channel adjacent to the Terminal, but the majority of the fall (subyearling) Chinook were 
distributed nearer the Washington shore, and none were tracked past the Terminal.  

A recently published study (Carter et al., 2009) found that at RM 5.2 (East Sand Island), most 
acoustic-tagged yearling and subyearling Chinook salmon migrated on the north 
(Washington) side of the navigation channel. This was especially pronounced for 
subyearling Chinook salmon. No data from nearer the Terminal location were available, but 
the acoustic array at RM 5.2 is only 5.8 river miles downstream. With only 2 years of data 
(2005 and 2008), no clear pattern in cross-channel distribution was observed for acoustic-
tagged steelhead on the array near East Sand Island.  

Migration distribution across the array on the Columbia River Bar (RM 1.75) tended to be 
nearer, or in, the navigation channel than it was at RM 5.2 for yearling and subyearling 
Chinook salmon and steelhead. 
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In the case of chum salmon, except for some spawning on the Oregon side of the Columbia 
mainstem near McCord Creek (Multnomah Falls), all Lower Columbia chum are spawned 
on the north side of the Columbia mainstem and in Washington tributaries. On the basis of 
their spawning locations and their propensity to hug the shoreline, chum salmon likely 
migrate and rear primarily along the Washington shore. This is supported by the findings of 
Roegner et al. (2004a and 2004b). In 2003, the authors collected 284 chum salmon by beach 
seine, but only 39 of these were collected at Point Adams Beach (on the Oregon shore); the 
majority (166) were collected at West Sand Island on the Washington side of the estuary 
near the mouth, despite similar seining effort on each side of the river. In 2002, the authors 
collected 590 total chum salmon, but only four of these were collected on the Oregon side. 
Thus, it appears that the majority of chum salmon fry would be nearer the Washington 
shore. 

On the basis of the findings discussed above, the occurrence of juvenile salmonids across the 
estuary was represented by a triangle distribution, with between 20 and 50 percent of the 
juvenile salmonids migrating through the LCRE between Desdemona Sands and the Oregon 
shore; 40 percent occurrence on the Oregon side is considered most probable.  

Vertical
The available evidence indicates that juvenile salmonids tend to migrate in shallow surface 
waters. This assumption is supported, in part, by the significant predation of juvenile 
salmonids by Caspian terns, suggesting that many (if not most) juvenile salmonids are very 
near the surface because Caspian terns cannot dive deeper than 2.5 ft (Collis et al., 2001). 

Ocean-type Salmonids (Subyearling Chinook and Chum). Chum salmon collected during 
beach seining at Point Adams Beach in 2002 and 2003—located at RM 8 downstream from 
the Terminal site—ranged in length from 30 to 75 mm, with the largest of those captured 
later in the year (May versus February) (Roegner et al., 2004a and 2004b). Because of their 
small size, chum likely avoid deep water; in fact, chum fry have been found to follow the 
shoreline in shallow-water areas until they reach 55 to 60 mm fork length or longer (Bax et 
al., 1980; Salo, 1981). The shallow-water orientation of juvenile chum is supported by 
numerous studies identifying chum salmon in shallow-water habitats (Levy and Northcote, 
1981; Myers and Horton, 1982; Simenstad et al., 1982; Levings et al., 1986; Pearcy et al., 
1989). It was recently reinforced by Toft et al. (2004), who found that juvenile salmonids 
(chum, Chinook, and coho) in Puget Sound were never observed in the lower part of the 
water column during 442 snorkel surveys, except for one observation of a larger Chinook or 
coho. 

In deeper water habitats (up to 4.4 m deep), Toft et al. (2004) found that juvenile salmonids 
occupied the middle (40 percent of observed fish) to the surface (60 percent of observed fish) 
of the water column. Juvenile Chinook and coho were located more at the surface of the 
water column at deep-riprap sites, perhaps because of the underlying riprap structure and 
associated predators that can hide in the interstitial spaces. At other studied habitat types 
(cobble beach, sand beach, and shallow riprap), juvenile salmonids were more distributed 
between the middle and the surface of the water column. Chum were always observed at 
the surface except adjacent to overwater structures, where they were occasionally observed 
in the middle of the water column (up to 1.5 m [5 ft] deep). However, the study was 
conducted in Puget Sound and its applicability to the LCRE is unknown. 
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Chum salmon are also known to school (Simenstad et al., 1999), leading to a clumped 
distribution that further complicates attempts to estimate their entrainment risk. 
Nonetheless, there is no reason to believe that schooling would occur at the depth and in the 
location of the seachests. Therefore, it was assumed that because of their strong association 
with shallow shoreline habitats and distribution primarily along the Washington shore, 
chum fry would not be susceptible to entrainment/impingement at the Terminal site, which 
is located in deep water 2,100 ft offshore on the Oregon side of the Columbia River. 

Like chum, subyearling Chinook prefer peripheral shoreline areas, wetlands/marshes, and 
shallow, protected sand flats or mud flats (Nightingale and Simenstad, 2001; NMFS, 2002; 
Fresh et al., 2003). Bottom et al. (2005) assumed (when conducting habitat opportunity 
simulations) that subyearlings were primarily located near shore in water ranging from 
10 centimeters (cm) to about 2 m (4 in. to 6.5 ft) deep. As subyearlings grow, they move into 
other habitats and can be found in open-water areas. However, in open water they appear to 
still use the upper portion of the water column, with very few occurring below 20 ft in depth 
(Dawley et al., 1986; NMFS, 2006). 

If subyearling Chinook move offshore, at least 95 percent of fry and fingerlings occur in the 
upper 3 m of the water column. This is illustrated by Dawley et al. (1986), who sampled fish 
at three depths in the Columbia River estuary (see Table 10). Ten trawls were conducted at 
each of three sites at each of three depths (or thirty trawls at each site) between June 1 and 
July 31, 1966. Although the data are more than 40 years old, there is no reason to believe that 
salmonids have altered their migration depths in that interval. No more than 4.8 percent of 
subyearling Chinook were collected below 3 m (9.84 ft—well above the depth of the 
seachests) (Table 10). And, more significantly, no more than 0.3 percent of subyearling 
Chinook were found below 19.68 ft in depth. On the basis of these results, it is assumed that 
5 percent of the subyearling Chinook are present at seachest depths and therefore 
susceptible to entrainment. This is a conservative assumption given that no more than 
0.3 percent of subyearling Chinook were collected by Dawley et al. (1986) at seachest depths. 

TABLE 10 
Number and Percentage of Subyearling Chinook Collected at Three Sites and Three Depths by Dawley et al. (1986) 

Fishing Depth 

Jones Beach Tongue Point Clatsop Spit 

No. of Fish % No. of Fish % No. of Fish % 

0 to 9.84 ft 1,510 96.3 662 95.2 321 97.9 

9.84 to 19.68 ft 57 3.6 33 4.8 6 1.8 

Below 19.68 ft  1 0.1 0 0.0 1 0.3 

Juvenile salmonids are distributed along a habitat continuum, with larger juveniles 
inhabiting deeper water (Bottom et al., 2005). Even among subyearlings, the larger 
individuals are found in relatively deeper water (Bottom et al., 1984). Dawley et al. (1986) 
found that subyearling Chinook captured in the water column with purse seines were 
generally 10 to 20 mm longer than those captured in nearshore habitats with beach seines. 
Therefore, smaller subyearlings originating below Bonneville Dam would likely be found 
only in the shallows, while larger subyearlings would be among the small percentage at 



OREGON LNG: PROBABILISTIC ANALYSIS OF ESA-LISTED SALMONID ENTRAINMENT AT BALLAST AND COOLING WATER INTAKES 

24

seachest depths, further reducing their susceptibility to entrainment (because of greater 
swimming ability).  

Recent data in Carter et al. (2009) indicate that migration depth may be more variable than 
previously assumed, and some subyearling salmonids were tracked migrating at depths of 
up to 90 ft. However, the data reported are preliminary, the study methods were not 
discussed, and—most critical to this modeling effort—the proportion of fish migrating at 
different depths was not provided.  

Stream-type Salmonids (Yearling Chinook, Coho, Sockeye, and Steelhead). Information is 
generally lacking on vertical distribution of stream-type salmonids in the Columbia River 
estuary. Most of the available evidence indicates that the majority of stream-type juveniles 
move rapidly downstream through the estuary and are located in the upper portion of the 
water column (Johnson et al., 2003; Emmett et al., 2004; Truelove, 2005; Dauble et al., 1989; 
Beeman and Maule, 2006). Beeman et al. (2003) determined a median rearing/migration 
depth for juvenile Chinook salmon in 1999 in the McNary Reservoir of 8 ft, with a range of 
water column depths from the water surface to about 33 ft. Steelhead had a slightly deeper 
median rearing/migration depth of 9 ft, as well as a greater range of depths, from the water 
surface to about 39 ft. Unfortunately, this study (as well as Dauble et al. [1989], which was 
conducted in the Hanford Reach) was not conducted in the LCRE. In both studies, the 
median migration depth was well above seachest depths, indicating that most fish would be 
located in shallower water. However, because fish behavior may be significantly different 
between the estuary and the freshwater mainstem sites, the applicability of these studies is 
suspect. 

Carlson et al. (2001) sampled fish between Puget Island and Welch Island in the freshwater 
portion of the estuary. The study has been described by NMFS (2005) as finding “juvenile 
salmonids using water column depths ranging from 22 to 37 ft.” However, the authors used 
a method (hydroacoustics) that could not sample the upper 2.75 m (9 ft) of the water column 
and could identify only undifferentiated “fish,” not just juvenile salmonids. In actuality, 
what the authors found during sampling in 1998 was that, “most fish in the inshore habitat 
were detected within 2 m of the bottom…At the channel margin, the highest densities of the 
fish were detected between 3 and 10 m from the bottom…In the channel, the highest 
densities of the fish were detected between 5 and 15 m from the bottom.” The navigation 
channel was characterized as the deepwater region, usually greater than 15 m, with a rather 
uniform bottom. The channel margin was a sloping region with a noticeable gradient 
leading from the channel up to the inshore area. The inshore region was characterized as a 
shallow area near the bank where the water was normally less than 7 m deep. 

The seachests will be located approximately 5 m above the riverbed, in channel-type habitat. 
This depth is at the deeper extreme of where “most” fish were found in the Carlson et al. 
(2001) study. And again, it must be stressed that the upper water column could not be 
sampled by Carlson et al. (2001), and the observed fish were not necessarily salmonids. 
Sampling was done from July 14 to 16, after peak salmonid outmigration. This period 
coincides with the latter part of the shad migration, when many other fish species are also 
present. 

Because there is no information to suggest that juvenile ESA-listed salmonids are 
concentrated in the 25- to 37-ft-depth range where the seachests are located, data from 
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Dawley et al. (1986) were assumed to be the most reliable. Therefore, the occurrence of 
juvenile salmonids within the water column was represented by a triangle distribution, with 
between 60 and 99 percent of the juvenile salmonids migrating through the LCRE in water 
less than 20 ft deep, with 95 percent occurrence above seachest depth being most probable.  

Summary
With the exception of chum (which were assumed to be unsusceptible to entrainment based 
on their horizontal and vertical distribution), fish distribution is assumed to be the same 
regardless of species. The number of fish in the Area of Interest is calculated as follows: 

Fish in Area of Interest = (percent of fish on Oregon side * [1 percent of fish in top 
20 ft of water]) 

This was modeled as a triangle distribution, as shown in Table 11.  

TABLE 11 
Fish Distribution Model Input Variables 

Lowest 
Possible 

Most
Likely 

Highest 
Possible 

Percent of total fish on the Oregon side 20% 40% 50% 

Percent of fish in top 20 feet of water 60% 95% 99% 

The area of the capture zones, and thus the percentage of the Area of Interest they occupy, 
varies based on the water withdrawal scenarios, as illustrated in Table 5. For each scenario, 
the number of annual fish passing through the potential capture zones is calculated as 
follows: 

Annual number of fish passing through a capture zone =  
Annual fish in Area of Interest* area of potential capture zone/Area of Interest  

The result is then summed for all four zones (Zones 1 through 4). 

Behavioral Response 
Many aspects of salmonid behavior could potentially affect their susceptibility to 
entrainment, such as the following: 

How salmonids react upon encountering an in-water obstacle such as an LNGC and the 
LNGC dock, which will be outfitted with lights (attraction/avoidance behavior) 

How salmonids perceive and avoid intake velocities such as those at the seachests 
(response to intake velocities) 

Diel migratory behavior 

Tidal cycle migratory behavior 

An overarching assumption in the model, which has been questioned by ODFW reviewers, 
is that each juvenile salmonid moves past the Terminal only once on its downstream 
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migration. There is significant support (discussed below) that at least for stream-type fish, 
this is likely the case. However, because some subyearling salmonids may be rearing in the 
vicinity of the Terminal, they could theoretically pass through a capture zone multiple 
times. Multiple passes through a capture zone have the effect of increasing the population of 
“entrainable” fish. In other words, the final results assume one pass through the LCRE per 
fish; if additional passes through the LCRE are assumed, the final results can simply be 
multiplied by the number of assumed passes.  

Attraction and Avoidance
Very little is known about salmonid behavior in response to in-water obstacles and artificial 
light. Simenstad et al. (1999) reviewed the available literature and found that fish response 
to overwater and in-water structures was highly variable and appeared to reflect variable 
conditions (e.g., adjacent shorelines, dock dimensions and material, artificial lighting) that 
affected observations. Toft et al. (2004) studied juvenile salmonid responses to shoreline 
habitats by using snorkel surveys and enclosure nets. The authors found that most juvenile 
salmonids were either schooling or swimming away from overwater structures and deep 
water with riprap substrate (overwater structures were large apartment or business 
complexes constructed on a pier, where average water depth was 3.0 m [9.78 ft; while deep 
riprap had a mean depth of 2.4 m [7.9 ft]). The authors concluded, in part, that, “it seems 
that when juvenile salmonids are migrating along the shoreline and encounter a modified 
habitat with the shallow water zone truncated, they may be forced to inhabit deeper water 
and also school more, as juvenile salmonids had significantly greater school sizes at 
overwater structures than at the other habitat types” (Toft et al., 2004). Shallow-water 
habitat will not be abruptly truncated at the Terminal but, instead, will grade gradually 
down to the maximum berth/turning basin depth. 

The Terminal location is 2,100 ft offshore, and there is significant shallow-water habitat 
available between the berth and shore through which juveniles could migrate. 
Unfortunately, the effect that the presence of Youngs Bay has on shore-oriented, migrating, 
juvenile salmonids is unknown. Because of a lack of reliable and consistent data on fish 
response to artificial light or in-water structures, it was impossible to incorporate a metric 
into the model that would account for attraction or avoidance at the Terminal. The only way 
that fish entrainment would be increased over that assumed by the model would be if, upon 
encountering the LNGC and Terminal on their downstream migration, juvenile salmonids 
were concentrated within the Area of Interest and remained there until they tired and were 
entrained. It is difficult to imagine a plausible reason for such behavior. 

Diel Migratory Behavior
Dawley et al. (1986) found little downstream movement by juvenile salmonids at night, and 
McComas et al. (2007 and 2008) did not find large differences between day and night 
migration, although fish may have been migrating more actively during the day. While 
Dauble et al. (1989) found more active migration at night, Carter et al. (2009) reported that 
acoustic-tagged salmonid smolts were present in the Columbia River estuary throughout all 
times of day during their migration seasons, with no clear patterns in diel presence at most 
acoustic arrays. The one exception was that more yearling Chinook salmon appeared to pass 
the Columbia River Bar (RM 1.75) just after sunrise than at other times of the day. Because 
of a lack of consistent findings with regard to salmonid diel movements and the fact that the 
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ballast and cooling water withdrawals will vary over the course of a 24-hour period in an 
unpredictable manner, it was impossible to incorporate a metric into the model to account 
for diel movement patterns. Thus, for each hour in any given day, the number of fish 
moving past the Terminal was assumed to be constant.  

As stated above, it was also assumed that fish move past the Terminal once on their 
downstream migrations, rather than holding near the Terminal or moving back and forth 
through the capture zones more than once. This is supported by recent studies indicating 
that median travel times from Bonneville Dam through the mouth of the Columbia River 
estuary are from approximately 3 to 4 days for both yearling (116 to 226 mm in length) and 
upriver-origin subyearling (94 to 155 mm) Chinook salmon (McComas et al., 2007 and 2008).  

Data in Carter et al. (2009) allow for finer grained estimates of downstream salmonid speed. 
The authors found that larger smolts tend to move more rapidly than their smaller cohorts. 
Acoustic telemetry data collected in the Columbia River estuary between 2004 and 2008 
indicated that yearling Chinook salmon typically migrated at a rate of about 80 kilometers 
(km) per day between Bonneville Dam and Vancouver, Washington. Yearling Chinook 
salmon migrated slower (approximately 60 km per day) through the section of the 
Columbia River between Vancouver and the mouth of the Columbia River, but once they 
committed to leaving the Columbia River, typically during an ebb tide, they migrated rather 
quickly at rates between 100 and 150 km per day between RM 5.2 and RM 1.75. Taken as a 
whole, data collected on arrays of acoustic receivers placed throughout the Columbia River 
estuary beginning in 2007 indicate that yearling and subyearling Chinook salmon and 
steelhead travel more slowly in the final 50 km of the Columbia River than in the previous 
200 km, before substantially increasing their travel rates as they exit the river and enter the 
Pacific Ocean. Increased travel rates were noted at RM 5.2, but it is unknown whether the 
fish have started to increase their migration speed at the Terminal location (RM 11) or 
whether their travel rate there is more similar to areas slightly upriver. However, even when 
the fish were described as migrating “more slowly” through the lower 50 km, their travel 
rates were still 32 to 40.8 km per day for subyearling Chinook, 76 km per day for steelhead, 
and 45.4 km per day for yearling Chinook. 

Such rapid travel times indicate that juvenile salmonids are not holding in the LCRE near 
the Terminal, although they likely rear extensively in island complexes upriver of the 
Terminal and in shallow shoreline areas. This is further supported by the findings of 
Truelove (2005), who observed no extended periods of holding in juvenile salmonids within 
the Columbia River estuary during tracking studies. 

Tidal Cycle Migratory Behavior 
When smolts reach the lower 8 km of the Columbia River, they most often exit the river and 
enter the plume on an ebb tide (Carter et al., 2009). It is reasonable to assume that juvenile 
salmonids would migrate downstream faster on the outgoing tide than they do on the 
incoming tide. Unfortunately, aside from that reported in Carter et al. (2009), there is very 
little information on salmonid behavior or migration rates in response to tidal conditions. 
Truelove (2005) found that spring/summer and fall Chinook, along with steelhead, swam 
more passively when the current was moving out of the estuary and more actively during 
slack current. When the current was moving into the estuary, however, steelhead were the 
only fish to exhibit passive swimming behavior, while spring/summer and fall Chinook 
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swam actively against the current. Unfortunately, relatively few steelhead and fall Chinook 
were recorded during slack and incoming currents, which limits the conclusions that can be 
drawn. 

Because ships will be present during all tidal conditions (and it is impossible to predict the 
portion of time they will spend at port during incoming, slack, and outgoing tides), it was 
not practical to incorporate differential entrainment rates due to tidal cycle in the model. 

Response to Intake Velocities 
In order for juvenile salmonids—even those with strong swimming abilities—to avoid 
entrainment, they would need to sense and then swim away from the intakes. It has been 
reported that fish are capable of sensing even small velocity differences of 0.328 ft/sec 
(Jones, 1968; in Bell, 1991). When different velocities are sensed, fish may avoid moving 
from one gradient to another, preferring to stay within water of constant velocity (Bell, 
1991). Therefore, it was assumed that salmonids would sense, and at least attempt to swim 
away from, the seachests. It was assumed unlikely that a fish migrating downstream past 
the Terminal would sense the intake, change course, and swim directly into the seachest. 
This is supported by the fact that salmonids tend to avoid enclosed areas and channels with 
overhead cover (Kemp et al., 2005; Bell, 1991). 

Given the assumption that all juvenile salmonids that encounter the seachests will attempt 
to escape before being entrained, it is then necessary to establish the minimum size 
salmonid that would be capable of escaping. Salmonids are strong swimmers, able to 
navigate rapidly flowing rivers and ocean currents. However, swimming speed is a function 
of fish size, with maximum and optimal swimming speed increasing with fish length, up to 
a certain point (Groot et al., 1995). In other words, larger fish are able to swim faster. 

Many authors have studied swimming ability, which is normally divided into three 
categories: cruising, sustained (or prolonged), and burst (or darting) speed. Cruising speed 
is the speed fish are capable of sustaining nearly indefinitely (longer than 200 minutes). 
Sustained swimming speed can be maintained for 15 seconds to 200 minutes, and burst 
speed can be maintained for less than 15 seconds and requires a recovery period (Groot et 
al., 1995). There is no guidance on salmonid ability to avoid unscreened intakes, but in 
regard to setting acceptable velocities at fish screens, Turnpenny et al. (1998) state the 
following:  

“Burst speeds are used only when the fish are strongly motivated, e.g. for 
darting at prey and to escape from danger…When not provided with a 
suitable escape route, fish will often be drawn into an intake, even though the 
intake approach velocity may be well below their burst speed potential; only 
when the water velocity is in the [sustained] to [cruising] swimming speed 
range of the fish do they move out of danger…Consequently, the [cruising] 
swimming speed is, in most cases the safest measure of setting the approach 
velocity…provided that the velocity is below the maximum [cruising] 
swimming speed, a fish should be able to swim ahead of the screen for 
several hours. Designs based on [sustained] swimming capability may be 
acceptable in situations where fish are demonstrably capable of finding the 
bypass route quickly. “  
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In the case of the seachest, the “bypass route” is effectively all directions away from the 
seachest, and therefore a defensible argument could be made for applying sustained 
swimming speed as the most applicable escape criterion. In the initial modeling effort, it 
was assumed that fish would attempt to escape using only their cruising speed. This was an 
overly conservative assumption.  

Before being drawn into an intake, an individual fish would logically attempt to escape with 
increasing urgency. Unfortunately, there are no data on fish response to seachest intakes. 
Therefore, using best professional judgment, it was assumed that the proportion that would 
attempt to escape using cruising speed would follow a triangle distribution, as shown in 
Table 12. 

TABLE 12 
Percent of Time Escape Is at Cruising Speed 

Lowest 
Possible 

Most Likely 
Condition 

Highest 
Possible 

30% 35% 80% 

It was assumed that the remaining fish (which did not attempt to escape using cruising 
speed) would attempt to escape using sustained speed (60/65 [92 percent] of the remainder) 
or burst speed (5/65 [8 percent] of the remainder). In other words, under the most likely 
scenario, for every 100 fish, 35 would attempt to escape using cruising speed, 60 would 
attempt to escape using sustained speed, and 5 would attempt to escape using burst speed. 
At the high end of the cruising speed estimate, for every 100 fish, 80 would attempt to 
escape using cruising speed, 18 would attempt to escape using sustained speed, and 
2 would attempt to escape using burst speed. The cruising, sustained, and burst speeds 
obtainable by the individual fish varied with their size distributions, as described below. 

Salmonid Swimming Abilities 
Cruising swimming speeds are determined through bioassay principles. Times to fatigue 
are measured for fish swimming at various constant speeds. Sustained (or prolonged) 
speeds are also reported as “critical” swimming speeds, measured by using an increasing-
velocity test (Groot et al., 1995). Groot et al. (1995) report cruising speed to be approximately 
2.5 body lengths per second (bl/sec), sustained speed to be 3 to 5 bl/sec, and burst speed to 
be 4.5 to 12 bl/sec. Critical swimming speeds have been reported by numerous authors, but 
they are often reported in different units, from bl/sec, to ft/sec, to cm/sec. Table 13 presents 
the available data for salmonids in the units reported in the source documents, and 
converted to ft/sec. 
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TABLE 13 
Salmonid Swimming Abilities 

Species 
Life 

Stage Size (mm) 

Critical
Swimming Speed 
(reported units) 

Speed 
(ft/sec) Source 

Atlantic salmon Parr 57 9.8 bl/s 1.83 Peake et al., 1997 

Unspecified salmon Parr 100 7.3 bl/s 2.4 Peake and 
McKinley, 1998, in 
Turnpenny et al., 
1998 

Atlantic salmon Parr 134 6.2 bl/s 2.72 Peake et al., 1997

Atlantic salmon Smolt 152 7.5 bl/s 3.74 

Unspecified salmon Smolt 120 7.1 bl/s 2.8 Booth et al.,1996, 
in Turnpenny et al., 
1998 

Sockeye NR 77.7 (mean) 8.3 bl/s 2.12 Taylor and Foote, 
1991 Kokanee NR 77.5 (mean) 7.3 bl/s 1.86 

Sockeye NR 91.4 (mean) 6.6 bl/s 1.98 

Kokanee/sockeye hybrids NR 91.9 (mean) 6.6 bl/s 1.99 

Sockeye NR 150 (approx.) 5 bl/s 2.4 Groot et al., 1995 

Coho NR 51 < 0.5 ft/sec < 0.5 
ft/sec 

Bell, 1991 

Coho NR 89 < 1.0 ft/sec < 1.0 
ft/sec 

Coho NR 121 < 1.3 ft/sec < 1.3 
ft/sec 

Sockeye NR 127 1.75 ft/sec 1.75
ft/sec 

Abbreviations: 

NR = not reported.  
bl/s = body length per second. 
ft/sec = feet per second. 

Aside from Bell (1991), who offers no source information for his data, the results are 
remarkably consistent for fish of different sizes—generally in the 2 ft/sec range for critical 
(sustained) swimming speed. The maximum intake velocity at the face of the seachest will 
be approximately 2.2 ft/sec, indicating that few juvenile salmonids would be susceptible to 
entrainment. 

In the initial modeling, a very conservative escape speed was assumed—2 bl/sec as 
suggested by Turnpenny et al. (1998), who stated, “The safe and easy option (although not 
necessarily the lowest cost option) is to adopt widely accepted standard criteria for fish 
escape velocity. “ Their stated “widely accepted standard” criterion was 2 bl/sec. 

It should also be noted that cruising speed is affected by salinity and temperature. In spite of 
the large inflows and tidal exchanges, which lead to a widely varying salinity and 
temperature regime (both daily and annually), the temperature and salinity at the Terminal 
location remain well within the tolerance limits of juvenile salmonids. Therefore, it was 
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assumed that temperature and salinity variations would not cause significant changes in 
swimming performance. 

As can be seen from Table 13, the lowest reported critical swimming speed is 5 bl/sec 
(except for the Bell [1991] data, which are suspect). Burst speeds have not been well defined 
(Groot et al., 1995), but they have been reported to exceed 10 bl/sec (Groot et al., 1995) and 
are assumed to be higher than the highest reported critical swimming speed of 9.8 bl/sec. 
For the purposes of modeling, escape speeds were assumed to be as shown in Table 14. 

TABLE 14 
Estimated Escape Speed  
Movement Speed (bl/s) 

Burst 10 

Sustained 5 

Cruising 2 

bl/s = body length per second. 

Because swimming speed (in ft/sec) is dependent on body length, length data were 
obtained from various sources, including Mr. Dean Ballinger of the Pacific States Marine 
Fisheries Center fish counting facility at Bonneville Dam. Table 15 contains the mean lengths 
and size ranges for various species as reported in 2008.  

TABLE 15 
Mean and Range Fish Lengths for Various Species at Bonneville Dam in 2008 

Species 

Mean 
Length 
(mm) Minimum (mm) Maximum (mm)

Number of Fish 
Sampled

Yearling Chinook 144.8 85 266 4,630 

Subyearling Chinook 107.5 60 206 8,825 

Non-ad-clipped steelhead 199.7 115 353 843 

Ad-clipped steelhead 234.7 118 373 1,436 

Coho 139.5 75 214 2,165 

Sockeye 130.1 77 197 865 

mm = millimeters. 
Source: Ballinger, 2009. 

The fish lengths input to the model are based on these data. Because length frequency 
distribution was not available, lengths were assumed to follow a triangle distribution using 
the minima, maxima, and means. Because lower river subyearlings are smaller, the 
population of subyearling Chinook was again divided into lower river and upriver 
components. The lengths from Bonneville (Table 15) were used for upriver subyearling 
Chinook. For lower river subyearling Chinook, data from Bottom et al. (2008) were used. 
Lower river subyearling Chinook were assumed to range from 35 to 150 mm, with a mean 
of 85 mm. 
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In the initial modeling (reported in the May 22 memo), only two velocity “capture zones” 
(instead of four) were established at the seachests. The first (Zone A) was the area in the 
immediate vicinity of the seachest where velocities exceed 0.66 ft/sec or 2 bl/sec for a 100-
mm fish. Zone B extended from the 0.66 ft/sec line to the maximum extent of influence 
around the seachests, where the intake velocity exceeded 0.4 ft/sec. It was assumed that 
only fish less than 100 mm in length would be entrained within Zone B, while all fish 
regardless of size (and, hence, regardless of swimming ability) would be entrained in Zone 
A. This was an overly conservative assumption. 

Methods Summary 
The probabilistic model takes into consideration multiple factors. First, it considers the size 
of the various capture zones around the seachests (where velocities exceed previously 
established criteria), based on ship water needs and likely tidal conditions. Then it 
determines what percentage of the time (annually) those capture zones are present and 
what percentage of the Area of Interest the capture zones occupy. Then, it calculates the 
number of fish of each species that are likely to pass through each capture zone annually 
based on total fish populations, and their distribution horizontally and vertically. Finally, it 
determines how many of each fish species are likely to escape from each capture zone based 
on swimming ability (which is size related) and their assumed reaction (cruising, sustained, 
or burst speed). The variables input to the model are summarized in Table 16.  

TABLE 16 
Model Inputs 

Variable
Deterministic

Values

Probabilistic Values 

Lower 
Limit Most Likely 

Upper 
Limit 

Cross-sectional area of LCRE between Oregon side 
and Desdemona Sands 

263,875 ft2    

Cross-sectional area between surface and –20 feet 
Mean Tide Level 

149,750 ft2    

Cross-sectional area between –20 feet mean tide level 
and river bottom from Oregon shore to Desdemona 
Sands (the Area of Interest) 

114,125 ft2    

Percentage of time slack tide (no cross flow)  10% 20% 30% 

Percentage of time cross flow  1 percent of time slack tide 

Percentage of time ships would be 148,000-m3 class  0% 45% 100% 

Percentage of time ships would be 213,000-m3 class
35/55 of 
those not 
148,000 m3

Percentage of time ships would be 266,000-m3 class
20/55 of 
those not 
148,000 m3

Percentage of time ships would operate only one 
seachest

10%    
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TABLE 16 
Model Inputs 

Variable
Deterministic

Values

Probabilistic Values 

Lower 
Limit Most Likely 

Upper 
Limit 

Percentage of total juvenile population on the Oregon 
side (between Desdemona Sands and Oregon shore) 

 20% 40% 50% 

Percentage of total juvenile population in water 20 feet 
deep and less 

 40% 95% 99% 

Burst speed 10 bl/sec    

Sustained speed 5 bl/sec    

Cruising speed 2 bl/sec    

Percentage of fish that will attempt to escape using 
cruising speed 

 30% 35% 80% 

Percentage of fish that will attempt to escape using 
sustained speed 

60/65 of those 
not using 
cruising
speed 

Percentage of fish that will attempt to escape using 
burst speed 

5/65 of those 
not using 
cruising
speed 

Lower river subyearling Chinook size (mm)  35 85 140 

Upper river subyearling Chinook size (mm)  60 108 206 

Yearling Chinook size (mm)  85 145 266 

Coho size (mm)  75 140 214 

Steelhead size (mm)  115 222 373 

Sockeye size (mm)  77 130 197 

Abbreviations:  

ft2 = square feet. 
m3 = cubic meters. 
bl/sec = body lengths per second. 
mm = millimeters.  

This methodology differs significantly from the initial methodology in that it takes into 
consideration many additional variables and attempts to apply probabilities to each of the 
uncertain variables. Table 17 summarizes the differences between the two models and the 
rationale for changing the initial assumptions.  
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TABLE 17 
Variables and Assumptions Used in the Initial Modeling Approach and the Revised Approach 
Variable/Assumption Previous Approach Revised Approach Rationale 

Seachest depth 30 ft (9 m) deep Unchanged. Industry sources indicate 
that seachests are located at 
depths of 27 to 35 ft below 
water line. 

Ballast and cooling 
water needs 

Assumed maximum 
withdrawal rate (85 
ft3/sec) for 20 hours per 
ship  

Adjusted the amount of 
water required based on 
the expected annual 
distribution of ship types. 

Industry sources provided 
typical ballast and cooling 
water estimates for various 
classes of ship. The initial 
approach was overly 
conservative. 

Ballast and cooling 
water withdrawal 
operations 

Assumed only one 
seachest in operation 
at all times 

Assumed one seachest in 
operation 10% of the time, 
two in operation 90% of the 
time.

Industry sources indicate 
that the use of two 
seachests is the typical 
practice. The initial approach 
was overly conservative, and 
Oregon LNG will 
contractually require 
shippers to operate two 
seachests unless there is an 
overriding reason not to do 
so.

Tidal flow Assumed slack water 
at all times 

Assumed slack water 
follows a triangle 
distribution as shown in 
Table 16. Average tidal flow 
is 1 percent slack water 

Initial approach was overly 
conservative; revised 
approach is based on Coast 
and Harbor Engineering 
modeling and represents 
typical tidal flow. 

Seasonal fish 
abundance (temporal 
distribution) 

Used Bonneville Dam 
passage and lower 
Columbia River 
sampling data to 
construct passage 
curves, and distributed 
ships at 3- and 4-day 
intervals during the 
passage period. 

Simply used the 
percentage of the year 
during which ships would 
be withdrawing water: 
15.4% of the year for 
ballast and cooling water 
withdrawal, 8.6% of the 
year for cooling water 
withdrawal only. 

Earlier modeling indicated 
that entrainment numbers 
were nearly identical using 
the two methods, and the 
“percentage time” method is 
much simpler to calculate.

Annual fish abundance Used 3-year mean 
from Ferguson (2006, 
2007, and 2008) 

Unchanged. Used best available data. 

Horizontal distribution Assumed equal 
distribution from 
Oregon to Washington 
sides 

Split population around 
Desdemona Sands using a 
triangle distribution as 
shown in Table 16. 

The little available evidence 
suggests that more fish use 
the north shipping channel 
(McComas et al., 2007 and 
2008; Truelove, 2005). 
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TABLE 17 
Variables and Assumptions Used in the Initial Modeling Approach and the Revised Approach 
Variable/Assumption Previous Approach Revised Approach Rationale 

Vertical distribution Assumed equal 
distribution throughout 
the water column, 
except for subyearling 
Chinook 

Assumed that 60% to 99% 
of all juvenile salmonids 
occur in the upper 20 ft of 
the water column, modeled 
as a triangle distribution as 
shown in Table 16. The 
remainder of the fish were 
assumed to be evenly 
distributed through the 
lower water column. 

The available evidence 
suggests that the majority of 
juvenile salmonids occur in 
the upper 10 ft of the water 
column, with the majority of 
the remainder in the upper 
20 ft (Dawley et al., 1986; 
NMFS, 2006; Bottom et al., 
2005; Truelove, 2005). 

Fish swimming ability Assumed that a 
cruising speed of 
2 bl/sec was the 
maximum swimming 
ability 

Established cruising speed 
as 2 bl/sec, sustained 
speed as 5 bl/sec, and 
burst speed as 10 bl/sec. 

Actual fish swimming ability 
is much greater than 
2 bl/sec, which was used in 
the initial model as a very 
conservative rule of thumb. 

Fish size Fish size was obtained 
from multiple sources 
for different species 

Unchanged. Best available data obtained 
from Bonneville Dam and 
published sources were 
used. 

Fish response Assumed that all fish 
would attempt to swim 
away from the 
seachests at cruising 
speeds 

Assumed that all fish would 
attempt to swim away from 
the seachests, but at 
various speeds. 

Data are limited, but if the 
fish sense a “pull” into the 
seachest, they are likely to 
attempt to escape. Escape 
path is effectively all 
directions away from the 
seachest. 

Migration Assumed all fish swim 
past the Terminal only 
once 

Unchanged. Migration rates indicate that 
fish do not spend significant 
time in the LCRE, except 
subyearling Chinook, which 
are likely to be located in 
shallow water near shore. 

Entrainment “zones” Divided area around 
seachests into two 
“zones,” the areas 
experiencing velocities 
> 0.6 ft/sec and 0.6 to 
0.4 ft/sec 

Divided “zone of influence” 
area around seachests into 
four “zones” (0.4 to 0.8, 0.8 
to 1.2, 1.2 to 1.6, and 1.6 to 
2.2 ft/sec), modeled using a 
uniform distribution within 
each range.  

Allowed for a much “finer 
grained” and more realistic 
analysis of fish escape. 

Abbreviations: 

ft = feet. 
m = meters. 
bl/sec = body lengths per second. 
ft3/sec = cubic feet per second. 
LCRE = Lower Columbia River Estuary. 
ft/sec = feet per second. 
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Results
Before the total number of fish entrained annually can be determined, the number that are 
entrained per zone must be identified. The annual number of fish entrained per zone is 
equal to the number of fish in each potential capture zone that swim at a speed less than the 
intake velocity in that zone. The results are summed for each possible swim-speed response 
(cruising, sustained, burst) and then summed for all four zones. 

The estimated annual entrainments by species are as shown in Tables 18, 19, and 20. 
Table 18 shows entrainment by species. Table 19 shows ESA-listed fish entrainment, which 
is entrainments by species times the percentage of each species that is ESA listed. Table 20 
shows estimated entrainments by ESU. In the tables, the 50th percentile indicates that half of 
the model simulation iterations were above that number entrained, and half below. 
Likewise, the 90th percentile indicates that only 10 percent of the iterations had a higher 
level of entrainment. Another way of looking at this is an equal chance that the number of 
juvenile salmonids likely to be entrained is higher or lower than that presented as the 50th 
percentile number, while there is only a 10 percent chance that the number of juvenile 
salmonids entrained will be higher than that presented as the 90th percentile. 

TABLE 18 
Number of Fish Entrained Annually, by Species 

UR SY 
Chinook

LR SY 
Chinook

Yearling 
Chinook Coho Steelhead Sockeye 

Youngs 
Bay Coho 

Minimum 0.0 0.0 0.0 0.0 0.0 0.00 0.0000 

Maximum 21.0 58.9 24.2 12.9 2.8 2.28 0.0029 

10.0% 0.1 1.0 0.1 0.1 0.0 0.00 0.0000 

50.0% 1.0 4.2 0.3 0.3 0.0 0.04 0.0001 

90.0% 4.1 15.7 2.1 1.6 0.2 0.16 0.0004 

Abbreviations:  

UR = Upriver. 
SY = subyearling. 
LR = Lower river. 
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TABLE 19 
Number of ESA-Listed Fish Entrained

ESA-listed 
SY

Chinook

ESA-listed 
Yearling 
Chinook

ESA-listed 
Coho 

ESA-listed 
Steelhead 

ESA-listed 
Sockeye 

ESA-listed 
YB Coho 

Minimum 0.0 0.0 0.0 0.0 0.00 0.0000 

Maximum 57.6 6.7 9.6 1.0 0.06 0.0021 

10.0% 1.3 0.0 0.0 0.0 0.00 0.0000 

50.0% 4.3 0.1 0.2 0.0 0.00 0.0001 

90.0% 13.3 0.6 1.2 0.1 0.01 0.0003 

Note:

The numbers of upriver and lower river subyearling Chinook from Table 18 are combined to include all 
subyearling Chinook. 

Abbreviations: 

ESA = Endangered Species Act. 
SY = subyearling. 
YB = Youngs Bay. 

 

TABLE 20 
Number of ESU Fish Estimated Entrained 

  Revised Methodology 

ESU

Estimate
Using Initial 
Methodology 

50th 
Percentile

90th 
Percentile

Lower Columbia River fall Chinook 48 3.62 13.81 

Snake River fall Chinook yearling and subyearling 2 0.15 0.56 

Upper Columbia River spring/summer Chinook 5 0.00 0.03 

Upper Willamette River Chinook 44 0.04 0.28 

Snake River spring/summer Chinook 12 0.01 0.07 

Lower Columbia River coho 128 0.22 1.19 

Youngs Bay coho 0.1 0.00 0.00 

Snake River sockeye 1 0.00 0.01 

Lower Columbia River steelhead 13 0.00 0.02 

Upper Columbia River steelhead 5 0.00 0.01 

Middle Columbia River steelhead 16 0.00 0.03 

Upper Willamette River steelhead 3 0.00 0.00 

Snake River steelhead 28 0.00 0.04 

ESU = Evolutionarily Significant Unit. 
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Figure 7 is an example tornado diagram. This diagram, for upriver subyearling (UR SY) 
Chinook, shows the relative importance of individual probabilistic variables to the total 
range of uncertainty in estimated entrainments. As shown, the most important uncertainties 
are fish size and the percentage of fish in the top 20 ft. 

FIGURE 7 
Example Tornado Diagram 

 Regression Sensitivity for UR SY Chinook/G50

Std b Coefficients

    

 Percent of total fish on t.../D9  .012

 Uniform Distribution / Zon.../G16  .019

 Triangle Distri-bution/B7-.035

 Uniform Distribution / Zon.../I16  .064

 Percent of total fish on t.../D9  .125

 Slack water / Triangle Dis.../D15  .14

 Cruising / Triangle Distri.../D35  .169

 Uniform Distribution / Zon.../J16  .24

 Percent of fish in top 20 .../D11-.438

 Size (mm) / Triangle Distr.../D25-.467

-0.75 -0.5 -0.25 0 0.25 0.5 0.75 1

 

Juvenile Salmonid Entrainment 
The ESU with the largest number of individual fish potentially entrained, of any ESU, is 
LCR Chinook, with approximately four individuals (and up to a maximum of 56 individual 
smolts) entrained per year. The largest impact to any particular ESU (on a percentage basis) 
would be to Snake River fall Chinook, with a potential entrainment of 0.56 individuals 
annually for 0.00004 percent of the population. Table 21 contains the 3-year mean of the 
population of each ESU as calculated from Ferguson (2006, 2007, and 2009), the potential 
entrainment (based on the 90th percentile), and the percentage of the population that the 
potential entrainment represents.  

When converted to adult equivalents using smolt-to-adult return (SAR) ratios from various 
hatcheries included in the ESUs (DART, 2009), entrainment due to ballast water withdrawal 
is responsible for the loss of much less than one adult from all ESUs (Table 22). Therefore, 
there would be essentially no effect on harvest or population recovery.  

TABLE 21 
Percentage of Each ESU/DPS Potentially Entrained 

ESU/DPS

3-Year Mean Population 
of Juveniles at Tongue 

Point 

Number
Potentially 
Entrained 

% of the Total 
Population 

Snake River sockeye 74,151 0.007 0.00001% 

Lower Columbia River coho 13,254,911 1.186 0.00001% 

Chum 1,467,982 0.000 0.00000% 

Snake River steelhead 3,144,333 0.043 0.00000% 
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TABLE 21 
Percentage of Each ESU/DPS Potentially Entrained 

ESU/DPS

3-Year Mean Population 
of Juveniles at Tongue 

Point 

Number
Potentially 
Entrained 

% of the Total 
Population 

Upper Columbia River 
steelhead 

489,128 
0.007 0.00000% 

Middle Columbia River 
steelhead 

1,061,491 
0.025 0.00000% 

Lower Columbia River 
steelhead 

1,302,406 
0.021 0.00000% 

Upper Willamette River 
steelhead 

279,199 
0.004 0.00000% 

Snake River spring/summer 
Chinook 

1,265,731 
0.075 0.00001% 

Snake River fall Chinook 1,354,555 0.561 0.00004% 

Upper Columbia River 
Chinook 

460,405 
0.033 0.00001% 

Lower Columbia River 
Chinook 

63,808,214 
13.806 0.00002% 

Upper Willamette River 
Chinook 

4,662,659 
0.282 0.00001% 

ESU/DPS = Evolutionarily Significant Unit/Distinct Population Segment. 

 

TABLE 22 
Adults from Each ESU Potentially Lost Due to Entrainment of Juveniles 

ESU

Total 
Estimated

Entrainment 
Mean SAR 

(years of data) Hatchery 

Adults Lost 
Due to Juvenile 

Entrainment 

Lower Columbia River fall Chinook 
(tule) 

12.5975791 0.008 (30) Big Creek 

0.1044 
Lower Columbia River fall Chinook 

(late fall) 
1.20815561 0.003 (3) Big Creek 

Snake River fall Chinook yearling and 
subyearling 

0.561235 0.009 (9) Lyons Ferry 0.0051 

Upper Columbia River spring/summer 
Chinook 

0.03287735 0.004 (12) Chiwawa 0.0001 

Upper Willamette River Chinook 0.28178787 0.006 (25) McKenzie 0.0017 

Snake River spring/summer Chinook 0.07533177 0.002 (12) Tucanon 0.0002 

Lower Columbia River coho 1.18624 0.026 (25) Bonneville 0.0308 

Snake River sockeye 0.007424 0.002 Six hatcheriesa 0.0000 

Lower Columbia River steelhead 0.02093233 0.003 (12) Skamaniab 0.0001 

Upper Columbia River steelhead 0.00725588 0.005 (6) Wells 0.0000 
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TABLE 22 
Adults from Each ESU Potentially Lost Due to Entrainment of Juveniles 

ESU

Total 
Estimated

Entrainment 
Mean SAR 

(years of data) Hatchery 

Adults Lost 
Due to Juvenile 

Entrainment 

Middle Columbia River steelhead 0.0254298 0.003 (16) Umatilla 0.0001 

Upper Willamette River steelhead 0.00395437 0.003 (7) Clackamasc 0.0000 

Snake River steelhead 0.04333903 0.004 (30) Dworshak 0.0002 

aLimited data are available on sockeye returns; therefore, data from all available hatcheries were pooled.  
bNo data for any of the artificial propagation programs included in the ESU were available. Skamania hatchery had 
the largest data set for steelhead in the Lower Columbia River hydrologic unit. 
cNo hatchery stocks are included in these ESUs. 

Abbreviations:  

ESU = Evolutionarily Significant Unit. 
SAR = smolt-to-adult return. 

The total number of fish entrained and their contribution to their respective ESUs are 
remarkably small. This is due, in large part, to the size of the LCRE at the Terminal location. 
Because the amount of available habitat is so large, the density of juvenile salmonids in any 
given hour when the ships are at port, in any particular square meter of water, is very low. 
If the Terminal were located in an upriver location, where habitat is much more restricted, 
juvenile salmonids would have much greater density (assuming equal horizontal and 
vertical distribution) and entrainment, consequently, would be higher. 

As can be seen from Figure 7, the uncertain variable with the greatest impact on 
entrainment numbers is the percentage of fish in the top 20 ft of the water column. The 
majority of juvenile salmonids are believed to occur above this depth and therefore are not 
susceptible to entrainment. Additional data on juvenile salmonid vertical distribution in the 
water column would result in greater accuracy in the entrainment estimates. 
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1.0 Introduction 
On behalf of Oregon Pipeline Company, LLC, CH2M HILL has prepared a restoration monitoring plan for
unavoidable temporary impacts to wetlands as a result of construction of the proposed Bidirectional Project
(Project). The Project will temporarily impact wetland functions and values through disturbance of soil and
removal of vegetation during the construction and installation of a buried liquefied natural gas (LNG)
pipeline (Pipeline). The goal of this monitoring plan is to confirm that performance standards are properly
followed and fulfill the objective of habitat restoration and avoidance or minimization of adverse effects to
the ecosystem. In conjunction with this goal, a series of conceptual wetland restoration planting plans is
provided in the attachment to this technical memorandum. The plans are arranged according to watershed,
as shown in Figure 1 in the attachment.

Approximately 118 acres of temporary1 wetland impacts will occur along the proposed Pipeline alignment.
Oregon LNG will conduct onsite restoration and ensure the reestablishment of wetlands in the Pipeline
corridor. This effort includes restoring soils and hydrology functions and revegetating disturbed areas with
salvaged plant material, reseeding with native seeds, or replanting with native plants. Site restoration will
include a functional lift of existing degraded plant communities through removal of non native species.

2.0 Monitoring Plan 
Seasonal monitoring will be conducted by a qualified botanist for a period of 10 years following final
installation using the standards summarized below in Section 3.0, Performance Standards.

The monitoring report will consist of the following:

Vegetation transect (or transects depending on size of wetlands that detail herb, shrub, and tree aerial
cover at radii of 3 feet, 15 feet, and 30 feet, respectively)

Percent of planted materials surviving, classified by condition (for example, vigorous, living, stressed)

Percent cover for the following four classes: native forbs and grasses; non native forbs and grasses;
shrubs and trees; bare ground and rock

Report on invasive vegetation, vandalism, dumping, wildlife damage or other conditions actually or
potentially harmful to the restoration

Identification of maintenance concerns (for example, plants need to be replaced)

1 As defined in Oregon Administrative Rule 141 085 0010, temporary impacts means those impacts that do not result in the permanent loss of
function and/or area and are rectified within 12 months of project completion.
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Color photographs that show the restoration site, taken from a fixed photo point (or points depending
on size of wetland) drawn on a map of the restoration area, keyed to lines of sight from those photo
points

Table 1 summarizes the proposed restoration monitoring plan schedule.

TABLE 1
10-Year Restoration Monitoring Schedule 

Year

Monitoring and Restoration Activities

Season

Winter Spring Summer Fall

1 Monitor Restoration Sites

Noxious Weed Control (As Needed)

Monitor Restoration Sites

Noxious Weed Control (As Needed)

Monitor Restoration Sites

Replant (As Needed)

2 Submit Results of
Year 1 Monitoring

Monitor Restoration Sites

Noxious Weed Control (As Needed)

Monitor Restoration Sites

Noxious Weed Control (As Needed)

Monitor Restoration Sites

Replant (As Needed)

3 Submit Results of
Year 2 Monitoring

Monitor Sites Deficient During
Year 1 and 2

Noxious Weed Control (As Needed)

Monitor Sites Deficient During Year
1 and 2

Noxious Weed Control (As Needed)

Monitor Sites Deficient
During Year 1 and 2

Replant (As Needed)

4 Submit Results of
Year 3 Monitoring

Monitor Sites Deficient During Year
1 and 2 and Monitor 50% of Sites*

Noxious Weed Control (As Needed)

Monitor Sites Deficient During Year
1 and 2 and Monitor 50% of Sites*

Noxious Weed Control (As
Needed)*

Monitor Sites Deficient
During Year 1 and 2 and
Monitor 50% of Sites*

Replant (As Needed)

5 Submit Results of
Year 4 Monitoring

Monitor Sites Deficient During Year
1 and 2 and Monitor 50% of Sites*
Not Monitored Year 4

Noxious Weed Control (As Needed)

Monitor Sites Deficient During Year
1 and 2 and Monitor 50% of Sites*
Not Monitored Year 4

Noxious Weed Control (As Needed)

Monitor Sites Deficient
During Year 1 and 2

Monitor 50% of Sites Not
Monitored Year 4

Replant (As Needed)

6 Submit Results of
Year 5 Monitoring

Monitor Sites Deficient in Previous
Year

Noxious Weed Control (As Needed)

Monitor Sites Deficient in Previous
Year

Noxious Weed Control (As Needed)

Monitor Sites Deficient in
Previous Year

Replant (As Needed)

7 Submit Results of
Year 6 Monitoring

Monitor Sites Deficient in Previous
Year

Noxious Weed Control (As Needed)

Monitor Sites Deficient in Previous
Year

Noxious Weed Control (As Needed)

Monitor Sites Deficient in
Previous Year

Replant (As Needed)

8 Submit Results of
Year 7 Monitoring

Monitor Sites Deficient in Previous
Year

Noxious Weed Control (As Needed)

Monitor Sites Deficient in Previous
Year

Noxious Weed Control (As Needed)

Monitor Sites Deficient in
Previous Year

Replant (As Needed)

9 Submit Results of
Year 8 Monitoring

Monitor Sites Deficient in Previous
Year

Noxious Weed Control (As Needed)

Monitor Sites Deficient in Previous
Year

Noxious Weed Control (As Needed)

Monitor Sites Deficient in
Previous Year

Replant (As Needed)

10 Submit Results of
Year 9 Monitoring

Monitor All Restoration Sites

Noxious Weed Control (As Needed)

Monitor All Restoration Sites

Noxious Weed Control (As Needed)

Monitor All Restoration
Sites

Noxious Weed Control (As
Needed)

11 Submit Final Reports

*Choose sites using a stratified random approach across watersheds.
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3.0 Performance Standards 
The proposed performance standards will be evaluated by a qualified biologist using best professional
judgment. Table 2 summarizes the performance standards that will be used to evaluate success of the
planting according to established landscape standards for wetland vegetation communities in the
appropriate zones west of the Cascade Crest (Franklin and Dyrness, 1973).

TABLE 2
Summary of Performance Standards

Objective Performance Standard

Ensure that all areas of
wetland have hydrology
through April 15

Hydrology present in accordance with USACE Wetland Delineation Manual (1987)

2 years with normal or below normal precipitation

Maintain structural diversity Grass, shrub, and forest habitat diversity present to an extent equal or better than
preconstruction conditions

Maintain species diversity Plant a diverse assemblage of species native to the project area or region to an extent equal or
better than preconstruction conditions

Ensure survivorship of trees
and shrubs

Planting density within 5 percent of planting plan—typically 60 to 80 percent survivorship (native
species recruitment on the site may be included)

Increase aerial cover in successive years; 15 percent aerial cover of trees 3 years after planting; 40
to 60 percent aerial cover of shrubs after 3 years

Ensure survivorship of ground
cover

30 to 50 percent ground after 1 year

60 to 80 percent ground cover 2 years after installation in emergent zones

50 percent ground cover within 2 years in shrub and forest habitat

Bare substrate represents no more than 20 percent cover after 3 years

Make cover of noxious weeds
and non native species
minimal

No more than 10 percent cover of invasive species such as reed canarygrass, Himalayan
blackberry, Evergreen blackberry, purple loosestrife, kudzu, Japanese knotweed, thistles, and
poison hemlock 3 years after installation

4.0 Maintenance 
If any monitoring report shows that performance standards are not achieved, Oregon LNG will recommend
corrective management actions. Wetlands with substandard performance will be monitored annually until
there are two successive years demonstrating successful performance. Corrective actions may include
invasive species control (typically spring/early summer); protective sleeves to minimize browsing damage by
herbivores (typically applied spring/summer); and replanting (typically dormant or rainy season). Biologists
will keep a written record to document the date of each visit, site conditions, and any corrective actions
taken.

5.0 References 
Franklin, J. F. and C. T. Dyrness. 1973. Natural Vegetation of Oregon and Washington. USDA Forest Service.

General Technical Report. 417 pp. Portland, Oregon.

U.S. Army Corps of Engineers (USACE). 1987. Corps of Engineers Wetland Delineation Manual. Prepared by
Environmental Laboratory for U.S. Army Corps of Engineers, Waterways Experiment Station,
Vicksburg, MS. Technical Report Y 87 1.
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Palustrine Emergent Wetland (PEM)

SEED MIX #1 SEED MIX FOR COASTAL LOWLANDS — NON-AGRICULTURAL

Common Name Scientific Name Form*
Pounds per Acre

Per Live Seed (PLS)

Pacific Reedgrass Calamagrostis 
nutkaensis

Seed 8

Seaside Arrow 
Grass

Triglochin maritima Seed 8

Fowl Bluegrass Poa palustris Seed 8

Tufted Hairgrass Deschampsia 
caespitosa var. artica

Seed 2

Red Fescue Festuca rubra Seed 8

Lyngby’s Sedge Carex Lyngbyei Seed 10

Baltic Rush

* Substitution of species or substitution of plugs for seeds may be made, depending on 
availability and approval by Permitting Agency.

* Substitution of species or substitution of plugs for seeds may be made, depending on 
availability and approval by Permitting Agency.

Juncus articus var. 
baticus

Seed 10

SEED MIX #2 SEED MIX FOR COASTAL FOOTHILLS — NON-AGRICULTURAL

Common Name Scientific Name Form*
Pounds per Acre

Per Live Seed (PLS)

Red Fescue Festuca rubra Seed 8

Colonial Bentgrass Agrostis capillaris Seed 8

Slender Hairgrass Deschampsia 
elongata

Seed 2

Slough Sedge Carex obnupta Seed 10

Small-fruited 
Bulrush

Scirpus microcarpus Seed 10

Sickle-leaved Rush Juncus ensfolius Seed 10

POTENTIAL WETLAND CROSSING

Lower Columbia Watershed (4th HUC)

ES042009005PDX 355036.PP.12  LNG_LCW_Watershed3_04.ai   08-27-09  cts

FIGURE 2
Lower Columbia Watershed

Palustrine Emergent Wetland Restoration - Typical
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Palustrine Scrub-Shrub (PSS)

SCRUB-SHRUB WETLAND COMMUNITY - SHRUBS, HERBS

Common Name Scientific Name Form*

Hooker Willow Salix hookeriana Live stake 8’ o.c. 
(4 stakes/hole)

Douglas Spiraea Spiraea douglasi 1 gal 6’ o.c.
Cluster of 9

POTENTIAL WETLAND CROSSING

Lower Columbia Watershed (4th HUC)

* Substitution of species or substitution of plugs for seeds may be made, depending on 
availability and approval by Permitting Agency.

Wetland Seed Mix #1 for Coastal Lowland/ Wetland Seed Mix #2 for Coastal Foothills

ES042009005PDX 355036.PP.12  LNG_LCW_Watershed2_05.ai   08-28-09  cts

FIGURE 3
Lower Columbia Watershed

Palustrine Scrub-Shrub Wetland Restoration - Typical
OREGON PIPELINE PROJECT
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Palustrine Forest Wetland (PFO)

Palustrine Emergent (PEM)

POTENTIAL WETLAND CROSSING

Lower Columbia Watershed (4th HUC)

SEED MIX #1  FOREST WETLAND COMMUNITY - FOREST, HERBS

Common Name Scientific Name Form*

Red Alder Alnus Rubra 2 gal 10’ o.c.

Western Red Cedar Thuja plicata 2 gal 15’ o.c.

Sitka Spruce Picea sitchens 2 gal 20’ o.c.

* Substitution of species or substitution of plugs for seeds may be made, depending on 
availability and approval by Permitting Agency.

Wetland Seed Mix #1 for Coastal Lowland/ Wetland Seed Mix #2 for Coastal Foothills

Spacing
(on center)

ES042009005PDX 355036.PP.12  LNG_LCW_Watershed1_05.ai   08-28-09  cts

FIGURE 4
Lower Columbia Watershed

Palustrine Forest/Palustrine Emergent 
Wetland Restoration - Typical
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Palustrine Emergent Wetland (PEM)

WETLAND SEED MIX #3

Common Name Scientific Name Form*
Pounds per Acre

Per Live Seed (PLS)

Red Fescue Festuca rubra Seed 8

Colonial Bentgrass Agrostis capillaris Seed 8

Slender Hairgrass Deschampsia 
elongata

Seed 2

Slough Sedge Carex obnupta Seed 10

Small-fruited 
Bulrush

Scirpus microcarpus Seed 10

Sickle-leaved Rush Juncus ensfolius Seed 10

POTENTIAL WETLAND CROSSING

Nehalem Watershed (4th HUC)
Lower Columbia/Clatskanie (4th HUC)

Lower Willamette Watershed (4th HUC)

* Substitution of species or substitution of plugs for seeds may be made, depending on
availability and approval by Permitting Agency.
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FIGURE 
Nehalem Watershed 

Lower Columbia/Clatskanie 
Lower Willamette Watershed

Palustrine Emergent Wetland Restoration - Typical
OREGON PIPELINE PROJECT



SCRUB-SHRUB WETLAND COMMUNITY - SHRUBS, HERBS

Common Name Scientific Name Form*

Red-osier 
Dogwood

Cornus stolonifera 8-ft o.c.
Cluster of 10

Salmonberry

Wetland Seed Mix #3

Rubus spectabilis 1 gal

1 gal

6-ft o.c.
Cluster of 12

POTENTIAL WETLAND CROSSING

Nehalem Watershed (4th HUC)
Lower Columbia/Clatskanie (4th HUC)

Lower Willamette Watershed (4th HUC)

* Substitution of species or substitution of plugs for seeds may be made, depending on
availability and approval by Permitting Agency.

FIGURE 
Nehalem Watershed 

Lower Columbia/Clatskanie 
Lower Willamette Watershed

Palustrine Scrub-Shrub Wetland Restoration - Typical
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Palustrine Scrub-Shrub (PSS) 

Conversion to Palustrine Emergent Wetland (PEM)



FOREST WETLAND COMMUNITY - FOREST, HERBS

Common Name Scientific Name Form*

Red Alder Alnus rubra 2 gal 10’ o.c.

Western Red Cedar Thuja plicata 2 gal 15’ o.c.

Sitka Spruce

Wetland Seed Mix #3

Picea sitchens 2 gal 10’ o.c.

POTENTIAL WETLAND CROSSING

Nehalem Watershed (4th HUC)
Lower Columbia/Clatskanie (4th HUC)

Lower Willamette Watershed (4th HUC)

* Substitution of species or substitution of plugs for seeds may be made, depending on
availability and approval by Permitting Agency.

FIGURE 
Nehalem Watershed 

Lower Columbia/Clatskanie 
Lower Willamette Watershed

Palustrine Forest/Palustrine Emergent 
Wetland Restoration - Typical
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Introduction 
On behalf of LNG Development Company, LLC (doing business as Oregon LNG) and the Oregon Pipeline
Company, LLC (collectively, Oregon LNG), CH2M HILL has prepared this report to review efforts to avoid and
minimize wetland impacts from the Oregon LNG Terminal and Oregon Pipeline Project (Project). Avoidance
and minimization efforts are evaluated in the context of both the quantity of area and the wetland function.

1.1 Summary of Impacts 
The Project will temporarily and permanently impact wetland functions and values as a result of disturbance
of soil and removal of vegetation during the construction of a liquefied natural gas (LNG) receiving terminal
(Terminal) and installation of a buried natural gas pipeline (Pipeline). Oregon LNG intends to avoid and
minimize disturbance to wetlands associated with the construction and operation of the Project to the
greatest extent possible while maintaining a viable project. Avoidance and minimization efforts are detailed
in subsequent sections of this report and include alternate siting options for the Terminal and associated
facilities, ongoing review of the Pipeline alignment, use of existing utility corridors and roads, relocation of
temporary and additional temporary workspace (TWS and ATWS), construction methods, and reduced
easement areas.

Preliminary wetland jurisdictional determinations were made for the wetlands and other waters identified in
the Project study area. For the purposes of this analysis, the Pipeline study area is approximately
2,180 acres, encompassing a 200 foot wide corridor centered on the proposed Pipeline. The study area at
the Terminal is approximately 325 acres, encompassing the turning basin, dock and pier, facilities, and
supporting infrastructure (entry road and electrical transmission line). Within this 2,505acre study area,
which includes both the Terminal and Pipeline, approximately 391 acres of state and federal potential
jurisdictional wetlands, including agricultural wetlands, were identified in field and desktop surveys.
Jurisdictional delineations were conducted on properties with access. Desktop data (soil survey and National
Wetland Inventory) were used to map wetlands on properties where access was denied.

Several potential Pipeline routes and Terminal layouts were analyzed before a 100 foot wide Pipeline
corridor and Terminal layout (construction area) was chosen that avoids impacts to environmentally
significant areas to the greatest extent possible. The proposed Project area will impact (temporarily and
permanently) an estimated 174 acres of the total wetlands in the current study area. About 18.10 acres of
wetlands along the Pipeline are expected to be permanently impacted. Permanent impacts are calculated as
those representing a change in Cowardin class from Palustrine Forested (PFO) to Palustrine Scrub Shrub
(PSS) or Palustrine Emergent (PEM), rather than a net loss of wetland area. Along the Pipeline and following
construction, no wetlands will be filled above the existing grade or covered with impervious material. About
35.02 acres of wetlands at the Terminal (facilities, dock and pier, and supporting infrastructure) will be
permanently filled above existing grade or covered with impervious material.

The remaining 120.7 acres of wetland impacts will be temporary as defined in Oregon Administrative Rules
(OAR) 141 085 0510. To offset temporary impacts along the proposed Pipeline alignment, Oregon LNG will
conduct onsite restoration and ensure the reestablishment of wetland and other aquatic resource
characteristics and functions in the areas disturbed by the Terminal and Pipeline activities. This includes
restoring soils and hydrology functions, and revegetating disturbed areas with salvaged plant material,
reseeding with native seeds, or replanting with native plants. Further detail will be provided in a
comprehensive restoration and rehabilitation plan. Table 1 summarizes the wetland acreages and impacts
within the Project study area.
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1.1 Project Background 
LNG Development Company, LLC (doing business as Oregon LNG) proposes to own, construct, and operate a
liquefied natural gas (LNG) bidirectional terminal (Terminal) consisting of marine facilities, LNG storage
tanks, LNG vaporization facilities, natural gas liquefaction facilities, and associated support facilities. The
Terminal will be located in Warrenton, Oregon. The Terminal will have a base load liquefaction capacity of
9.6 million metric ton per year, which requires approximately 1.25 billion standard cubic feet per day
(Bscf/d) of pretreated natural gas, and a base load regasification capacity of 0.5 Bscf/d.

Natural gas will be transported to and from the Terminal via an approximately 86.8 mile long, 36 inch
outside diameter (OD) bidirectional pipeline (Pipeline) that is being developed by Oregon Pipeline Company,
LLC (Oregon Pipeline; together with LNG Development Company, LLC, Oregon LNG).1 The Pipeline will
interconnect with the interstate transmission system of Northwest Pipeline LLC, a subsidiary of the Williams
Companies, at the Northwest Pipeline Interconnect near Woodland, Washington.2 The Pipeline will be
routed through Clatsop, Tillamook, and Columbia counties in Oregon, and Cowlitz County in Washington, as
shown on Figure 1. An electrically driven gas compressor station (Compressor Station) will be constructed at
milepost (MP) 80.8 of the Pipeline. The Terminal, Pipeline, and Compressor Station are collectively referred
to as the Bidirectional Project or Project. Approximately 82 miles of the Pipeline are in Clatsop, Tillamook,
and Columbia counties, Oregon, and the remaining approximately 5 miles are in Cowlitz County,
Washington.

Refer to the Applicant Prepared Draft Biological Assessment (CH2M HILL, 2013a) for additional project
details.

1 The Terminal and Pipeline are proposed at the site, and along the route, of Oregon LNG’s proposed LNG import terminal and pipeline that currently
are pending before the Federal Energy Regulatory Commission (FERC) in Docket Numbers CP09 6 000 and CP09 7 000, as amended in Docket
Number PF12 18 000.

2 A separate application has been filed by Northwest for the Washington Expansion Project, a capacity expansion to Northwest Pipeline LLC’s existing
natural gas transmission facilities along the Interstate 5 corridor in the state of Washington.
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Definitions, Avoidance, and Minimization 
Avoidance and minimization efforts have been evaluated in the context of both area and wetland function.
Definitions used in OAR 141 085 0510 and the Washington State Environmental Policy Act (SEPA) (Chapter
43 21C Revised Code of Washington [RCW]) (Chapter 197 11 768 Washington Administrative Code [WAC])
provided guidance for this project.

“Mitigation” means the reduction of adverse effects of a proposed project by considering, in the
following order:

(a) Avoiding the effect altogether by not taking a certain action or parts of an action;

(b) Minimizing effects by limiting the degree or magnitude of the action and its implementation;

(c) Rectifying the effect by repairing, rehabilitating or restoring the affected environment;

(d) Reducing or eliminating the effect over time by preservation and maintenance operations during
the life of the action by monitoring and taking appropriate corrective measures; and

(e) Compensating for the effect by replacing or providing comparable substitute wetlands or other
waters.

“Temporary Impacts” are adverse impacts to waters of this state that are rectified within 24 months
from the date the impact occurred.

“Temporal Loss” means the loss of the functions and values of waters of this state that occurs between
the time of the impact and the time of their replacement through compensatory mitigation.

2.1 Avoidance and Minimization of Area 
Oregon LNG avoided wetlands to the greatest extent possible while still providing a Project route that is
constructible, yet with minimal impact, and is acceptable to the public and regulatory agencies.
Approximately 391 acres of wetlands were identified within the proposed Project area. This includes field
evaluated wetlands and those identified with proxy data. Most of the wetlands identified will be avoided.
Temporary and permanent impacts proposed will affect approximately 174 acres of the potential wetlands
in the study area.

A variety of methods have been implemented during Project design to avoid and minimize impacts to
wetlands. Examples of methods are as follows:

Layout revisions
Altering the Pipeline route
Co alignment with existing easements and rights of way
Crossing the wetlands at the narrowest point possible
Construction techniques
Using horizontal directional drilling (HDD) to avoid wetlands

Efforts of wetland avoidance at the Terminal location and along the proposed Pipeline alignment are
discussed in Section 3.0. Minimization efforts are discussed in Section 4. 0.

2.2 Methods for Functional Assessments 
Wetland site characterization can be generally divided into two major categories: wetland classification and
wetland functional assessment. Wetland characterizations generally require both a wetland classification
and a functional assessment since the two are inextricably linked to one another. Wetland classification



REVIEW OF WETLAND AVOIDANCE AND MINIMIZATION EFFORTS  
OREGON LNG TERMINAL AND OREGON PIPELINE PROJECT 
 
 

2-2 PDX/092460002.DOC 
 ES110813182840PDX 

provides the organizational foundation for conducting a functional assessment. Wetland classifications are
used to define wetlands in terms of the geographic position and relationships, overall structure, and some of
the dynamic processes governing the appearance and function of the classified wetland(s).

Designations for each type of wetland follow the classifications developed by the U.S. Fish and Wildlife
Service (USFWS) in Classification of Wetlands and Deepwater Habitats of the United States (Cowardin et al.,
1979). Referred to as the Cowardin system, this classification is organized based on system, subsystem, and
class in a hierarchical structure. The following five systems are used in the classification:

Marine: Open ocean overlying the continental shelf and associated high energy coastline

Estuarine: Deepwater tidal habitats and adjacent tidal wetlands that are semi enclosed by land but have
open, partly obstructed access to the ocean and are at least occasionally diluted by freshwater runoff

Riverine: Freshwater wetlands contained within a natural or constructed channel that are not
dominated by trees, shrubs, persistent emergents, emergent mosses, or lichens

Lacustrine: Freshwater wetlands located in a topographic depression or damned river channel that lack
trees, shrubs, or persistent emergents and are larger than 20 acres

Palustrine: Nontidal freshwater wetlands dominated by trees, shrubs, or persistent emergents

Each system, with the exception of palustrine, is then further divided into subsystems based on tidal
influences, water depth, or reach of a flowing freshwater system. Systems and subsystems are further
divided into classes that describe the general appearance of the wetland in terms of dominant vegetation or
the nature and composition of the substrate where vegetative cover is less than 30 percent.

All applications with proposed impact to wetlands must include both a functions and values assessment for
the impact site. At this time, the Oregon Department of State Lands (ODSL) uses functional assessment
methods by region. The reference based method, Oregon Rapid Wetland Assessment Protocol (ORWAP), is
required for Tidal Waters, Willamette Valley, and all other hydrogeomorphic (HGM) classes. ORWAP is a
standardized protocol for rapidly assessing the effectiveness of various wetland functions and their value as
determined by the extent of opportunity for using the function and the need for its use in the watershed.
ORWAP assesses the effectiveness of 16 functions and the values of these functions, and five other wetland
attributes that are most commonly found in wetlands located in Oregon.

ODSL evaluates impacts associated with long linear projects that cross multiple watersheds by fourth field
hydrologic unit (HUC). Functional assessments typically use the ORWAP to evaluate wetlands. Wetlands will
be grouped by Cowardin class and HGM classification. All tidal or “significant” or high natural resource
wetlands, such as palustrine forested wetlands, will be evaluated individually within each fourth field HUC. A
summary of these data, by fourth field HUC, for each HGM class of wetland is provided in each of the two
wetland delineation reports contained in Appendix 2E of this report.

In the State of Washington, wetlands will be classified according to the USFWS classification system
(Cowardin et al., 1979) and the HGM classification system (Brinson, 1993). Wetlands will be qualitatively
assessed using the most current version of the Washington State Wetland Rating System for Western
Washington, developed by the Washington State Department of Ecology (Ecology), which includes updates
completed in 2008 (Hruby, 2004. Aerial photographs, Washington Department of Fish and Wildlife (WDFW)
priority habitat and species maps, and field observations will be used to complete this rating assessment.
The report titled Wetland Delineation Report for the Oregon LNG Bidirectional Project—Cowlitz County,
Washington, contained in Appendix 2E, will provide the wetland rating forms for the delineated wetlands.
For proxy data wetlands that have not been field accessed, no data are available to complete a rating
assessment. When access is granted to these nonsurveyed areas, the wetlands will be qualitatively assessed
using the Washington State Wetland Rating System and will be forwarded to the Federal Energy Regulatory
Commission (FERC) with the formal wetland delineation under separate cover.
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The Ecology wetland rating classifications will be used to determine buffer widths, as required by Cowlitz
County under Municipal Code 19.15. Standard buffer widths are established by comparing the wetland
rating category and the intensity of land uses proposed on development sites per Tables 19.15.120 A,
19.15.120 B, and 19.15.120 C of Municipal Code 19.15. For Category IV wetlands, the required water quality
buffers, per Table 19.15.120 B, are adequate to protect habitat functions. Where applicable, buffers based
on the standard widths are not required to extend beyond existing natural or constructed barriers, such as
rock outcroppings, dikes, levees, or roads, which isolate the area from the wetland resource.

In areas where access was not granted to the proposed Pipeline easement, wetlands were mapped using
proxy data. In these areas, National Wetland Inventory (NWI) mapped wetlands and mapped Natural
Resources Conservation Service (NRCS) hydric soils data were used along with the aerial photograph to
make a wetland boundary determination. For proxy data wetlands that have not been field accessed, no
data are available to complete a functional assessment. When access is granted to these nonsurveyed areas,
a functional assessment will be performed and forwarded to FERC with the final filing.

Based on the field data collected and the results of the functional assessment, impacts to high ranking
wetlands were further avoided or minimized to the greatest extent possible. For the purpose of this report,
“high value wetlands” are defined two different ways: large wetlands (greater than 5.0 acres in size) and
palustrine forested (PFO) wetlands.
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Measures for Wetland Avoidance 
Avoidance measures for the Terminal area are outlined in Section 3.3. Avoidance measures along the
Pipeline are outlined in Sections 3.5 through 3.13.

3.1 Terminal Features 
The Terminal site is situated in the coastal lowlands eco region and located on the northern portion of the
East Bank Skipanon Peninsula (ESP) near the confluence of the Skipanon and Columbia Rivers in Warrenton,
Clatsop County, Oregon, at River Mile 11.5 of the Columbia River.

The major components and associated activities at the Terminal are:

Marine terminal facility including an LNG carrier turning basin in the Columbia River

Pier with a ship berth for one LNG carrier

Marine cargo transfer system consisting of three LNG unloading arms, a single vapor return arm, and a
single LNG transfer pipeline connected to the onshore facility via a piping trestle

Three full containment LNG storage tanks, each with a usable storage capacity of 160,000 cubic meters (m3)

LNG spill containment and collection system

Vaporization, vapor handling, regasification, and sendout systems

Interconnecting facilities including piping, electrical, and control systems

Electrical substation at the terminal

Administrative offices, a control room, and warehouse, security, and other buildings and enclosures

Utilities, telecommunications, and other supporting systems

Marine transport to and from the terminal, including docking and un docking

Use of tugboats during docking and un docking maneuvers

Dredging in the turning basin and disposal of dredged material

The ESP is located north of Harbor Street (also known as Warrenton Astoria Highway 105) in the City of
Warrenton, in Clatsop County, Oregon. Primary access to the general area is provided by U.S. 101. The
access road alignment proposed extends from the existing intersection at E. Harbor Street/NE King Avenue,
north across the ESP to the Terminal site along a 60 foot wide right of way (ROW) previously platted for
NE King Avenue. This access road alignment will also result in fewer environmental impacts than other
alternatives because access to the ESP historically has been along this route.

3.2 Terminal—Summary of Wetland Classes 
The Terminal site was created from deposition of dredge material beginning in the early 1900s. As a result,
the vegetation in this area is immature and lacks unique, complex, or rare habitat features, and the sandy
dredge material substrate is vegetated in the low lying areas with common facultative facultative wetland,
and obligate wetland plants. Wetland classes associated with the Terminal site include estuarine intertidal
and PSS classes. Figure 2 shows the extent of estuarine and PSS wetlands affected by the Terminal site plan.
The estuarine class of wetlands has been further subdivided by tidal elevation into mudflats, low marsh, and
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high marsh wetlands. These subclassifications correspond to classes used by ODSL to regulate estuarine
wetlands in Oregon.

The estuarine class of wetlands has been further subdivided by tidal elevation into mudflats, low marsh, and
high marsh wetlands. These subclassifications correspond to classes used by ODSL to regulate estuarine
wetlands in Oregon. The tidal mud flats and shallow subtidal habitat is the combined intertidal and subtidal
habitat lying between the lower edge of the low marsh vegetation line and 6 feet mean lower level water
(MLLW). Primary production in this region is dominated by benthic microalgae, which are important for
juvenile salmonids. The boundaries of the low marsh were defined as the inshore limit of mean higher high
water (composing the upper boundary) and the lowest extent of areas with greater than 30 percent
vegetated cover (composing the lower boundary). Emergent species with dominants, including Lyngbye’s
sedge (Carex lyngbyei), cattail (Typha latifolia), Pacific water parsley (Oenanthe sarmentosa), and bulrush
(Scirpus lacustris), were common in the low marsh. The high marsh boundary is defined on the low side by
the mean higher high water elevation and on the high side by the upper limits of aquatic vegetation. This
area does not experience daily inundation but is periodically inundated by higher high tides.

The high marsh community is characterized by Lyngby’s sedge, Pacific silverweed (Potentilla pacifica), soft
rush (Juncus effusus), and velvet grass (Holcus lanatus). Several small patches of shrubs are located in the
high marsh.

3.3 Avoidance Measures at Terminal 
Construction of the Terminal facilities will affect tidal and nontidal wetlands in the area, resulting in both
temporary and permanent impacts to wetlands. Impacts to wetlands associated with the Terminal and
related facilities are considered temporary if located within the area disturbed by construction but outside
the permanent facility and removal/fill footprint. Impacts to wetlands associated with the Terminal and
related facilities are considered permanent if located in the permanent facility or removal/fill footprint. The
Terminal’s location was selected to minimize the Project’s environmental impacts, including high value
wetlands, air emissions, water usage, and potential fisheries resources impacts, by siting the Terminal on
land that is appropriately zoned for industrial use, is on an existing deep water channel, and is relatively
close to major natural gas pipeline networks and markets.

The initial conceptual design for the Terminal was a square layout that would have extended the area of fill
into the low marsh, mudflats, and shallow sub tidal areas on the east side of the northern end of the ESP.
Subsequent layouts were designed along a north south axis to avoid these high value habitats. Estuarine
wetlands are considered high quality wetlands because of their importance to salmonids. There is greater
nutrient contribution to the estuary from high and low marshes than from interior palustrine wetlands.
Minor modifications to the site layout were made in the spring of 2009, relocating the flare and adjusting
the placement of vaporizers to avoid estuarine impacts.

The Terminal was designed and shaped to maximize its footprint in non tidal areas of the ESP and conversely
minimize impacts to tidal waters. For example, the Terminal impacts are above mean higher high tide. The
flare for the Terminal was designed to be above the mean higher high tide line, thereby avoiding impacts to
low marsh habitat. After maximizing design considerations, construction of the Terminal and associated
facilities will result in permanent loss of wetlands from fill placement. The Terminal footprint includes
approximately 1.5 acres that lie within the 100 year floodplain.

Principles used in siting the Terminal facilities included the following:

Avoiding impacts to low marsh and shallow sub tidal habitats that have high functional value for salmon

Maximizing the use of nonwetland area

Avoiding estuarine wetlands would be more important than avoiding freshwater wetlands
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Using existing roads (Northeast King Avenue) to access the Terminal site

Demarcating wetlands outside of the construction corridor in the field and identified on work plans as
“no work zones” to avoid additional wetland impacts

3.4 Pipeline Features and Summary of Wetland Classes  
The Pipeline traverses the Volcanics and Willapa Hills subregions of the Coast Range ecoregion and the
Portland/Vancouver Basin subregion of the Willamette Valley ecoregion (Thorson et al., 2003). The Pipeline
will be in the Coast Range (MP 0 to MP 82) and Willamette Valley Ecoregions (MP 82 to MP 86.8). These
broad divisions represent similarities in geology, topography, and aspects of soils that affect the type of
vegetation occurring in these areas.

Wetland classes associated with the Pipeline include Riverine, PSS, and PFO, and PEM.

Construction of the Pipeline will result in short term disturbances to wetland hydrology, water quality and,
where new permanent easement is required, long term disturbance in the form of functional conversion of
forested and scrub shrub wetlands to emergent wetlands. Oregon LNG has made extensive efforts to locate
the additional ATWS at least 50 feet from wetlands and other waterbodies. These extra workspaces are
necessary for certain construction techniques for HDD crossings of sensitive features, road crossings, and
additional conventional crossings of sensitive environmental features.

3.4.1 Ancillary Features 
Ancillary features such as the compressor station, meter stations, and contractor/pipe storage yards will be
located to avoid impacts to wetlands.

3.4.2 Access Roads 
The study area also includes access roads that intercept with the proposed Pipeline at varying distances
along the Pipeline route and include a 50 foot buffer that consists of 25 feet on either side of the centerline
of the road. ATWS will be accessed during construction via public road access points, Project access roads
and intersection points, and use of the construction easement. Access roads will have minimal impacts on
wetlands.

3.5 Avoidance Measures along Pipeline 
Oregon LNG conducted vigorous pipeline corridor selection studies to avoid and minimized disturbance to
wetlands to the maximum extent possible. Examples of avoidance of wetlands include the following:

Altering the pipeline route or using HDD to avoid large wetland area
Avoiding estuarine floodplains by routing behind dike areas
Shifting pipeline alignment and temporary workspaces to follow existing utility corridor ROW
Avoiding wetland larger than five acres and with high value PFO wetland
Routing the pipeline through farmed wetlands that have altered hydrology and lack native vegetation

Wetlands outside of the construction corridor will be demarcated in the field and identified on work plans as
“no work zones” to avoid wetland impacts.

Extra work areas will be located at least 50 feet away from wetland boundaries except where the adjacent
upland consists of actively cultivated or rotated cropland or other disturbed land.
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3.6 Pipeline Siting Considerations 
The first step in identifying pipeline routes was the development of criteria to use in evaluating potential
routes. The evaluation criteria relate to public health and safety, environmental constraints, land use, and
engineering limitations.

Environmental constraints considered in the evaluation of route alternatives included the following:

Habitat of protected and endangered species
Wetlands, streams, rivers, lakes, and other ecologically sensitive areas
Selected forest stands
Selected agricultural lands
Parks, recreation areas, wildlife refuges, and preserves
Scenic and aesthetic resource areas
Historic properties and archeological sites
Landfills and contaminated soil areas

Engineering limitations in the evaluation of route alternatives included the following:

Urban areas
Existing utilities
Highways, roads, and railroads
Steep slopes, side hills, and rough terrain
Areas with potential landslides or seismic activity
Rivers, streams, and other water bodies
Active, inactive, and future mining areas
Available construction techniques
HDD limitations for major crossings
Bedrock construction methods.

Once the corridor was selected, field studies were conducted to assess wetland, wildlife, fisheries, and
cultural resources. Minor variations in the proposed route were examined in response to localized issues
identified through the more detailed field surveys and communications with agencies. During preliminary
consultations maps of the preferred alignment were reviewed by ODSL, Oregon Department of Fish and
Wildlife (ODFW), and USFWS. In addition, ODFW, and USFWS reviewed habitat maps. These reviews led to
identifying several dozen wetland and stream crossings for further field review. Inter agency teams
conducted field trips that led to micro siting (minor route changes) to further avoid or minimize impacts to
water resources. In addition, OLNG adopted recommendations to increase the number of HDDs, a
construction technique that can be used to avoid impacts sensitive riparian and stream habitats.

3.7 Pipeline Routing—Existing Utility Corridors and Roads 
The Pipeline route will be co located with existing easements and ROWs (e.g., roads, railroads, and utility
lines) to the greatest extent practicable.

Oregon LNG demonstrates avoidance by seeking to parallel other linear features or property lines to the
extent possible or practical from a pipeline safety perspective. Utilization of existing infrastructure (e.g.,
highway and road ROWs, utility corridors, or previously developed areas) was one of the most important of
the routing criteria. Parallel construction along existing corridors minimizes impacts to additional land
owners, reduces clearing of new corridors, and lessens wetland and other natural resource impacts. In
addition, operation and maintenance incurred during the life of the pipeline can be reduced when corridors
are shared.
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3.8 Pipeline—National Wetland Inventory Preplanning 
To fill in any potential gaps in mapping, both paper base and electronic National Wetland Inventory (NWI)
maps were used. Pipeline alignment and temporary work spaces were sited to minimize disturbance to
wetlands to the maximum extent possible.

3.9 Avoidance of High-Value Wetlands 
PFO wetlands and wetlands greater than 5.0 acres were evaluated on an individual basis and for purposes of
analysis considered to be of high value. Further efforts to avoid or minimize permanent impacts to high
value wetlands consist of sorting the wetlands by their size, Cowardin class, and functional value, and
reevaluating the potential for further avoidance or minimization. Wetlands were sorted by the functional
assessment ranking assigned to them during field work.

Of the 339 wetlands identified within the Terminal and Pipeline study area, 70 high value wetlands were
identified. With the use of avoidance measures such as route shifts and HDD, Oregon LNG has avoided
permanent impacts to 31 high value wetlands and minimized impacts to 28 high value wetlands. Table 7 1
in Section 7 of the Conceptual Mitigation Plan identifies all the high value wetlands and the specific
measures taken to further avoid and minimize permanent and temporary impacts.

3.10 Pipeline—Avoidance of Large Wetland Areas 
Large wetland areas will be avoided using the HDD construction method. More than 24 acres of high value
wetlands associated with the Adairs Slough in the Lewis and Clark River area will be avoided using the HDD
drilling method.

The Pipeline was also aligned so that high value streams could be crossed at a right angle or crossed using
HDD techniques, and avoided completely. Approximately 1.65 miles (27.5 percent) of the area from MP 0 to
MP 6 will be constructed using the HDD construction method. Most of this area is behind dikes where there
is potential for floodplain restoration, reconnecting historic floodplain to the tidal estuary.

3.11 Locations of Additional Temporary Workspaces 
Additional temporary work spaces are associated with HDD and perennial stream crossings. Most will be
located 150 feet away from the top of bank of streams which exceeds FERC’s minimum standard by
100 feet. ATWS is sited less than 150 feet where the existing zone of forested riparian cover is less than
150 feet or where the risks of erosion are low. ATWS in riparian areas could have an indirect effect on
streams or wetlands by increasing the risk of erosion near the wetland or waterbody as a result of land
clearing. Extending the distance between ATWS and a wetland or waterbody reduces the risks of sediments
eroding into the wetland or waterbody. Additionally, best management practices (BMPs) and erosion
control applications outlined in the Wetland Restoration Plan will contribute to reducing risks as well.

3.12 Construction Techniques 
Oregon LNG is committed to constructing and operating the proposed Project in a manner that will minimize
environmental impacts in compliance with applicable permits and approvals. Efforts will be made before,
during, and after proposed mainline Pipeline construction to minimize the extent and duration of Project
related disturbance to wetland resources.

Oregon LNG will employ three different construction procedures to cross waterbodies; all are dry crossing
techniques. Intermittent or ephemeral streams lacking water at the time of construction will be crossed
using an open trench technique. Perennial streams or streams with water will be crossed with the flume
technique whereby the work area is temporarily dammed and stream water is passed through a flume
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thereby creating a dry work area. The third crossing method is horizontal directional drilling (HDD) whereby
the hole is drilled deep under the waterbody and the pipeline is pulled back through the drilled hole.

The HDD method is expensive and only used over long stretches of between 800 and 5,000 feet. The HDD
method is not a practical method to avoid all wetland or waterbody impacts. The advantages of HDD
methods are minimization of impacts to wetland soils, vegetation, and hydrology. In some cases, such as
small wetlands (less than 0.5 acre), HDD methods can potentially result in greater adverse impacts to the
surrounding environment. Additional temporary workspace is needed at each HDD site to accommodate the
specialized equipment, additional construction crews, and stockpiling materials excavated from entry and
exit pits. HDD entry and exit points must also be set back many feet from the wetland so that the required
depth of the pipe will be achieved beneath the wetland without bending the pipe in too much over too short
of a distance so that it becomes stressed. Excavated material from pits must also be transferred to a
temporary workspaces located outside of the wetland. Construction activities for HDD and associated tie in
activities require more time to install pipe per linear foot than the open trench and flume techniques
described above. Other disadvantages include additional time spent on construction utilizes more fuel to
operate equipment, is more expensive, and extends the time that construction related disturbances (noise,
air quality, visual) occur in any given wetland. As mentioned earlier, HDD can also result in a “frac out”
where drilling muds can enter the wetland and require cleanup.

3.13 Construction Access Roads 
Further avoidance efforts are demonstrated with the type of access road the project proposes to use. Access
to the temporary and permanent Pipeline easement and aboveground facilities will be through existing
public and private roads to the extent practical. Where the Pipeline parallels existing utilities, Oregon LNG
will use the utility maintenance access roads to the extent practical. Oregon LNG will also use a combination
of existing paved, existing gravel, modified gravel, pasture roads, and other conveyances as appropriate.

In general, access roads will lead to the Pipeline approximately every mile along the routes of the Pipeline.
Of the access roads to be used for the proposed Project, few existing road need improvements, primarily
little more than additional gravel. None of the new access roads are proposed in areas that will cross
wetlands or waterbodies. Existing drainage patterns and culverts will be maintained during construction.
Erosion and sedimentation controls will be installed at the limits of the access roads where necessary.

Oregon LNG will not construct any new permanent bridges or culverts along the Pipeline routes at stream
crossings. During land clearing and construction, streams up to about 30 feet wide will be crossed using
temporary bridges. Equipment will be driven around wider crossings. For post construction maintenance,
heavy equipment will not be driven across streambeds. Equipment such as a brush hog, which may be
required for controlling vegetation, will access the Pipelines via the predetermined existing access roads
stationed approximately every mile along each route. Should access by a brush hog type of machine be
impractical, clearing as required would be accomplished manually with hand tools.
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Measures to Minimize Wetland Impacts 

4.1 Terminal Site Layout Alternatives 
The main goal in development of the proposed layout was to minimize wetland impacts to the higher quality
wetland. The proposed layout was also developed to balance the excavation volume with the fill volume
such that imported fill material would be minimized. Estuarine wetlands are higher quality in terms of
providing functions for salmonids because of surface water connectivity. There is greater nutrient
contribution from estuarine wetlands than from interior palustrine wetlands. The proposed layout has less
impact to the estuarine wetland type than the palustrine wetland type.

Oregon LNG developed the proposed layout of the Terminal site layout (shown in Figure 2) after analyzing
wetland impacts associated with the original layout. The original site layout was prepared with the LNG
storage tanks and process equipment located based on the process flow from the LNG storage tanks to the
ambient air vaporizers and then on to the sendout metering station. This alternative layout, which is shown
in Figure 3, would likely result in the lowest construction cost for the process facilities, but does not consider
wetlands impacts or site grading. The steps involved in modifying the proposed layout in order to minimize
wetland impacts included the following:

The barrier wall around the LNG storage tanks was moved towards the west while keeping the LNG
storage tanks in the same location. For both layouts, the tanks are located as far west as allowed by the
exclusion zone determined by thermal radiation.

The LNG vaporizers and flare have been relocated to an area that is slightly higher than the surrounding
area and away from existing wetlands to the east and west of the property.

Although the location of the process area (high pressure LNG pumps and the boiloff gas (BOG)
compressor building) is largely driven by process design, it has been moved into an area slightly elevated
from the surrounding area that separates existing wetlands in the east and west parts of the property.

Buildings and utility systems have been located in the southwest corner of the property to minimize
access roads and are in areas that are close to the Skipanon River shoreline, away from existing wetlands
within the property.

Overall, the current layout has less impact to estuarine and palustrine wetland types than the two prior
layouts. Table 2 identifies minimization efforts within the Terminal area. It does not include the pier, access
road, or transmission line.

4.2 Pipeline Route Minimization Methods and Alignment 
Changes 

The steps involved in modifying the proposed Pipeline alignment in order to minimize wetland impacts
included the following:

HDD methods will be used to install the proposed Pipeline several feet below the surface of wetlands
and streams.

The Pipeline was aligned parallel or with existing road ROW, utility corridors, or previously disturbed
areas.

The Pipeline route was aligned so that wetlands will be crossed at their narrowest point when possible.
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The Pipeline was aligned so that streams will be crossed at a right angle to their banks in order to
minimize negative impacts to riparian areas and streambed.

The width of the Pipeline ROW will be reduced to 75 feet when crossing nonagricultural wetlands to
minimize the area of disturbance.

Temporary workspaces will be located in areas outside of wetlands to minimize the number of acres of
disturbance.

Minimizing impacts to wetlands did have limitations due to rugged topography, high densities of
wetland areas, and a preference to avoid high quality wetland areas and streams. In areas where a high
density of wetlands existed, the proposed Pipeline was aligned in a way that minimized impacts to most
wetlands but still crossed some. The Pipeline route was sometimes aligned to cross wetlands with low
functional assessment values in order to avoid wetlands with higher values. If Pipeline could be
microsited to avoid every wetland, this would increase the overall length of the Pipeline and period of
active construction, which could result in more permanent impacts to the landscape and longer periods
of temporary disturbance and active construction along the Pipeline route.

The Pipeline was also aligned so that high value streams could be crossed at a right angle or crossed
using HDD techniques and avoided completely. Approximately 1.65 miles (27.5 percent) of the area
from MP 0 to MP 6 will be constructed using the HDD construction method. Most of this area is behind
dikes where there is potential for floodplain restoration, reconnecting historical floodplain to the tidal
estuary.

Before final design, Oregon LNG will consider where weight coating is required between MP 0 and MP 6
in order to make the Pipeline compatible with high water tables or future restoration efforts, and will
coordinate with ODFW and other stakeholders to determine whether there are areas with a low water
table (i.e., areas not otherwise requiring weight coating) and which are priority sites for restoration. At
this stage in planning, Oregon LNG will consider what reasonable measures could be taken to
accommodate future wetland restoration in those drier areas identified as priorities for restoration and
where weight coating would not otherwise be needed.

4.2.1 Routing through Agricultural Wetlands with Previously Impacted 
Hydrological and Habitat Functions 

Some of the wetlands crossed by the proposed Pipeline route are agricultural wetlands. These wetland areas
may have wetland hydrology at least seasonally or have altered wetland hydrology (e.g., as a result of drain
tiling or irrigation ditches), but do not have wetland or native vegetation due to farming activities where
native vegetation is replaced by crops, and therefore provide low quality or only seasonal natural habitat for
most species.

Approximately 10.86 miles of wetlands are crossed by the Pipeline route and approximately 2.47miles are
agricultural wetlands. No long term impacts to these wetlands are anticipated because, following
construction, these areas will be restored to their preconstruction topographical and hydrological patterns,
and will be allowed to return to their preexisting agricultural practices. This process will result in no net loss
of wetland acreage within the proposed Pipeline corridor. Oregon LNG will follow the construction
procedures and mitigation measures in Section VI.A.d of the FERC Wetland and Waterbody Construction and
Mitigation Procedures Modified by Oregon LNG (FERC Procedures; CH2M HILL, 2013b) related to standard
upland protective measures, including workspace and topsoil requirements, as they apply to these
agricultural wetlands. The width of the ROW will not be reduced to 75 feet in agricultural wetlands.

No compensatory mitigation other than soil restoration is planned for features identified as Agricultural
Wetlands in Oregon. During discussion with ODSL in November 2007 (see Resource Report 1—General
Project Description, Appendix 1K), it was indicated that ODSL and USACE will regulate wetlands in
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agricultural areas based on their definitions of farmed or previously converted wetlands. However, following
Pipeline construction in these areas, restoration of soils is expected to be adequate compensation for
temporary impacts.

4.2.2 Reduced Construction Easement Area 
Oregon LNG will make every effort to maintain a reduced construction easement width of 75 feet in
wetlands, in accordance with the FERC Procedures. Agricultural wetlands are not included in this width
restriction. During construction, vegetation will be manually cleared throughout the entire 75 foot
construction easement. There will be no grubbing, and the root systems will be left intact except for an
approximately 10 foot wide area directly over the pipe trench. This swath will be grubbed in preparation for
trenching and pipe placement. Work within the 75 foot construction easement will be conducted on mats
where wetland soils are wet at time of construction to minimize impacts to vegetation and to minimize soil
compaction.

Buffers will be clearly marked in the field during construction activities. Operation of construction
equipment in wetlands will be limited to that needed to clear the easement, dig the trench, fabricate the
pipe, install the pipe, backfill the trench, and restore the easement.

4.2.3 Locations of Temporary and Additional Temporary Workspaces 
The FERC Procedures require ATWS to be located at least 50 feet outside identified wetland boundaries,
except where the adjacent uplands consist of actively cultivated or rotated cropland or other disturbed land.

During discussions with USFWS and National. Marine Fisheries Service (NMFS) for this proposed Project, it
was agreed that (unless approved by USFWS, NMFS, and ODFW) ATWS will be set back 150 feet from
wetlands and streams. In addition, overnight parking of vehicles, storage of fuels and other hazardous
materials, and refueling activities will take place no closer than 150 feet from a wetland or a stream, unless
full containment of potential contaminants is provided. Under certain clearly defined conditions, and subject
to agency approval, ATWS may be placed closer to wetlands or waterbodies where the ATWS placement will
not increase impacts to streams or fish habitat. BMPs and erosion control applications outlined in the
Wetland Restoration Plan will be implemented to reduce risk of sediments entering the waterbodies.
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Unavoidable Impacts to Wetlands 
The Project proposes approximately 174 acres of temporary and permanent wetland impacts. Table 3
identifies wetlands with proposed permanent Cowardin class change by subbasin and milepost. The
wetlands HGM class, proposed area, and acres of impact are listed.

Avoidance of some wetlands was not feasible due to Project constraints. These constraints include:

Large wetland complexes spanning several acres not entirely avoidable
HDD method not feasible for small wetlands due to greater overall environmental impacts
Orientation of sensitive stream crossings prevented complete avoidance of adjacent wetlands
Preference to use existing utility and road ROW resulted in greater impacts to wetlands

5.1 Terminal 
Construction of the Terminal, pier, and entry road will affect estuarine and nontidal wetlands in the area,
resulting in both temporary and permanent impacts to wetlands. Siting of the proposed Terminal has gone
through several iterations in an effort to avoid impacts to high quality wetlands. Of the 114.74 acres of
wetlands identified within the Terminal study area, approximately 35.00 acres of permanent and 2.34 acres
of temporary impacts would result from activities associated with construction and operation of the
Terminal. Table 4 shows temporary and permanent wetland impacts at the Terminal.

5.1.1 Temporary Impacts 
Impacts to wetlands associated with the Terminal and related facilities are considered temporary if they
were within the area disturbed by construction but outside the permanent facility and removal/fill footprint.

The Terminal and related facilitates would temporarily impact approximately 02.34 acre of jurisdictional
nontidal wetlands and 0.0.00 acre of tidal waters of the U.S. and the State of Oregon. In accordance with
state and federal regulatory requirements, Oregon LNG will offset all temporary loss of wetland function and
values by restoring functions to the impacted area upon completion.

5.1.2 Permanent Impacts 
Permanent impacts to wetlands associated with the Terminal and related facilities include 3.46 acres of
jurisdictional nontidal wetlands and 31.57 acres of tidal waters. The impacts were quantified as permanent if
they were in the permanent facility or removal/fill footprint. For permanent Terminal impacts, Oregon LNG
intends to provide offsite compensatory mitigation.

5.2 Pipeline 
Construction of the proposed Pipeline will result in short term disturbances to wetland hydrology, water
quality, and, where new permanent easement is required, long term disturbance in the form of functional
conversion of forested wetlands to scrub shrub wetlands within the 10 foot maintenance corridor. Impacts
to wetlands associated with the proposed Pipeline construction and operation were quantified based on the
proposed activity in temporary construction and permanent operation zones. Of the approximate 276 acres
of wetlands identified within the Pipeline study area, approximately 18 acres of permanent and 118 acres of
temporary impacts would result from activities associated with construction and operation of the Pipeline.
Tables 5 and 6 show temporary and permanent wetland impacts associated with the pipeline.
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5.2.1 Temporary Impacts 
The route alignment of the Pipeline would temporarily impact approximately 118 acres of jurisdictional
wetlands. Table 5 identifies temporary wetland impacts associated with the construction activities of the
Pipeline.

5.2.2 Temporary Construction Zones 
When constructing the proposed Pipeline through the wetlands, the only soil excavation will occur at the
Pipeline trench area, which will be about 10 feet wide, depending on depth of pipe. Temporary fill will occur
adjacent to the trench where soil and plant materials from the trench will be stockpiled.

During construction, vegetation will be hand cleared throughout the entire 75 foot construction easement.
This swath will be grubbed in preparation for trenching and pipe placement. Work within the 75 foot
construction ROW will be conducted on mats to minimize soil compaction and minimize impacts to
vegetation. Following construction, all wetlands will be rehabilitated to preconstruction soil and hydrology
conditions, and revegetated.

As a result, the following assessment of Project construction impacts can be made for the 75 foot wide
construction corridor:

All impacts to wetlands will be short term and temporary throughout the construction easement
(e.g., reestablishment of vegetation beginning within days or weeks of cessation of site work), with the
exception of the trench excavation area.

In the estimated 10 foot wide trench area, impacts will be longer term, and temporary and herbaceous
wetlands will recover more slowly as a result of clearing, grubbing, and soil excavation.

5.3 Permanent Impacts 
The route alignment for the Pipeline would permanently change the Cowardin class for 18 acres along the
Pipeline route, but no changes would occur along access roads. Table 6 identifies permanent impacts.

During operations, a 30 foot wide area within the 50 foot wide permanent easement will be routinely
maintained at a maximum frequency of once every 3 years. This area will be maintained free of trees over
15 feet tall. A 10 foot wide mow strip will be located within the 30 foot wide maintained area and centered
over the proposed Pipeline. This mow strip will be maintained annually in a nonwoody or treed condition to
allow line of sight for aerial surveys. The result of Pipeline wetland crossings will be temporary impacts to all
wetland types during construction throughout the entire 75 foot construction; permanent Cowardin class
change of PSS and PFO to PEM in the 10 foot mow strip; and a permanent Cowardin class change of PFO to
PSS in the 30 foot wide maintained area, excluding the 10 foot mow strip.

5.4 Wetlands Affected by Permanent Cowardin Class 
Change 

Approximately 391 acres of wetlands were identified in the entire project area. Permanent unavoidable
impacts consist of approximately 53 acres of wetlands. Within the Pipeline project area, the permanent
impacts (18 acres) do not reflect a net loss of wetland, but rather a change to the wetland’s Cowardin class
from PFO to PSS or PEM.
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Best Management Practices 
The construction schedule will consider the recommended ODFW in water work periods unless an extension
of those work periods is granted. The start and end dates are variable depending on the region and the
stream; start dates can begin as early as June 1 and end dates are as late as October 15.

The construction schedule will also consider biological patterns to minimize potential impacts to species and
habitats, specifically, BMPs will include the following:

Work in the Lower Columbia River Estuary will be timed to take advantage of seasonal low and high
tides.

Land clearing will begin between May 15 and June 1, after the end of the rainy season.

A cover crop (in nonagricultural areas) will be planted and erosion control implemented prior to the
rainy season following land clearing.

Riparian areas will be cleared the same year in which the Pipeline is constructed. Riparian areas will be
kept intact when land is cleared a year in advance of construction.

Work timing will be coordinated with the biological needs of special status species. For example, no
harvesting of trees in riparian areas will occur until migratory bird species have completed nesting
activities, after August 15 and before April 15, unless biological surveys indicate the absence of nesting.

Vegetation clearing will take advantage of the dry season.

Revegetation will focus on the cool, rainy season.

6.1 Clay Plugs 
Where the Pipeline trench may drain a wetland (steep slopes), clay plugs will be constructed or the trench
bottom will be sealed as necessary to maintain the original wetland hydrology.

6.2 Soil Segregation 
Oregon LNG will segregate the topsoil up to 1 foot deep over the area disturbed by trenching in wetlands
where hydrologic conditions permit this practice, and this topsoil will be placed in the trench at the end of
backfilling of trench spoils once the trench is backfilled. In accordance with the FERC Procedures, restoration
and monitoring of wetland crossings will be conducted to help ensure successful wetland revegetation.
Oregon LNG will abide by additional wetland construction methods, monitoring, and restoration as required
by the FERC Procedures.

6.3 Rehabilitation of Wetlands Temporarily Impacted by the 
Project 

The rehabilitation/restoration plan is proposed for all the acres of temporary wetland impacts.
Rehabilitation of the Pipeline construction corridors to preconstruction wetland conditions will involve:

Topsoil segregation and replacement
Topsoil management to maintain viability of seedbank and vegetative propagules
Reconstruction of grades
Permanent erosion control seeding with native wetland species
Seedbed preparation where soils are displaced or compacted by equipment
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6.3.1 Soil Segregation 
For the trench excavation area, natural revegetation with native species will be encouraged by providing
suitable soil conditions and applying salvaged topsoil from cleared trench area; weed infested topsoil will
not be reapplied. Proper topsoil stockpile procedures (aeration, moisture, and shading) will ensure that
viable plant propagation sources (e.g., viable seeds, rhizomes, roots, spores, fungi) are replaced following
construction in the trench area. Temporary erosion control seeding with sterile wheat grass will be used to
stabilize soil until natural revegetation occurs.

6.3.2 Seeding and Revegetation 
The wetland areas temporarily impacted by vegetation clearing, equipment traffic, and material storage
outside the trench area will be rehabilitated by reestablishing wetland vegetation from seedbank
germination and vegetative propagation via resprouting of liveroots and propagules left intact and
protected during construction. Sterile wheat grass cover will be used to temporarily stabilize soil until
natural germination occurs. In some instances, a permanent native wetland seed mix will be applied to
ensure adequate cover of the site by desirable species. The seeding and planting mixtures recommended by
the U.S. Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS) for Oregon will
be used as a basis for developing a Project specific seed mixture. Measures will be taken to control the
spread of noxious weeds.

For natural regeneration of temporarily cleared forested wetlands outside the 10 foot wide maintenance
corridor, the following actions will be taken:

Where feasible, vegetation will be cut during winter months when the plants are in senescence.

Work crews will minimize damage to stumps (especially stumps less than 10 inches in diameter that are
most capable of vegetatively reproducing) and to root stock left after vegetation clearing.

To reduce injury to viable roots and shoots, construction traffic will be managed to reduce areas
1) affected by soil compaction and rutting; 2) supported by mats, pallets, or other ground pressure
dissipaters in moist or wet soils; and 3) characterized by low ground pressure equipment where terrain
allows.

Woody debris, chipped woody vegetation, and unmerchantable logs greater than 12 inches will be
salvaged for surface application outside the 10 foot wide maintenance corridor where existing downed
wood is insufficient.

Various site specific seed mixes will be used for temporary erosion control seeding to avoid conflicts
with the permanent cover.

Where compatible with preconstruction woody species, seeds of native woody wetland species will be
incorporated into permanent erosion control seed mixes.

After construction if annual monitoring indicates that disturbed wetland areas are not successfully
revegetating with desirable woody plants, supplemental planting will be undertaken.

6.3.3 Monitoring and Adaptive Management Plan 
The project proposes a 10 year monitoring period after construction activities to evaluate the rejuvenation
of vegetation in the temporary and permanent wetland impact areas. If the annual monitoring report
indicates that disturbed areas are not successfully revegetating with wetland herbaceous or woody plants
similar to preconstruction conditions, supplemental seeding or planting will be undertaken. Woody species
used for replanting would resemble local reference conditions.
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The Monitoring and Adaptive Management Plan consists of a 10 year monitoring period with the following
conditions:

Monitoring of vegetation establishment that consists of vegetation transect or transects, depending on
size of wetlands that detail herb, shrub, and tree aerial cover at radii of 3 feet, 15 feet, and 30 feet,
respectively

Percent of planted materials surviving, classified by condition (e.g., vigorous, living, stressed)

Percent cover for the following four classes: native forbs and grasses, non native forbs and grasses,
shrubs and trees, and bare ground and rock

Report on invasive vegetation, vandalism, dumping, wildlife damage, or other conditions actually or
potentially harmful to the restoration

Identify maintenance concerns (e.g., plants need to be replaced).

Color photograph that shows the restoration site, taken from a fixed photo point (or points depending
on size of wetland) drawn on a map of the restoration area, keyed to lines of sight from those photo
points

6.3.4 Restoring Grading 
Restoration and cleanup will begin after the trench is backfilled. The disturbed areas will be graded as
closely as practical to preconstruction contours. During cleanup, trash that remains in the easement will be
removed and disposed of in approved areas in accordance with applicable regulations. Organic refuse
unsuitable for spreading over the easement will be disposed of at an authorized facility. Disturbed areas will
be restored as closely as practical to their original condition, permanent erosion control measures will be
installed as appropriate, and revegetation measures will be implemented. In addition, line markers will be
installed directly above the buried Pipelines in accordance with 49 CFR 192, Transportation of Natural and
Other Gas by Pipeline: Minimum Federal Safety Standards, Subpart M, “Maintenance,” 192.707.
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Conclusions 
Wetlands were considered throughout the development of the proposed Project. Efforts will be made
before, during, and after proposed Pipeline construction to avoid and minimize the extent and duration of
Project related disturbance to wetland resources and compensate for disturbance to wetlands where
limitations exist. Past and proposed actions and results are summarized as follows:

Numerous stages of planning and review have been implemented to avoid and minimize impacts to
wetlands. The first step was to identify Pipeline routes and then evaluate these potential routes.
Extensive review of environmental constraints, public health and safety, land use, and engineering
constraints limited the number of potential Pipeline routes. Once the corridor was selected, field studies
were conducted to assess wetland, wildlife, fisheries, and cultural resources. Based on these studies,
more than 40 Pipeline revisions were made to avoid and minimize impacts to these resources wherever
it was feasible.

Of the approximate 391 acres of wetlands identified in the project area, approximately 53 acres are
proposed for permanent impacts. Within the Pipeline project area, the permanent impacts (18 acres) do
not reflect a net loss of wetland but rather a change to the wetland’s Cowardin class from PFO to PSS.

During operations, a 30 foot wide area within the 50 foot wide permanent easement will be routinely
maintained at a maximum frequency of once every 3 years. This area will be maintained free of trees
over 15 feet tall. A 10 foot wide mow strip will be located within the 30 foot wide maintained area and
centered over the proposed Pipeline. The 10 foot wide mow strip will be maintained annually in a
nonwoody or treed condition to allow line of sight for aerial surveys.

Oregon LNG developed multiple strategies to minimize impacts where wetlands could not be avoided
due to several limitations. These include rugged topography, high densities of wetland areas, and a
preference to avoid high quality wetland areas and streams. Strategies to minimize Project related
impacts to wetlands include maintaining a reduced construction easement width of 75 feet in wetlands
and set back ATWS 150 feet from wetlands and streams in nonagricultural wetlands.

Further revisions to the proposed Project were made after consultation with ODFW, USFWS, and ODSL.
These revisions included additional techniques to avoid impacts to high quality wetlands that include
co locating the Pipeline route with existing ROWs, using existing access routes, altering and adding
additional HDD sites, and slightly moving the Pipeline alignment and Terminal layout.

Oregon LNG will also be implementing BMPs to rehabilitate impacted wetlands to preconstruction
conditions. These practices include installation of clay plugs to maintain original hydrology of wetlands,
segregation of soils during construction, grade wetlands to preconstruction contours, and revegetate
wetlands with appropriate native vegetation. A final quality control exercise will be conducted to ensure
maximum avoidance and minimization to wetlands has occurred. For permanent, unavoidable impacts
to wetlands, Oregon LNG intends to purchase mitigation credits, provide onsite or offsite compensatory
mitigation, or participate in an in lieu fee program.

During the planning phase, extensive methods and tactics have been considered, prescribed, and
incorporated as features of the Project’s design to ensure that resultant and unwanted disturbances to
wetlands are avoided and minimized.
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% of 
Temporary 
Impacts in 
Study Area

Acreage of 
Permanent 

Impacts

% of 
Permanent 
Impacts in 
Study Area

% of Total 
Wetland 

Impacts in 
Study Area

Acres Acres Acres Acres

Terminal 114.74 Terminal 2.34 2.04% 35.02 30.52% Terminal 37.36 32.56%

Pipeline 
(mainline) 276.06 Pipeline 118.36 42.87% 18.1 6.56% Pipeline 136.46 49.43%

Total 390.80 Total 120.70 30.89% 53.12 13.59% Total 173.82 44.48%
a Terminal includes facility area, dock and pier, entry road, and water/wastewater facilities.

TABLE 1
Summary of Wetland Acreage and Wetland Impacts

Wetland Acreage in 

Study Areaa
Acreage of Temporary 

Impacts
Total Wetland Impacts 

in Study Area



Original Terminal Layout
Terminal Layout in FERC 
Submittal October 2008

Current Terminal 
Layout

Estuarineb 22.4 19.1 27.6

Palustrinec 0.6 4.1 5.3

TOTAL 23 23.2 32.9

c Impacts to Palustrine wetland include Interior Freshwater habitat type as classified by the Oregon 
Department of Fish and Wildlife.

TABLE 2

Permanent Wetland Impacts Associated with Terminal Site Layoutsa

Wetland Type

Impacted Area (acres)

a Wetland impacts are from the onshore Terminal facilities only and do not include impacts from the entry 
road, transmission line, or pier.

b Impacts to Estuarine wetlands include Mud Flat, Low Marsh, and High Marsh habitat types as classified by 
the Oregon Department of Fish and Wildlife.
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TABLE 3

Wetland ID Study Area Milepost 4th HUC- Subbasin HGM Class
Cowardin 

Class
Size 

(Acres)

Permanent
Class Change

Acres

Temporary
(No Class

Change) Acres

Total
Impact
Acres

W99CL0021 Pipeline 0.8 Lower Columbia
Estuarine and 
Marine Wetland E2USN 23.39 0.00 11.29 11.29

W40CL001 Pipeline 2.7 Lower Columbia TBD PSS 8.05 0.00 3.88 3.88

W40CL002 Pipeline 2.9 Lower Columbia TBD PFO 1.84 0.41 0.41

W40CL003 Pipeline 3 Lower Columbia TBD PFO 0.34 0.07 0.07

W99CL033 Pipeline 3.7 Lower Columbia TBD PFO 1.20 0.53 0.53

W99CL077A Pipeline 3.7 Lower Columbia TBD AW 6.23 0.00 3.34 3.34

W5BCL042F Pipeline 4.2 Lower Columbia TBD AW 8.82 0.00 5.42 5.42

W42CL001 Pipeline 4.5 Lower Columbia TBD PEM 7.17 0.00 5.07 5.07

W5BCL073 Pipeline 4.5 Lower Columbia TBD PFO 0.07 0.00 0.00

W40CL018 Pipeline 5 Lower Columbia TBD PFO 0.72 0.10 0.10

W39CL009 Pipeline 5.1 Lower Columbia TBD PFO 0.11 0.09 0.09

W1BCL001 Pipeline 7.9 Lower Columbia Slope PFO 1.22 0.36 0.36

W39CL005 Pipeline 11 Lower Columbia TBD PFO 0.86 0.24 0.24

W39CL007 Pipeline 11 Lower Columbia TBD PFO 0.44 0.12 0.12

W39CL012 Pipeline 11.1 Lower Columbia TBD PFO 0.26 0.09 0.09

W1BCL012 Pipeline 18.6 Lower Columbia Riverine PFO 0.22 0.13 0.13

W1BCL014 Pipeline 18.6 Lower Columbia Flats PFO 0.84 0.34 0.34

W1BCL015 Pipeline 18.9 Lower Columbia Slope PFO 0.09 0.03 0.03

W1BCL016 Pipeline 19 Lower Columbia Slope PFO 0.04 0.00 0.00

W1BCL018 Pipeline 19 Lower Columbia Slope PFO 0.01 0.01 0.01

W1BCL021 Pipeline 19.3 Lower Columbia Slope PFO 0.14 0.00 0.00

W2BCL008 Pipeline 19.6 Lower Columbia Riverine PFO 0.95 0.30 0.30

W7BCL006 Pipeline 22.4 Lower Columbia Slope PFO 0.16 0.08 0.08

W6BCL003 Pipeline 22.5 Lower Columbia Riverine PFO 0.23 0.10 0.10

W3BCL101 Pipeline 36.3 Nehalem TBD PSS/PFO 1.98 1.00 1.00

W3BCL100 Pipeline 36.5 Nehalem TBD PSS/PFO 0.53 0.15 0.15

W3BCL101b Pipeline 36.7 Nehalem TBD PSS/PFO 10.58 5.41 5.41

W3BCL003 Pipeline 37.1 Nehalem Slope PFO 0.72 0.10 0.10

Pipeline

Summary of High-Value Wetland Impacts
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TABLE 3

Wetland ID Study Area Milepost 4th HUC- Subbasin HGM Class
Cowardin 

Class
Size 

(Acres)

Permanent
Class Change

Acres

Temporary
(No Class

Change) Acres

Total
Impact
Acres

Pipeline

Summary of High-Value Wetland Impacts

W3BCL002 Pipeline 37.2 Nehalem Slope PFO 0.06 0.05 0.05

W1BCL050A Pipeline 39.6 Nehalem Slope PFO 1.69 0.78 0.78

W8BCL007B Pipeline 41 Nehalem TBD PFO 0.74 0.23 0.23

W8BCL011A Pipeline 41.4 Nehalem TBD PFO 0.07 0.02 0.02

W8BCL011B Pipeline 41.5 Nehalem TBD PFO 0.65 0.18 0.18

W8BCL012 Pipeline 41.6 Nehalem Depressional PFO 0.50 0.15 0.15

W8BCL013 Pipeline 41.7 Nehalem Depressional PFO 0.37 0.14 0.14

W8BCL018 Pipeline 42.3 Nehalem Riverine PFO 1.30 0.48 0.48

W1BCL044 Pipeline 43.4 Nehalem Slope PFO 0.56 0.12 0.12

W1BTI001 Pipeline 44.2 Nehalem Riverine PFO 0.31 0.12 0.12

W6BCO004 Pipeline 47.6 Nehalem Riverine PFO 0.13 0.06 0.06

W3BCO111 Pipeline 50.6 Nehalem Slope PFO 0.22 0.14 0.14

W3BCO112 Pipeline 50.8 Nehalem Slope PFO 0.31 0.14 0.14

W3BCO100 Pipeline 57.7 Nehalem TBD PFO 0.39 0.13 0.13

W3BCO102 Pipeline 63.5 Nehalem Slope PFO 0.65 0.25 0.25

W3BCO010 Pipeline 63.7 Nehalem Depressional PEM/PFO 0.25 0.06 0.06

W6BCO005 Pipeline 69.1 Nehalem Riverine PFO 0.46 0.25 0.25

W3BCO007 Pipeline 72.9 Lower Willamette Depressional PFO 0.40 0.34 0.34

W1BCO023 Pipeline 73.5 Lower Willamette Riverine PFO 0.26 0.12 0.12

W6BCO002 Pipeline 74.6 Lower Willamette Riverine PFO 1.64 0.73 0.73

W6BCO001 Pipeline 74.9 Lower Willamette Riverine PFO 0.12 0.04 0.04

W3BCO013 Pipeline 76.4
Lower Columbia - 

Clatskanie Riverine PEM/PFO 0.35 0.10 0.04 0.14

W3BCO117 Pipeline 79.1
Lower Columbia - 

Clatskanie Slope PFO 0.90 0.33 0.33

W5BCO013 Pipeline 81.5
Lower Columbia - 

Clatskanie Riverine PFO 1.85 1.24 1.24

W99CO003 Pipeline 81.6
Lower Columbia-

Clatskanie

Freshwater 
Forested/Shrub 
Wetland PFO 0.27 0.06 0.06
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TABLE 3

Wetland ID Study Area Milepost 4th HUC- Subbasin HGM Class
Cowardin 

Class
Size 

(Acres)

Permanent
Class Change

Acres

Temporary
(No Class

Change) Acres

Total
Impact
Acres

Pipeline

Summary of High-Value Wetland Impacts

W99CO006 Pipeline 81.8
Lower Columbia - 

Clatskanie TBD PFO 0.95 0.27 0.27

W99CO007 Pipeline 81.8
Lower Columbia - 

Clatskanie

Freshwater 
Forested/Shrub 
Wetland PFOC 0.37 0.37 0.37

W99CW001 Pipeline 82.7
Lower Columbia - 

Clatskanie Riverine PEM 5.37 0.00 1.35 1.35

W99CW002 Pipeline 83
Lower Columbia - 

Clatskanie

Freshwater 
Emergent 
Wetland PEMC 35.21 0.00 17.96 17.96

W6BCW001 Pipeline 84.2
Lower Columbia - 

Clatskanie Depressional PEM 7.64 0.00 3.85 3.85

W99CW007 Pipeline 84.9
Lower Columbia - 

Clatskanie

Freshwater 
Emergent 
Wetland PEMC 11.34 0.00 6.48 6.48

W99CW005 Pipeline
83.0 (HDD 
Pullback)

Lower Columbia - 
Clatskanie

Freshwater 
Forested/Shrub 
Wetland PFOA 0.32 0.32 0.32

152.88 16.88 58.68 75.55

W4BCL05 Terminal Terminal Lower Columbia Tidal EEM 45.97 22.33 4.41 26.74

W4BCL06 Terminal Terminal Lower Columbia Tidal EEM 7.56 0.00 0.01 0.01

W4BCL07 Terminal Terminal Lower Columbia Tidal EEM 19.75 0.02 0.49 0.51

W5BCL084 Terminal Terminal Lower Columbia Depressional PFO 0.02 0.00 0.00

W5BCL085 Terminal Terminal Lower Columbia Depressional PFO 0.44 0.26 0.26

W99CL0001 Terminal Terminal Lower Columbia TBD PFO 0.04 0.00 0.00

W99CL0002 Terminal Terminal Lower Columbia

Freshwater 
Forested/Shrub 
Wetland PFO/SSC 0.43 0.07 0.07

W99CL0006 Terminal Terminal Lower Columbia TBD PFO 0.23 0.11 0.11

W99CL0007 Terminal Lower Columbia

Freshwater 
Forested/Shrub 
Wetland PFOA 1.01 0.89 0.89

Terminal

Total
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TABLE 3

Wetland ID Study Area Milepost 4th HUC- Subbasin HGM Class
Cowardin 

Class
Size 

(Acres)

Permanent
Class Change

Acres

Temporary
(No Class

Change) Acres

Total
Impact
Acres

Pipeline

Summary of High-Value Wetland Impacts

W99CL0009 Terminal Lower Columbia TBD PFO 0.10 0.01 0.01

75.53 23.70 4.91 28.61
TBD = Proxy wetland data were used for sites where access was not provided. Hydrogeomorphic class could not be determined. 

Total



TABLE 4    

Terminal
Component HUC4 Sub-basin HGM Code

Impact
Type EEM PEM PEM/SSC PEMC PFO PFO/SSC PFOA PSS

Grand 
Total

PERM 0.00 0.92 0.00 0.00 0.16 0.00 0.00 0.03 1.11

TEMP 0.00 0.62 0.00 0.00 0.00 0.00 0.00 0.01 0.63

0.00 1.54 0.00 0.00 0.16 0.00 0.00 0.04 1.74

0.00 1.54 0.00 0.00 0.16 0.00 0.00 0.04 1.74

Depressional PERM 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.55

0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.55

TBD PERM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.72 0.72

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.72 0.72

Tidal PERM 27.57 0.49 0.00 0.00 0.00 0.00 0.00 3.49 31.55

27.57 0.49 0.00 0.00 0.00 0.00 0.00 3.49 31.55

27.57 1.03 0.00 0.00 0.00 0.00 0.00 4.21 32.81

Tidal PERM 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02

0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02

0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02

Depressional TEMP 0.00 0.79 0.00 0.00 0.00 0.00 0.00 0.00 0.79

0.00 0.79 0.00 0.00 0.00 0.00 0.00 0.00 0.79

Freshwater Emergent Wetland TEMP 0.00 0.00 0.03 0.22 0.00 0.00 0.00 0.00 0.25

0.00 0.00 0.03 0.22 0.00 0.00 0.00 0.00 0.25

Freshwater Forested/Shrub Wetland PERM 0.00 0.00 0.00 0.00 0.00 0.07 0.89 0.00 0.97

0.00 0.00 0.00 0.00 0.00 0.07 0.89 0.00 0.97

PERM 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.12

TEMP 0.00 0.63 0.00 0.00 0.00 0.00 0.00 0.03 0.66

0.00 0.63 0.00 0.00 0.12 0.00 0.00 0.03 0.78

0.00 1.42 0.03 0.22 0.12 0.07 0.89 0.03 2.79

27.59 3.99 0.03 0.22 0.28 0.07 0.89 4.28 37.37

3.46

2.34

31.57

0

TBD = Proxy wetland data were used for sites where access was not provided. Hydrogeomorphic class could not be determined.

Temporary and Permanent Wetland Impacts—Terminal

Grand Total

Depressional Total

Depressional Total

TBD Total

Tidal Total

Tidal Total

Water/Wastewater 
Components

Lower Columbia

Entry Road Total

Facility Area Total

Pier Total

TBD

Depressional

Total Nontidal - Temporary

Total Tidal - Permanent

Total Tidal - Temporary

Terminal

Entry Road

Facility Area

Pier

Water/Wastewater Components Total

Lower Columbia

Lower Columbia

Lower Columbia

TBD Total

Total Nontidal - Permanent

Depressional Total

Freshwater Emergent Wetland Total

Freshwater Forested/Shrub Wetland Total



TABLE 5    

4th HUC HGM AW E1UBL E2USN PEM PEM/PFO PEMC PSS PSSC Grand Total

Depressional 2.00 0.00 0.00 6.33 0.00 0.00 1.85 0.00 10.18

Estuarine and Marine Deepwater 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.24

Estuarine and Marine Wetland 0.00 0.00 11.29 0.00 0.00 0.00 0.00 0.00 11.29

Flats 0.00 0.00 0.00 0.81 0.00 0.00 0.11 0.00 0.92

Riverine 0.00 0.00 0.00 0.82 0.00 0.00 1.00 0.00 1.82

Slope 0.00 0.00 0.00 0.60 0.00 0.00 0.55 0.00 1.15

TBD 32.99 0.00 0.00 8.46 0.00 0.00 4.19 0.00 45.64

34.99 0.24 11.29 17.01 0.00 0.00 7.70 0.00 71.23

Depressional 0.00 0.00 0.00 4.45 0.00 0.00 0.00 0.00 4.45

Freshwater Emergent Wetland 0.00 0.00 0.00 0.00 0.00 27.64 0.00 0.00 27.64

Freshwater Forested/Shrub 
Wetland 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.83

Riverine 0.00 0.00 0.00 1.46 0.04 0.00 0.19 0.00 1.69

Slope 0.00 0.00 0.00 0.33 0.00 0.00 0.48 0.00 0.81

TBD 0.14 0.00 0.00 2.27 0.00 0.00 0.00 0.00 2.40

0.14 0.00 0.00 8.50 0.04 27.64 0.67 0.83 37.82

Lower Willamette Depressional 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.12

0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.12

Depressional 0.00 0.00 0.00 1.29 0.00 0.00 0.97 0.00 2.26

Flats 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.04

Freshwater Forested/Shrub 
Wetland 0.00 0.00 0.00 0.00 0.00 0.00 0.46 0.00 0.46

Riverine 0.00 0.00 0.00 1.16 0.00 0.00 0.01 0.00 1.17

Slope 0.00 0.00 0.00 2.17 0.00 0.00 0.00 0.00 2.17

TBD 2.73 0.00 0.00 0.16 0.00 0.00 0.19 0.00 3.08

2.73 0.00 0.00 4.83 0.00 0.00 1.64 0.00 9.19

37.85 0.24 11.29 30.33 0.04 27.64 10.13 0.83 118.36

4th HUC HGM Grand Total

N/A N/A No Impacts

4th HUC HGM Grand Total

N/A N/A No Impacts

Construction Temporary Wetland Impacts—Mainline and Ancillary Facilities

Mainline Total

TBD = Proxy wetland data were used for sites where access was not provided. Hydrogeomorphic class could not be determined.

Access Roads- Permanent Impacts

Contractor/Storage Yards- Permanent Impacts

Mainline

Lower Columbia

Lower Columbia - 
Clatskanie

Nehalem

Lower Columbia Total

Lower Columbia - Clatskanie Total

Lower Willamette Total

Nehalem Total

N/A = not applicable.



TABLE 6
Permanent Impacts—Mainline and Ancillary Facilities

4th HUC HGM PEM/PFO PFO PFOA PFOC PSS PSS/PFO PSSC Grand Total

Flats 0.00 0.34 0.00 0.00 0.00 0.00 0.00 0.34

Riverine 0.00 0.66 0.00 0.00 0.00 0.00 0.00 0.66

Slope 0.00 0.49 0.00 0.00 0.00 0.00 0.00 0.49

TBD 0.00 1.65 0.00 0.00 0.00 0.00 0.00 1.65

0.00 3.14 0.00 0.00 0.00 0.00 0.00 3.14

Freshwater Forested/Shrub Wetland 0.00 0.06 0.32 0.37 0.00 0.00 0.36 1.12

Riverine 0.10 1.24 0.00 0.00 0.22 0.00 0.00 1.56

Slope 0.00 0.33 0.00 0.00 0.43 0.00 0.00 0.76

TBD 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.27

0.10 1.90 0.32 0.37 0.65 0.00 0.36 3.70

Depressional 0.00 0.34 0.00 0.00 0.07 0.00 0.00 0.42

Riverine 0.00 0.89 0.00 0.00 0.00 0.00 0.00 0.89

0.00 1.24 0.00 0.00 0.07 0.00 0.00 1.31

Depressional 0.06 0.29 0.00 0.00 0.00 0.00 0.00 0.35

Riverine 0.00 0.91 0.00 0.00 0.00 0.00 0.00 0.91

Slope 0.00 1.57 0.00 0.00 0.00 0.00 0.00 1.57

TBD 0.00 0.56 0.00 0.00 0.00 6.56 0.00 7.12

0.06 3.33 0.00 0.00 0.00 6.56 0.00 9.95

Mainline Total 0.16 9.60 0.32 0.37 0.73 6.56 0.36 18.10

4th HUC HGM Grand Total

N/A N/A No Impacts

4th HUC HGM Grand Total

N/A N/A No Impacts

Nehalem Total

TBD = Proxy wetland data were used for sites where access was not provided. Hydrogeomorphic class could not be determined.

Contractor/Storage Yards- Permanent Impacts

Access Roads- Permanent Impacts

Mainline- Permanent Cowardin Type Changes

Lower Columbia

Lower Columbia - Clatskanie

Lower Willamette

Nehalem

Lower Columbia Total

Lower Columbia - Clatskanie Total

Lower Willamette Total

N/A = not applicable.
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Introduction 
This technical memorandum presents the results of a high-level stream channel assessment and scour analysis for 
the waterbodies crossed by the Oregon Pipeline. Oregon LNG proposes to construct and operate the Oregon 
Pipeline and associated LNG terminal. The Oregon Pipeline consists of approximately 86.8 miles of 36-inch-
diameter pipeline to be constructed between Warrenton, Oregon, and Woodland, Washington, crossing three 
counties, Clatsop, Columbia, and Cowlitz. The pipeline will cross numerous intermittent and perennial streams 
and rivers. Specific scour analyses and migration studies may be performed at a later date for specific crossings as 
required by Oregon LNG and/or permitting agencies. 

This stream channel assessment combines an evaluation of channel morphology and channel-forming processes 
to simplify a wide variety of channels into a manageable analysis framework. Channel segments (subreach units) 
are areas of streams that respond to disturbances in a similar fashion based on similarities in channel-forming 
processes. The assessment of channel conditions provides a context for evaluating the influence of changes in 
land management or activities on channel conditions and processes. Major changes in channel morphology 
(scour) are caused by changes in discharge, sediment supply, and vegetation in the channel. The scour analysis 
focuses on fluvial-dominated stream channels and provides a first-cut method of identifying stream crossings with 
a potential for vertical and/or lateral scouring (i.e., lateral channel migration).  

Methods 
Streams with perennial flow regimes and supporting Federal Endangered Species Act (ESA)-listed salmonids were 
evaluated to determine which pipeline crossings have a predisposition for vertical scouring or lateral migration. A 
total of 120 streams crossed by the Oregon Pipeline have perennial flow regimes, support ESA-listed salmonids, or 
have designated critical habitat. Twenty-four of those streams support ESA-listed salmonids or have designated 
critical habitat. Although some intermittent and ephemeral drainages not supporting ESA-listed salmonids will 
require further investigation prior to final engineering design, these sites were not included at this time for this 
study. 

Stream segment slope (gradient) and channel confinement provide a useful orientation for stream classification 
and provide a method to distinguish between the possible responses of a stream channel to disturbances. 
Channel confinement is the ratio of the valley or floodplain width to the channel width. 

Stream slope at potential pipeline crossings was determined from field reconnaissance surveys. Where field 
reconnaissance surveys were not conducted, channel gradient was determined from 1:24,000 U.S. Geological 
Survey (USGS) topographic maps by measuring the distance between a contour line upstream and a contour line 
downstream of the crossing, or by using Washington 10-meter Digital Elevation Model (DEM) elevations. Channel 
confinement was determined by measuring the valley width or floodplain (distance between contour lines on 
either side of the channel at the crossing based on a 1:24,000 USGS topographic map) and comparing this width 
to the channel width (ordinary high water [OHW] width). 
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CHANNEL RESPONSE MATRIX FOR PIPELINE CROSSINGS OF PERENNIAL ENDANGERED SPECIES ACT STREAMS 

After determining channel gradient, channel confinement, and valley width at Pipeline crossings, streams were 
grouped into categories based on their similarities and channel characteristics. Streams with specific similarities 
are expected to have similar responses to disturbances or be predisposed to specific conditions. These responses 
or conditions are based in part on the Washington Department of Natural Resources (DNR) Watershed 
Assessment Methodology (1994) Channel Response Matrix. This approach is also consistent with previous pipeline 
projects in the area that have included multiple waterbody crossings. In addition, the Rosgen channel type 
(Rosgen, 1996), which was identified by channel characteristics collected during field reconnaissance surveys, was 
used to verify and support DNR Channel Response Matrix characteristics. 

Ephemeral drainages (defined as streams with flows generated by periodic surface runoff along the Pipeline route 
were not analyzed for scour events. Ephemeral drainages, as defined in the assessment method, only flow during 
and shortly after a large precipitation event and lack the hydrological and morphological characteristics of a 
perennial or intermittent stream. Ephemeral drainages may not have a well-defined channel and may be 
vegetated. Therefore, ephemeral drainages are not considered to have vertical or lateral scour potential. 
However, ephemeral drainages could experience mass wasting events, such as landslides or slope failure, which 
could affect the pipeline. Landslide and slope failure potential along the Pipeline are further evaluated in Resource 
Report 6 — Geologic Resources. 

In addition to ephemeral drainages, non-ESA intermittent streams were also excluded as they are primarily minor 
waterways with generally lower scour risk. However, as discussed above, they may still experience mass wasting 
events that could affect the pipeline. 

According to Rosgen (1996) and personal communication with Janine Castro of the U.S. Fish and Wildlife Service 
(Castro, 2009), only streams with a gradient of less than 4 percent typically have the potential for significant 
lateral scouring at the reach level. Streams with a greater than 4 percent gradient have no functional floodplain 
and therefore have no, or little, potential for lateral channel migration at the reach scale. 

At ESA stream crossings and within Federal Emergency Management Agency floodways, the pipeline will be 
buried at a depth that minimizes the risk of exposure from vertical scour and channel migration. The actual depth 
of the pipeline will be determined during final engineering to address risks of vertical scour and channel 
migration. 

Results 
Stream channels with similar characteristics are expected to respond to disturbances similarly or be predisposed 
to specific events. Channel slope can be used as a surrogate for stream energy, which is the dominant aspect 
controlling channel morphology. Channel confinement controls the characteristics of potential channel responses 
and manifests the long-term history of a valley (DNR, 1994). Increased entrenchment is one possible channel 
response to disturbance. Entrenchment is defined as the vertical containment and the degree to which a channel 
is incised in the valley floor (DNR, 1994). 

Channel slope and confinement are general indicators of a stream’s transport capacity and the balance between 
sediment supply and transport capacity (DNR, 1994). The Channel Response Matrix provides a simple method for 
categorizing potential channel responses in terms of gradient and channel confinement and is based on 
geomorphic reasoning and professional experience. The matrix differentiates between fluvial and mass-wasting 
dominated channels. Twenty percent channel slope typically defines the upper limit of fluvially dominated 
channel systems (DNR, 1994). 

The DNR Channel Response Matrix shows a channel’s predisposition to specific events given specific channel 
characteristics. These characteristics are based on channel slope, channel confinement, and valley width. The 
potential channel responses based on these characteristics include fine sediment deposition, bank erosion, wood 
loss, debris flow scour, and debris flow deposition. Channel reaches can be grouped into source, transport, and 
response reaches using gradient as the criterion. Reaches greater than 20 percent gradient are considered source 
reaches, 3 to 20 percent gradient are transport reaches, and less than 3 percent gradient are response reaches. 
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CHANNEL RESPONSE MATRIX FOR PIPELINE CROSSINGS OF PERENNIAL ENDANGERED SPECIES ACT STREAMS 

Six gradient groupings are used to generally correspond to gradients associated with changes in channel 
morphology that reflect relative transport capacity and the response potential (DNR, 1994). 

The 24 streams evaluated using this methodology were categorized into six distinct groups based on slope, 
channel width, and confinement (Table 1). Table 2 (located at the end of this technical memorandum) provides 
specific stream crossing ID numbers, stream slope (gradient %), valley width, confinement, and vertical and/or 
lateral scour potential for each of the 24 ESA perennial streams. 

TABLE 1 
Channel Response Matrix for Pipeline Crossings of Perennial Waterbodies and Streams Supporting ESA-listed Salmonids 

Channel Type 

Scour Potential of Evaluated Stream Crossings (Vertical/Lateral) 

None 
(at Reach 

Scale)/ Slight Slight/ Moderate Moderate/ Severe 
Moderate to 
Severe/ None Severe/ None 

Severe (Mass 
Wasting 

Dominated)/ None 

Valley Width (VW) > 4 Channel 
Width (CW) (Unconfined) 

11 3 7 1   

2 CW < VW < 4 CW 
(Moderately Confined) 

1      

VW < 2 CW (Confined) 1      

Gradient and Typical Channel Bed Morphology 

Channel Gradient Percentage 
(Stream Type) 

< 1 
(Pool-Riffle) 

1 to 2 
(Pool-Riffle, 
Plane-Bed) 

2 to 4 
(Plane-Bed,  

Forced Pool-Riffle) 

4 to 8 
(Step-Pool) 

8 to 20 
(Cascade) 

> 20 
(Colluvial) 

Source: DNR, 1994. 
Notes: Valley width (VW) = distance between first contour lines on either side of channel (1:24,000 scale USGS). Channel width (CW) = OHW 
channel width. 

Based on DNR (1994) Standard Watershed Analysis Methodology, six channel types with the potential for either 
lateral (bank erosion causing channel migration) and/or vertical (debris flow) scour potential were identified for 
streams being crossed by the pipeline. Of the 24 perennial/ ESA stream crossings, 11 possess some potential for 
vertical scouring or debris flow events, while 23 have at least some potential for lateral channel migration. 

Unconfined channels with slopes less than 1 percent (11 streams) are associated with: 

Fine sediment deposition 
Bank erosion 
Wood accumulation 

Unconfined channels with slopes between 1  and 2 percent (3 streams) are associated with: 

Wood loss 
Scour potential 
Fine sediment deposition 
Bank erosion 

Unconfined channels with slopes between 2 and 4 percent (7 streams) are associated with: 

Dam break flood 
Debris flow deposition 
Bank erosion 
Coarse sediment deposition 
Scour potential 
Wood loss 
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CHANNEL RESPONSE MATRIX FOR PIPELINE CROSSINGS OF PERENNIAL ENDANGERED SPECIES ACT STREAMS 

Unconfined channels with slopes between 4 and 8 percent (1 stream) are associated with: 

Debris flow scour/debris flow deposition 
Dam break flood 
Wood loss 

Moderately confined channels with slopes less than 1 percent (1 stream) are associated with: 

Fine sediment deposition 
Bank erosion 
Wood accumulation 

Confined channels with slopes less than 1 percent (1 stream) are associated with: 

Coarse sediment deposition 
Wood loss 

Ten of the evaluated waterways will be crossed via horizontal directional drilling (HDD). Of these 10 crossings, one 
(Bear Creek) has more than a slight vertical scour potential. Of the remaining nine HDD crossings, all have no 
vertical scour potential and have a slight lateral scour potential. The remaining crossing has a severe lateral scour 
potential (Bear Creek).  

This high-level method of scour potential determination relies exclusively on gradient, valley width, and channel 
width, excluding additional factors such as substrate type. For certain waterways, historical observation and 
empirical evidence suggest that the scour potential may be different than that estimated by this model. In these 
cases, engineering will determine the accurate depth for the pipe crossing. 

Conclusions 
Of the 24 perennial ESA streams being crossed by the pipeline, 11 have a slight or higher potential for vertical 
scouring. Of these, eight have a moderate or higher potential for vertical scouring. One channel has a severe 
potential for vertical scouring, and eight channels are mass-wasting dominated (MWD). The only stream with 
moderate/severe vertical scour potential is an intermediate waterway. Seven of the MWD streams are classified 
as intermediate, with the one remaining classified as minor. Thirteen streams have no vertical scour potential. Of 
the streams evaluated, five are considered  major streams (100 feet or greater in width as defined by the Federal 
Energy Regulatory Commission’s Wetland and Waterbody Construction and Mitigation Procedures [2003]), none 
of which have a slight or higher potential for experiencing vertical scouring flows (no vertical scour potential). 

One crossing (Little Clatskanie River) has no or negligible potential for lateral channel migration (lateral scouring) 
at the reach scale, 13 have a slight potential, 3 have a moderate potential, and 7 have a severe potential for 
lateral channel migration. Of the seven streams with a severe potential for lateral scour, all are intermediate 
waterbodies. The five major stream crossings have a slight potential for lateral channel migration. Potential for 
vertical scour and channel migration will be used to inform engineers which streams require special attention 
regarding depth of pipeline during final design. 
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TABLE 2 
Oregon Pipeline Crossings of Perennial ESA Streams 

Stream ID 
MP at 

Crossing 
Crossing 
Method Flow Regime 

Waterbody 
Type Waterbody 

Valley 
Width 

(ft)a 

OHW 
Width 

(ft) Channel Confinementb 
Gradient 

(%)c 
Vertical Scour 

Potentiald 

Lateral Channel 
Migration 
Potentiale 

S99CL001 1.0 HDD Perennial Major Adairs Slough 5,258 110 Unconfined <1 None Slight 

S5BCLo74 1.5 HDD Perennial Intermediate Vera Creek 4,960 20 Unconfined <1 None Slight 

S40CL002 3.1 HDD Perennial Major Lewis and Clark River 5,808 1250 Unconfined <1 None Slight 

S5BCL064 4.5 Dry/Flume Perennial Intermediate Barrett Slough 3,844 12 Unconfined <1 None Slight 

S99CL064 5.7 HDD Perennial Major Lewis and Clark River 2,261 340 Unconfined <1 None Slight 

S1BCL001 7.9 Dry/Flume Perennial Intermediate Heckard Creek 1,139 10 Unconfined <1 None Slight 

S99CL018 11.0 HDD Perennial Intermediate Lewis and Clark River 1,365 35 Unconfined <1 None Slight 

S2BCL008A 25.4 Dry/Flume Perennial Intermediate Little Fishhawk Creek 104 15 Unconfined <1 None Slight 

S2BCL008B 31.4 Open cut Perennial Intermediate Alder Creek 421 15 Unconfined 3.6 Moderate Severe 

S99CL108 33.5 HDD Perennial Major Nehalem River 3,601 120 Moderately Confined <1 None Slight 

S8BCL005 41.0 Open cut Perennial Intermediate Rock Creek 470 20 Unconfined 2.2 Moderate Severe 

S1BCL021 43.1 Dry/Flume Perennial Intermediate South fork Rock Creek 2,302 15 Unconfined 3.0 Moderate Severe 

S1BCL022 43.4 HDD Perennial Intermediate Bear Creek 436 12 Unconfined 2.3 Moderate Severe 

S6BCO002 47.5 Dry/Flume Perennial Intermediate North Fork Wolf Creek 143 30 Unconfined 1.0 Slight Moderate 

S3BCO012 50.5 Dry/Flume Perennial Intermediate Clear Creek 780 30 Unconfined 2.1 Moderate Severe 

S3BCO107 55.7 Dry/Flume Perennial Intermediate Cedar Creek 976 10 Unconfined 1.6 Slight Moderate 

S3BCO101 57.7 HDD Perennial Intermediate Rock Creek 1,157 30 Unconfined <1 None Slight 

S3BCO014 63.8 HDD Perennial Intermediate Nehalem River 113 30 Moderately Confined <1 None Slight 

S99CO020 70.7 Open cut Perennial Intermediate Clatskanie River 219 19 Unconfined <1 None Slight 

S5BCO001 71.8 Open cut Perennial Minor Little Clatskanie River 244 2 Unconfined 4 Moderate/Severe None 

S3BCO010 73.0 Open cut Perennial Intermediate Milton Creek 317 12 Unconfined 3.2 Moderate Severe 

S3BCO018 76.4 Open cut Perennial Minor Merril Creek 376 1 Unconfined 1.1 Slight Moderate 

S99CO011 81.6 Open cut Perennial Intermediate Deer Island Slough 780 38 Unconfined 2.1 Moderate Severe 

S99BCO014 82.4 HDD Perennial Major Columbia River 5,637 3300 Confined <1 None Slight 
a Valley width (VW) = distance between first contour lines on either side of channel (1:24,000 scale U.S. Geological Survey). 
b Channel confinement based on Channel Response Matrix (Table E-2) in DNR (1994): 

VW > 4CW = Unconfined 
2CW < VW < 4CW = Moderately Confined 
VW < 2CW = Confined 

c Where gradient not field collected, used 1:24,000 USGS topographic maps. Gradient listed as 0.0% means gradient < 1%. 
d For vertical scour potential, “None” means on a reach scale. There will still likely be pool scour etc. 
e Lateral channel migration potential based on DNR (1994): 
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CHANNEL RESPONSE MATRIX FOR PIPELINE CROSSINGS OF PERENNIAL ENDANGERED SPECIES ACT STREAMS 

TABLE 2 
Oregon Pipeline Crossings of Perennial ESA Streams 

Stream ID 
MP at 

Crossing 
Crossing 
Method Flow Regime 

Waterbody 
Type Waterbody 

Valley 
Width 

(ft)a 

OHW 
Width 

(ft) Channel Confinementb 
Gradient 

(%)c 
Vertical Scour 

Potentiald 

Lateral Channel 
Migration 
Potentiale 

None = Could be microbank erosion but not lateral channel migration. 
Slight = Unconfined or moderately confined channel with gradient < 1%. 
Moderate = Unconfined or moderately confined channel with gradient 1% - 2%. 
Severe = Unconfined or moderately confined channel with gradient 2% - 4%. 
Stream ID = stream identification number 
ft = feet  
MP = milepost 
 

ES030613113935PDX 6 



  

Appendix G 
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Introduction 
Migratory birds are protected by the federal Migratory Bird Treaty Act (MBTA) of 1918, as amended (16 United 
States Code [U.S.C.] 703-712). The Memorandum of Understanding between the Federal Energy Regulatory 
Commission and U.S. Department of the Interior United States Fish and Wildlife Service (USFWS) regarding 
implementation of Executive Order 13186, “Responsibilities of Federal Agencies to Protect Migratory Birds” (FERC 
and USFWS, 2011) (MBTA MOU) provides guidance on complying with the MBTA. This technical memorandum 
provides regulatory background on migratory birds relative to commercial logging and Pipeline operations. It also 
presents recommendations for avoidance of impacts to migratory birds and for stewardship compliance with the 
MBTA MOU. Oregon LNG proposes to clear land, including trees on commercial timberland, within a nominal 
100-foot-wide construction corridor and associated additional temporary workspaces to accommodate the 
Pipeline. Vegetated habitats, including commercial forests, may provide habitat for many species of migratory 
birds, including raptors and songbirds. 

Regulatory Background 
Section 703 of the MBTA prohibits the taking, killing, possession, transportation, and importation of migratory 
birds, their eggs, parts, and nests, except when specifically authorized by the U.S. Department of the Interior. The 
MBTA has no provision for allowing unauthorized take. 

The MBTA MOU specifies that both parties shall support the conservation intent of Executive Order 13186, and 
the migratory bird conventions, to the extent possible and practicable, by the following:  

 Integrating bird conservation principles, measures, and practices into agency actions;  
 Avoiding or minimizing the take of migratory birds and adverse effects on their habitat;  
 Improving habitat conditions for migratory birds on lands affected by energy projects; and  
 Preventing or abating pollution detrimental to migratory birds and their habitats. 

While the MBTA provides no mechanism for allowing unauthorized take, the USFWS recognizes that some birds 
may be taken during such activities as pipeline construction, even if all reasonable measures to avoid take are 
implemented. The USFWS Office of Law Enforcement carries out its mission to protect migratory birds not only 
through investigation and enforcement, but also through fostering relationships with individuals and industries 
that proactively seek to eliminate their impacts on migratory birds. Although it is not possible under the MBTA to 
absolve individuals, companies, or agencies from liability (even if they implement avian mortality avoidance or 
similar conservation measures), the USFWS Office of Law Enforcement focuses on those individuals, companies, 
or agencies that take migratory birds with disregard for their actions and the law, especially when conservation 
measures have been developed but are not properly implemented (Rockies Express Pipeline LLC and USFWS, 
2008). 

A number of court cases have dealt with the authority of the MBTA and logging operations (Lurman, 2007). 
In 2000, nine environmental groups, including the Center for Environmental Law, submitted a document 
(SEM-99-002) asserting that the Federal government was failing to enforce Section 703 of the MBTA. The 
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submitters claimed that logging operations consistently result in violations of the MBTA, killing an enormous 
number of birds, or destroying their nests and eggs. The submitters assert that, despite being aware of these 
violations, the United States never prosecutes logging operations that violate the MBTA. The submitters 
specifically referred to two cases in California where migratory birds were killed. The first case involves the logging 
of several hundred trees by a private landowner during the nesting season of great blue herons, allegedly 
resulting in hundreds of crushed eggs. The second case involves a logging company’s alleged intentional burning 
of four trees on private land, including one allegedly used by a nesting pair of osprey. 

In 2003, the North American Commission for Environmental Cooperation (CEC) conducted a legal review of how 
the MBTA has been applied to private logging operations (CEC, 2003). The CEC determined that there has never 
been a prosecution of a private timber harvest operation since the MBTA was enacted in 1918. The CEC concluded 
the following: 

 USFWS has long had an “unwritten policy relative to the MBTA that no enforcement or investigative action 
should be taken in incidents involving logging operations, that result in the taking of non-endangered, non-
threatened migratory birds and/or their nests” 

 Because of limited resources, USFWS has “concentrated its regulatory, enforcement, and scientific efforts to 
reducing unintentional takes of migratory birds caused by those activities where industry has created 
hazardous conditions which often attract migratory birds to their death (i.e., birds attracted to perching on 
power lines or open oil pits that appear as water ponds to overflying birds” 

 “Alternative statutes and non-enforcement initiatives are more effective and efficient in protecting migratory 
birds [and] habitat modification per se is not prohibited by the MBTA. This means that establishing a violation 
of the MBTA due to logging activities poses more significant technical challenges than many other types of 
MBTA violations. Therefore, the USFWS has thus far made bona fide decisions to allocate enforcement 
resources to investigating and prosecuting other possible violations instead of those caused by logging 
activities. The USFWS made its resource allocation decisions in good faith and always with the objective to 
conserve migratory bird populations and their habitats in sufficient quantities to prevent them from becoming 
threatened or endangered.” (CEC, 2003) 

On advice of counsel, it does not appear that the MBTA imposes an affirmative duty to take specific action under 
the MBTA, other than to avoid taking of migratory birds. Logging associated with clearing a Pipeline corridor by 
itself does not trigger the need for a permit or other regulatory approval under the MBTA, as habitat destruction 
alone does not constitute a “take” under the MBTA (Seattle Audubon Society v. Evans, 952 F.2d 297 [9th Cir., 
1991]; City of Sausalito v. O’Neill, 386 F.3d 1186 [9th Cir., 2004]). However, in the interest of being good stewards 
of the environment that the Pipeline will affect, it is recommended that measures be taken to avoid take. 

Mitigation 
Oregon LNG will take reasonable and prudent measures to avoid the taking of birds protected by the MBTA and in 
accordance with the MBTA MOU. These measures are in addition to those that may be imposed to protect birds 
protected under the Endangered Species Act, such as the northern spotted owl and marbled murrelet (see 
Resource Report 3, Appendix 3E). 

Land clearing will take place the same year as Pipeline construction (see Resource Report 1 for a Project 
schedule). Clearing will take place as late as possible in the spring and early summer to avoid as much of the 
nesting season as possible. Oregon LNG proposed land clearing in the late summer and early fall prior to Pipeline 
construction. The National Marine Fisheries Service (NMFS) was concerned that such a schedule increased risk of 
erosion into streams, particularly salmon-bearing streams. The USFWS, in consultation with NMFS, advised 
Oregon LNG that the preferred schedule would be to conduct land clearing the same year as construction. The 
corridor would then be rehabilitated at the end of the construction season, thereby limiting and minimizing 
exposure and risk of soil erosion. 
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Assuming that vegetation clearing cannot be avoided during the entire nesting and breeding season, Oregon LNG 
will provide biologists to conduct a preconstruction reconnaissance of the Terminal and Pipeline corridor to 
identify any active migratory bird nests. If one or more active nests are identified within the construction corridor, 
biologists will mark the location(s) of the nest(s) in the field and on the construction plans and delay vegetation 
clearing around the active nest(s) until such time as the nest(s) have fledged or failed (due to natural causes). 
If one or more active nests are identified outside the construction corridor but nearby, the biologists will monitor 
the nest(s) during construction for signs of disturbance. If it appears that the monitored nest(s) are exhibiting 
disturbance that could lead to unintentional indirect take pursuant to the MBTA, construction should be halted 
temporarily until such time as the nest has fledged or failed (due to natural causes). Trees with nests may be cut 
during the non-nesting season. Preconstruction surveys will include an aerial survey for raptor nests in late March 
prior to trees leafing out. 

Vegetation clearing shall not occur within 500 feet of any existing eagle, osprey, or other raptor nest locations or 
trees used by such birds unless a variance is granted, in writing, by USFWS. Band-tailed pigeon nesting or roosting 
tree(s), as well as any tree(s) near an existing great blue heron rookery, are not to be removed unless the USFWS 
approves it in writing. Removing trees in a designated nest patch of a northern spotted owl shall be avoided. 
Removing trees in a cluster of trees known to provide nesting for marbled murrelets shall be avoided. 

Unintentional take, the observation that land clearing has unintentionally killed a migratory bird, shall be reported 
to Oregon LNG’s designated environmental compliance officer within 24 hours of such an incident. The 
environmental compliance officer will be responsible for reporting the unintentional take to USFWS. 

Oregon LNG will rehabilitate the Pipeline corridor to provide habitat for birds and other wildlife. In addition, 
Oregon LNG proposed extensive upland and riparian habitat mitigation in the Applicant-Prepared Conceptual 
Mitigation Plan for the Oregon LNG Terminal and Oregon Pipeline Project (CH2M HILL, 2009). The habitat 
mitigation proposed in the conceptual mitigation plan places an emphasis on preservation and management 
toward late-successional forests and riparian habitats that are in decline in the Coast Range. The combination of 
rehabilitation of the Pipeline corridor, long-term conservation of upland, and riparian habitats will benefit 
migratory birds. 
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Wetland Mitigation Plan 

Chapter 1—Introduction 
1.1 Purpose and Organization of Wetland Mitigation Plan 
The purpose of the wetland mitigation plan is to present additional information on wetlands that are located 
within the construction and permanent easements (also referred to as temporary workspace and 
permanent easement) for the Oregon LNG Pipeline, Terminal, and related aboveground facilities 
(collectively referred to as the Project). The wetlands under discussion are identified in the wetland 
delineation reports in Appendix 2E of Resource Report 2—Water Use and Quality. The wetland information 
provided in this mitigation plan includes a summary of wetland impacts by hydrogeomorphic (HGM) and 
Cowardin class by subbasin (the 4th-field hydrologic unit code [HUC] unit); and the approach to mitigating 
wetland impacts associated with the Project. 

Chapter 2—Impact Assessment 
2.1 Methodology 
2.1.1 Terminal 
Impacts to wetlands associated with the Terminal and related facilities were quantified as temporary if they 
were within the area disturbed by construction but outside the permanent facility and removal/fill footprint. 
The impacts were quantified as permanent if they were within the permanent facility or removal/fill 
footprint. Figure 1 of Resource Report 2—Water Use and Quality, as updated in the April 3, 2014, Terminal 
Supplement filed with FERC (LNG Development Corporation, LLC [d/b/a Oregon LNG] and 
CH2M HILL, 2014), shows the Terminal footprint and affected wetlands. 

2.1.2 Pipeline 
Impacts to wetlands associated with the Pipeline construction and operation were quantified based on the 
proposed activity in temporary construction and permanent operation zones. Planned construction and 
operation activities in wetlands are described in Section 2.3.3 and Table 5 of Resource Report 2; Appendix 
1 of Resource Report 1—General Project Description; and in Appendix 2B of Resource Report 2. Figure 1 
illustrates the construction and operation effects to wetlands by Cowardin class. Table 1 provides a 
summary of how wetland impacts associated with temporary and permanent easements and planned 
maintenance activities were determined. 

1 
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TABLE 1 
Determination of Wetland Impacts Associated with Permanent and Temporary Easements and Planned Maintenance 
Activities 

75-foot Wetland Crossing Width 

50-foot-wide Permanent Easement 
25-foot-wide 

Construction Easement 

A B C D 

Easement 10-foot-wide mow strip 
centered over Pipeline 

Additional 20-foot-wide area 
(10 feet on each side of the 
mow strip) 

20-foot-wide area on 
outside boundary of 
easement (outer 10 feet of 
50-foot-wide permanent 
easement) 

25-foot-wide additional 
area needed for construc-
tion; 5 feet on one side 
and 20 feet on the other 
side of the 50-foot-wide 
permanent easement 

Frequency of 
Maintenance 
Activities 

Annual mowing Every 3 years, routine 
maintenance to cut trees 
over 15 feet tall 

No maintenance activity No maintenance activity 

Wetland Type Type of Wetland Impact Type of Wetland Impact Type of Wetland Impact Type of Wetland Impact 

PEM Temporary during 
construction 

Temporary during 
construction 

Temporary during 
construction 

Temporary during 
construction 

PSS Temporary wetland impacts 
during construction; 
permanent conversion of 
wetland type to PEM 

Temporary Temporary Temporary 

PFO Temporary wetland impact 
during construction; 
permanent conversion of 
wetland type to PEM 

Temporary wetland impact 
during construction; 
permanent conversion of 
wetland type to PEM or PSS  

Temporary impact during 
construction 

Temporary impact during 
construction 

PEM = Palustrine Emergent Wetland 
PFO = Palustrine Forested Wetland 
PSS = Palustrine Scrub-shrub 

When constructing the Pipeline through nonagricultural wetlands, soil excavation will occur at the Pipeline 
trench area, which will be about 10 feet wide, depending on the depth of the pipe. Temporary fill will occur 
next to the trench, where soil and plant materials from the trench will be stockpiled. Indirect soil 
disturbance, resulting in removal/fill, is expected to occur throughout the 75-foot-wide construction 
corridor from aboveground vegetation removal and mechanized land clearing, which could result in soil 
displacement. Following construction, wetlands will be rehabilitated to preconstruction soil and hydrology 
conditions, and revegetated. Operational vegetation maintenance activities will preclude forested wetlands 
in the 30-foot-wide maintenance corridor and the scrub-shrub wetlands from the 10-foot-wide corridor 
centered over the pipe. 

As a result of the operation activities, the following assessment of Project operational impacts can be made 
for the 50-foot-wide permanent easement: 

Impacts to emergent wetlands within the 50-foot-wide permanent easement will be temporary.

Impacts to scrub-shrub wetlands within the 50-foot-wide permanent easement will be temporary, with
the exception of the 10-foot-wide mow strip over the Pipeline. Scrub-shrub wetlands within the 10-foot-
wide mow strip will retain their wetland hydrology and hydric soil, but the dominant vegetation will shift
to mostly herbaceous and trailing woody groundcover. Scrub-shrub wetlands outside the 10-foot-wide
mow strip but within the 30-foot-wide maintenance easement will be restored to scrub-shrub
vegetation. However, shrubs within the 30-foot-wide maintenance easement exceeding 15 feet in
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height may be cut for Pipeline safety. Therefore, for purposes of determining impacts requiring 
compensatory mitigation, impacts to scrub-shrub wetlands within the 30-foot-wide maintenance 
easement will be considered permanent impacts requiring compensatory mitigation. 

Impacts to forested wetlands within the 50-foot-wide permanent easement will be temporary with the
exception of a 30-foot-wide maintenance corridor over the Pipeline. Preconstruction forested wetlands
will retain their wetland hydrology and hydric soil, but the dominant vegetation will shift to mostly
herbaceous and trailing woody groundcover within the 10-foot-wide mow strip and to scrub-shrub
wetlands elsewhere in the 30-foot-wide maintenance corridor where trees exceeding 15 feet in height
may be cut for Pipeline safety. However, because of the temporal lag in restoring forested wetlands, for
purposes of determining impacts requiring compensatory mitigation, impacts to forested wetlands
within the 50-foot-wide permanent easement will be considered permanent impacts requiring
compensatory mitigation.

The following assessment of Project construction impacts can be made for the portions of the 75-foot-wide 
construction corridor outside the 50-foot-wide permanent easement: 

Impacts to emergent wetlands within the 75-foot-wide construction easement outside of the 50-foot-
wide permanent easement will be temporary.

Impacts to scrub-shrub wetlands within the 75-foot-wide construction easement outside of the 50-foot-
wide permanent easement will be temporary.

Impacts to forested wetlands within the 75-foot-wide construction easement outside of the 50-foot-
wide permanent easement will be temporary. However, because of the temporal lag in restoring
forested wetlands, for purposes of determining impacts requiring compensatory mitigation, impacts to
forested wetlands within the 75-foot-wide construction easement will be considered permanent
impacts requiring compensatory mitigation.

2.2 Results 
For the Terminal and associated facilities, wetland impacts are categorized as temporary (as a result of 
construction-related activities) or permanent (as a result of removal/fill associated with construction of 
the Terminal and associated facilities). Table 2 shows the wetland impacts associated with the Terminal 
and associated facilities by watershed subbasin (4th-field HUC) and by HGM and Cowardin wetland class. 

For the Pipeline mainline and associated aboveground facilities, the Project’s impacts to wetlands were 
determined using the method described in Section 2.1.2. Impacts were categorized as temporary wetland 
impacts or permanent Cowardin class changes. Temporary wetland impacts include impacts to wetlands 
within the 75-foot-wide construction corridor as a result of construction and operation of the Project. 
Permanent Cowardin class changes include impacts to forested or scrub-shrub wetlands within the 10-foot-
wide and 30-foot-wide prescribed maintenance zones shown on Figure 1. 

Table 3 presents a summary of temporary impacts for the Pipeline and ancillary facilities by watershed 
subbasin (4th-field HUC) and by HGM and Cowardin wetland class. Table 4 presents a summary of 
permanent Cowardin class changes for the Pipeline and ancillary facilities by watershed subbasin (4th-field 
HUC) and by HGM and Cowardin wetland class. 
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TABLE 2
Terminal and Ancillary Facilities —Temporary and Permanent Wetland Impacts (acres) 

4th-field HUC HGM Impact Type E2EM PEM PSS PFO Grand Total 

Lower Columbia Estuarine Fringe Permanent 28.04 0.01 28.05 

Temporary 1.31 0.01 1.32 

Estuarine Fringe Total 29.35 0.02 0.00 0.00 29.37 

Depressional Permanent 0.03 1.42 4.21 0.16 5.82 

Temporary 0.00 1.42 0.15 0.00 1.57 

Depressional Total 0.03 2.84 4.36 0.16 7.39 

TBD Permanent 1.05 1.05 

Temporary 0.25 0.01 0.27 

TBD Total 0.00 0.25 0.01 1.05 1.31 

Terminal Total 29.38 3.12 4.37 1.21 38.08 

Note: Includes Terminal access road and water/wastewater pipelines. 
E2EM = Estuarine Intertidal Emergent 
HGM = hydrogeomorphic 
HUC = hydrologic unit code 
PEM = Palustrine Emergent Wetland 
PFO = Palustrine Forested Wetland 
PSS = Palustrine Scrub-shrub 
TBD = to be determined. Proxy wetland data were used for sites where access was not provided. Hydrogeomorphic class could 
not be determined. Before construction, these wetland areas will be delineated and the HGM class will be determined. 

TABLE 3
Pipeline and Ancillary Facilities—Temporary Wetland Impacts (acres) 

4th-field HUC HGM AW E2USN PEM PSS Grand Total 

Lower Columbia Depressional 1.61 5.92 1.85 9.38 

Estuarine Fringe 5.06 5.06 

Flats 0.81 0.07 0.87 

Riverine 0.79 0.79 

Slope 0.60 0.32 0.91 

TBD 30.20 11.03 3.40 44.63 

Lower Columbia Total 31.81 5.06 19.14 5.64 61.65 

Nehalem Depressional 1.25 0.46 1.71 

Flats 0.04 0.04 

Riverine 1.02 0.01 1.04 

Slope 2.17 2.17 

TBD 2.73 0.16 0.25 3.14 

Nehalem Total 2.73 4.65 0.72 8.09 

Lower Willamette Depressional 0.12 0.12 

Lower Willamette Total 0.12 0.12 

Lower Columbia-Clatskanie Depressional 0.02 0.02 

Riverine 0.02 0.16 0.18 

Slope 0.33 0.68 1.01 

TBD 13.13 13.13 

Lower Columbia-Clatskanie Total 13.50 0.84 14.33 
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TABLE 3
Pipeline and Ancillary Facilities—Temporary Wetland Impacts (acres) 

4th-field HUC HGM AW E2USN PEM PSS Grand Total 

Lewis TBD 0.18 0.18 

Lewis Total 0.18 0.18 

Pipeline Total 34.54 5.06 37.47 7.30 84.37 

Note: Includes compressor stations, pipe yards, and access roads. 
AW = Agricultural Wetland 
E2USN = Estuarine Intertidal Unknown Temporary Tidal Regular 
HGM = hydrogeomorphic 
HUC = hydrologic unit code 
PEM = Palustrine Emergent Wetland 
PSS = Palustrine Scrub-shrub 
TBD = to be determined. Proxy wetland data were used for sites where access was not provided. Hydrogeomorphic class 
could not be determined. Before construction, these wetland areas will be delineated and the HGM class will be 
determined. 

TABLE 4 
Pipeline and Ancillary Facilities—Permanent Wetland Impacts (acres) 

4th-field HUC HGM PFO PSS PSS/PFO Grand Total 

Lower Columbia Depressional 1.00 1.00 

Flats 0.34 0.04 0.38 

Riverine 0.66 0.66 

Slope 0.49 0.24 0.73 

TBD 2.79 1.35 4.14 

Lower Columbia Total 4.28 2.63 6.91 

Nehalem Depressional 0.29 0.37 0.66 

Riverine 0.91 0.91 

Slope 1.45 1.45 

TBD 0.20 0.18 6.41 6.79 

Nehalem Total 2.85 0.55 6.41 9.82 

Lower Willamette Depressional 0.34 0.07 0.42 

Riverine 0.89 0.89 

Lower Willamette Total 1.24 0.07 1.31 

Lower Columbia-Clatskanie Riverine 0.98 0.16 1.14 

Slope 0.33 0.23 0.55 

TBD 2.96 2.96 

Lower Columbia-Clatskanie Total 4.27 0.39 4.66 

Pipeline Total 12.64 3.64 6.41 22.70 

Note: No impacts to wetlands in pipe yards. 
Cowardin = Cowardin et al., 1979 
HGM = hydrogeomorphic 
HUC = hydrologic unit code 
PFO = Palustrine Forested Wetland 
PSS = Palustrine Scrub-shrub 
TBD = to be determined. Proxy wetland data were used for sites where access was not provided. Hydrogeomorphic class could 
not be determined. Before construction, these wetland areas will be delineated and the HGM class will be determined. 

5 



WETLAND MITIGATION PLAN 

Chapter 3—Mitigation 
3.1 Introduction 
This chapter lays out the approach to wetland mitigation based on the determination of impacts in 
Chapter 2. The approach to mitigation follows the U.S. Army Corps of Engineers (USACE) and Oregon 
Department of State Lands (DSL) rules and guidance with the goal of no net loss of wetland functions and 
values. The approach follows the USACE and DSL mitigation sequencing and, where compensation is 
required, uses a watershed approach to select available resource replacement sites that offer the greatest 
functional benefits. 

3.2 Avoidance 
The wetland delineation report submitted to DSL (Appendix 2E) shows the wetlands identified in the Project 
study area. The Project will avoid most wetlands in the study area. Temporary and permanent impacts for 
the Terminal and Pipeline total approximately 145 acres of wetlands identified in the study area, which 
covers more than 2,700 acres. During several design iterations, the Pipeline alignment and temporary 
workspaces were shifted away from wetlands and other waters, where possible, reducing the acreage of 
impact. In addition, during construction, wetlands outside of the construction corridor will be demarcated in 
the field and identified on work plans as “no work zones” to avoid additional wetland impacts. 

Site visits were conducted with state and federal agency staff to view stream crossings identified as areas of 
concern during preliminary agency reviews. Micrositing adjustments were made to avoid or minimize 
impacts to wetlands or streams. For example, in a location where the pipeline was proposed to cross a 
beaver marsh on the Clatskanie River, the route was relocated to avoid the wetland and limit impacts to a 
narrow stream crossing. 

Large wetland areas will be avoided using the horizontal directional drill (HDD) construction method. More 
than 24 acres of wetlands associated with the Adairs Slough and the Lewis and Clark River area will be 
avoided using the HDD drilling method. Further avoidance efforts are demonstrated with the type of access 
road the Project proposes to use. Access to the temporary and permanent Pipeline easement and 
aboveground facilities will be through existing public and private roads to the extent practical. Where the 
Pipeline parallels existing utilities, Oregon LNG will use the utility maintenance access roads to the extent 
practical. Oregon LNG will also use a combination of existing paved, existing gravel, modified gravel, pasture 
roads, and other conveyances as appropriate. 

Construction measures will be implemented to avoid impacts to wetlands along the Pipeline route. The 
width of the construction corridor will be narrowed from 100 to 75 feet across nonagricultural wetlands. 
HDDs beneath streams and adjacent wetlands will also avoid impacts to wetlands and waterbodies. 

3.3 Minimization 
Efforts will be made before, during, and after Pipeline construction to minimize the extent and duration of 
Project-related disturbances to wetland resources. For example, Oregon LNG will segregate and salvage the 
top 1 foot of topsoil from nonsaturated wetland areas to be disturbed by trenching (generally coincident 
with the 10-foot-wide mow strip maintained during operation) and replace the topsoil at the finish grade 
after trench reconstruction. The duration of temporary wetland disturbance during Pipeline construction 
will be minimized. The backfilled trench will contain anti-seep plugs at appropriate intervals to prevent a 
French drain effect. A detailed description of other measures to minimize construction and post-
construction maintenance effects on wetlands is provided in Appendix 2B, FERC Wetland and Waterbody 
Construction and Mitigation Procedures, Modified by Oregon LNG, Section VI. 

Temporal disturbance to streams will be minimized by limiting in-water work at crossings to 48 hours or less 
and application of best management practices (see Appendix 2H, Stormwater Pollution Prevention Plan for 
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Construction of the Oregon LNG Pipeline, Including Erosion Prevention and Sediment Control Plan; Spill 
Prevention, Control, and Countermeasures Plan; and Frac-out Contingency Plan). 

Techniques for modifying the Pipeline alignment to minimize wetland impacts include the following: 

HDD methods will be used to install the Pipeline many feet below the surface of wetlands and streams.

The Pipeline will be aligned parallel or with existing road right-of-way (ROW) utility corridors, or
previously disturbed areas.

The Pipeline will be aligned so that wetlands are crossed at their narrowest point, when possible.

The Pipeline will be aligned so that streams are crossed at a right angle to their banks to minimize
negative impacts to riparian areas and streambeds.

The width of the Pipeline ROW will be reduced to 75 feet when crossing nonagricultural wetlands to
minimize the area of disturbance.

TWS will be located in areas outside of wetlands to minimize the number of acres of disturbance.

In selecting the proposed route, Oregon LNG sought to minimize impacts to the environment and 
landowners by paralleling other linear features to the greatest extent possible or practical. Minimizing 
impacts to wetlands did have limitations due to rugged topography, high densities of wetland areas, and a 
preference to avoid high-quality wetland areas and streams. In areas where a high density of wetlands 
existed, the Pipeline was aligned in a way that minimized impacts to most wetlands. The Pipeline route was 
sometimes aligned to cross wetlands with low functional assessment values to avoid wetlands with higher 
values. If the Pipeline could be microsited to avoid every wetland, the overall length of the Pipeline and 
period of active construction would increase, which could result in more permanent impacts to the 
landscape and longer periods of temporary disturbance and active construction along the Pipeline route. 

3.4 Compensation 
For the Project, the approach to compensatory mitigation follows the USACE and U.S. Environmental 
Protection Agency (EPA) Wetland Compensatory Mitigation Rule (March 2008) and DSL guidance 
emphasizing a watershed-level approach to compensation. Previous EPA and USACE guidance favored 
mitigation in proximity of impacts, but the Wetland Compensatory Mitigation Rule lists this hierarchy of 
mitigation preferences: (1) mitigation banks, (2) in-lieu fee programs, and (3) permittee-responsible 
mitigation (in the event neither of the previous two options is practicable). Compensatory mitigation should 
be directed to restoring impaired functions in a watershed context. 

Oregon LNG proposes a three-pronged approach to compensatory mitigation for Pipeline impacts consisting 
of: (1) rehabilitation of wetlands temporarily impacted by construction in situ, (2) purchase of mitigation 
credits from wetland mitigation banks (if available) or in-lieu fee programs, and (3) replacement of lost 
wetland functions through wetland restoration, creation, or enhancement. These three compensatory 
mitigation approaches are described in more detail subsequently. Under each of the approaches described 
below, in-kind replacement of affected wetlands (that is, Palustrine Emergent [PEM], Palustrine Scrub-shrub 
[PSS], and Palustrine Forested Wetland [PFO]) will be proposed where feasible). Out-of-kind compensatory 
mitigation may be justified where there have been significant losses of a particular Cowardin (Cowardin 
et al., 1979) classification or function within a watershed (for example, loss of estuarine floodplain as a 
result of diking or loss of marsh habitat along streams as a result of depleted populations of beavers). 
Depending on the functions being replaced, out-of-kind mitigation may be a viable compensatory mitigation 
strategy, especially when, for a given watershed, there are important goals for recovery of other aquatic 
functions or habitat for important species. 

Final plans will be provided to the Federal Energy Regulatory Commission (FERC) following final filing. 
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3.4.1 Terminal 
Offsite Compensatory Wetland Mitigation for Temporary and Permanent Impacts. For the Terminal, 
3.16 acres of temporary and approximately 34.92 acres of permanent impacts will occur as a result of 
Terminal and ancillary facilities construction. 

Between 1870 and 1983, the area of tidal swamps and marshes in the Columbia River estuary was reduced 
by 35 percent. Within Youngs Bay, by 1983, tidal swamps and marshes were reduced to about 11 percent of 
their former area in 1879 (Thomas, 1983). The reduction of swamp and marsh habitat around Youngs Bay 
was primarily the result of diking. 

Oregon LNG secured 120 acres at the mouth of the Youngs River on the west bank for Terminal wetland 
mitigation (Figure 2). The mitigation site is a portion of the historical tidal swamp and marsh that was lost to 
diking. The riverside parcel is currently used for grazing and protected from flooding by a levee. Oregon LNG 
intends to breach the levee to create estuarine wetland habitat and provide access for federally listed 
salmonids and other aquatic species. Salmonid and other fish habitat at this strategic site at the mouth of 
the Youngs River will be enhanced by restoring meandering historical channels within the property. To 
ensure that juvenile salmonids can utilize newly created marsh habitat during low tide conditions, Oregon 
LNG will create breaches in areas that facilitate connection to existing subtidal habitat in Youngs Bay. 
Hydrodynamic modeling conducted by Coast and Harbor Engineering (2011) showed that breaching the dike 
in two or three locations will reconnect the historical floodplain with the tidal estuary, providing in-kind 
mitigation for wetland impacts at the Terminal. To protect inland residents, the existing dike will be 
modified to encompass the 120-acre mitigation site. Hydrodynamic modeling suggests that after resumption 
of more natural tidal regimes, the property will establish as low marsh. After native freshwater marsh plants 
have recolonized the property, the marsh is expected to provide productive new rearing habitat for juvenile 
salmon that use Youngs Bay, and possibly for green sturgeon prey. 

The area is large enough to provide mitigation for wetland impacts at the Terminal at a 3:1 ratio (in 
accordance with Oregon Administrative Rule 141-085-0690[4][C]) and for other wetland impacts in the 
Lower Columbia 4th-field HUC. 

A legal instrument is in place for Oregon LNG to use the property at the mouth of the Youngs River on the 
west bank for mitigation, including an agreement for a long-term conservation easement as a condition of a 
deed. Provisions are in place for supporting long-term maintenance and management, including a revolving 
or endowment fund. Oregon LNG will prepare a long-term management plan to be implemented by a third-
party conservator. 

Mitigation Goals and Objectives. Mitigation goals include the following: 

Reconnect 120 acres of historical floodplain with the Columbia River estuary.
Create a low-maintenance and self-sustaining system.
Assure that the safety of landowners behind the dike is maintained.

Mitigation objectives include the following: 

Restore a minimum of 2,600 feet (approximately 0.5 mile) of side-channels or sloughs.
Achieve 100 percent inundation during high tides.
Restore emergent and forest habitat dominated by a diversity of native plants

Temporary impact areas will be rehabilitated onsite after construction. Rehabilitation initially involves 
seedbed preparation and control of noxious weeds. Some vegetation will regenerate naturally from the 
seedbank and vegetative propagules. Supplemental propagules of water parsley (Oenanthe sarmentosa), 
Pacific silverweed (Argentina egedii), and Lyngby’s sedge (Carex lyngbyei) will be planted in the late winter, 
as needed, to rehabilitate temporary impacts to wetlands at the Terminal. If shoreline monitoring 
determines that potentially damaging erosion is occurring, and that stabilization measures will reduce 
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erosion potential, appropriate measures pursuant to federal and state permits will be implemented. Soft 
armoring techniques will be emphasized, such as vegetation and brush layering. 

3.4.2 Pipeline 
Temporary Impacts. Compensation for temporary impacts to wetlands as a result of Pipeline construction 
will be mitigated through onsite wetland rehabilitation. To the extent feasible, rehabilitation of the Pipeline 
construction corridors to preconstruction wetland conditions will be undertaken. This will involve topsoil 
segregation and replacement, topsoil management to maintain viability of seedbank and vegetative 
propagules, reconstruction of grades, permanent erosion control seeding with native wetland species, and 
seedbed preparation where soils are displaced or compacted by equipment. This mitigation measure is 
appropriate for approximately 84.37 acres of temporary Pipeline impacts shown in Table 3. Figures 3 
through 8 show typical wetland restoration for Palustrine Emergent, Palustrine Scrub-shrub, and Palustrine 
Forest/Palustrine Emergent wetlands within the Lower Columbia Watershed and the Nehalem Watershed. 

The wetland areas temporarily impacted by vegetation clearing, equipment traffic, and material storage 
outside the trench area will be rehabilitated by reestablishing wetland vegetation from seedbank 
germination and vegetative propagation via resprouting of live roots and propagules left intact and 
protected during construction. Sterile wheat grass cover will be used to temporarily stabilize soil until 
natural germination occurs. In some instances, a permanent native wetland seed mix will be applied to 
ensure adequate cover of the site by desirable species. If annual monitoring during the 3 years after 
construction indicates that disturbed areas are not successfully revegetating with wetland herbaceous or 
woody plants similar to preconstruction conditions, supplemental seeding or planting will be undertaken. 
Woody species will resemble local reference conditions. Measures will be taken to control the spread of 
noxious weeds. 

For natural regeneration of temporarily cleared forested wetlands outside the 30-foot-wide maintenance 
corridor, the following actions will be taken: 

To reduce injury to viable roots and shoots, construction traffic will be managed to reduce areas
affected by soil compaction and rutting; supported by mats, pallets, or other ground pressure dissipaters
in moist or wet soils; and characterized by low-ground pressure equipment where terrain allows.

Woody debris, chipped woody vegetation, and unmerchantable logs greater than 12 inches in diameter
will be salvaged for surface application outside the 30-foot-wide maintenance corridor where existing
downed wood is insufficient.

Sterile wheatgrass will be used for temporary erosion control seeding to avoid conflicts with the
permanent cover.

Where compatible with preconstruction woody species, seeds of native woody wetland species will be
incorporated into permanent erosion control seed mixes.

If annual monitoring during the 3 years after construction indicates that disturbed wetland areas are not
successfully revegetating with desirable woody plants, supplemental planting will be undertaken.

Permanent Impacts. Permanent Cowardin class changes from shrub wetland to herbaceous wetland and 
forested wetland to herbaceous or shrub wetland will occur as a result of Pipeline construction and 
maintenance. PFO and PSS wetlands will be restored in situ to the greatest extent possible. However, 
compensatory mitigation will be provided to compensate for the temporal loss of wetland functions. 
Compensation for 22.70 acres of permanent Cowardin class changes will be mitigated with offsite wetland 
mitigation and 4.66 acres is proposed for compensation with an in-lieu program. 
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Compensation for 6.91 acres of permanent Cowardin class changes in the Lower Columbia watershed will be 
mitigation through offsite, in-kind mitigation using the property at the mouth of the Youngs River on the 
west bank. The mitigation site is discussed in Section 3.4.1. 

Compensation for 11.13 acres of permanent Cowardin class changes in the Nehalem, and Lower Willamette 
watershed will be mitigation through offsite, in-kind mitigation at the Nehalem River mitigation site. 

Compensation for 4.66 acres of permanent Cowardin class in the Lower Columbia-Clatskanie watershed will 
be compensation with an approved in-lieu fee program will be the primary method to compensate for 
wetland impacts in Lower Columbia/Clatskanie watershed. Compensatory wetland mitigation plans are 
discussed below. 

Offsite Wetland Mitigation for Permanent Cowardin Class Changes. To offset unavoidable permanent 
Cowardin class changes to approximately 11.13 acres of wetlands associated with the Pipeline segments in 
the Nehalem and Lower Willamette River basin, Oregon LNG is working with property owners to restore, 
create, and enhance approximately 75 acres of wetland habitat in the floodplain at a site adjacent to the 
Nehalem River in the Nehalem subbasin (Figure 2). The property contains a large remnant river oxbow with 
an outlet to the Nehalem River. Much of the property consists of a monoculture of reed canary grass and is 
used for grazing cattle. A ratio of 1:1 restoration, 3:1 for enhancement, and 1:5:1 of wetland creation is 
proposed. 

This mitigation site provides conservation opportunities aligned with the strategy goals for the Coast Range 
and Willamette Valley ecoregions documented in The Oregon Conservation Strategy (Oregon Department of 
Fish and Wildlife [ODFW], 2008). The location of the proposed mitigation site is unique in that plant 
assemblages observed onsite are found in both the western Willamette Valley and the foothills of the 
eastern side of the Coast Range. The site contains forested communities that may be the most western 
outliers for their distribution range. A number of the communities identified onsite are listed by the Oregon 
Biodiversity Information Center as G2S2 or “imperiled because of rarity with 6-20 occurrences or few 
remaining acres both globally and within the state” (Kagan et al., 2004). 

Mitigation objectives for the site include the following: 

Floodplain enhancement and forest restoration. The floodplain is mowed and grazed annually.
Mitigation would create additional wetlands within the floodplain, which would retain floodwater and
slow the velocity of the water flowing back into the river as floodwaters recede. Floodplain forest would
be restored by replanting native species. Mitigation objectives are to expand and restore the floodplain
forest and scrub-shrub communities.

Salmon restoration and enhancement. Ecological goals include increasing the quantity and quality of
off-channel juvenile salmonid habitat for Nehalem River salmonid populations. The Nehalem River is a
major river in the northern Coast Range that flows into the Pacific Ocean at the Nehalem Bay estuary.
The river provides habitat for spring and fall run Chinook salmon, coho salmon, and winter steelhead
(StreamNet, 2013). Salmon fry access the site via the remnant oxbow tributary during annual freshets
and become entrapped within the reed canary grass. Mitigation objectives include the establishment of
slow-water salmonid refugia that contains high-quality habitat. Site modifications would restore
necessary contours and reestablish native vegetation.

Wildlife habitat and plant species expansion. Mitigation objectives are to increase PFO and PSS wetland
habitat through wetland restoration, creations, and enhancement; increase the variety of plant species
and communities; and increase structural diversity within the existing communities.

In-lieu Fee Programs for Permanent Impacts. There are no known mitigation banks with forested wetland 
components located in the Lower Columbia/Clatskanie subbasins. Compensatory mitigation for these 
impacts would occur through in-lieu fee programs. Oregon LNG will coordinate with local watershed 
councils to implement mitigation at multiple sites. Mitigation will focus on rehabilitating impaired functions 
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within watersheds that will improve fish and wildlife habitat. Sites with the following characteristics will be 
identified for wetland mitigation: floodplain habitat where native plant diversity has been lost as a result of 
invasion of non-native species; riparian areas that no longer function as wetlands because they were 
drained by down-cutting of stream beds; locations where stream sinuosity can be restored to enhance 
riparian wetlands; and locations where beaver-like marshes can be restored. 

Once potential appropriate sites are identified, negotiations with the respective landowners will commence, 
followed by: site data collection; draft mitigation site design; DSL, USACE, and EPA coordination and review; 
and final mitigation site design. Detailed mitigation planning will progress during agency and public review 
processes and will be completed prior to issuance of removal-fill permits, in keeping with the permit 
processing. 
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Figures 
1 Typical Wetland Crossing Impacts 

2 Wetland Mitigation Sites 

3 Lower Columbia Watershed Palustrine Emergent Wetland Restoration—Typical 

4 Lower Columbia Watershed Palustrine Scrub-Shrub Wetland Restoration—Typical 

5 Lower Columbia Watershed Palustrine Forest/Palustrine Emergent Wetland Restoration—Typical 

6 Nehalem Watershed Palustrine Emergent Wetland Restoration—Typical 

2 Nehalem Watershed Palustrine Scrub-Shrub Wetland Restoration—Typical 

2 Nehalem Watershed Palustrine Forest/Palustrine Emergent Wetland Restoration—Typical 
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Palustrine Emergent Wetland (PEM)

SEED MIX #1 SEED MIX FOR COASTAL LOWLANDS — NON-AGRICULTURAL

Common Name Scientific Name Form*
Pounds per Acre

Per Live Seed (PLS)

Pacific Reedgrass Calamagrostis 
nutkaensis

Seed 8

Seaside Arrow 
Grass

Triglochin maritima Seed 8

Fowl Bluegrass Poa palustris Seed 8

Tufted Hairgrass Deschampsia 
caespitosa var. artica

Seed 2

Red Fescue Festuca rubra Seed 8

Lyngby’s Sedge Carex Lyngbyei Seed 10

Baltic Rush

* Substitution of species or substitution of plugs for seeds may be made, depending on
availability and approval by Permitting Agency.

* Substitution of species or substitution of plugs for seeds may be made, depending on
availability and approval by Permitting Agency.

Juncus articus var. 
baticus

Seed 10

SEED MIX #2 SEED MIX FOR COASTAL FOOTHILLS — NON-AGRICULTURAL

Common Name Scientific Name Form*
Pounds per Acre

Per Live Seed (PLS)

Red Fescue Festuca rubra Seed 8

Colonial Bentgrass Agrostis capillaris Seed 8

Slender Hairgrass Deschampsia 
elongata

Seed 2

Slough Sedge Carex obnupta Seed 10

Small-fruited 
Bulrush

Scirpus microcarpus Seed 10

Sickle-leaved Rush Juncus ensfolius Seed 10

POTENTIAL WETLAND CROSSING

Lower Columbia Watershed (4th HUC)

FIGURE 
Lower Columbia Watershed

Palustrine Emergent Wetland Restoration - Typical
OREGON PIPELINE PROJECT
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SCRUB-SHRUB WETLAND COMMUNITY - SHRUBS, HERBS

Common Name Scientific Name Form*

Hooker Willow Salix hookeriana Live stake 8’ o.c. 
(4 stakes/hole)

Douglas Spiraea Spiraea douglasi 1 gal 6’ o.c.
Cluster of 9

POTENTIAL WETLAND CROSSING

Lower Columbia Watershed (4th HUC)

Palustrine Scrub-Shrub (PSS) 

Conversion to Palustrine Emergent Wetland (PEM)

* Substitution of species or substitution of plugs for seeds may be made, depending on
availability and approval by Permitting Agency.

Wetland Seed Mix #1 for Coastal Lowland/ Wetland Seed Mix #2 for Coastal Foothills

FIGURE 
Lower Columbia Watershed

Palustrine Scrub-Shrub Wetland Restoration - Typical
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POTENTIAL WETLAND CROSSING

Lower Columbia Watershed (4th HUC)

SEED MIX #1  FOREST WETLAND COMMUNITY - FOREST, HERBS

Common Name Scientific Name Form*

Red Alder Alnus Rubra 2 gal 10’ o.c.

Western Red Cedar Thuja plicata 2 gal 15’ o.c.

Sitka Spruce Picea sitchens 2 gal 20’ o.c.

* Substitution of species or substitution of plugs for seeds may be made, depending on
availability and approval by Permitting Agency.

Wetland Seed Mix #1 for Coastal Lowland/ Wetland Seed Mix #2 for Coastal Foothills

Spacing
(on center)

FIGURE 
Lower Columbia Watershed

Palustrine Forest/Palustrine Emergent 
Wetland Restoration - Typical
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Palustrine Emergent Wetland (PEM)

WETLAND SEED MIX #3

Common Name Scientific Name Form*
Pounds per Acre

Per Live Seed (PLS)

Red Fescue Festuca rubra Seed 8

Colonial Bentgrass Agrostis capillaris Seed 8

Slender Hairgrass Deschampsia 
elongata

Seed 2

Slough Sedge Carex obnupta Seed 10

Small-fruited 
Bulrush

Scirpus microcarpus Seed 10

Sickle-leaved Rush Juncus ensfolius Seed 10

POTENTIAL WETLAND CROSSING

Nehalem Watershed (4th HUC)
Lower Columbia/Clatskanie

Lower Willamette Watershed

* Substitution of species or substitution of plugs for seeds may be made, depending on
availability and approval by Permitting Agency.
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FIGURE 
Nehalem Watershed

Palustrine Emergent Wetland Restoration - Typical
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SCRUB-SHRUB WETLAND COMMUNITY - SHRUBS, HERBS

Common Name Scientific Name Form*

Red-osier 
Dogwood

Cornus stolonifera 8-ft o.c.
Cluster of 10

Salmonberry

Wetland Seed Mix #3

Rubus spectabilis 1 gal

1 gal

6-ft o.c.
Cluster of 12

POTENTIAL WETLAND CROSSING

Nehalem Watershed (4th HUC)
Lower Columbia/Clatskanie

Lower Willamette Watershed

* Substitution of species or substitution of plugs for seeds may be made, depending on
availability and approval by Permitting Agency.

FIGURE 
Nehalem Watershed

Palustrine Scrub-Shrub Wetland Restoration - Typical
OREGON PIPELINE PROJECT
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FOREST WETLAND COMMUNITY - FOREST, HERBS

Common Name Scientific Name Form*

Red Alder Alnus rubra 2 gal 10’ o.c.

Western Red Cedar Thuja plicata 2 gal 15’ o.c.

Sitka Spruce

Wetland Seed Mix #3

Picea sitchens 2 gal 10’ o.c.

POTENTIAL WETLAND CROSSING

Nehalem Watershed (4th HUC)
Lower Columbia/Clatskanie

Lower Willamette Watershed

* Substitution of species or substitution of plugs for seeds may be made, depending on
availability and approval by Permitting Agency.

FIGURE 
Nehalem Watershed

Palustrine Forest/Palustrine Emergent 
Wetland Restoration - Typical
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T E C H N I C A L  M E M O R A N D U M    
 

Oregon LNG Pipeline Waterbody Crossing: Fish Salvage Plan 
PREPARED FOR: Oregon LNG—Resource Report 3 

COPY TO: Jay Lorenz/CH2M HILL 

PREPARED BY: Greg White/CH2M HILL 

DATE: May 21, 2013 

 

Introduction 
The construction of the proposed Oregon LNG Pipeline from the Terminal at Warrenton to existing infrastructure 
near Woodland, Washington, will cross approximately 235 freshwater systems. Crossing methods that require 
in‐water activities and dry crossing methods may require fish salvage activities. This technical memorandum 
describes the crossing methods that will potentially involve fish salvage activities, as well as the measures that will 
be implemented to conduct fish salvage activities where required. 

Waterbody Crossing Methods 
In part, the waterbody type, width, fish species usage, geography, and engineering feasibility will determine the 
crossing method employed. Potential crossing methods include Dam‐and‐Pump, Open‐cut, Flume, and Horizontal 
Directional Drilling (HDD). Intermittent and ephemeral waterbodies will likely be dry during the crossing 
construction period and, therefore, fish will not be present. These waterbodies will be crossed using the Open‐cut 
method and will not require fish salvage. However, if water is present at the time of construction, the presence of 
fish will be determined before construction below the ordinary high water elevation. If fish are present, fish 
salvage activities will be conducted prior to construction activities. 

Waterbody crossings that employ HDD will not require fish salvage activities because no in‐water activities will 
occur. The only waterbody crossing methods that will require potential fish salvage are those that isolate the 
construction area from the actively flowing waterbody, thereby dewatering a portion of the waterbody and 
potentially stranding fish. HDD and de‐watered waterbodies are called “dry construction” methods. The dry 
construction methods that would require potential fish salvage activities are the Dam‐and‐Pump and Flume 
crossing methods. 

Dam-and-Pump Crossing Method 
The Dam‐and‐Pump crossing method may be used without prior approval for crossings of waterbodies where 
pumps can adequately transfer streamflow volumes around the work area, and where there are no concerns 
regarding fish passage. The Dam‐and‐Pump crossing method was considered. However, it is not proposed in this 
filing. If it is used, implementation of the Dam‐and‐Pump crossing method will meet the following performance 
criteria: 

 Use sufficient pumps, including onsite backup pumps, to maintain downstream flows. 

 Construct dams with materials that prevent sediment and other pollutants from entering the waterbody (for 
example, sandbags or clean gravel with plastic liner). 

 Screen pump intakes. 

 Prevent streambed scour at pump discharge. 

 Monitor the dam and pumps to ensure proper operation throughout the waterbody crossing. 
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Flume Crossing Method 
The Flume crossing method is the proposed method of choice and will require implementation of the following 
steps: 

 Install flume pipe before any trenching. 

 Use sandbag or sandbag and plastic sheeting diversion structure or equivalent to develop an effective seal 
and to divert streamflow through the flume pipe (some modifications to the stream bottom may be required 
to achieve an effective seal). 

 Properly align flume pipe(s) to prevent bank erosion and streambed scour. 

 Do not remove flume pipe during trenching, pipe laying, or backfilling activities, or during initial streambed 
restoration efforts. 

 Remove all flume pipes and dams that are not also part of the equipment bridge as soon as final cleanup of 
the streambed and bank is complete. 

Authorizations 
Crossing methods that involve in‐water or in‐channel work will be constructed during the designated Oregon 
Department of Fish and Wildlife (ODFW) in‐water work window (ODFW, 2008) or authorized Washington State 
Department of Fish and Wildlife (WDFW) in‐water work timing unless specific written authorization stating 
otherwise is provided. The ODFW in‐water work windows for waterbodies to be crossed by the Pipeline are 
provided in Attachment 1. The WDFW does not have designated in‐water work windows, and each crossing of 
Burris Creek or its tributaries will be negotiated with WDFW. In‐water work window guidelines minimize potential 
adverse impacts to fish and wildlife and their habitats. They also avoid sensitive life stages, including spawning, 
rearing, and migration. 

Before fish salvage activities are conducted at all stream crossings, ODFW/WDFW/National Marine Fisheries 
Service (NMFS) Scientific Taking Permits will be obtained for all species that may be encountered at any of the 
crossing areas, including species listed under the federal Endangered Species Act (ESA). 

A qualified fisheries biologist will be onsite to oversee and conduct all fish salvage operations. Any fish or 
lampreys that are captured will be handled according to requirements in the Scientific Taking Permits and will 
generally involve the following procedures: 

 Before and intermittently during isolation of the in‐water work area, capture fish trapped in the area by using 
a trap, seine, electrofishing, or other methods as are prudent to minimize risk of injury, and then release them 
at a safe release site. 

 Do not use electrofishing if water temperatures exceed 18 degrees Celsius (°C) or are expected to rise above 
18°C, unless no other method of capture is available. 

 Take fish by backpack electrofishing, seining, or other approved method. If electrofishing equipment is used to 
capture fish, comply with NMFS electrofishing guidelines (NMFS, 2000). 

 Handle ESA‐listed fish with extreme care, keeping fish in water to the maximum extent possible during seining 
and transfer procedures to prevent the added stress of out‐of‐water handling. 

 Ensure that water quality conditions are adequate in buckets or tanks used to transport fish by providing 
circulation of clean, cold water; using aerators to provide dissolved oxygen; and minimizing holding times. 

 Release fish into a safe release site as quickly as possible, and as near as possible to capture sites. 

 Do not transfer ESA‐listed fish to anyone except NMFS personnel, unless otherwise approved in writing by 
NMFS. 
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 Allow NMFS or its designated representative to accompany the capture team during the capture and release 
activity, and to inspect the team’s capture and release records and facilities. Submit an electronic copy of the 
Salvage Report Form to NMFS within 10 calendar days of completion of the salvage operation. 

 Rescue/salvage (take) of fish during isolation of in‐water work areas at Pipeline waterbody crossings will 
include handling of adults and/or juveniles. All fish handled must be recorded in the annual report for the 
Scientific Taking Permit. 

 In‐water work (fish salvage or construction) may occur between the specific designated in‐water, or 
negotiated, work windows for each specific waterbody. Exceptions to these in‐water work periods must be 
approved by the local ODFW/WDFW District Fish Biologist or his/her representative and submitted to the 
ODFW ESA Program Specialist or WDFW District Biologist, in writing, before work commences outside the 
approved in‐water work windows. 

 Activities must be coordinated with the local ODFW/WDFW District Fish Biologist prior to any sampling. 

 Indirect mortality may not exceed 10 percent of the total take, or—for species listed under the federal ESA—
up to a specified number of individuals. In the event that mortality for any species exceeds the specified rate, 
the permittee will contact the ESA Program Specialist, ODFW, and/or WDFW prior to any further activity. 

Waterbodies with Fish Salvage Requirements 
Waterbodies to be crossed using the Open‐Cut, Flume, Dam‐and‐Pump, or HDD methods are provided in 
Attachment 2. It is assumed that fish will not be present in intermittent or ephemeral streams, which will be 
Open‐Cut. However, if water is present at an intermittent or ephemeral crossing, the presence of fish will be 
determined prior to construction below the ordinary high water elevation and fish salvage activities will be 
conducted, if necessary. 

Named streams that are known to support anadromous salmonids in the Northern Oregon Coastal basins, Oregon 
lower Columbia River tributaries, and Washington lower Columbia River tributaries will be crossed using the 
Flume crossing method. These streams are listed in Table 1.  

TABLE 1 
Anadromous Fish and Resident Salmonid Species Documented at Proposed Flume Pipeline Crossing Sites in the 
Northern Oregon Coastal Streams and Rivers, Oregon Lower Columbia River Tributaries, and Washington Lower 
Columbia River Tributariesa 

Pipeline 
Milepost  River or Creek Crossed 

Fish Species Presentb 

Anadromous Salmonids  Resident Salmonidsb 

1.5  Vera Creek  Coho salmon  Unknown, presumed presentc 

4.5  Barrett Slough  Coho salmon  Unknown, presumed presentc 

7.9  Heckard Creek  Coho salmon  Unknown, presumed presentc 

11.0  Lewis and Clark River  Fall Chinook salmon, coho salmon, , winter steelhead trout  Unknown, presumed presentc 

18.5  Rock Creek  No anadromous fish (barrier downstream)  Coastal cutthroat trout 

19.3  Osgood Creek  No anadromous fish (barrier downstream)  Coastal cutthroat trout 

20.1  Fox Creek  No anadromous fish (barrier downstream)  Coastal cutthroat trout 

21.4  South Fork Youngs River  No anadromous fish (barrier downstream)  Coastal cutthroat trout 

23.4  Fall Creek  No anadromous fish (barrier downstream)  Coastal cutthroat trout 

31.4  Alder Creek  Coho salmon  Unknown, presumed presentc 

47.6  North Fork Wolf Creek  Spring Chinook salmon, coho salmon, winter steelhead trout  Unknown, presumed presentc 

50.5  Clear Creek  Coho salmon  Unknown, presumed presentc 
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TABLE 1 
Anadromous Fish and Resident Salmonid Species Documented at Proposed Flume Pipeline Crossing Sites in the 
Northern Oregon Coastal Streams and Rivers, Oregon Lower Columbia River Tributaries, and Washington Lower 
Columbia River Tributariesa 
Pipeline 
Mil

River or Creek Crossed  Fish Species Presentb 

55.7  Cedar Creek  Coho salmon  Unknown, presumed presentc 

70.7  Clatskanie River  Coho salmon, winter steelhead trout  Unknown, presumed presentc 

71.8  Little Clatskanie River  Coho salmon  Unknown, presumed presentc 

a Northern Oregon Coastal Basins include the Lower Columbia and the Nehalem basins along the pipeline route.  
b Sources: anadromous species—StreamNet and Kostow, 1995; resident species—Kostow, 1995; Kavanaugh et al., 2005. 
c Although no documentation confirming the presence of resident cutthroat trout was identified, because of their wide distribution, 
they are likely present in most of the crossed streams but are assumed present in all. 

Many perennial named and unnamed streams that the Pipeline will cross are likely to support resident coastal 
cutthroat trout and/or nongame fish species such as sculpin. Perennial streams are assumed to support fish and 
will require fish salvage at the crossing site. 

Fish Salvage Procedures 
Fish species likely to be encountered during fish salvage activities include salmonids (salmon and trout, including 
salmon and trout listed under the federal ESA), cyprinids (minnows), cottids (sculpins), gasterosteids 
(sticklebacks), acipenserids (sturgeons), petromyzontids (lampreys), catostomids (suckers), ictalurids (catfish), and 
centrarchids (sunfish and bass). 

Fish will be salvaged using backpack electrofishing equipment, traps, seines, or other approved methods. If 
electrofishing equipment is to be used and potential ESA species may be present, NMFS electrofishing guidelines 
will be followed (NMFS, 2000; Attachment 3). Electrofishing is the most appropriate method for capturing 
lamprey ammocoetes (larvae) during salvage activities. Traps can be used, but they typically capture lampreys as 
they migrate upstream or downstream. 

A qualified fisheries biologist will be onsite to oversee and conduct all fish salvage operations. All crossings will be 
constructed during the ODFW in‐water work window or WDFW negotiated in‐water construction timing period 
unless specifically authorized in writing by ODFW or WDFW. Because lampreys may be present at waterbody 
crossings, special salvage procedures have been incorporated into this fish salvage plan to account for the capture 
of lamprey ammocoetes or other larval stages (see 2[a] below). 

In general, the following steps will be conducted during salvage activities at crossing sites: 

1. Set block nets upstream and downstream of the area to be crossed to ensure that fish or lampreys cannot 
enter the construction area. 

2. Conduct the salvage between the block nets by using electrofishing equipment, seine, trap, or other approved 
method. If using electrofishing equipment, a minimum two‐pass method will be employed to ensure that all 
fish and lampreys are captured. Electrofishing equipment is the most appropriate method for capturing larval 
lamprey during salvage activities at crossing sites. 

a. The first electrofishing pass of the minimum two‐pass method will be specifically for capturing larval 
lamprey. The electrofishing unit will be set to deliver three pulses/second (125 volts direct current [dc]) at 
25 percent duty cycle, with a 3:1 burst pulse train (three pulses on, one pulse off) to remove larvae from 
the substrate (U.S. Fish and Wildlife Service [USFWS], 2002). Once larvae emerge, 30 pulses/second will 
be applied to stun the larvae. 

b. The second and subsequent electrofishing passes will be to capture fish that may be in the area and were 
not captured during the first electrofishing pass. The electrofishing unit will be set accordingly to deliver 
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the appropriate pulse rate/second at the appropriate voltage and duty cycle based in part on fish size, 
streamflow, velocity, depth, temperature, and conductivity. 

3. Captured fish and lampreys will be handled to the minimal extent possible and placed in containers of clean, 
aerated water. Individuals will be held in containers for the minimal time necessary. All captured individuals 
will be enumerated, identified, and noted in a field logbook prior to being released. Captured individuals will 
be released into a safe site as quickly as possible, and as near as possible to capture sites. 

4. After fish and lampreys have been captured in the construction area, install the flume or dam‐and‐pump 
equipment. 

5. Inspect the isolated area for stranded fish or lampreys and salvage if necessary. 

Construct crossing, restore waterbody channel, and remove flume equipment to restore flow in the construction 
area per the guidelines below: 

1. Apply the method to waterbodies where downstream siltation must be avoided. Flumes are generally not 
recommended for use on waterbodies with a broad unconfined channel, permeable substrate, excessive 
discharge, or where a significant amount of bed or bank alteration is required to install flumes or dams. 

2. Schedule crossing during low‐flow period, if possible. 

3. Complete all watercourse activities as expediently as possible. However, in accordance with Federal Energy 
Regulatory Commission (FERC) procedures, the duration of construction will be limited to 24 hours across 
minor waterbodies (10 feet wide or less) and 48 hours across intermediate waterbodies (between 10 and 
100 feet wide). 

4. Do not refuel mobile equipment within 150 feet of a waterbody. Refuel stationary equipment per the Spill 
Prevention, Control, and Countermeasures Plan (Resource Report 2 [CH2M HILL, 2013], Appendix 2H). 

5. Minimize riparian clearing to accommodate stream size, terrain, and existing vegetation conditions, and to 
avoid removal of significant trees, where possible, at the margins of the temporary construction zone. Existing 
large woody debris will be salvaged for reinstallation, and a sufficient quantity of large‐diameter conifer logs 
will be stockpiled for post‐construction aquatic habitat enhancement. 

6. Install temporary equipment crossing. 

7. In agricultural land, strip topsoil from spoil storage area. 

8. Store instream spoil on banks a minimum of 25 to 50 feet from the top of the bank. 

9. Leave hard plugs at the stream bank edge until just prior to pipe installation. 

10. Size the flume to handle 150 percent of the anticipated flows. Install the flume in the watercourse and 
maintain the correct alignment until it is removed. 

11. Construct an upstream dam followed by a downstream dam. Install a flange on the upstream end of the flume 
and seal it to substrate with sandbags and polyethylene liner where necessary to ensure a watertight barrier. 
“Key” dams into banks or construct a secondary dam, if necessary. 

12. Pump stream channel between the dams, if necessary. Discharge water through a dewatering structure and 
onto a stable, well‐vegetated area to prevent erosion and sedimentation. Do not discharge heavily silt‐laden 
water in the stream. 

13. Construct sediment barriers (straw bales and/or silt fences) to prevent silt‐laden water and spoil from flowing 
back into the watercourse. Constructed sediment barriers shall extend along the sides of the stockpiles and 
the ends of dams. Barriers may be temporarily removed to allow construction activities but must be replaced 
by the end of each work day. 

14. Complete prefabrication of the instream pipe section and weight the pipe, as necessary, prior to 
commencement of instream activity. 



OREGON LNG PIPELINE WATERBODY CROSSING: FISH SALVAGE PLAN 

6 ES030613113935PDX 

15. Trench through the watercourse. Install temporary (soft) plugs, if necessary, to control water flow and trench 
sloughing. 

16. Maintain streamflow, if present, through the flume throughout crossing construction. 

17. Lower‐in the pipe, install the trench plug, and backfill immediately. 

18. Backfill with native material. 

19. Restore the watercourse channel to the approximate preconstruction profile and substrate. 

20. Restore stream banks to their approximate original condition and stabilize them, as required. 

Restoration and cleanup will begin after the trench is backfilled or as soon as weather and site conditions permit 
and be in accordance with landowner requests, the FERC Plan, and as described in Resource Report 2 (CH2M HILL, 
2013), Appendix 2D. These fish salvage procedures will be followed at all Pipeline crossings requiring fish salvage. 
A field log will be kept for each fish salvage documenting the number of fish by species and age group (adult or 
juvenile); disposition of released fish noting any injuries or mortalities; date; salvage team members; and general 
observations. After all stream crossings and salvages have been completed, a report will be compiled that 
summarizes the number of fish salvaged by species and their disposition. This report will be submitted to 
ODFW/WDFW/NMFS in compliance with the ODFW/WDFW/NMFS Scientific Taking Permits. 
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OREGON GUIDELINES
FOR

TIMING OF IN-WATER WORK
TO PROTECT FISH AND WILDLIFE RESOURCES

June, 2008

Purpose of Guidelines - The Oregon Department of Fish and Wildlife, (ODFW),
under its authority to manage Oregon’s fish and wildlife resources has updated the
following guidelines for timing of in-water work.  The guidelines are to assist the
public in minimizing potential impacts to important fish, wildlife and habitat
resources.

“The guidelines are to assist
the public in minimizing

potential impacts...”.

Developing the Guidelines - The guidelines are based on ODFW district fish
biologists’ recommendations.  Primary considerations were given to important fish
species including anadromous and other game fish and threatened, endangered, or
sensitive species (coded list of species included in the guidelines).  Time periods were
established to avoid  the vulnerable life stages of these fish including migration,
spawning and rearing.  The preferred work period applies to the listed streams, unlisted
upstream tributaries, and associated reservoirs and lakes.

“The guidelines are based
on ODFW district fish

biologists’
recommendations”.

Using the Guidelines - These guidelines provide the public a way of planning in-water
work during periods of time that would have the least impact on important fish,
wildlife, and habitat resources.  ODFW will use the guidelines as a basis for
commenting on planning and regulatory processes.  There are some circumstances where
it may be appropriate to perform in-water work outside of the preferred work period
indicated in the guidelines.  ODFW, on a project by project basis, may consider
variations in climate, location, and category of work that would allow more specific
in-water work timing recommendations.  These more specific timing recommendations
will be made by the appropriate ODFW district office through the established planning
and regulatory processes.

“These guidelines provide
the public a way of planning

in-water work during
periods of time that would
have the least impact on

important fish, wildlife and
habitat resources”.

Modification of Guidelines -  There may be limited situations where minor
modification of the timing guidelines is warranted.  ODFW may consider new
information,  the need for greater detail, or other factors that would generally improve
the quality and usefulness of these guidelines.  ODFW through the appropriate district
office may modify or clarify timing guidelines within the district as needed.  Statewide
updates to guidelines will occur on a periodic basis.

“ODFW through the
appropriate district office

may modify or clarify timing
guidelines within the district

as needed”.

Public Comments - A limited technical public review of these updated guidelines was
conducted.  A few responses provided specific biological information and
recommendations for changing in-water work  periods.  Applicable ODFW districts
reevaluated their timing recommendations based on this public response. Other
comments concerned format and application of the timing guidelines.  Some responses
stated that different types of in-water activities should have different timing guidelines.
ODFW recognizes there will be occasions that more specific timing guidelines may
need to be established for specific activities.   The established planning and regulatory
processes can accommodate that need.

              ________

“A limited technical public
review of these updated

guidelines was conducted”.
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otherwise indicated. 
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Columbia River Management (971) 673-6000
Columbia River Estuary (Mouth to Tongue Pt.)                   November 1 – February 28                                                    

(MAR,SHL,CHF,CHS,SS,CO,STW,STS,CT*)        
Columbia River (Tongue Pt. to Bonneville Dam)                              November 1 – February 28             

(CHF,CHS,SS,CO,STW,CS,CHR,CT,STS*)  
Northwest Region

North Coast Watershed District

Tillamook Office - (503) 842-2741
Pacific      

Columbia River (See Columbia River Management)                                        
Youngs River         July 15 - September 30 (CO,STW *)        
Young’s Bay Tributaries                                              July 1 – September 15 (CO,CT,STW)                 
Wallooskee River             June 1 - September 30 (CO,CT*)                  
Other Columbia R. Est. Tribs. (Mouth to Tongue Pt.)     July 1 - September 15 (CHF,STW*)                 
Other Columbia R. Est. Tribs (Tongue Pt. to Hunt Creek)    July 15 - September 15 ( CHF, STW*)       

Necanicum  
Necanicum River & tributaries                                           July 1 - September 15 (CO,CHF,STW*)          
Necanicum and Neawanna Estuary                           November 1-February 15               

(MAR,SHL,CO,CHF,STW)     
Ecola Creek and Tributaries          July 1-September 15 (CO,CT,STW)     
Nehalem  

Nehalem Estuary                        November 1 - February 15         
(MAR,SHL,CHS,CHF,CO,STW,*) 

Lower Nehalem River (below Hwy 26 at Elsie)       July 1 - September 15 (CHF*)  
N. Fk. Nehalem River           July 1 - September 15 (CHF,STW*)  
Cook Creek               July 1 - September 15 (CHF,STW*) 
Salmonberry River            August 15 - September 15 (CHS,STW*)  
Other Lower Nehalem River Tributaries       July 1 - September 15 (CHF,CO,STW*)      

Upper Nehalem River and Tribs. (above Hwy 26 at Elsie)     July 1 - August 31 (CHS,STW*)   

Tillamook          
Tillamook Estuary                        November 1 - February 15                                   

(MAR,SHL,CHF,CHS,STW,CO,CS*)         
Miami,Kilchis,Wilson,Trask,Tillamook Rivers & Tribs.      July 1 - September 15  

                                                                                                                     (CHF,CHS,STW,CO,CS*)        
 Other Tillamook Bay Tributaries          July 1 – September 15 (CO,CT)  

Netarts Bay                                                                          November 1 - February 15   
                     (MAR,SHL,CHF,STW,CO,CS*)                                

Sand Lake                                           November 1 - February 15  
(MAR,SHL,CHF,STW,CO,CS*) 

Nestucca            
Nestucca Estuary                                 November 1 - February 15                                                    

(MAR,SHL,CHF,CHS,STW,CO,CS*)    



Northwest Region North Coast Watershed District
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1 Work period is established for named stream, all upstream tributaries,  and associated lakes within the watershed unless
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Nestucca River & Tributaries July 1 - September 15
(CO,CHS,CHF,CS,STW*)

Little Nestucca River & Tributaries July 1 – September 15 (CO,CHS,CHF,CS,STW)
Neskowin Creek and Tributaries July 1 - September 15 (CO,CS,STW*)
Other North Coastal Tributaries (Columbia River to Neskowin Cr.) July 1 – September 15 (CO,CT)
Coastal Lakes October 1 – February 15 (CT)
Coastal lake Tributaries                                                                               July 1 – September 15 (CT)

Newport Office - (541)-867-4741
Pacific

Salmon
Salmon River Estuary November 1 - February 15 (MAR,SHL*)
Salmon River July 1 - September 15 (CHF,CO,CS,STW,CT*)

Siletz
Siletz River Estuary                                                                              November 1 - February 15 (MAR,SHL*)
Siletz River July 1 - August 31(CHF,CHS,CO,CS,STW,STS,CT*)

Yaquina
Yaquina River Estuary                                                                          November 1 - February 15 (MAR,SHL*)
Yaquina River July 1 - September 15 (CHF,CO,STW,CT*)

Alsea
Alsea River Estuary                                                                               November 1 - February 15 (MAR,SHL*)
Alsea River July 1 - August 31 (CHF,CHS,CO,STW,CT*)

Yachats River July 1 - September 15 (CHF,CO,STW,CT*)
Siuslaw

Siuslaw River Estuary November 1 - February 15
(MAR,SHL,CHF,CO,STW,CT*)

Siuslaw River July 1 - September 15 ( CHF,CO,STW,CT*)
Other Coastal Tributaries July 1 - September 15 (CO,STW,CT*)
Coastal Lakes October 1 – February 15 (STW,CO,CT)
Coastal Lake Tributaries July 1 – September 15 (STW,CO,CT)

North Willamette Watershed District

Clackamas Office (971) 673-6000
Columbia

Columbia River ( Hunt Creek to Bonneville Dam) See Columbia River Management
Columbia River ( Within District above Bonneville Dam) November 15 - March 15

(CHF,CHS,CHR,SS,CO,CS,STW,STS,CT*)
Columbia R. Tribs. (Hunt Creek to St. Helens) July 15 - September 15 (CHF,STW*)
Clatskanie River July 15 - September 15 (CHF,STW*)



Northwest Region                                                                                                                                            North Willamette Watershed District

WATERWAY                                                                                                                                                          PREFERRED WORK PERIOD 1

1 Work period is established for named stream, all upstream tributaries, and associated lakes within the watershed unless 
otherwise indicated. 
2 Winter window only for activities below -20’Columbia  River Datum 
3  Winter window only for activities below -20’ National Geodetic Vertical Datum 1947 
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Willamette 
Multnomah Channel (including Scappoose Bay)   July 1 - October 31 & December 1 - January 312

(CHF,CHS,CO,STW,STS,CT,WW *) 
Milton Cr. & Scappoose Cr.  July 15 - August 31 (CO,STW,JUV,WW*) 

Willamette River (mouth to Willamette Falls)  July 1 - October 31 & December 1 - January 313

 (CHF,CHS,CO,STW,STS,CT,WW *) 
Columbia Slough         June 15 - September 15 (JUV,WW) 

Johnson 
Johnson Creek                                       July 15 - August 31 (STW,CO,CT,CHF*) 

Johnson Cr. Tribs.          July 15 - August 31 (CT,STW,CHF,CO*) 
Kellogg Creek          July 15 - September 30 (STW,CO,CT*) 
Tryon Creek     July 15 - September 30 (STW,CO,CT*) 
Clackamas River          July 15 - August 31 

(CHF,CHS,STW,CO,STS,CT*) 
Abernethy Creek          July 15 - September 30 (CO,STW,CT*) 
Other Willamette River tribs.         July 15 – September 30 (CT*) 

Willamette River (Will. Falls to Newberg )  June 1 - October 31 & December 1 - January 31 
       (CHS,STW*) 

Tualatin
All Tualatin River Tributaries                                    July 15 - September 30 (CO,STW,CT,WW*) 
Tualatin River (below Scoggins Cr.)  June 1 - September 30 (CO,STW,CT,WW*) 
Tualatin River (above Scoggins Cr.)          July 15 - September 30 (CO,STW,CT,WW*)                  

Beaver Creek                July 15 - September 30 (CT*)                   
Molalla/Pudding River                

Molalla River (below Hwy 213)                  June 1 – September 30 (STW,CT*)                  
Other Molalla River Tributaries (below Hwy 213)          July 15 - September 30 (CT*)                 

 Molalla River (above Hwy 213)                                             July 15 - August 31 (CHS,STW,CT,RB*)           
 N. Fk & M. Fk Molalla                                                           July 15 - August 31 (CHS,STW,CT,RB*)                 

Other Molalla River Tributaries (above Hwy 213)          July 15 - September 30 (STW,CT*)                 
Pudding River         June 1 - September 15 (CHS,STW,CT*)                

Butte Creek                July 15 - September 30 (STW,CT*)                 
Abiqua Creek          July 15 - August 31 (CHS,STW,CT,RB*)                 
Silver Creek                July 15 - September 30 (STW,CT*)                
Other Pudding River Tributaries          June 1 - September 30,STW,CT,RB*)                

Other Willamette River tribs.          July 15 – October 15 (CT*)               
Willamette River (Newberg to Yamhill River)                June 1 – September 30 (CHS,STW,CT,RB*)              

Chehalem Creek          July 15 - September 30 (CT*)               
Yamhill River          July 15 - September 30 (STW,CT*)               
Other Willamette River tribs.  July 15 – September 30 (CT*)                

Fairview Cr.,Arata Cr., Salmon Cr.               June 15 - September 15 (CT,WW*)                
Sandy River                July 15 - August 31 (CHS,CHF,CO,STW*)               
Tanner Creek                July 15 - August 15 (CHF,CHS,CO,STW*)               
Columbia River Tributaries (St. Helens to Sandy River)                July 15 - August 31 (CHF,CO,STW,CT *)              
Columbia River Tributaries (Sandy River to Herman Cr.)                July 15 - August 31 (CO,STW,STS,CT *)           



Northwest Region                                                                                                                                             South Willamette Watershed District

WATERWAY                                                                                                                                                      PREFERRED WORK PERIOD 1

1 Work period is established for named stream, all upstream tributaries, and associated lakes within the watershed unless 
otherwise indicated. 
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South Willamette Watershed District 

Corvallis Office - (541) 757-4186
     Willamette 
          Willamette River (Yamhill River to McKenzie River)                              June 1 – October 15 (CHS,STW,CT,RB*) 
                Spring Valley Creek                                                                             July 1 - October 15 (CT*) 
                Glenn Creek                                                                                          July 1 - October 15 (CT*) 
                 Mill Creek                                                                                            June 1 – October 15 (CT,RB*) 
                 Rickreall Creek                                                                                    July 1 – October 15 (STW,CT*) 
                 Luckiamute River                                                                                July 1 - October 15 (STW,CT*) 
                 Santiam River                                                                        June 1 – October 15 (CT*)
                North Santiam River (below Big Cliff Dam)                                       July 15 - August 31 (CHS,STW,CT,RB*)
                      Stout Cr., Rock Cr., & Mad Cr.                                                      July 15 - October 15 (STW,CT,RB*) 
                      Lt. N. Fk.  Santiam River                                                               July 15 - August 31 (CHS,STW,CT,RB*) 
                            Sinker, Elkhorn Cedar Creeks & tributaries                            July 15 - October 15 (STW,CT,RB*) 
                           Other Tributaries                                                                       June 1 - October 15 (CT*) 
                     Other Santiam River Tributaries (below Big Cliff Dam)                June 1 - October 15 (CT*) 
                North Santiam River (above Detroit Dam)                                           June 1 - August 31  (CHS, K,CT,RB*)
                    Breitenbush River                                                                             June 1 - August 31 (CHS, K,CT,RB*) 
                South Santiam River (below Foster Dam)                                            July 15 - August 31 (CHS,STW,CT,RB*)
                    Crabtree Cr.,Thomas Cr. &  Wiley Cr.                                             July 15 - August 31 (CHS,STW,CT,RB*)
                     McDowell Cr.                                                                                  July 15 - October 15 (STW,CT*) 
                     Other South Santiam River Tributaries (below Foster Dam)          June 1 - October 15 ( CT*) 
               South Santiam River  (above Foster Dam)                                            July 15 - August 31 (CHS,STW,CT,RB*) 
              Middle Santiam River & Quartzville Creek                                           June 1 - October 15*(K,CT,RB*)
              Marys River                                                                                            July 1 - October 15 (CT*) 
              Long Tom River                                                                                     July 1 - October 15( CT*) 
              Other West Bank Will. R. Tribs. (Will. Falls to McKenzie R.)             July 1 - October 15 (CT*) 
        Calapooia 
              Calapooia River (below Holley)                                                            June 1 - October 15 (CT*) 
              Calapooia River (above Holley)                                                            July 15 - August 31 (CHS,STW,CT,RB*)
              Other East Bank Will. R. Tribs. (Will. Falls to Harrisburg)                  June 1 - October 15 (CT*) 

Springfield Office - (541) 726-3515

Willamette 
         Willamette River (above McKenzie River)                          June 1 - October 31(CHS,RB*) 
          McKenzie River Basin 
               McKenzie River (below Leaburg Dam)                                        by specific arrangement (CHS,CT,RB,BUT,OC*)  

  Tributaries of McKenzie River (below Leaburg Dam)                 June 1 - October 31 (CT,RB, OC*) 
      McKenzie River (above Leaburg Dam)                           July 1 - August 15 (CHS,BUT,CT,RB*) 
  Blue River (above Blue River Dam)                                           June 1 - October 31 (CT,RB*) 
      Middle Fork Willamette River Basin 

Middle Fork Willamette River (Confluence with the           
 Coast Fork Willamette to Dexter Dam) by specific arrangement (CHS,STW,CT,RB,OC*) 

           Fall Creek & Little Fall Creek                            July 1 - August 31 (CHS,STW,CT,RB*) 
           Lost Creek                                                                                   July 1 - August 31 (CHS,STW,CT,RB*)

  Rattlesnake Creek                                                                        by specific arrangement (STW,CT,RB,OC*)



Northwest Region                                                                                                                                             South Willamette Watershed District

WATERWAY                                                                                                                                                      PREFERRED WORK PERIOD 1

1 Work period is established for named stream, all upstream tributaries, and associated lakes within the watershed unless 
otherwise indicated. 
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Other Middle Fork Willamette River tributaries                             June 1 – October 31 (CT,RB*) 
(Confluence with the Coast Fork Willamette to Dexter Dam) 

      Middle Fork Willamette River Basin (Dexter Dam to Hills Creek Dam)  by specific arrangement (CHS,CT,RB,OC*) 
North Fork Middle Fork Willamette River July 1 – August 31 (CHS, CT,RB*) 

                 Salmon Creek                                                                           July 1 – August 31 (CHS, CT,RB*) 
                 Salt Creek                                                                                   July 1 – August 31 (CHS, CT,RB, OC*) 
         Middle Fork Willamette River (above Hills Creek Dam)                   July 1 - August 15 (CHS,BUT,CT,RB*) 
       Coast Fork Willamette River Basin 
             Coast Fork Willamette River                                                                   by specific arrangement (CHS,RB,OC*) 

(Confluence with the Middle Fork Willamette to Cottage Grove Dam) 
    Coast Fork Willamette River (above Cottage Grove Dam)                    May 15 – November 30 (CT*) 
              Row River (below Dorena Dam)                                                            June 1 - October 31(CHS,CT,RB*)
    Row River (above Dorena Dam)                                                            May 15 – November 30 (CT*) 

Southwest Region

Umpqua Watershed District

Roseburg Office - (541) 440-3353
Pacific
        Umpqua River 

             Umpqua River Estuary  & Smith Est.   November 1 –January 31                                                           
(MAR,SHL,CHS,CHF,CO,STW,STS,,CT*)       

             Umpqua River (Scottsburg and above)                July 1 -  August 31(CHS,CHF,CO,STW,STS,CT*) 
             Umpqua River Tribs.   July 1 - September 15 (CHF,CO,STW,CT*) 
        North Umpqua 
             North Umpqua River (below Soda Springs Dam)   by specific arrangement 

(CHF,CHS,CO,STW,STS,CT*)  
             Tribs. North Umpqua (below Soda Springs) July 1 - September 15 (CHS,CO,STW,STS,CT*) 
             North Umpqua River (above Soda Springs Dam) June 15 - October 15 (RB,BT,BR*) 
       South Umpqua 
             South Umpqua River   July 1 -  August 31(CHF,CHS,CO,STW,CT*) 
             South Umpqua Tribs. July 1 - September 15 ( CHF,CO,STW,CT*) 

Charleston Office - (541) 888-5515

  Pacific 
       Coos 
          Coos Bay Estuary and River (to Millicoma R./S. Coos R. confluence)   October 1 - February 15                                                         

(MAR,SHL,JUV,CHF,CO,STW,CT *)                        
          Millicoma River, S. Coos R. and tribs. July 1 – September 15 (CHF,CO,STW,CT,MD*) 
  Coquille 
        Coquille River Estuary (Mouth to Bear Creek) October 1 – February15  

(MAR,SHL,JUV,CHF,CO,STW,CT *) 
        Coquille River and tribs. (Bear Creek and above) July 1 - September 15 (CHF,CO,STW,CT*) 
  Other Coastal Tributaries July 1- September 15 (CHF,CO,STW,CT*) 
  Coastal Lakes                                                                                               July 1 – September 15 (CO,STW,CT*) 
   Coastal Lake Tributaries July 1 - September 15 (CO,STW,CT*) 



Southwest Region                                                                                                                                                             Rogue Watershed District

WATERWAY                                                                                                                                                      PREFERRED WORK PERIOD 1

1 Work period is established for named stream, all upstream tributaries, and associated lakes within the watershed unless 
otherwise indicated. 
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Rogue Watershed District

Gold Beach Field Office – (541) 247-7605

Pacific
New  
 New River   October 1- May 31 (JUV CHF*) 
 New River Tributaries   July 15 - September 30 (CO,STW,CT*) 
 Floras Creek Estuary   October 1- May 31 (JUV CHF*) 
 Floras Creek (above Hwy 101 bridge)   July 15 - September 30 (CHF,CO,STW,CT*) 
Sixes
 Sixes River Estuary   October 1- May 31 (JUV CHF*) 
 Sixes River (above Hwy 101 bridge)   July 15 - September 30 (CHF,CO,STW,CT*) 
Elk
 Elk River Estuary   October 1- May 31 (JUV CHF*) 
 Elk River (above Hwy 101 bridge)   July 15 - September 30 (CHF,CO,STW,CT*) 
Euchre/Coastal Tributaries  
 Euchre Creek Estuary   November 1 - May 31 (JUV CHF*)  
 Euchre Creek (above County bridge)   July 15 - September 30 (CHF,CO,STW,CT*) 
 Hubbard Cr., Brush Cr.   July 15 - September 30 (CO,STW,CT*) 
 Mussel Cr.   July 15 - October 31 (STW,CT*) 
Rogue
 Rogue River Estuary   October 1 - May 31 (JUV CHF*) 
 Rogue River (Elephant Rock to Marial)    May 1 - September 30 (CHF*) 
 Rogue River Tributaries (below Marial)   July 15 - September 30 (CHF,CO,STW,CT*) 
Hunter
 Hunter Creek Estuary   November 1 - May 31 (JUV CHF*)  

Hunter Creek (above County bridge)   July 15 - September 30 (CHF,CO,STW,CT*)  
Pistol
 Pistol River Estuary   November 1 - May 31 (JUV CHF*) 
 Pistol River (above County bridge)   July 15 - September 30 (CHF,CO,STW,CT*)  

 Chetco/Coastal Tributaries  
  Chetco River Estuary   October 1 - May 31 (JUV CHF*)  
  Chetco River (above Tide Rock)   July 15 - September 30 (CHF,CO,STW,CT*)  

 Meyers Cr., Thomas Cr., Whalehead Cr.   July 15 - October 31 (STW,CT*)   
Winchuck  
 Winchuck River Estuary   October 1 - May 31 (JUV CHF*) 
 Winchuck River (above South Fork)   July 15 - September 30 (CHF,CO,STW,CT*)  
Other Coastal Tributaries   July 15 - October 31 (CT*)  

Central Point Office (541) 826-8774
     Rogue 
          Rogue River ( Marial to William Jess Dam)                      June 15 - August 31 (CHS,STW*) 
               Illinois River   June 15 - September 15 (CHF,STW*) 
              Applegate River   July 1 - September 15 (CHF,STW*) 
              Other Rogue River Tributaries (above Marial).    June 15 - September 15 (CHS,STW*) 
           Rogue River (above  William Jess Dam)                          June 15 - September 15 (BT,CT*) 



High Desert Region                                                                                                                                                       Deschutes Watershed District

WATERWAY                                                                                                                                                            PREFERRED WORK PERIOD

1 Work period is established for named stream, all upstream tributaries, and associated lakes within the watershed unless 
otherwise indicated. 
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High Desert Region

Deschutes Watershed District 

The Dalles Office - (541) 296-4628
   Columbia 
       Columbia River (Within District Bonneville to John Day Dam) November 15 - March 15      

(CHF,CHS,SS,CO,STW,STS*) 
Columbia River Tributaries July 15 - September 30 (STW,CO,RB*) 

       Fifteenmile Creek      July 15 - October 31 (STW,RB*) 
   Hood River 

Hood River July 15 - August 31 (CHF,CHS,CO,STS,STW*) 
East Fork Hood River & Tribs.     July 15 – August 31 (CHF,CO,STS,STW*) 
Middle Fork Hood River & Tribs.     July 15 – August 15 (STW,CHS,BUT*) 
West Fork Hood River & Tribs.     July 15 – August 15 (CHS,STS,STW*) 

  Deschutes 
Deschutes River (below Pelton Dam)                   February 1 - March 15 (CHF,STS,RB*) 

White River       July 1 - October 31 (RB*) 
Buckhollow Cr.       July 1 - October 31 (STS,RB*) 
Bakeoven Cr.       July 1 - October 31 (STS,RB*) 
Trout Cr.       July 1 - October 31 (STS,RB*) 

Bend Office - (541) 388-6363
  Deschutes 
      Metolius 
         Metolius River         by specific arrangement  (K,RB,BR,BUT*) 

Spring Creek                                               by specific arrangement(K,RB*,BUT) 
Lake Creek                                                          by specific arrangement (K,RB) 

  Deschutes River (Pelton Dam through Lake Billy Chinook)   July 1 - September 30 ( RB,BR*) 
    Crooked River 

Crooked River (below Prineville Dam)    July 1 - October 31 (RT*) 
Prineville Reservoir      July 1 - October 31 (RT*) 
Crooked River (above Prineville Dam)    July 1 - October 31 (RT*) 
    N.Fk. Crooked River  (above Big Summit Prairie)   July 1 - September 30 (RT*) 

  Deschutes River (Lake Billy Chinook to Bend)    July 1 - September 30 (RB,BR,BUT,K*) 
     Whycus Creek                                               July 1 - October 15 (RB,BR,BUT*) 
      Tumalo        July 1 - October 15 (RB,BR*) 
 Deschutes River (Bend-North Canal Dam to Benham Falls)   July 1 - October 15 (RB,BR*) 
 Deschutes River (Benham Falls to Wickiup Dam)    July 1 - October 15 ( RB,BR*) 
     Little Deschutes River        July 1 - October 15 (RB,BR*) 
     Fall River        July 1 - October 15 (RB,BR*) 
 Deschutes River(Wickiup Reservoir to Crane Prairie Dam)   July 1 - August 31 (RB,BR,K *) 
 Deschutes River  (Crane Prairie Reservoir to Little Lava Lake)  July 1 - August 31 (RB,BT,K*) 
 Odell/Davis Lake and Tributaries                                       by specific arrangement (K,RB,BUT*)
Klamath Watershed District
Klamath Falls Office - (541) 883-5732
     Klamath 

       Klamath River (below Keno) July 1 - September 30 ( RB*,SUSP,RB,RT) 
Cottonwood Creek                                                         July 1 – September 30 (STW*) 
Jenny Creek       July 1 – January 31 (SCRT,JCS*) 

     Klamath River (above Keno)     July 1 – January 31 (SNS,BCHUB,RT*) 
Lost River above Bonanza      July 1 – January 31 (RT,SNS 

  Lost River below Bonanza      July 1 - March 31 (RT*) 
Williamson River August 1 - September 3(BT,BR,RT,SNS,LRS,KLS*)



High Desert Region                                                                                                                                                         Klamath Watershed District

WATERWAY                                                                                                                                                      PREFERRED WORK PERIOD 1

1 Work period is established for named stream, all upstream tributaries, and associated lakes within the watershed unless 
otherwise indicated. 
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 Klamath River (above Keno)      July 1 – January 31 (SNS,BCHUB,RT*) 
Lost River above Bonanza      July 1 – January 31 (RT,SNS*)

  Lost River below Bonanza      July 1 - March 31 (RT*) 
Williamson River August 1 - September 30    

(BT,BR,RT,SNS,LRS,KLS*) 
         Sprague River August 1 - September 30                                          

(BUT,LRS,SNS,RT,BT,BR *) 
Sycan River August 1 - September 30  

(RT,BT,BR,BUT,LRS,SNS*) 
  Wood River        August 1 - September 30 (RT,BR,BUT,SNS*) 
  Sevenmile Creek       August 1 - September 30 (RT,BR*) 
Klamath Lake and Agency Lake       July 1 - January 31 (RT,LRS,SNS,BCHUB*) 
Silver Lake tributaries       July 15 - September 30 (RT,BT*) 
Summer Lake and tributaries                                                               July 15 - September 30 ( TCHUB,RT *) 
Chewaucan River        July 15 - September 30 (RT*) 
Goose Lake tributaries July 15 - September 30                                                           

(GRT,GLAM,SSUC,GCB,PRCH,PSCL,MSUC*)
Warner Valley tributaries       July 15 - September 30 (WSUC,FD,RT*) 

Malheur Watershed District

Hines Office - (541) 573-6582
Columbia 
      Snake 

Snake River (Malheur County)                                            Open 
Malheur

Malheur River  (below Namorf Dam)                               Open 
Willow Cr. (below Malheur Res.) Open 
Willow Cr. (above Malheur Res.)  October 1 -  March 31 (RB,RT*) 
Cottonwood, Cr., Squaw Cr October 1 -  March 31 (RB,RT*) 

vvvvOther Tributaries     vvvivvvvvvOctober 1 - March 31 (RB,RT*) 
             Malheur River (Namorf Dam to Wolf Creek )                       November 1 - March 31 (RT*) 

North Fork Malheur (mouth to Beulah Res.)  November 1 -  March 31 (RT,RB*) 
North Fork Malheur (above Beulah Res.)   July 1 - August 31 (BUT,RT,BT*) 
South Fork Malheur    October 1 - March 31 (RT*) 

Malheur River (Including Wolf Creek and above)                        July 1 - August 31 (BUT,RT,BT*) 
           Owyhee River 

Owyhee River (below dam)    November 1 - March 31 (RB,BT*) 
Owyhee River (above dam)    October 1 - March 31 (RB,RT*) 

          Succor Creek      October 1 - March 31 (RT*) 
Silvies River (above 5mi dam)                October 1 - March 31 (RT,*) 
Silver Creek (above Hwy 45)      October 1 -  March 31 (RT*) 
Donner Blitzen River (Steen Mtns)     October 1 - March 31 (RT*) 

vvvAlvord Basin      vvvvOctober1-March31(LCT,AC*)
Catlow Valley tributaries              October 1 - March 31 (LCT,CTC,RT*) 
Trout Creek Mountains streams     October 1 - March 31 (LCT,AC,RB,CT*) 

vvvQuinn River       October 1 - March 31 (LCT,RB,CT*)
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Northeast Region

John Day Watershed District
John Day Office - (541) 575-1167
Columbia River 
     Lower John Day 
        John Day River (below John Day)                               July 15 - August 31 (STS,RT*) 
     Rock Creek  
         Rock Creek (Gilliam Co.)                                           July 15 - September 30 (STS,RT*) 
     North Fork John Day 
        North Fork John Day River (below U.S. 395)              July 15 - August 31 (STS,RT*) 
     Middle Fork John Day 
        Middle Fork John Day River (below US 395)             July 15 - August 31 (STS,RT*) 
       Middle Fork John Day River (above US 395)             July 15 - August 15 (CHS,STS,RT,BUT*) 
     North Fork John Day River   (above U.S. 395)              July 15 - August 15 (CHS,STS,BUT*) 

Upper John Day 
     South Fork John Day River 
        South Fork John Day River                                          July 15 - August 31 (STS,RT*) 

 John Day River (above John Day)                                  July 15 - August 15 (CHS,STS,BUT,RT,CT*) 
        Canyon Creek                                                               July 15 - August 31 (STS,RB,CT*) 

Pendleton Office - (541) 276-2344
Columbia 
    Columbia River (John Day Dam upstream)                     December 1 – March 31 (CHF,CHS,CO,STS*)  
     Willow Creek                                                                  July 1 - December 31 (RT, STS*) 
     Umatilla 
      Umatilla River (below Cayuse)                                    July 15 - September 30 (CHF,CHS,CO,STS,RT, BUT*) 
            Butter Creek                                                             July 1 - December 31 (RT*) 
            Birch Creek                                                             July 1 - October 31 (STS,RT*) 
            McKay Creek 
                McKay Creek (below reservoir)                           December 1 - March 31 (CHF,CHS,CO,STS,RT,BUT*) 
                McKay Creek (above reservoir)                           July 1 - December 31 (RT*) 
          Wildhorse Creek                                                         July 1 - October 31 (CHF,CHS,CO,STS,RT*) 
      Umatilla River (above Cayuse)                                      July 1 - August 15 (CHS,CHF,STS,RT,CO,BUT,WF*) 
            Meacham Creek 

Meacham Creek (below north fork)                   July 1 - August 15 (CHS,STS,RT,BUT, WF*)                              
zxxzMeacham Creek (above north fork)                     July 1 - October 31 (STS,RT,BUT,WF*)                                      
Cold Spring Creek    June 1 - December 31                           
Walla Walla                             

        Walla Walla River (below forks)                                 July 1 - September 30 (CHS,STS,RT,BUT,WF*)   
     Pine Creek                                                                July 1 - October 31 (STS,RT*)  
     Little Walla Walla Distributary System                             
                  Little Walla Walla (above Ferndale Rd)             December 1 – March 31(STS,RT,BUT*) 

Little Walla Walla (below Ferndale Rd)             July 1 - October 31 (STS,RT,BUT*) 
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otherwise indicated. 

Oregon Guidelines for Timing of In-Water Work to Protect Fish and Wildlife Resources – June, 2008 
Page 11 

Mill Creek                                                                  July 1 - August 15 (CHS,STS,RT,BUT,WF*)           
Cottonwood Creek                                                       July 1 - October 31 (STS,RT*)        
Birch Creek                                                                 July 1 - October 31 (STS,RT*) 
Couse Creek                                                                July 1 - October 31 (STS,RT*)              

South Fork Walla Walla River                                          July 1 - August 15 (CHS,STS,RT,BUT,WF*) 
North Fork Walla Walla River 

NF Walla Walla River   (below Little Meadows Cyn)         July 15 - September 30 (STS,RT,BUT,WF)                      
NF Walla Walla River  (above Little Meadows Cyn)           July 1 - August 31 (STS,RT,BUT,WF)  

Grande Ronde Watershed District

Enterprise Office - (541) 426-3279
   Columbia 
       Snake River (state line to Hells Canyon Dam)    July 1 - October 15 (CHF,CHS,SS,STS*) 
           Grande RondeGrande Ronde River (below Wallowa River)  July 1 - September 15 (CHF,STS*) 

Wenaha River       July 1 - August 15 (CHS,STS,BUT*) 
Joseph Creek        July 1 - March 31 (STS*) 
Wallowa River        July 15 - August 15 (CHS,STS,RB,BT,BUT *) 

          Imnaha River (above Big Sheep Creek)    July 15 - August 15 (CHS,STS,BUT*) 
          Imnaha River (below Big Sheep Creek)    July 1 – October 15 (CHF,STS*) 

La Grande Office - (541) 963-2138
   Columbia 
       Snake 
         Grande Ronde 
            Grande Ronde River (Wallowa River to Highway 244 Bridge)    July 1 - October 15 (CHS,STS,RB,BUT*) 
                 Minam River       July 1 – August 15 (CHS,STS,RB,BUT*) 
                     Lookingglass Creek      July 1 - August 15 (CHS,STS,RB,BUT*) 
                Catherine Creek 
                    Catherine Creek (to, and including Little Creek)   July 1 - October 15 (CHS,STS,RB,BUT*) 
                    Catherine Creek (above Little Creek)    July 1 – August 15 (CHS,STS,RB,BUT* 
              Grande Ronde River (above highway 244 bridge)    July 1 - July 31 (CHS,STS,RB,BUT*) 

Snake River Reservoir       July 1 - November 30 (WW*) 
            Snake River Reservoir Tributaries     July 1 - October 31 (RB*) 
                   Burnt River        July 1 - October 31 (RB,BT*) 
                   Pine Creek       July 1 – August 31 (RB,BUT *) 

Powder River (mouth to Phillips Reservoir)   July 1 - October 31 (RB*) 
Anthony Creek      July 1 – August 31 (RB,BUT*) 
North Powder R. (above Dutch Flat Cr.)   July 1 – August 31 (RB,BUT*) 
Wolf Creek (above Wolf Creek Res.)   July 1 – August 31 (RB,BUT*) 
Big Muddy Creek (above Foothill Rd.)   July 1 – August 31 (RB,BUT*) 
Pine Creek (above North Fork Pine Cr.)   July 1 – August 31 (RB,BUT*) 
Salmon Creek (above Pocahontas Road)   July 1 – August 31 (RB,BUT*) 

                 Powder River (above Phillips Reservoir)   July 1 – August 31 (RB,BUT*) 
Deer Creek (above Phillips Reservoir)   July 1 – August 31 (RB,BUT*) 



1 Work period is established for named stream, all upstream tributaries, and associated lakes within the 
watershed unless otherwise indicated. 
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*Coded fish species defined below provide the primary basis for timing guidelines. The species list should 
be considered general information and is not necessarily comprehensive nor accurate.  

AC - Alford chub 
BCHUB – blue chub 
BR - brown trout 
BT - brook trout 
BUT - bull trout 
CR – crappie 
CHF - Chinook salmon, fall 
CHR - Chinook salmon, summer 
CHS - Chinook salmon, spring 
CO - coho salmon 
CS - chum  salmon 
CT - cutthroat trout (includes sea run) 
CTC - Catlow tui chub 
GCB - goose lake chub 
FD – Foskett speckled dace 
GLAM - Goose Lake lamprey 
GSUC - Goose Lake sucker 
JCRT – Jenny Creek red band trout 
JCS – Jenny Creek sucker 
JUV - juvenile salmonids 
K – kokanee 
KLS – Klamath largescale sucker 

LCT -  Lahontan cutthroat trout 
LRS – Lost River sucker 
MAR - various marine species of fish 
MD – Millicoma dace 
MMS - Malheur mottled sculpin 
MSUC – Modoc sucker 
OC – Oregon sucker 
PRCH - pit roach 
PSCL - pit sculpin 
RB - rainbow trout 
RT - red band trout 
SHL - various marine shell fish 
SNS shortnose sucker 
SS - sockeye salmon 
SSUC – Sacramento sucker  
STS - steelhead summer 
STW - steelhead winter 
SUSP – sucker species 
TCHUB – tui chub 
WF – mountain white fish 
WSUC – Warner sucker 
WW - various warm water game fish 
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ATTACHMENT 2 
Waterbodies to Be Crossed Using Open‐Cut, Flume, Dam‐and‐Pump, or HDD Methods 

Milepost  Stream ID 
Stream 
Typea  Water Bodyb 

Hydrologic Unit 
Code 

(4th Order)  Crossing Method 
Water Body 

Typec  Fish Speciesd 

Miles to 
Salmon 
Habitat  Preferred Work Period 

1.0  S99CL001  Perennial  Adairs Slough  Lower Columbia  Method 2 ‐ HDD  Minor  Co  0  November 1‐ February 28 

1.5  S5BCL074  Perennial  Vera Creek  Lower Columbia  Method 1 ‐ Flume  Minor  Co  0.49  November 1‐ February 28 

2.9  S99CL067  Perennial  Lewis and Clark River  Lower Columbia  Method 2 ‐ HDD  Minor  Co  0.16  November 1‐ February 28 

4.1  S5BCL059  Perennial  Tributary of Barrett Slough  Lower Columbia  Method 1 ‐ Flume  Minor  Co  0.1  November 1‐ February 28 

4.2  S5BCL062  Ephemeral  Tributary of Barrett Slough  Lower Columbia  Method 3 ‐ Open cut  Minor  Co  0.12  November 1‐ February 28 

4.2  S5BCL063  Intermittent  Tributary of Barrett Slough  Lower Columbia  Method 3 ‐ Open cut  Minor  Co  0.06  November 1‐ February 28 

4.4  S5BCL064  Perennial  Barrett Slough  Lower Columbia  Method 1 ‐ Flume  Minor  Co  0  November 1‐ February 28 

4.5  S5BCL066  Intermittent  Tributary of Barrett Slough  Lower Columbia  Method 3 ‐ Open cut  Minor  Co  0.11  November 1‐ February 28 

4.7  S5BCL068  Intermittent  Tributary of Green Slough  Lower Columbia  Method 3 ‐ Open cut  Minor  Co  0.3  November 1‐ February 28 

4.8  S5BCL069  Intermittent  Tributary of Green Slough  Lower Columbia  Method 3 ‐ Open cut  Minor  Co  0.39  November 1‐ February 28 

5.0  S5BCL071  Intermittent  Tributary of Lewis and Clark River  Lower Columbia  Method 3 ‐ Open cut  Minor  FaCh  0.23  November 1‐ February 28 

5.2  S5BCL072  Perennial  Tributary of Lewis and Clark River  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  0.09  July 15‐ Sept. 15 

5.7  S99CL064  Perennial  Lewis and Clark River  Lower Columbia  Method 2 ‐ Method 2 ‐ 
HDD 

Major  Co, FaCh  0  July 15‐ Sept. 15 

5.9  S38CL003  Proxy Data  Tributary of Lewis and Clark River  Lower Columbia  TBD  Minor  Co  0.41  November 1‐ February 28 

6.8  S5BCL075  Ephemeral  Tributary of Johnson Slough  Lower Columbia  Method 3 ‐ Open cut  Minor      July 1 ‐ Sept. 15 

7.9  S1BCL001  Perennial  Heckard Creek  Lower Columbia  Method 1 ‐ Flume  Intermediate  Co  0.02  July 1 ‐ Sept. 15 

8.6  S1BCL002  Intermittent  Tributary of Lewis and Clark River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co ,FaCh  1.17  July 1 ‐ Sept. 15 

8.8  S1BCL018  Perennial  Tributary of Lewis and Clark River  Lower Columbia  Method 1 ‐ Flume  Intermediate  Co, FaCh  1.29  July 1 ‐ Sept. 15 

9.1  S1BCL003  Intermittent  Tributary of Lewis and Clark River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  0.86  July 1 ‐ Sept. 15 

9.3  S1BCL004  Intermittent  Tributary of Lewis and Clark River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  0.82  July 1 ‐ Sept. 15 

9.7  S1BCL005  Intermittent  Tributary of Lewis and Clark River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  0.97  July 1 ‐ Sept. 15 

9.7  S1BCL006  Ephemeral  Tributary of Lewis and Clark River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  0.96  July 1 ‐ Sept. 15 

9.9  S1BCL007  Intermittent  Tributary of Lewis and Clark River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  0.97  July 1 ‐ Sept. 15 

10.0  S1BCL008  Perennial  Tributary of Lewis and Clark River  Lower Columbia  Method 1 ‐ Flume  Intermediate  Co, FaCh  0.98  July 1 ‐ Sept. 15 

11.0  S99CL034  Proxy Data  Lewis and Clark River  Lower Columbia  TBD  Minor  Co, FaCh  0.08  July 1 ‐ Sept. 15 

12.8  S1BCL016  Perennial  Tributary of Speelyai Creek  Lower Columbia  Method 1 ‐ Flume  Minor  Co  1.03  July 1 ‐ Sept. 15 

13.8  S5BCL040  Perennial  Tributary of Youngs River  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  2.02  July 1 ‐ Sept. 15 

13.8  S5BCL041  Perennial  Tributary of Youngs River  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  2.03  July 1 ‐ Sept. 15 

13.9  S5BCL042  Intermittent  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  2.05  July 15‐ Sept. 30 

13.9  S5BCL043  Ephemeral  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  2.08  July 15‐ Sept. 30 
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ATTACHMENT 2 
Waterbodies to Be Crossed Using Open‐Cut, Flume, Dam‐and‐Pump, or HDD Methods 

Milepost  Stream ID 
Stream 
Typea  Water Bodyb 

Hydrologic Unit 
Code 

(4th Order)  Crossing Method 
Water Body 

Typec  Fish Speciesd 

Miles to 
Salmon 
Habitat  Preferred Work Period 

14.1  S5BCL045  Perennial  Tributary of Youngs River  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  2.15  July 15‐ Sept. 30 

14.2  S5BCL044  Perennial  Tributary of Youngs River  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  2.16  July 15‐ Sept. 30 

14.9  S5BCL038  Intermittent  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  2.28  July 15‐ Sept. 30 

15.3  S5BCL035  Intermittent  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  2.09  July 15‐ Sept. 30 

15.6  S5BCL030  Perennial  Tributary of Youngs River  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  2.11  July 15‐ Sept. 30 

15.6  S5BCL034  Perennial  Tributary of Youngs River  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  2.08  July 15‐ Sept. 30 

15.8  S5BCL031  Perennial  Tributary of Youngs River  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  2.25  July 15‐ Sept. 30 

16.1  S99CL024  Proxy Data  Tributary of Lewis and Clark River  Lower Columbia  TBD  Minor  Co, FaCh  0.1  July 15‐ Sept. 15 

16.1      Bayney Creek  Lower Columbia           

16.7  S5BCL032  Ephemeral  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  2.98  July 15‐ Sept. 30 

17.3  S5BCL077  Perennial  Tributary of Youngs River  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  3.61  July 15‐ Sept. 30 

17.8  S5BCL079  Intermittent  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  4.09  July 15‐ Sept. 30 

17.9  S5BCL078  Intermittent  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  4.05  July 15‐ Sept. 30 

17.9  S5BCL080  Intermittent  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  4.2  July 15‐ Sept. 30 

18.4  S5BCL076  Perennial  Tributary of Rock Creek  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  4.64  July 15‐ Sept. 30 

18.5  S1BCL009  Perennial  Rock Creek  Lower Columbia  Method 1 ‐ Flume  Intermediate  Co, FaCh  4.78  July 15‐ Sept. 30 

18.8  S1BCL010  Intermittent  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  5.08  July 15‐ Sept. 30 

19.0  S1BCL011  Perennial  Tributary of Youngs River  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  5.25  July 15‐ Sept. 30 

19.1  S1BCL012  Intermittent  Unnamed  Lower Columbia  Method 1 ‐ Flume  Minor    2.93  July 15‐ Sept. 30 

19.3  S1BCL014  Perennial  Osgood Creek  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  5.55  July 15‐ Sept. 30 

19.6  S2BCL013A  Perennial  Tributary of Osgood Creek  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  5.79  July 15‐ Sept. 30 

20.1  S2BCL013B  Perennial  Fox Creek  Lower Columbia  Method 1 ‐ Flume  Intermediate  Co, FaCh  6.1  July 15‐ Sept. 30 

21.4  S38CL013  Perennial  South Fork Youngs River  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  7.16  July 15‐ Sept. 30 

21.8  S5BCL058  Perennial  Tributary of Youngs River  Lower Columbia  Method 1 ‐ Flume  Intermediate  Co, FaCh  7.58  July 15‐ Sept. 30 

22.1  S5BCL049  Perennial  Tributary of Youngs River  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  7.85  July 15‐ Sept. 30 

22.2  S5BCL048  Ephemeral  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  7.92  July 15‐ Sept. 30 

22.5  S6BCL020  Intermittent  Tributary of Fall Creek  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  8.77  July 15‐ Sept. 30 

22.6  S6BCL017  Ephemeral  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  8.51  July 15‐ Sept. 30 

22.6  S6BCL018  Ephemeral  Tributary of Fall Creek  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  8.62  July 15‐ Sept. 30 

22.8  S6BCL015  Ephemeral  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  8.23  July 15‐ Sept. 30 
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ATTACHMENT 2 
Waterbodies to Be Crossed Using Open‐Cut, Flume, Dam‐and‐Pump, or HDD Methods 

Milepost  Stream ID 
Stream 
Typea  Water Bodyb 

Hydrologic Unit 
Code 

(4th Order)  Crossing Method 
Water Body 

Typec  Fish Speciesd 

Miles to 
Salmon 
Habitat  Preferred Work Period 

22.8  S6BCL016  Ephemeral  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  8.2  July 15‐ Sept. 30 

23.0  S6BCL019  Perennial  Tributary of Fall Creek  Lower Columbia  Method 1 ‐ Flume  Intermediate  Co, FaCh  8.66  July 15‐ Sept. 30 

23.4  S38CL014  Perennial  Fall Creek  Lower Columbia  Method 1 ‐ Flume  Minor  Co, FaCh  9.11  July 15‐ Sept. 30 

24.3  S5BCL016  Intermittent  Tributary of Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co, FaCh  2.36  July 1‐ Aug. 31 

24.4  S5BCL018  Perennial  Tributary of Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Minor  Co, FaCh  2.32  July 1‐ Aug. 31 

24.4  S5BCL017  Intermittent  Tributary of Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co, FaCh  2.34  July 1‐ Aug. 31 

24.8  S2BCL001  Intermittent  Tributary of Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co, FaCh  2.09  July 1‐ Aug. 31 

24.8  S2BCL002  Intermittent  Tributary of Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Intermediate  Co, FaCh  2.08  July 1‐ Aug. 31 

25.1  S2BCL003  Ephemeral  Tributary of Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co, FaCh  1.97  July 1‐ Aug. 31 

25.2  S2BCL005  Perennial  Tributary of Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Intermediate  Co, FaCh  1.96  July 1‐ Aug. 31 

25.2  S2BCL004  Intermittent  Tributary of Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co, FaCh  1.96  July 1‐ Aug. 31 

25.3  S2BCL007  Perennial  Tributary of Fishhawk Creek  Nehalem  Method 3 ‐Method 3 ‐ 
Open cut 

Minor  Co, FaCh  1.95  July 1‐ Aug. 31 

25.4  S2BCL008A  Perennial  Tributary of Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Intermediate  Co, FaCh  1.95  July 1‐ Aug. 31 

25.7  S2BCL009  Perennial  Tributary of Little Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Intermediate  Co  4.29  July 1‐ Aug. 31 

25.7  S38CL015  Perennial  Tributary of Little Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  4.27  July 1‐ Aug. 31 

25.7  S2BCL010  Intermittent  Tributary of Little Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  4.27  July 1‐ Aug. 31 

25.9  S2BCL012  Intermittent  Tributary of Little Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  4.19  July 1‐ Aug. 31 

26.3  S5BCL019  Perennial  Tributary of Little Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  3.87  July 1‐ Aug. 31 

26.5  S5BCL029  Perennial  Tributary of Little Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  3.68  July 1‐ Aug. 31 

26.6  S5BCL027  Perennial  Tributary of Little Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  3.63  July 1‐ Aug. 31 

26.6  S5BCL028  Ephemeral  Tributary of Little Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  3.63  July 1‐ Aug. 31 

26.8  S5BCL023  Perennial  Tributary of Little Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  3.4  July 1‐ Aug. 31 

26.8  S5BCL025  Perennial  Tributary of Little Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  3.41  July 1‐ Aug. 31 

27.0  S5BCL022  Ephemeral  Tributary of Little Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  3.27  July 1‐ Aug. 31 

27.2  S5BCL021  Perennial  Tributary of Little Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  3.05  July 1‐ Aug. 31 

27.3  S5BCL020  Perennial  Tributary of Little Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  2.97  July 1‐ Aug. 31 

27.4  S5BCL015  Perennial  Tributary of Little Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  2.89  July 1‐ Aug. 31 

27.6  S5BCL014  Intermittent  Tributary of Little Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  2.68  July 1‐ Aug. 31 

27.8  S5BCL012  Intermittent  Tributary of Little Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  2.55  July 1‐ Aug. 31 

27.8  S5BCL013  Intermittent  Tributary of Little Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  2.56  July 1‐ Aug. 31 
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ATTACHMENT 2 
Waterbodies to Be Crossed Using Open‐Cut, Flume, Dam‐and‐Pump, or HDD Methods 

Milepost  Stream ID 
Stream 
Typea  Water Bodyb 

Hydrologic Unit 
Code 

(4th Order)  Crossing Method 
Water Body 

Typec  Fish Speciesd 

Miles to 
Salmon 
Habitat  Preferred Work Period 

27.9  S5BCL011  Ephemeral  Tributary of Little Fishhawk Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  2.46  July 1‐ Aug. 31 

28.1  S5BCL010  Perennial  Tributary of Little Fishhawk Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  2.35  July 1‐ Aug. 31 

28.4  S5BCL007  Intermittent  Tributary of East Humbug Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  1.24  July 1‐ Sept. 15 

28.5  S5BCL004  Intermittent  Tributary of East Humbug Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  1.13  July 1‐ Sept. 15 

28.5  S5BCL005  Intermittent  Tributary of East Humbug Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  1.19  July 1‐ Sept. 15 

29.0  S5BCL001  Intermittent  Tributary of East Humbug Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  0.79  July 1‐ Sept. 15 

29.0  S5BCL002  Intermittent  Tributary of East Humbug Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  0.81  July 1‐ Sept. 15 

29.4  S6BCL011  Ephemeral  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  8.45  July 15‐ Sept. 30 

29.4  S6BCL013  Ephemeral  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  8.28  July 15‐ Sept. 30 

29.4  S6BCL014  Ephemeral  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  8.29  July 15‐ Sept. 30 

29.5  S6BCL010  Ephemeral  Tributary of Youngs River  Lower Columbia  Method 3 ‐ Open cut  Minor  Co, FaCh  8.49  July 15‐ Sept. 30 

29.9  S6BCL008  Ephemeral  Tributary of East Humbug Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  0.8  July 1‐ Sept. 15 

30.2  S6BCL007  Intermittent  Tributary of East Humbug Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  0.81  July 1‐ Sept. 15 

30.4  S6BCL006  Perennial  Tributary of East Humbug Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  0.79  July 1‐ Sept. 15 

30.9  S2BCL021  Ephemeral  Tributary of East Humbug Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  0.72  July 1‐ Sept. 15 

31.4  S2BCL008B  Perennial  Alder Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  0  July 1‐ Sept. 15 

31.6  S6BCL005  Perennial  Tributary of East Humbug Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  0.78  July 1‐ Sept. 15 

32.0  S3BCL001  Intermittent  Tributary of Nehalem River  Nehalem  Method 3 ‐ Open cut  Minor  Co, SpCh, 
FaCh 

0.69  July 1‐ Aug. 31 

32.0  S3BCL002  Intermittent  Tributary of Nehalem River  Nehalem  Method 3 ‐ Open cut  Minor  Co, SpCh, 
FaCh 

0.68  July 1‐ Aug. 31 

32.1  S3BCL003  Intermittent  Tributary of Nehalem River  Nehalem  Method 3 ‐ Open cut  Minor  Co, SpCh, 
FaCh 

0.67  July 1‐ Aug. 31 

32.1  S3BCL004  Intermittent  Tributary of Nehalem River  Nehalem  Method 3 ‐ Open cut  Minor  Co, SpCh, 
FaCh 

0.66  July 1‐ Aug. 31 

32.3  S3BCL005  Intermittent  Tributary of Nehalem River  Nehalem  Method 3 ‐ Open cut  Minor  Co, SpCh, 
FaCh 

0.67  July 1‐ Aug. 31 

32.3  S3BCL006  Intermittent  Tributary of Nehalem River  Nehalem  Method 3 ‐ Open cut  Minor  Co, SpCh, 
FaCh 

0.67  July 1‐ Aug. 31 

32.4  S3BCL007  Intermittent  Tributary of Nehalem River  Nehalem  Method 3 ‐ Open cut  Minor  Co, SpCh, 
FaCh 

0.68  July 1‐ Aug. 31 

33.5  S99CL108  Perennial  Nehalem River  Nehalem  Method 2 ‐ Method 2 ‐ 
HDD 

Major  Co, SpCh, 
FaCh 

0  July 1‐ Aug. 31 
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ATTACHMENT 2 
Waterbodies to Be Crossed Using Open‐Cut, Flume, Dam‐and‐Pump, or HDD Methods 

Milepost  Stream ID 
Stream 
Typea  Water Bodyb 

Hydrologic Unit 
Code 

(4th Order)  Crossing Method 
Water Body 

Typec  Fish Speciesd 

Miles to 
Salmon 
Habitat  Preferred Work Period 

33.5    Perennial  Nehalem River  Nehalem           

34.4  S5BCL046  Perennial  Tributary of Nehalem River  Nehalem  Method 1 ‐ Flume  Minor  Co, SpCh, 
FaCh 

1.06  July 1‐ Aug. 31 

35.5  S6BCL026  Perennial  Osweg Creek  Nehalem  Method 1 ‐ Flume  Intermediate  Co, SpCh, 
FaCh 

0.67  July 1‐ Aug. 31 

37.5  S38CL011  Perennial  North Fork Quartz Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  0.47  July 1‐ Aug. 31 

37.5  S8BCL009  Perennial  Tributary of South Fork Rock Creek  Nehalem  Method 1 ‐ Flume  Intermediate  Co  0  July 1‐ Aug. 31 

38.5  S8BCL005  Perennial  Rock Creek  Nehalem  Method 2 ‐ HDD  Intermediate  Co  0  July 1‐ Aug. 31 

39.6  S1BCL029  Intermittent  Tributary of Military Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  0.28  July 1‐ Aug. 31 

39.8  S1BCL027  Intermittent  Tributary of Military Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  0.17  July 1‐ Aug. 31 

39.8  S1BCL028  Intermittent  Tributary of Military Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  0.18  July 1‐ Aug. 31 

42.6  S1BCL020  Perennial  Tributary of South Fork Rock Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  0.03  July 1‐ Aug. 31 

43.1  S1BCL021  Perennial  South Fork Rock Creek  Nehalem  Method 2 ‐ HDD  Intermediate  Co  0  July 1‐ Aug. 31 

43.3  S1BCL022  Perennial  Bear Creek  Nehalem  Method 2 ‐ HDD  Intermediate  Co  0  July 1‐ Aug. 31 

43.5  S1BCL023  Intermittent  Tributary of Bear Creek  Nehalem  Method 2 ‐ HDD  Minor  Co  0.04  July 1‐ Aug. 31 

43.7  S1BCL024  Perennial  Tributary of Bear Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  0.09  July 1‐ Aug. 31 

43.9  S1BCL025  Intermittent  Tributary of Bear Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  0.12  July 1‐ Aug. 31 

44.0  S1BCL026  Intermittent  Tributary of Bear Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  0.11  July 1‐ Aug. 31 

44.2  S1BTI001  Perennial  Bear Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  0.18  July 1‐ Aug. 31 

44.3  S1BTI002  Intermittent  Tributary of Bear Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  0.27  July 1‐ Aug. 31 

44.8  S6BCL004  Intermittent  Tributary of East Humbug Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co  0.59  July 1‐ Sept. 15 

45.1  S1BTI003  Ephemeral  Tributary of Wolf Creek  Nehalem  Method 3 ‐ Open cut  Minor  Co, SpCh  2.41  July 1‐ Aug. 31 

47.6  S99CO001  Perennial  North Fork Wolf Creek  Nehalem  Method 1 ‐ Flume  Proxy Data  Co, SpCh, St  0.00  July 1 ‐ August 31 

48.3  S1BCO000  Perennial  Tributary of North Fork Wolf Creek  Nehalem  Method 1 ‐ Flume  Minor  TBD  0.64  July 1 ‐ August 31 

50.5  S3BCO012  Perennial  Clear Creek  Nehalem  Method 1 ‐ Flume  Intermediate  Co  0.03  July 1 ‐ August 31 

53.6  S3BCO002  Perennial  Fall Creek  Nehalem  Method 1 ‐ Flume  Minor  TBD  2.28  July 1 ‐ August 31 

55.7  S3BCO107  Perennial  Cedar Creek  Nehalem  Method 1 ‐ Flume  Minor  Co  0.01  July 1 ‐ August 31 

55.9  S3BCO106  Perennial  Tributary of Cedar Creek  Nehalem  Method 1 ‐ Flume  Minor  not confirmed 0.21  July 1 ‐ August 31 

57.7  S3BCO100  Perennial  Tributary of Rock Creek  Nehalem  Method 2 ‐ HDD  Minor  not confirmed 0.01  July 1 ‐ August 31 

57.7  S3BCO101  Perennial  Rock Creek  Nehalem  Method 2 ‐ HDD  Intermediate  Co, SpCh, St  0.00  July 1 ‐ August 31 

63.8  S3BCO014  Perennial  Nehalem River  Nehalem  Method 2 ‐ HDD  Intermediate  Co, SpCh, St  0.00  July 1 ‐ August 31 
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ATTACHMENT 2 
Waterbodies to Be Crossed Using Open‐Cut, Flume, Dam‐and‐Pump, or HDD Methods 

Milepost  Stream ID 
Stream 
Typea  Water Bodyb 

Hydrologic Unit 
Code 

(4th Order)  Crossing Method 
Water Body 

Typec  Fish Speciesd 

Miles to 
Salmon 
Habitat  Preferred Work Period 

66.3  S3BCO103  Intermittent  Tributary of Oak Ranch Creek  Nehalem  Method 3 ‐ Open cut  Minor  not confirmed 0.94  July 1 ‐ August 31 

66.3    Perennial  Oak Ranch Creek  Nehalem           

69.0  S99CO004  Intermittent  Tributary of Oak Ranch Creek  Nehalem  Method 3 ‐ Open cut  Proxy Data  not confirmed 0.90  July 1 ‐ August 31 

70.1  S3BCO003  Intermittent  Tributary of Clatskanie River  Lower Columbia‐
Clatskanie 

Method 3 ‐ Open cut  Intermediate  not confirmed 0.59  July 15‐September 15 

70.7  S3BCO004  Perennial  Clatskanie River  Lower Columbia‐
Clatskanie 

Method 1 ‐ Flume  Intermediate  Co, St  0.00  July 15‐September 15 

71.8  S5BCO001  Perennial  Little Clatskanie River  Lower Columbia‐
Clatskanie 

Method 1 ‐ Flume  Minor  Co  0.06  July 15‐September 15 

72.5  S3BCO008  Perennial/Int
ermittent 

Tributary of Deer Island Slough  Lower Willamette Method 1 ‐ Flume  Minor  not confirmed 0.24  July 15 ‐ August 31 

72.8  S3BCO010  Perennial  Deer Island Slough  Lower Willamette Method 1 ‐ Flume  Intermediate  Co, St  0.02  July 15 ‐ August 31 

73.4  S1BCO004  Perennial  Apilton Creek  Lower Willamette Method 1 ‐ Flume  Minor  TBD  0.54  July 15 ‐ August 31 

73.5  S1BCO005  Intermittent  Tributary of Apilton Creek  Lower Willamette Method 3 ‐ Open cut  Minor  TBD  0.58  July 15 ‐ August 31 

74.5  S99CO009  Intermittent  Tributary of Deer Island Slough  Lower Willamette Method 3 ‐ Open cut  Proxy Data  not confirmed 0.15  July 15 ‐ August 31 

74.7  S99CO012  Perennial  Deer Island Slough  Lower Willamette Method 1 ‐ Flume  Proxy Data  Co, St  0.00  July 15 ‐ August 31 

76.0  S3BCO110  Intermittent  Tributary of Merrill Creek  Lower Columbia‐
Clatskanie 

Method 3 ‐ Open cut  Minor  not confirmed 0.23  July 15‐September 15 

76.2  S99CO013  ?  Merrill Creek  Lower Columbia‐
Clatskanie 

Method 1 ‐ Flume  Proxy Data  TBD  0.23  July 15‐September 15 

78.1  S2BCO009  Intermittent  Tributary of Merrill Creek  Lower Columbia‐
Clatskanie 

Method 3 ‐ Open cut  Minor  not confirmed 0.38  July 15‐September 15 

78.2  S3BCO122  Perennial  Tributary of Merrill Creek  Lower Columbia‐
Clatskanie 

Method 1 ‐ Flume  Minor  Co  0.20  July 15‐September 15 

78.8  S3BCO120  Intermittent  Tributary of Merrill Creek  Lower Columbia‐
Clatskanie 

Method 3 ‐ Open cut  Minor  not confirmed 0.87  July 15‐September 15 

78.8  S3BCO119  Intermittent  Tributary of Merrill Creek  Lower Columbia‐
Clatskanie 

Method 3 ‐ Open cut  Minor  not confirmed 0.92  July 15‐September 15 

79.7  S3BCO115  Perennial  Tributary of Merrill Creek  Lower Columbia‐
Clatskanie 

Method 1 ‐ Flume  Minor  TBD  2.01  July 15‐September 15 

81.4  S99CO011  Perennial  Benham/Deer Island Slough  Lower Columbia‐
Clatskanie 

Method 1 ‐ Flume  Proxy Data  TBD  0.46  TBD 

81.8  S3BCO123  Intermittent  Dyna Nobel Channel  Lower Columbia‐
Clatskanie 

Method 3 ‐ Open cut  Intermediate  TBD  0.45  TBD 
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ATTACHMENT 2 
Waterbodies to Be Crossed Using Open‐Cut, Flume, Dam‐and‐Pump, or HDD Methods 

Milepost  Stream ID 
Stream 
Typea  Water Bodyb 

Hydrologic Unit 
Code 

(4th Order)  Crossing Method 
Water Body 

Typec  Fish Speciesd 

Miles to 
Salmon 
Habitat  Preferred Work Period 

81.9  S99CO014  Perennial  Columbia River  Lower Columbia‐
Clatskanie 

Method 2 ‐ HDD  Major  TBD  0.00  November 1‐February 28 

83.3  S99CW001  Perennial  Tributary of Burris Creek  Lewis  Method 1 ‐ Flume  Proxy  not confirmed 1.70  TBD 

84.0  S99CW003  Perennial  Tributary of Burris Creek  Lewis  Method 1 ‐ Flume  Proxy  TBD  3.21  TBD 

85.1  S99CW002  Perennial  Burris Creek  Lewis  Method 1 ‐ Flume  Proxy  TBD  0.00  TBD 

85.1  S99CW006  Perennial  Tributary of Burris Creek  Lewis  Method 1 ‐ Flume  Minor  not confirmed 0.00  TBD 

85.1  S99CW007  Perennial  Tributary of Burris Creek  Lewis  Method 1 ‐ Flume  Proxy  not confirmed 2.84  TBD 

85.7  S99CW009  Perennial  Tributary of Burris Creek  Lewis  Method 1 ‐ Flume  Proxy  not confirmed 2.39  TBD 

86.1  S99CW010  Perennial  Tributary of Burris Creek  Lewis  Method 1 ‐ Flume  Proxy  not confirmed 1.84  TBD 

86.1    Perennial  Burris Creek  Lewis           
a As determined by field observation or the U.S. Geological Survey (USGS) 7.5‐minute topographic maps. Intermittent: has surface flow for at least 3 months out of the year and has a 
connection to groundwater; ephemeral ‐ has only surface flow for a portion of the year, no connection to groundwater; perennial: contains flow all year long. 
b Waterbody names are as depicted on USGS 7.5‐minute topographic maps. 
c Stream designation includes minor, intermediate, and major waterbodies crossed by the Project. Minor waterbodies include all waterbodies less than or equal to 10 feet wide at the water's 
edge at the time of crossing; intermediate waterbodies include all waterbodies greater than 10 feet wide but less than or equal to 100 feet wide at the water's edge at the time of crossing; and 
major waterbodies include all waterbodies greater than 100 feet wide at the water's edge at the time of crossing. 
d Fisheries classifications within the state of Oregon are considered to be coldwater fisheries (see Oregon LNG Bidirectional Project Resource Report 3 — Fish, Wildlife, and Vegetation 
[CH2M HILL, May 2013] for more information). 
Abbreviations: 
Co = Coho Salmon 
E = Ephemeral 
FaCh = Fall Chinook Salmon 

I = Intermittent 
MP = Milepost 
NA = Not available 

NDA = No data available 
P = Perennial 
SpCh = Spring Chinook Salmon 

St = Winter Steelhead 
TBD = To be determined. 

Proxy Data = These data were provided by the National Wetlands Inventory (NWI) database, the Warrington Local Wetland Inventory (LWI) database, the Pacific Northwest (PNW) Hydrography 
Framework, and the Natural Resources Conservation Service (NRCS) Soil Survey Geographic (SSURGO) database. 
The data do not include certain information, such as stream type, stream width, or wetland type. Once the final Pipeline route is approved and access to these areas is secured, these data will 
be collected. 
Data will be provided in the final submittal of environmental resource reports. 
Additional Notes: 
Stream ID numbers beginning in S99 are for areas with no field access and are based on aerial photo and Pacific Northwest Hydrography Network database. 
Remaining data are from field surveys. 
Duplicate milepost numbers occur because of rounding of mileposts to nearest tenth of a mile. 
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Purpose and Scope
The purpose of this document is to provide guidelines for the safe use of backpack

electrofishing in waters containing salmonids listed by the National Marine Fisheries Service (NMFS)
under the Endangered Species Act (ESA).  It is expected that these guidelines will help improve
electrofishing technique in ways which will reduce fish injury and increase electrofishing efficiency. 
These guidelines and sampling protocol were developed from NMFS research experience and input
from specialists in the electrofishing industry and fishery researchers.  This document outlines
electrofishing procedures and guidelines that NMFS has determined to be necessary and advisable
when working in freshwater systems where threatened or endangered salmon and steelhead may be
found.  As such, the guidelines provide a basis for reviewing proposed electrofishing activities submitted
to NMFS in the context of ESA Section 10 permit applications as well as scientific research activities
proposed for coverage under an ESA Section 4(d) rule.

These guidelines specifically address the use of backpack electrofishers for sampling juvenile or
adult salmon and steelhead that are not in spawning condition.  Electrofishing in the vicinity of adult
salmonids in spawning condition and electrofishing near redds are not discussed as there is no justifiable
basis for permitting these activities except in very limited situations (e.g., collecting brood stock, fish
rescue, etc.).  The guidelines also address sampling and fish handling protocols typically employed in
electrofishing studies.  While the guidelines contain many specifics, they are not intended to serve as an
electrofishing manual and do not eliminate the need for good judgement in the field.

Finally, it is important to note that researchers wishing to use electrofishing in waters containing
listed salmon and steelhead are not necessarily precluded from using techniques or equipment not
addressed in these guidelines (e.g., boat electrofishers).  However, prior to authorizing the take of listed
salmonids under the ESA, NMFS will require substantial proof that such techniques/equipment are
clearly necessary for a particular study and that adequate safeguards will be in place to protect
threatened or endangered salmonids.  Additional information regarding these guidelines or other
research issues dealing with salmon and steelhead listed under the ESA can be obtained from NMFS’
Protected Resources Divisions in:

Washington, Oregon, and Idaho California
Leslie Schaeffer Dan Logan
NMFS NMFS     
525 NE Oregon Street, Suite 500 777 Sonoma Ave., Room 325
Portland, Oregon 97232-2737             Santa Rosa, California  95404-6515
Phone: (503) 230-5433 Phone: (707) 575-6053      
FAX: (503) 230-5435 FAX: (707) 578-3435
Internet Address: Leslie.Schaeffer@noaa.gov               Internet Address: Dan.Logan@noaa.gov
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Appropriateness of Electrofishing
Backpack electrofishing for salmonids has been a principal sampling technique for decades,

however, recent ESA listings underscore the need to regulate the technique and assess its risks and
benefits to listed species (Nielsen 1998).  With over 25 Evolutionarily Significant Units (ESUs) of
threatened or endangered salmonids now identified along the U.S. West Coast, researchers can expect to
encounter one or more listed species in nearly every river basin in California, Oregon, Washington, and
Idaho.  There are few if any non-invasive ways to collect distribution, abundance, or morpho-
physiological data on salmonids in freshwater.  This is reflected in the requirement that all activities that
involve intentional take of juvenile salmonids for research or enhancement of an ESA listed species
require an ESA Section 10 permit from NMFS.  While NMFS has not precluded the use of
electrofishing in all cases, researchers must present rigorous study designs and methods for handling fish
prior to NMFS authorizing electrofishing to take listed salmonids under the ESA.

NMFS believes there is ample evidence that electrofishing can cause serious harm to fish and the
general agency position is to encourage researchers to seek out other less invasive ways to sample listed
species.  Direct observation by snorkeling is one of the least invasive ways to collect information concerning
abundance and distribution, although there can be both practical (e.g., poor viability) and statistical (e.g.,
large numbers of fish, low observation probability) constraints to direct observation.  Preliminary efforts
should be directed at study designs that use less invasive methods.  If such methods cannot provide the
quality of data required or when the benefit exceeds potential mortality risk, then electrofishing can be
considered.   Electrofishing used on a limited basis to calibrate direct observations (e.g., Hankin and
Reeves 1988) is commonly used and methods are currently under development that increase the use of
direct observation counts (e.g., bounded counts, “multiple snorkel passes”) which, in many cases, will
further reduce the need for electrofishing.

Electrofishing Guidelines
Training
Field supervisors and crew members must have appropriate training and experience with electrofishing
techniques.  Training for field supervisors can be acquired from programs such as those offered from the U.
S. Fish and Wildlife Service - National Conservation Training Center (Principles and Techniques of
Electrofishing course) where participants are presented information concerning such topics as electric
circuit and field theory, safety training, and fish injury awareness and minimization.  A crew leader having at
least 100 hours of electrofishing experience in the field using similar equipment must train the crew.  The
crew leader’s experience must be documented and available for confirmation; such documentation may be
in the form of a logbook.  The training must occur before an inexperienced crew begins any electrofishing
and should be conducted in waters that do not contain ESA-listed fish.  Field crew training must include the
following elements:

1. A review of these guidelines and the equipment manufacturer’s recommendations, including basic
gear maintenance.

2. Definitions of basic terminology (e.g. galvanotaxis, narcosis, and tetany) and an explanation of how
electrofishing attracts fish.

3. A demonstration of the proper use of electrofishing equipment (including an explanation of how
gear can injure fish and how to recognize signs of injury) and of the role each crew member
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performs.
4.  A demonstration of proper fish handling, anesthetization, and resuscitation techniques.
5.  A field session where new individuals actually perform each role on the electrofishing crew.

Research Coordination
Research activities should be coordinated with fishery personnel from other agencies/parties to avoid
duplication of effort, oversampling small populations, and unnecessary stress on fish.  Researchers should
actively seek out ways to share data on threatened and endangered species so that fish samples yield as
much information as possible to the research community.  NMFS believes that the state fishery agencies
should play a major role in coordinating salmonid research and encourages researchers to discuss their
study plans with these agencies prior to approaching NMFS for an ESA permit.

Initial Site Surveys and Equipment Settings
1.  In order to avoid contact with spawning adults or active redds, researchers must conduct a careful visual

survey of the area to be sampled before beginning electrofishing. 
2.  Prior to the start of sampling at a new location, water temperature and conductivity measurements

should be taken to evaluate electroshocker settings and adjustments.  No electrofishing
should occur when water temperatures are above 18°C or are expected to rise
above this temperature prior to concluding the electrofishing survey.  In
addition, studies by NMFS scientists indicate that no electrofishing should occur
in California coastal basins when conductivity is above 350 µS/cm.

3.  Whenever possible, a block net should be placed below the area being sampled to capture stunned fish
that may drift downstream.

4.  Equipment must be in good working condition and operators should go through the manufacturer's
preseason checks, adhere to all provisions, and record major maintenance work in a logbook.

5.  Each electrofishing session must start with all settings (voltage, pulse width, and pulse rate) set to the
minimums needed to capture fish.  These settings should be gradually increased only to the point
where fish are immobilized and captured, and generally not allowed to exceed conductivity-based
maxima (Table 1).  Only direct current (DC) or pulsed direct current (PDC) should be used.

Table 1.  Guidelines for initial and maximum settings for backpack electrofishing.

Initial
settings

Maximum
 settings

Notes

Voltage 100 V Conductivity (µS/cm) Max. Voltage
        < 100                             1100 V
       100 - 300                          800 V
        > 300                               400 V

  In California coastal basins, settings 
  should never exceed 400 volts. 
  Also,  no electrofishing should 
  occur in  these basins if 
  conductivity is greater than
  350 µS/cm.

Pulse width 500 µs 5 ms

Pulse rate 30 Hz 70 Hz In general, exceeding 40 Hz will 
  injure more fish
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Electrofishing Technique
1.  Sampling should begin using straight DC.  Remember that the power needs to remain on until the fish is

netted when using straight DC.  If fish capture is unsuccessful with initial low voltage, gradually increase
voltage settings with straight DC.

2.  If fish capture is not successful with the use of straight DC,  then set the electrofisher to lower voltages with
PDC.  If fish capture is unsuccessful with low voltages, increase pulse width, voltage, and pulse
frequency (duration, amplitude, and frequency).

4.  Electrofishing should be performed in a manner that minimizes harm to the fish.  Stream segments should be
sampled systematically, moving the anode continuously in a herringbone pattern (where feasible)
through the water.  Care should be taken when fishing in areas with high fish concentrations, structure
(e.g., wood, undercut banks) and in shallow waters where most backpack electrofishing for juvenile
salmonids occurs.  Voltage gradients may be high when electrodes are in shallow water where
boundary layers (water surface and substrate) tend to intensify the electrical field. 

5.  Do not electrofish in one location for an extended period (e.g., undercut banks) and regularly check block
nets for immobilized fish. 

6.  Fish should not make contact with the anode.  Remember that the zone of potential injury for fish is 0.5 m
from the anode.

7.  Electrofishing crews should be generally observant of the condition of the fish and change or terminate
sampling when experiencing problems with fish recovery time, banding, injury, mortality, or other
indications of fish stress. 

8.  Netters should not allow the fish to remain in the electrical field any longer than necessary by removing
stunned fish from the water immediately after netting.

Sample Processing and Recordkeeping
1.  Fish should be processed as soon as possible after capture to minimize stress.  This may require a larger

crew size.
2.  All sampling procedures must have a protocol for protecting held fish.  Samplers must be aware of the

conditions in the containers holding fish; air pumps, water transfers, etc., should be used as necessary to
maintain safe conditions.  Also, large fish should be kept separate from smaller prey-sized fish to avoid
predation during containment.

3.  Use of an approved anesthetic can reduce fish stress and is recommended, particularly if additional handling
of fish is required (e.g., length and weight measurements, scale samples, fin clips, tagging). 

4.  Fish should be handled properly (e.g., wetting measuring boards, not overcrowding fish in buckets, etc.).
5.  Fish should be observed for general condition and injuries (e.g., increased recovery time, dark bands,

apparent spinal injuries).  Each fish should be completely revived before releasing at the location of
capture.  A plan for achieving efficient return to appropriate habitat should be developed before each
sampling session.  Also, every attempt should be made to process and release ESA-listed specimens
first.

8.  Pertinent water quality (e.g., conductivity and temperature) and sampling notes (e.g., shocker settings, fish
condition/injuries/mortalities) should be recorded in a logbook to improve technique and help train new
operators.  It is important to note that records of injuries or mortalities pertain to the entire
electrofishing survey, including the fish sample work-up.
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Introduction 
Migratory birds are protected by the federal Migratory Bird Treaty Act (MBTA) of 1918, as amended (16 United 
States Code [U.S.C.] 703-712). The Memorandum of Understanding between the Federal Energy Regulatory 
Commission and U.S. Department of the Interior United States Fish and Wildlife Service (USFWS) regarding 
implementation of Executive Order 13186, “Responsibilities of Federal Agencies to Protect Migratory Birds” (FERC 
and USFWS, 2011) (MBTA MOU) provides guidance on complying with the MBTA. This technical memorandum 
provides regulatory background on migratory birds relative to commercial logging and Pipeline operations. It also 
presents recommendations for avoidance of impacts to migratory birds and for stewardship compliance with the 
MBTA MOU. Oregon LNG proposes to clear land, including trees on commercial timberland, within a nominal 
100-foot-wide construction corridor and associated additional temporary workspaces to accommodate the 
Pipeline. Vegetated habitats, including commercial forests, may provide habitat for many species of migratory 
birds, including raptors and songbirds. 

Regulatory Background 
Section 703 of the MBTA prohibits the taking, killing, possession, transportation, and importation of migratory 
birds, their eggs, parts, and nests, except when specifically authorized by the U.S. Department of the Interior. The 
MBTA has no provision for allowing unauthorized take. 

The MBTA MOU specifies that both parties shall support the conservation intent of Executive Order 13186, and 
the migratory bird conventions, to the extent possible and practicable, by the following:  

• Integrating bird conservation principles, measures, and practices into agency actions;  
• Avoiding or minimizing the take of migratory birds and adverse effects on their habitat;  
• Improving habitat conditions for migratory birds on lands affected by energy projects; and  
• Preventing or abating pollution detrimental to migratory birds and their habitats. 

While the MBTA provides no mechanism for allowing unauthorized take, the USFWS recognizes that some birds 
may be taken during such activities as pipeline construction, even if all reasonable measures to avoid take are 
implemented. The USFWS Office of Law Enforcement carries out its mission to protect migratory birds not only 
through investigation and enforcement, but also through fostering relationships with individuals and industries 
that proactively seek to eliminate their impacts on migratory birds. Although it is not possible under the MBTA to 
absolve individuals, companies, or agencies from liability (even if they implement avian mortality avoidance or 
similar conservation measures), the USFWS Office of Law Enforcement focuses on those individuals, companies, 
or agencies that take migratory birds with disregard for their actions and the law, especially when conservation 
measures have been developed but are not properly implemented (Rockies Express Pipeline LLC and USFWS, 
2008). 

A number of court cases have dealt with the authority of the MBTA and logging operations (Lurman, 2007). 
In 2000, nine environmental groups, including the Center for Environmental Law, submitted a document 
(SEM-99-002) asserting that the Federal government was failing to enforce Section 703 of the MBTA. The 
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submitters claimed that logging operations consistently result in violations of the MBTA, killing an enormous 
number of birds, or destroying their nests and eggs. The submitters assert that, despite being aware of these 
violations, the United States never prosecutes logging operations that violate the MBTA. The submitters 
specifically referred to two cases in California where migratory birds were killed. The first case involves the logging 
of several hundred trees by a private landowner during the nesting season of great blue herons, allegedly 
resulting in hundreds of crushed eggs. The second case involves a logging company’s alleged intentional burning 
of four trees on private land, including one allegedly used by a nesting pair of osprey. 

In 2003, the North American Commission for Environmental Cooperation (CEC) conducted a legal review of how 
the MBTA has been applied to private logging operations (CEC, 2003). The CEC determined that there has never 
been a prosecution of a private timber harvest operation since the MBTA was enacted in 1918. The CEC concluded 
the following: 

• USFWS has long had an “unwritten policy relative to the MBTA that no enforcement or investigative action 
should be taken in incidents involving logging operations, that result in the taking of non-endangered, non-
threatened migratory birds and/or their nests” 

• Because of limited resources, USFWS has “concentrated its regulatory, enforcement, and scientific efforts to 
reducing unintentional takes of migratory birds caused by those activities where industry has created 
hazardous conditions which often attract migratory birds to their death (i.e., birds attracted to perching on 
power lines or open oil pits that appear as water ponds to overflying birds” 

• “Alternative statutes and non-enforcement initiatives are more effective and efficient in protecting migratory 
birds [and] habitat modification per se is not prohibited by the MBTA. This means that establishing a violation 
of the MBTA due to logging activities poses more significant technical challenges than many other types of 
MBTA violations. Therefore, the USFWS has thus far made bona fide decisions to allocate enforcement 
resources to investigating and prosecuting other possible violations instead of those caused by logging 
activities. The USFWS made its resource allocation decisions in good faith and always with the objective to 
conserve migratory bird populations and their habitats in sufficient quantities to prevent them from becoming 
threatened or endangered.” (CEC, 2003) 

On advice of counsel, it does not appear that the MBTA imposes an affirmative duty to take specific action under 
the MBTA, other than to avoid taking of migratory birds. Logging associated with clearing a Pipeline corridor by 
itself does not trigger the need for a permit or other regulatory approval under the MBTA, as habitat destruction 
alone does not constitute a “take” under the MBTA (Seattle Audubon Society v. Evans, 952 F.2d 297 [9th Cir., 
1991]; City of Sausalito v. O’Neill, 386 F.3d 1186 [9th Cir., 2004]). However, in the interest of being good stewards 
of the environment that the Pipeline will affect, it is recommended that measures be taken to avoid take. 

Mitigation 
Oregon LNG will take reasonable and prudent measures to avoid the taking of birds protected by the MBTA and in 
accordance with the MBTA MOU. These measures are in addition to those that may be imposed to protect birds 
protected under the Endangered Species Act, such as the northern spotted owl and marbled murrelet (see 
Resource Report 3, Appendix 3E). 

Land clearing will take place the same year as Pipeline construction (see Resource Report 1 for a Project 
schedule). Clearing will take place as late as possible in the spring and early summer to avoid as much of the 
nesting season as possible. Oregon LNG proposed land clearing in the late summer and early fall prior to Pipeline 
construction. The National Marine Fisheries Service (NMFS) was concerned that such a schedule increased risk of 
erosion into streams, particularly salmon-bearing streams. The USFWS, in consultation with NMFS, advised 
Oregon LNG that the preferred schedule would be to conduct land clearing the same year as construction. The 
corridor would then be rehabilitated at the end of the construction season, thereby limiting and minimizing 
exposure and risk of soil erosion. 
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Assuming that vegetation clearing cannot be avoided during the entire nesting and breeding season, Oregon LNG 
will provide biologists to conduct a preconstruction reconnaissance of the Terminal and Pipeline corridor to 
identify any active migratory bird nests. If one or more active nests are identified within the construction corridor, 
biologists will mark the location(s) of the nest(s) in the field and on the construction plans and delay vegetation 
clearing around the active nest(s) until such time as the nest(s) have fledged or failed (due to natural causes). 
If one or more active nests are identified outside the construction corridor but nearby, the biologists will monitor 
the nest(s) during construction for signs of disturbance. If it appears that the monitored nest(s) are exhibiting 
disturbance that could lead to unintentional indirect take pursuant to the MBTA, construction should be halted 
temporarily until such time as the nest has fledged or failed (due to natural causes). Trees with nests may be cut 
during the non-nesting season. Preconstruction surveys will include an aerial survey for raptor nests in late March 
prior to trees leafing out. 

Vegetation clearing shall not occur within 500 feet of any existing eagle, osprey, or other raptor nest locations or 
trees used by such birds unless a variance is granted, in writing, by USFWS. Band-tailed pigeon nesting or roosting 
tree(s), as well as any tree(s) near an existing great blue heron rookery, are not to be removed unless the USFWS 
approves it in writing. Removing trees in a designated nest patch of a northern spotted owl shall be avoided. 
Removing trees in a cluster of trees known to provide nesting for marbled murrelets shall be avoided. 

Unintentional take, the observation that land clearing has unintentionally killed a migratory bird, shall be reported 
to Oregon LNG’s designated environmental compliance officer within 24 hours of such an incident. The 
environmental compliance officer will be responsible for reporting the unintentional take to USFWS. 

Oregon LNG will rehabilitate the Pipeline corridor to provide habitat for birds and other wildlife. In addition, 
Oregon LNG proposed extensive upland and riparian habitat mitigation in the Applicant-Prepared Conceptual 
Mitigation Plan for the Oregon LNG Terminal and Oregon Pipeline Project (CH2M HILL, 2009). The habitat 
mitigation proposed in the conceptual mitigation plan places an emphasis on preservation and management 
toward late-successional forests and riparian habitats that are in decline in the Coast Range. The combination of 
rehabilitation of the Pipeline corridor, long-term conservation of upland, and riparian habitats will benefit 
migratory birds. 
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WETLANDS AND WATERBODIES CROSSED  
BY THE OREGON LNG PIPELINE  

  



 

 



Facility Type Wetland ID

Cowardin 

Classification a HGM b Offsite Mapping c

Permanent 
Wetland 

Impact d  

(acres) 

Temporary 
Wetland 

Impact e 

(acres)

Total 
Construction 
Disturbance 
(acres)

Terminal W4BCL01 PSS Depressional N 2.962 0.129 3.091

W4BCL02 PSS Depressional N 0.076 0.000 0.076

W4BCL03 PSS Depressional N 0.135 0.000 0.135

W4BCL04 PSS Depressional N 0.313 0.000 0.313

W4BCL05 E2EM Estuarine Fringe N 26.748 0.827 27.575

W4BCL06 E2EM Estuarine Fringe N 0.012 0.006 0.018

W4BCL07 E2EM Estuarine Fringe N 0.489 0.121 0.610

W4BCL08 E2EM Estuarine Fringe N 0.293 0.017 0.310

W4BCL09 E2EM Depressional N 0.028 0.000 0.028

W4BCL11 E2EM Estuarine Fringe N 0.015 0.035 0.050

W4BCL12 E2EM Estuarine Fringe N 0.023 0.000 0.023

W5BCL016 E2EM Estuarine Fringe N 0.461 0.307 0.768

W5BCL020 PEM Depressional N 0.178 0.000 0.178

W5BCL048 PEM Depressional N 0.330 0.001 0.331

W5BCL049A PSS Depressional N 0.694 0.008 0.702

W5BCL059 PEM Estuarine Fringe N 0.010 0.012 0.022

Terminal Subtotal 32.767 1.463 34.230

Access Road W5BCL020 PEM Depressional N 0.012 0.042 0.054

W5BCL021 PEM Depressional N 0.397 0.199 0.596

W5BCL023 PEM Depressional N 0.507 0.382 0.889

W5BCL084 PFO Depressional N 0.001 0.000 0.001

W5BCL085 PFO Depressional N 0.160 0.000 0.160

W5BCL086 PSS Depressional N 0.028 0.013 0.041

Access Road Subtotal 1.105 0.636 1.741

Terminal Total 33.872 2.099 35.971

Nonjursidictional Facilities

Effluent & Potable Water Lines W5BCL019 PEM Depressional N 0.000 0.299 0.299

W5BCL023 PEM Depressional N 0.000 0.033 0.033

Potable Water Line W99CL0002 PFO/SS TBD Y 0.040 0.000 0.040

W99CL0003 PEM/SS TBD Y 0.000 0.029 0.029

W99CL0004 PSS TBD Y 0.000 0.014 0.014

W99CL0005 PEM TBD Y 0.000 0.187 0.187

W99CL0007 PFO TBD Y 0.002 0.000 0.002

Effluent and Potable Water Line Subtotal 0.042 0.23 0.272

HDD Drill Area W99CL0005 PEM TBD Y 0.000 0.013 0.013

W99CL0006 PFO TBD Y 0.104 0.000 0.104

W99CL0007 PFO TBD Y 0.892 0.000 0.892

W99CL0008 PEM TBD Y 0.000 0.026 0.026

HDD Pullback W5BCL019 PEM Depressional N 0.000 0.049 0.049

W5BCL020 PEM Depressional N 0.000 0.296 0.296

W5BCL021 PEM Depressional N 0.000 0.037 0.037

W5BCL023 PEM Depressional N 0.000 0.079 0.079

HDD Drill Area and Pullback Subtotal 0.996 0.500 1.496

Nonjursidictional Facilities Total 1.038 0.730 1.768
__________
a   Cowardin Classification System: PEM = palustrine emergent; PSS = palustrine scrub-shrub; PFO = palustrine forested, E2EM=estuarine emergent.
b Wetland classes based on Hydrogeomorphic Assessment Guidebook for Tidal Wetlands of the Oregon Coast, TBD = to be determined due to  lack of site access.
c  Y = Oregon LNG surveyed wetland, N = no site access – proxy data used.
e  Permanent impacts on wetlands requiring long term restoration including the functional conversion of forested wetlands to scrub-shrub  wetlands, or conversation of  scru
shrub wetlands to emergent wetlands.
f  Temporary impacts on wetlands that are expected to recover to preconstruction conditions.

Table G1-1

Wetlands Impacted by Terminal and Associated Facilities

G1‐1



MP Wetland ID 

Cowardian 

Classification a HGM b County/State Tax Lot 

Offsite 

Mapping c

Length of 
pipeline 

(feet) d

Permanent
Wetland 
Impact 

(acres) e

Temporary
Wetland
Impact

(acres) f

Total 
Construction 
Disturbance

(acres)

Excavated

Volume g

(cubic yards)
Fill Volume 

(cubic yards)

0.1 W5BCL050 PSS Depressional CLATSOP, OR 08N10W15D001600 N 141 0.1 0.2 0.2 417.6 417.6

0.1 W5BCL058 PEM Depressional CLATSOP, OR 08N10W15D001600 N 327 0.0 0.7 0.7 969.9 969.9

0.2 W5BCL021 PEM Depressional CLATSOP, OR 08N10W22AC01000 N 310 0.0 1.5 1.5 917.2 917.2

0.2 W5BCL052 PEM Depressional-Fringe CLATSOP, OR 08N10W15D001600 N 504 0.0 1.1 1.1 1492 1492

0.8 W99CL0021 E2USN Estuarine CLATSOP, OR 08N10W23BD00600 Y 1774 0.0 5.1 5.1 5256 5256

0.8 W99CL0021A PEM TBD CLATSOP, OR 08N10W23BD00600 Y 960 0.0 3.4 3.4 2843.8 2843.8

1.3 W5BCL015A AW TBD CLATSOP, OR 08N10W230000200 N 718 0.0 1.2 1.2 2126.3 2126.3

1.3 W5BCL015K PSS Depressional CLATSOP, OR 08N10W230000200 N 21 0.0 0.0 0.0 61.2 61.2

1.4 W5BCL015L PSS Depressional CLATSOP, OR 08N10W230000200 N 258 0.2 0.3 0.4 764.9 764.9

1.4 W5BCL015N PSS Depressional CLATSOP, OR 08N10W230000200 N 103 0.1 0.1 0.2 304.8 304.8

1.5 W5BCL015Q PSS Depressional CLATSOP, OR 08N10W230000200 N 110 0.1 0.1 0.2 326.2 326.2

1.5 W5BCL015R PSS Depressional CLATSOP, OR 08N10W260000500 N 44 0.0 0.1 0.2 130.5 130.5

1.6 W5BCL015O AW TBD CLATSOP, OR 08N10W260000500 N 933 0.0 3.0 3.0 2765.2 2765.2

1.7 W5BCL060 AW Depressional CLATSOP, OR 08N10W260000500 N 486 0.0 1.6 1.6 1439.8 1439.8

1.8 W5BCL061 PSS Depressional CLATSOP, OR 08N10W260000500 N 255 0.2 0.4 0.6 756.8 756.8

1.8 W99CL200 PSS TBD CLATSOP, OR 08N10W260000401 Y 115 0.2 0.3 0.4 340.5 340.5

2.0 W5BCL062 AW Depressional CLATSOP, OR 08N10W260000500 N 0 0.0 0.0 0.0 0 0

2.0 W99CL201 PFO TBD CLATSOP, OR 08N10W260000800 Y 937 2.2 0.0 2.2 2776.1 2776.1

2.3 W99CL202 PSS TBD CLATSOP, OR 08N10W250000500 Y 235 0.2 0.6 0.7 697.2 697.2

2.4 W38CL083 PEM TBD CLATSOP, OR 08N10W250000500 Y 0 0.0 0.0 0.0 0 0

2.4 W5BCL066 PEM Depressional CLATSOP, OR 08N10W250000400 N 239 0.0 1.1 1.1 709.3 709.3

2.5 W5BCL067 PSS Depressional CLATSOP, OR 08N10W250000400 N 513 0.4 0.6 1.0 1519.3 1519.3

2.7 W40CL001 PSS TBD CLATSOP, OR 08N10W250000400 Y 1464 1.0 2.6 3.6 4337.9 4337.9

3.3 W40CL010 AW TBD CLATSOP, OR 08N10W250001500 Y 327 0.0 1.9 1.9 968.4 968.4

3.4 W40CL011 AW TBD CLATSOP, OR 08N10W250001500 Y 175 0.0 0.3 0.3 517.3 517.3

3.4 W99CL026 AW TBD CLATSOP, OR 08N10W250001500 Y 161 0.0 0.3 0.3 478 478

3.5 W99CL077B AW TBD CLATSOP, OR 08N10W250001500 Y 143 0.0 0.3 0.3 424.7 424.7

3.6 W99CL030 PEM TBD CLATSOP, OR 08N10W360000200 Y 72 0.0 0.1 0.1 211.9 211.9

3.7 W99CL033 PFO TBD CLATSOP, OR 08N10W360000300 Y 365 0.5 0.0 0.5 1080.6 1080.6

3.7 W99CL077A AW TBD CLATSOP, OR 08N10W360000200 Y 1249 0.0 3.3 3.3 3702 3702

3.8 W99CL017 AW TBD CLATSOP, OR 08N10W360000300 Y 492 0.0 1.1 1.1 1457.6 1457.6

3.8 W99CL076 AW TBD CLATSOP, OR 08N10W360000300 Y 154 0.0 0.4 0.4 457.2 457.2

4.2 W5BCL042F AW TBD CLATSOP, OR 08N10W360001800 N 1800 0.0 5.4 5.4 5333.7 5333.7

4.5 W42CL001 PEM TBD CLATSOP, OR 08N10W360001800 Y 1423 0.0 5.1 5.1 4216.5 4216.5

4.5 W5BCL042A AW TBD CLATSOP, OR 07N10W010000200 N 0 0.0 0.0 0.0 0 0

4.5 W5BCL073 PFO TBD CLATSOP, OR 08N10W360001706 N 0 0.0 0.0 0.0 0 0

4.6 W5BCL042C AW TBD CLATSOP, OR
07N10W000000100 
WATER N 561 0.0 1.8 1.8 1663.3 1663.3

4.6 W5BCL043 PEM Depressional CLATSOP, OR 07N10W010000200 N 400 0.0 1.0 1.0 1186.6 1186.6

Lower Columbia HUC 4 Subbasin - Clatsop County, Oregon
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4.7 W42CL002 AW TBD CLATSOP, OR 07N10W010000500 Y 656 0.0 1.7 1.7 1943.7 1943.7

4.8 W5BCL044 PEM Depressional CLATSOP, OR 07N10W010001003 N 7 0.0 0.0 0.0 20.1 20.1

4.9 W5BCL042D AW TBD CLATSOP, OR 07N10W010001003 N 147 0.0 0.4 0.4 435 435

5.0 W40CL016 AW TBD CLATSOP, OR 07N10W010001003 Y 689 0.0 1.6 1.6 2041.4 2041.4

5.0 W40CL018 PFO TBD CLATSOP, OR 07N10W010001003 Y 0 0.1 0.0 0.1 0 0

5.1 W39CL004 AW TBD CLATSOP, OR 07N10W010001003 Y 100 0.0 1.0 1.0 296.2 296.2

5.5 W40CL023 AW TBD CLATSOP, OR 07N09W060001500 Y 241 0.0 4.0 4.0 714.4 714.4

5.5 W99CL074 AW TBD CLATSOP, OR 07N09W060001500 Y 289 0.0 1.1 1.1 855.5 855.5

5.6 W99CL073 AW TBD CLATSOP, OR 07N09W060001500 Y 301 0.0 1.4 1.4 890.8 890.8

6.2 W5BCL047 PEM Depressional CLATSOP, OR 07N10W120000500 N 67 0.0 0.1 0.1 199 199

6.3 W38CL007B PEM TBD CLATSOP, OR 07N10W120003000 Y 312 0.0 0.9 0.9 924.9 924.9

7.9 W1BCL001 PFO Slope CLATSOP, OR 07N10W130000801 N 222 0.4 0.0 0.4 657 657

8.0 W1BCL002 PEM Riverine CLATSOP, OR 07N10W240000100 N 146 0.0 0.2 0.2 431.3 431.3

8.0 W1BCL003 PEM Slope CLATSOP, OR 07N10W240000100 N 0 0.0 0.0 0.0 0 0

8.1 W1BCL005 PEM Slope CLATSOP, OR 07N10W240000100 N 0 0.0 0.0 0.0 0 0

8.8 W1BCL008 PEM Riverine CLATSOP, OR 07N10W240000100 N 111 0.0 0.2 0.2 327.6 327.6

10.2 W1BCL011 PEM Slope CLATSOP, OR 07N10W360000100 N 135 0.0 0.2 0.2 400.9 400.9

10.2 W1BCL023 PEM Flats CLATSOP, OR 07N10W360000100 N 150 0.0 0.2 0.2 443.5 443.5

10.3 W1BCL022 PSS Flats CLATSOP, OR 07N10W360000100 N 60 0.0 0.1 0.1 178.4 178.4

10.9 W39CL006 PEM TBD CLATSOP, OR 07N09W310000400 Y 10 0.0 0.0 0.0 29.5 29.5

10.9 W99CL004 PEM TBD CLATSOP, OR 07N09W310000400 Y 143 0.0 0.7 0.7 424.1 424.1

10.9 W99CL007 PEM TBD CLATSOP, OR 07N09W310000500 Y 279 0.0 0.9 0.9 825.4 825.4

12.3 W1BCL032 PEM Flats CLATSOP, OR 06N09W000000600 N 123 0.0 0.2 0.2 365.5 365.5

12.3 W1BCL033 PEM Flats CLATSOP, OR 07N09W000000300 N 141 0.0 0.2 0.2 416.8 416.8

12.4 W1BCL030 PEM Flats CLATSOP, OR 06N09W000000600 N 59 0.0 0.1 0.1 173.6 173.6

12.4 W1BCL031 PEM Flats CLATSOP, OR 06N09W000000600 N 0 0.0 0.0 0.0 0 0

12.5 W1BCL025 PEM Riverine CLATSOP, OR 06N09W000000600 N 40 0.0 0.0 0.0 119 119

12.5 W1BCL028 PEM Slope CLATSOP, OR 06N09W000000600 N 0 0.0 0.0 0.0 0 0

12.5 W1BCL029 PEM Flats CLATSOP, OR 06N09W000000600 N 0 0.0 0.1 0.1 0 0

13.1 W1BCL035 PSS Slope CLATSOP, OR 06N09W000000600 N 102 0.1 0.1 0.1 303.5 303.5

13.1 W1BCL037 PEM Slope CLATSOP, OR 06N09W000000600 N 0 0.0 0.0 0.0 0 0

13.2 W1BCL036 PSS Slope CLATSOP, OR 06N09W000000600 N 244 0.2 0.3 0.4 724.1 724.1

15.1 W5BCL080 PEM Depressional CLATSOP, OR 06N09W000000600 N 17 0.0 0.0 0.0 51.5 51.5

15.8 W5BCL005 PEM Depressional CLATSOP, OR 06N09W360000100 N 2 0.0 0.0 0.0 4.7 4.7

15.9 W5BCL006 PEM Depressional CLATSOP, OR 06N09W360000100 N 0 0.0 0.0 0.0 0 0

15.9 W5BCL007 PEM Depressional CLATSOP, OR 06N09W000000000 N 162 0.0 0.3 0.3 479.6 479.6

15.9 W5BCL008 PEM Depressional CLATSOP, OR 06N09W000000000 N 47 0.0 0.1 0.1 138 138

15.9 W5BCL009 PEM Depressional CLATSOP, OR 06N09W360000100 N 0 0.0 0.0 0.0 0 0

16.0 W5BCL010 PEM Depressional CLATSOP, OR 06N09W360000100 N 6 0.0 0.0 0.0 16.6 16.6

16.0 W5BCL011 PEM Depressional CLATSOP, OR 06N09W000000000 N 66 0.0 0.1 0.1 194.6 194.6
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16.6 W5BCL012B PEM TBD CLATSOP, OR 06N09W360000100 N 0 0.0 0.0 0.0 0 0

17.8 W5BCL070 PEM Riverine CLATSOP, OR 06N09W360000100 N 63 0.0 0.1 0.1 186.1 186.1

17.8 W5BCL071 PEM Depressional CLATSOP, OR 06N09W360000100 N 0 0.0 0.0 0.0 0 0

18.3 W5BCL069 PSS Depressional CLATSOP, OR 06N08W000001800 N 0 0.0 0.0 0.0 0 0

18.4 W5BCL068 PEM Riverine CLATSOP, OR 06N08W000001800 N 0 0.0 0.0 0.0 0 0

18.6 W1BCL012 PFO Riverine CLATSOP, OR 06N08W000001800 N 71 0.1 0.0 0.1 211.8 211.8

18.6 W1BCL014 PFO Flats CLATSOP, OR 06N08W000001800 N 193 0.3 0.0 0.3 573.3 573.3

18.9 W1BCL015 PFO Slope CLATSOP, OR 06N08W000003400 N 19 0.0 0.0 0.0 55.4 55.4

19.0 W1BCL016 PFO Slope CLATSOP, OR 06N08W000003400 N 0 0.0 0.0 0.0 0 0

19.0 W1BCL018 PFO Slope CLATSOP, OR 06N08W000003700 N 0 0.0 0.0 0.0 0 0

19.0 W1BCL019 PEM Slope CLATSOP, OR 06N08W000003700 Y 0 0.0 0.0 0.0 0 0

19.3 W1BCL020 PEM Riverine CLATSOP, OR 06N08W000003400 N 97 0.0 0.1 0.1 288.6 288.6

19.3 W1BCL021 PFO Slope CLATSOP, OR 06N08W000003300 N 0 0.0 0.0 0.0 0 0

19.4 W7BCL004 PEM Slope CLATSOP, OR 06N08W000003400 N 9 0.0 0.0 0.0 27.2 27.2

19.6 W2BCL008 PFO Riverine CLATSOP, OR 06N08W000003400 N 245 0.4 0.0 0.4 727.4 727.4

19.7 W2BCL009 PEM Slope CLATSOP, OR 06N08W000003300 N 174 0.0 0.3 0.3 516.6 516.6

19.8 W2BCL007 PEM Slope CLATSOP, OR 06N08W160002000 N 0 0.0 0.0 0.0 0 0

22.1 W5BCL028 PEM Riverine CLATSOP, OR 06N08W160002000 N 67 0.0 0.1 0.1 199.5 199.5

22.4 W7BCL006 PFO Slope CLATSOP, OR 06N08W160002000 N 40 0.1 0.0 0.1 117.6 117.6

22.5 W6BCL003 PFO Riverine CLATSOP, OR 06N08W160002000 N 63 0.1 0.0 0.1 185.7 185.7

22.6 W6BCL002 PEM Riverine CLATSOP, OR 06N08W160002000 N 41 0.0 0.1 0.1 122 122

24.4 W5BCL001 PEM Slope CLATSOP, OR 06N08W260004100 N 25 0.0 0.0 0.0 75 75

24.8 W2BCL001 PSS Depressional CLATSOP, OR 06N08W260004100 N 60 0.0 0.1 0.1 176.7 176.7

24.9 W2BCL002 PEM Slope CLATSOP, OR 06N08W260004100 N 46 0.0 0.1 0.1 137.6 137.6

25.3 W2BCL003A PEM Riverine CLATSOP, OR 06N08W260004100 N 10 0.0 0.0 0.0 28.2 28.2

25.3 W2BCL004A PEM Riverine CLATSOP, OR 06N08W260004100 N 0 0.0 0.0 0.0 0 0

25.9 W2BCL006 PEM Riverine CLATSOP, OR 06N08W260004100 N 24 0.0 0.0 0.0 71.7 71.7

26.8 W5BCL003 PEM Slope CLATSOP, OR 05N08W010000100 N 0 0.0 0.0 0.0 0 0

27.3 W5BCL002 PEM Slope CLATSOP, OR 05N08W010000100 N 0 0.0 0.0 0.0 0 0

27.3 W5BCL078 PEM Depressional CLATSOP, OR 05N08W010000100 N 10 0.0 0.0 0.0 31 31

30.1 W6BCL001 PEM Depressional CLATSOP, OR 05N07W000000500 N 30 0.0 0.1 0.1 89.9 89.9

30.5 W1BCL039 PEM Flats CLATSOP, OR 05N07W000000500 N 41 0.0 0.0 0.0 120.4 120.4

30.7 W2BCL019 PEM Depressional CLATSOP, OR 05N07W000000500 N 0 0.0 0.0 0.0 0 0

31.3 W2BCL018 PEM Slope CLATSOP, OR 05N07W000000500 N 38 0.0 0.1 0.1 111.9 111.9

31.4 W2BCL017 PEM Riverine CLATSOP, OR 05N07W000000500 N 38 0.0 0.0 0.0 112.2 112.2

32.5 W3BCL001 PEM Slope CLATSOP, OR 05N07W000002500 N 42 0.0 0.1 0.1 124.5 124.5

33.8 W99CL102 PSS TBD CLATSOP, OR 05N07W330000300 Y 132 0.1 0.1 0.2 392.4 392.4

33.9 W39CL013 AW TBD CLATSOP, OR 05N07W330000300 Y 0 0.0 0.2 0.2 0 0

33.9 W39CL014 AW TBD CLATSOP, OR 05N07W330000300 Y 139 0.0 0.6 0.6 412.3 412.3

Nehalem HUC 4 Subasin - Clatsop County, OR 
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34.0 W39CL015 AW TBD CLATSOP, OR 05N07W330000300 Y 406 0.0 1.1 1.1 1201.7 1201.7

34.1 W99CL002 AW TBD CLATSOP, OR 05N07W330000300 Y 387 0.0 0.8 0.8 1146.3 1146.3

34.4 W5BCL026 PEM Riverine CLATSOP, OR 05N07W330000700 N 0 0.0 0.0 0.0 0 0

36.3 W3BCL101 PSS/PFO TBD CLATSOP, OR 04N07W000000400 N 458 1.0 0.0 1.0 1358.1 1358.1

36.5 W3BCL100 PSS/PFO TBD CLATSOP, OR 04N07W000000300 N 92 0.1 0.0 0.1 271.5 271.5

36.7 W3BCL101b PSS/PFO TBD CLATSOP, OR 04N07W000000400 N 2169 5.3 0.0 5.3 6426.7 6426.7

37.1 W3BCL003 PFO Slope CLATSOP, OR 04N07W000000102 N 29 0.1 0.0 0.1 84.7 84.7

37.2 W3BCL002 PFO Slope CLATSOP, OR 04N07W000000102 N 38 0.1 0.0 0.1 113.9 113.9

37.6 W8BCL004 PEM Slope CLATSOP, OR 04N07W000000100 N 803 0.0 1.4 1.4 2379.1 2379.1

38.3 W8BCL003 PSS Depressional CLATSOP, OR 04N07W000000100 N 42 0.0 0.0 0.1 125.3 125.3

38.4 W8BCL002 PSS Depressional CLATSOP, OR 04N07W000000100 N 43 0.0 0.0 0.0 128.8 128.8

38.5 W8BCL001 PSS Depressional CLATSOP, OR 04N07W000000100 N 50 0.0 0.0 0.1 146.8 146.8

39.1 W2BCL030B PEM Riverine CLATSOP, OR 04N07W130000304 N 16 0.0 0.0 0.0 46.3 46.3

39.3 W2BCL028 PEM Riverine CLATSOP, OR 04N07W130000304 N 124 0.0 0.2 0.2 368.3 368.3

39.5 W2BCL026 PEM Slope CLATSOP, OR 04N07W130000304 N 128 0.0 0.2 0.2 379.3 379.3

39.6 W1BCL050A PFO Slope CLATSOP, OR 04N07W000002500 N 462 0.8 0.0 0.8 1368.5 1368.5

40.6 W8BCL030 PEM TBD CLATSOP, OR ROW N 153 0.0 0.2 0.2 452.8 452.8

40.9 W8BCL007C PSS TBD CLATSOP, OR 04N06W000001000 N 101 0.1 0.1 0.2 298.7 298.7

41.4 W8BCL011A PFO TBD CLATSOP, OR 04N06W000000607 N 0 0.0 0.0 0.0 0 0

41.5 W8BCL011B PFO TBD CLATSOP, OR 04N06W000000607 N 108 0.2 0.0 0.2 319.2 319.2

41.6 W8BCL012 PFO Depressional CLATSOP, OR 04N06W000000607 N 87 0.2 0.0 0.2 257.4 257.4

41.7 W8BCL013 PFO Depressional CLATSOP, OR 04N06W000000607 N 80 0.1 0.0 0.1 236.8 236.8

41.9 W8BCL014 PSS Depressional CLATSOP, OR 04N06W000000603 N 152 0.1 0.2 0.3 449.1 449.1

42.0 W8BCL015 PSS Depressional CLATSOP, OR 04N06W000000603 N 86 0.1 0.1 0.1 254.7 254.7

42.2 W8BCL017 PSS Depressional CLATSOP, OR 04N06W000000603 N 133 0.1 0.0 0.1 393.3 393.3

42.3 W8BCL018 PFO Riverine CLATSOP, OR 04N06W000000603 N 292 0.5 0.0 0.5 865.2 865.2

42.6 W1BCL040 PEM Riverine CLATSOP, OR 04N06W000000603 N 0 0.0 0.0 0.0 0 0

43.0 W1BCL042 PEM Slope CLATSOP, OR 04N06W000000603 N 0 0.0 0.0 0.0 0 0

43.7 W1BCL045 PEM Riverine CLATSOP, OR 04N06W000000600 N 0 0.0 0.0 0.0 0 0

43.9 W1BCL046 PEM Riverine CLATSOP, OR 04N06W000000600 N 63 0.0 0.1 0.1 187.2 187.2

44.0 W1BCL047 PEM Riverine CLATSOP, OR ROW N 0 0.0 0.0 0.0 0 0

44.2 W1BTI001 PFO Riverine TILLAMOOK, OR 03N06W000099980 N 69 0.1 0.0 0.1 203.3 203.3

44.3 W1BTI002 PEM Riverine TILLAMOOK, OR 03N06W000099980 N 0 0.0 0.0 0.0 0 0

44.8 W5BTI003 PEM Riverine TILLAMOOK, OR 03N06W000004600 N 0 0.0 0.0 0.0 0 0

45.5 W1BTI004 PEM Slope TILLAMOOK, OR 03N06W000000800 N 58 0.0 0.1 0.1 172.9 172.9

47.4 W5BTI001 PEM Depressional TILLAMOOK, OR 03N06W000000100 N 49 0.0 0.1 0.1 146.5 146.5

47.6 W6BCO004 PFO Riverine COLUMBIA, OR 04N05W000004000 N 31 0.1 0.0 0.1 92 92

48.3 W1BCO001 PEM Depressional COLUMBIA, OR 04N05W000003900 N 0 0.0 0.0 0.0 0 0

48.3 W1BCO002 PSS Depressional COLUMBIA, OR 04N05W000003900 N 0 0.0 0.0 0.0 0.018 0

Nehalem HUC 4 Subasin - Tillamook County, OR 
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49.4 W4BCO001 PEM Depressional COLUMBIA, OR 04N05W000003600 N 18 0.0 0.0 0.0 53.1 53.1

50.6 W3BCO111 PFO Slope COLUMBIA, OR 04N05W000003600 N 115 0.1 0.0 0.1 341 341

50.7 W3BCO113 PEM Slope COLUMBIA, OR 04N05W000003400 N 0 0.0 0.0 0.0 0 0

50.8 W3BCO112 PFO Slope COLUMBIA, OR 04N05W000003400 N 89 0.1 0.0 0.1 264.2 264.2

53.6 W3BCO002 PSS Riverine COLUMBIA, OR 04N05W000001800 N 1 0.0 0.0 0.0 2.8 2.8

55.1 W4BCO002 PEM Depressional COLUMBIA, OR 04N05W000002100 N 0 0.0 0.0 0.0 0 0

55.4 W3BCO109 PEM Riverine COLUMBIA, OR 04N05W000000200 N 0 0.0 0.0 0.0 0 0

55.5 W3BCO110 PEM Depressional COLUMBIA, OR 04N05W000000200 N 0 0.0 0.0 0.0 0 0

55.8 W3BCO107 PEM Depressional COLUMBIA, OR 04N05W000000200 N 553 0.0 1.0 1.0 1639.8 1639.8

57.7 W3BCO100 PFO TBD COLUMBIA, OR 05N05W000007800 N 0 0.0 0.0 0.0 0 0

63.5 W3BCO102 PFO Slope COLUMBIA, OR 05N04W230000600 N 149 0.2 0.0 0.2 440.7 440.7

63.6 W3BCO103 PEM Riverine COLUMBIA, OR 05N04W230000600 N 0 0.0 0.1 0.1 0 0

63.6 W3BCO103c PEM Riverine COLUMBIA, OR 05N04W230000600 N 174 0.0 0.5 0.5 515.5 515.5

66.3 W3BCO101 PEM Slope COLUMBIA, OR 05N03W190000100 N 110 0.0 0.2 0.2 326.1 326.1

69.1 W6BCO005 PFO Riverine COLUMBIA, OR 05N03W220000200 N 112 0.3 0.0 0.3 330.6 330.6

70.2 W3BCO003 PEM Riverine COLUMBIA, OR 05N03W140000100 N 0 0.0 0.0 0.0 0 0

71.0 W1BCO020 PEM Depressional COLUMBIA, OR 05N03W140000100 N 0 0.0 0.0 0.0 0 0

71.1 W1BCO021 PEM Slope COLUMBIA, OR 05N03W130000100 N 0 0.0 0.0 0.0 0 0

71.2 W1BCO022 PEM Depressional COLUMBIA, OR 05N03W130000100 N 0 0.0 0.0 0.0 0 0

72.9 W3BCO007 PFO Depressional COLUMBIA, OR 05N02W180000100 N 77 0.3 0.0 0.3 227.7 227.7

73.5 W1BCO023 PFO Riverine COLUMBIA, OR 05N02W170000200 N 72 0.1 0.0 0.1 213.6 213.6

73.6 W1BCO024 PSS Depressional COLUMBIA, OR 05N02W170000200 N 106 0.1 0.1 0.2 312.8 312.8

74.6 W6BCO002 PFO Riverine COLUMBIA, OR 05N02W160000200 N 365 0.7 0.0 0.7 1081 1081

74.9 W6BCO001 PFO Riverine COLUMBIA, OR 05N02W160000200 N 21 0.0 0.0 0.0 63.6 63.6

Lower Columbia Clastskanie HUC 4 Subasin - Columbia County, OR

76.4 W3BCO013 PEM/PFO Riverine COLUMBIA, OR 05N02W150000100 N 92 0.1 0.0 0.1 273.7 273.7

78.4 W3BCO121 PSS Riverine COLUMBIA, OR 05N02W130000100 N 13 0.0 0.0 0.0 37.1 37.1

78.7 W3BCO120 PSS Slope COLUMBIA, OR 05N02W130000100 N 137 0.1 0.1 0.2 405.3 405.3

78.9 W3BCO119 PSS Slope COLUMBIA, OR 05N02W130000100 N 94 0.2 0.0 0.2 277.8 277.8

79.0 W3BCO118 PSS Slope COLUMBIA, OR 05N01W180000500 N 199 0.0 0.3 0.3 588.3 588.3

79.1 W3BCO116 PSS Slope COLUMBIA, OR 05N01W180000500 N 0 0.0 0.0 0.0 0.011 0

79.1 W3BCO117 PFO Slope COLUMBIA, OR 05N01W180000500 N 198 0.3 0.0 0.3 588.1 588.1

79.2 W3BCO115 PSS Slope COLUMBIA, OR 05N01W180000500 N 212 0.1 0.1 0.2 627.9 627.9

79.8 W3BCO114A PSS Riverine COLUMBIA, OR 05N01W180000300 N 0 0.0 0.0 0.0 0 0

79.8 W3BCO114B PSS Riverine COLUMBIA, OR 05N01W180000300 N 60 0.0 0.1 0.1 177.9 177.9

80.2 W5BCO012 PEM Slope COLUMBIA, OR 05N01W170000300 N 0 0.0 0.3 0.3 0 0

80.2 W99CO001 PEM TBD COLUMBIA, OR 05N01W170000204 Y 126 0.0 0.2 0.2 373.3 373.3

81.4 W5BCO013 PFO Riverine COLUMBIA, OR 05N01W160000100 N 306 0.8 0.0 0.8 907.6 907.6

Lower Willamette HUC 4 Subbasin - Columbia County, OR

Lower Columbia Clastskanie HUC 4 Subasin - Columbia County, OR
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MP Wetland ID 

Cowardian 

Classification a HGM b County/State Tax Lot 

Offsite 

Mapping c

Length of 
pipeline 

(feet) d

Permanent
Wetland 
Impact 

(acres) e

Temporary
Wetland
Impact

(acres) f

Total 
Construction 
Disturbance

(acres)

Excavated

Volume g

(cubic yards)
Fill Volume 

(cubic yards)

Table G1-2

Wetlands Crossed by the Oregon LNG Pipeline 

81.5 W99CO030 PFOA TBD COLUMBIA, OR 05N01W170000200 Y 174 0.6 0.0 0.6 515.9 515.9

81.6 W99CO030 PFO/SSA TBD COLUMBIA, OR 05N01W160000100 Y 132 0.7 0.0 0.7 391.4 391.4

81.6 W99CO031 PEM TBD COLUMBIA, OR 05N01W160000100 Y 475 0.0 1.9 1.9 1407.4 1407.4

81.7 W3BCO009 PSS Riverine COLUMBIA, OR 05N01W160000201 N 173 0.1 0.1 0.2 511.4 511.4

81.7 W99CO005 PFOA TBD COLUMBIA, OR 05N01W160000100 Y 98 0.5 0.0 0.5 291.7 291.7

81.7 W99CO006 PFO TBD COLUMBIA, OR 05N01W160000100 Y 85 1.2 0.0 1.2 251 251

81.7 W99CO007 PFOC TBD COLUMBIA, OR 05N01W160000100 Y 0 0.1 0.0 0.1 0 0

81.7 W99CO032 PEM TBD COLUMBIA, OR 05N01W160000201 Y 77 0.0 0.3 0.3 228.6 228.6

82.0 W3BCO008 PEM Riverine COLUMBIA, OR
05N01W1600 
WATER N 0 0.0 0.0 0.0 0 0

82.7 W99CW001 PEM TBD COWLITZ, WA WB1502002 Y 353 0.0 1.6 1.6 1047.1 1047.1

83.0 W99CW002 PEM TBD COWLITZ, WA WB1502001 Y 3024 0.0 6.9 6.9 8959.3 8959.3

84.7 W99CW020 PEM TBD COWLITZ, WA 507810106 Y 0 0.0 0.1 0.1 0 0

85.8 W99CW022 PEM TBD COWLITZ, WA 50729 Y 765 0.0 2.1 2.1 2267.3 2267.3

86.6 W99CW011 PEM TBD COWLITZ, WA Y 125 0.0 0.2 0.2 370.6 370.6
__________
a   Cowardin Classification System: PEM = palustrine emergent; PSS = palustrine scrub-shrub; PFO = palustrine forested,E2USN=  estuarine unconsoldiated bottom; AW= agricultural wetland (not a Cowardin class).
b Wetland classes based on Hydrogeomorphic Assessment Guidebook for Tidal Wetlands of the Oregon Coast, TBD = to be determined due to  lack of site access.
c  Y = Oregon LNG surveyed wetland, N = no site access – proxy data used.
e  Permanent impacts on wetlands requiring long term restoration including the functional conversion of forested wetlands to scrub-shrub  wetlands, or conversation of  scrub-shrub wetlands to emergent wetlands.
f  Temporary impacts on wetlands that are expected to recover to preconstruction conditions.
g  Volumes  based on a 10-foot width, 8-foot average depth, and the length of the pipeline through each wetland. Volumes include the temporary excavation of material from the trench and the replacement of the excavated 
material to backfill the trench but excludes temporary spoils piles in wetlands from trench excavation or temporary soil disturbances in temporary workspaces from equipment operation or other construction activities.

Lewis HUC 4 Subasin - Cowlitz County, WA

Lower Columbia Clastskanie HUC 4 Subasin - Cowlitz County, WA
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Milepost Stream ID

Stream 
Width 
(feet) Waterbody County/State

Crossing
Method

FERC 
Waterbody

Type
Stream
Type Oregon State Class

Miles to 
Salmonid 
Habitat

In-Water Work 
Window

1.0 S99CL001 110 Adair Slough CLATSOP, OR HDD Major Perennial Category 3 0.00 Nov. 1- Feb. 28

1.5 S5BCL074 20 Vera Creek CLATSOP, OR Flume Intermediate Perennial Category 3 0.49 Nov. 1- Feb. 28

2.6 S40CL001 50 Tributary of Lewis and Clark River CLATSOP, OR Open cut Intermediate Perennial Category 5 0.47 Nov. 1- Feb. 28

3.1 S40CL002 1250 Lewis and Clark River CLATSOP, OR HDD Major Perennial Category 5 0.00 Nov. 1- Feb. 28

3.5 S99CL019 60 Tributary of Jeffers Slough CLATSOP, OR Flume Intermediate Intermittent Category 3 0.23 Nov. 1- Feb. 28

4.1 S5BCL059 1.5 Tributary of Barrett Slough CLATSOP, OR Flume Minor Perennial Category 3 0.10 Nov. 1- Feb. 28

4.2 S5BCL062 2 Tributary of Barrett Slough CLATSOP, OR Open cut Minor Perennial Category 3 0.12 Nov. 1- Feb. 28

4.3 S5BCL063 4.5 Tributary of Barrett Slough CLATSOP, OR Open cut Minor Intermittent Category 3 0.06 Nov. 1- Feb. 28

4.5 S5BCL064 12 Barrett Slough CLATSOP, OR Flume Intermediate Intermittent Category 3 0.00 Nov. 1- Feb. 28

4.6 S5BCL066 3 Tributary of Barrett Slough CLATSOP, OR Open cut Minor Perennial Category 3 0.11 Nov. 1- Feb. 28

4.8 S5BCL068 8 Tributary of Green Slough CLATSOP, OR Open cut Minor Intermittent Category 3 0.30 Nov. 1- Feb. 28

4.8 S5BCL069 7 Tributary of Green Slough CLATSOP, OR Open cut Minor Intermittent Category 3 0.40 Nov. 1- Feb. 28

4.9 S5BCL070 2 Unnamed CLATSOP, OR Open cut Minor Intermittent NA 0.20 Nov. 1- Feb. 28

5.0 S5BCL071 5 Unnamed CLATSOP, OR HDD Minor Intermittent NA 0.54 Nov. 1- Feb. 28

5.2 S5BCL072 7 Tributary of Lewis and Clark River CLATSOP, OR HDD Minor Intermittent Category 5 0.09 Nov. 1- Feb. 28

5.2 S99CL111 340 Lewis and Clark River CLATSOP, OR HDD Major Perennial Category 5 0.00 Nov. 1- Feb. 28

5.4 S99CL034 20 Tributary of Lewis and Clark River CLATSOP, OR HDD Intermediate Perennial Category 5 0.08 Nov. 1- Feb. 28

5.5 S99CL024 13 Tributary of Lewis and Clark River CLATSOP, OR Open cut Intermediate Perennial Category 5 0.10 Nov. 1- Feb. 28

5.7 S99CL064 340 Lewis and Clark River CLATSOP, OR HDD Major Intermittent Category 5 0.00 Nov. 1- Feb. 28

5.8 S38CL003 8 Tributary of Lewis and Clark River CLATSOP, OR HDD Minor Perennial Category 5 0.41 Nov. 1- Feb. 28

7.9 S1BCL001 10 Heckard Creek CLATSOP, OR Flume Intermediate Intermittent Category 5 0.02 July 1- Sept. 15

8.1 S1BCL050 10 Unnamed CLATSOP, OR Open cut Intermediate Intermittent NA 0.13 July 1- Sept. 15

8.6 S1BCL002 4 Tributary of Lewis and Clark River CLATSOP, OR Open cut Minor Perennial Category 5 1.17 July 1- Sept. 15

8.8 S1BCL018 25 Tributary of Lewis and Clark River CLATSOP, OR Flume Intermediate Intermittent Category 5 1.29 July 1- Sept. 15

9.1 S1BCL003 3 Tributary of Lewis and Clark River CLATSOP, OR Open cut Minor Perennial Category 5 0.86 July 1- Sept. 15

9.3 S1BCL004 4 Tributary of Lewis and Clark River CLATSOP, OR Open cut Minor Intermittent Category 5 0.82 July 1- Sept. 15

9.7 S1BCL006 3 Tributary of Lewis and Clark River CLATSOP, OR Open cut Minor Intermittent Category 5 0.96 July 1- Sept. 15

9.7 S1BCL005 8 Tributary of Lewis and Clark River CLATSOP, OR Open cut Minor Intermittent Category 5 0.97 July 1- Sept. 15

9.9 S1BCL007 3 Tributary of Lewis and Clark River CLATSOP, OR Open cut Minor Intermittent Category 5 0.97 July 1- Sept. 15

10.0 S1BCL008 10 Tributary of Lewis and Clark River CLATSOP, OR Flume Intermediate Intermittent Category 5 0.98 July 1- Sept. 15

11.0 S99CL018 35 Lewis and Clark River CLATSOP, OR HDD Intermediate Perennial Category 5 0.00 July 15- Sept. 15

12.8 S1BCL016 8 Tributary of Speelyai Creek CLATSOP, OR Flume Minor Perennial Category 5 1.03 July 1- Sept. 15

13.8 S5BCL040 0.8 Tributary of Youngs River CLATSOP, OR Flume Minor Perennial Category 5 2.02 July 15- Sept. 15

13.8 S5BCL041 2 Tributary of Youngs River CLATSOP, OR Flume Minor Perennial Category 5 2.03 July 15- Sept. 15

13.9 S5BCL042 5 Tributary of Youngs River CLATSOP, OR Open cut Minor Perennial Category 5 2.05 July 15- Sept. 30

Table G1-3

Waterbodies Crossed by the Oregon LNG Pipeline 

Lower Columbia HUC 4 Subbasin 
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Milepost Stream ID

Stream 
Width 
(feet) Waterbody County/State

Crossing
Method

FERC 
Waterbody

Type
Stream
Type Oregon State Class

Miles to 
Salmonid 
Habitat

In-Water Work 
Window

Table G1-3

Waterbodies Crossed by the Oregon LNG Pipeline 

13.9 S5BCL043 20 Tributary of Youngs River CLATSOP, OR Open cut Intermediate Intermittent Category 5 2.08 July 15- Sept. 30

14.1 S5BCL045 8 Tributary of Youngs River CLATSOP, OR Flume Minor Intermittent Category 5 2.15 July 15- Sept. 30

14.2 S5BCL044 5 Tributary of Youngs River CLATSOP, OR Flume Minor Perennial Category 5 2.16 July 15- Sept. 30

14.8 S5BCL038 2 Tributary of Youngs River CLATSOP, OR Open cut Minor Perennial Category 5 2.28 July 15- Sept. 30

15.3 S5BCL035 3 Tributary of Youngs River CLATSOP, OR Open cut Minor Intermittent Category 5 2.09 July 15- Sept. 30

15.6 S5BCL030 4 Tributary of Youngs River CLATSOP, OR Flume Minor Intermittent Category 5 2.11 July 15- Sept. 30

15.6 S5BCL034 4 Tributary of Youngs River CLATSOP, OR Flume Minor Perennial Category 5 2.08 July 15- Sept. 30

15.8 S5BCL031 5 Tributary of Youngs River CLATSOP, OR Flume Minor Perennial Category 5 2.25 July 15- Sept. 30

16.1 S99CL016 7 Bayney Creek CLATSOP, OR Flume Minor Perennial Category 5 2.49 July 15- Sept. 30

16.6 S5BCL032 3 Tributary of Youngs River CLATSOP, OR Open cut Minor Perennial Category 5 2.98 July 15- Sept. 30

17.3 S5BCL077 6 Tributary of Youngs River CLATSOP, OR Flume Minor Intermittent Category 5 3.61 July 15- Sept. 30

17.8 S5BCL078 6 Tributary of Youngs River CLATSOP, OR Open cut Minor Perennial Category 5 4.05 July 15- Sept. 30

17.8 S5BCL079 5 Tributary of Youngs River CLATSOP, OR Open cut Minor Intermittent Category 5 4.09 July 15- Sept. 30

17.9 S5BCL080 4 Tributary of Youngs River CLATSOP, OR Open cut Minor Intermittent Category 5 4.20 July 15- Sept. 30

18.4 S5BCL076 4 Tributary of Rock Creek CLATSOP, OR Flume Minor Intermittent Category 5 4.64 July 15- Sept. 30

18.5 S1BCL009 10 Rock Creek CLATSOP, OR Flume Intermediate Perennial Category 3B 4.78 July 15- Sept. 30

18.8 S1BCL010 5 Tributary of Youngs River CLATSOP, OR Open cut Minor Perennial Category 5 5.08 July 15- Sept. 30

19.0 S1BCL011 6 Tributary of Youngs River CLATSOP, OR Flume Minor Intermittent Category 5 5.25 July 15- Sept. 30

19.1 S1BCO012 3 Unnamed CLATSOP, OR Open cut Minor Perennial NA 2.93 July 15- Sept. 30

19.3 S1BCL014 8 Osgood Creek CLATSOP, OR Flume Minor Intermittent Category 5 5.55 July 15- Sept. 30

19.6 S2BCL013A 7 Tributary of Osgood Creek CLATSOP, OR Flume Minor Perennial Category 5 5.79 July 15- Sept. 30

20.1 S2BCL013B 35 Fox Creek CLATSOP, OR Flume Intermediate Perennial Category 5 6.10 July 15- Sept. 30

21.4 S38CL013 3 South Fork Youngs River CLATSOP, OR Flume Minor Perennial Category 5 7.16 July 15- Sept. 30

21.6 S42CL003 3 Unnamed CLATSOP, OR Open cut Minor Perennial NA 2.83 July 15- Sept. 30

21.8 S5BCL058 15 Tributary of Youngs River CLATSOP, OR Flume Intermediate Perennial Category 5 7.58 July 15- Sept. 30

22.1 S5BCL049 2.5 Tributary of Youngs River CLATSOP, OR Flume Minor Perennial Category 5 7.85 July 15- Sept. 30

22.2 S5BCL048 5 Tributary of Youngs River CLATSOP, OR Open cut Minor Intermittent Category 5 7.92 July 15- Sept. 30

22.5 S6BCL016 2 Tributary of Youngs River CLATSOP, OR Open cut Minor Intermittent Category 5 8.20 July 15- Sept. 30

22.6 S6BCL014 4 Tributary of Youngs River CLATSOP, OR Open cut Minor Intermittent Category 5 8.29 July 15- Sept. 30

22.6 S6BCL013 1 Tributary of Youngs River CLATSOP, OR Open cut Minor Intermittent Category 5 8.28 July 15- Sept. 30

22.6 S6BCL015 2 Tributary of Youngs River CLATSOP, OR Open cut Minor Intermittent Category 5 8.23 July 15- Sept. 30

22.8 S6BCL017 3.5 Tributary of Youngs River CLATSOP, OR Open cut Minor Intermittent Category 5 8.51 July 15- Sept. 30

22.8 S6BCL010 2 Tributary of Youngs River CLATSOP, OR Open cut Minor Intermittent Category 5 8.49 July 15- Sept. 30

22.8 S6BCL011 2 Tributary of Youngs River CLATSOP, OR Open cut Minor Intermittent Category 5 8.45 July 15- Sept. 30

22.9 S6BCL018 4 Tributary of Fall Creek CLATSOP, OR Open cut Minor Intermittent Category 5 8.62 July 15- Sept. 30

23.0 S6BCL019 20 Tributary of Fall Creek CLATSOP, OR Flume Intermediate Perennial Category 5 8.66 July 15- Sept. 30
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(feet) Waterbody County/State

Crossing
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FERC 
Waterbody
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Type Oregon State Class
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Table G1-3

Waterbodies Crossed by the Oregon LNG Pipeline 

23.1 S6BCL020 3 Tributary of Fall Creek CLATSOP, OR Open cut Minor Intermittent Category 5 8.77 July 15- Sept. 30

23.4 S38CL014 10 Fall Creek CLATSOP, OR Flume Intermediate Perennial Category 5 9.11 July 15- Sept. 30

24.3 S5BCL016 3.5 Tributary of Fishhawk Creek CLATSOP, OR Open cut Minor Intermittent Category 5 2.36 July 1- Aug. 31

24.4 S5BCL018 6 Tributary of Fishhawk Creek CLATSOP, OR Flume Minor Perennial Category 5 2.32 July 1- Aug. 31

24.4 S5BCL017 3.5 Tributary of Fishhawk Creek CLATSOP, OR Open cut Minor Intermittent Category 5 2.34 July 1- Aug. 31

24.8 S2BCL002 25 Tributary of Fishhawk Creek CLATSOP, OR Open cut Intermediate Intermittent Category 4C 2.08 July 1- Aug. 31

24.8 S2BCL001 7 Tributary of Fishhawk Creek CLATSOP, OR Open cut Minor Intermittent Category 5 2.09 July 1- Aug. 31

25.1 S2BCL003 8 Tributary of Fishhawk Creek CLATSOP, OR Open cut Minor Intermittent Category 4C 1.97 July 1- Aug. 31

25.2 S2BCL004 3 Tributary of Fishhawk Creek CLATSOP, OR Open cut Minor Perennial Category 4C 1.96 July 1- Aug. 31

25.2 S2BCL005 10 Tributary of Fishhawk Creek CLATSOP, OR Flume Intermediate Intermittent Category 4C 1.96 July 1- Aug. 31

25.3 S2BCL007 3 Tributary of Fishhawk Creek CLATSOP, OR Flume Minor Perennial Category 4C 1.95 July 1- Aug. 31

25.4 S2BCL008A 15 Tributary of Fishhawk Creek CLATSOP, OR Flume Intermediate Perennial Category 4C 1.95 July 1- Aug. 31

25.7 S2BCL009 10 Tributary of Little Fishhawk Creek CLATSOP, OR Flume Intermediate Perennial Category 4C 4.29 July 1- Aug. 31

25.7 S2BCL010 4 Tributary of Little Fishhawk Creek CLATSOP, OR Open cut Minor Intermittent Category 4C 4.27 July 1- Aug. 31

25.9 S2BCL012 10 Tributary of Little Fishhawk Creek CLATSOP, OR Open cut Intermediate Intermittent Category 4C 4.19 July 1- Aug. 31

26.3 S5BCL019 1.2 Tributary of Little Fishhawk Creek CLATSOP, OR Flume Minor Perennial Category 4C 3.87 July 1- Aug. 31

26.5 S5BCL029 1.5 Tributary of Little Fishhawk Creek CLATSOP, OR Flume Minor Perennial Category 4C 3.68 July 1- Aug. 31

26.6 S5BCL027 1 Tributary of Little Fishhawk Creek CLATSOP, OR Flume Minor Perennial Category 4C 3.63 July 1- Aug. 31

26.6 S5BCL028 2 Tributary of Little Fishhawk Creek CLATSOP, OR Open cut Minor Intermittent Category 4C 3.63 July 1- Aug. 31

26.8 S5BCL025 1.4 Tributary of Little Fishhawk Creek CLATSOP, OR Flume Minor Perennial Category 4C 3.41 July 1- Aug. 31

26.8 S5BCL023 1.3 Tributary of Little Fishhawk Creek CLATSOP, OR Flume Minor Perennial Category 4C 3.40 July 1- Aug. 31

27.0 S5BCL022 3 Tributary of Little Fishhawk Creek CLATSOP, OR Open cut Minor Intermittent Category 4C 3.27 July 1- Aug. 31

27.2 S5BCL021 6 Tributary of Little Fishhawk Creek CLATSOP, OR Flume Minor Perennial Category 4C 3.05 July 1- Aug. 31

27.3 S5BCL020 1.8 Tributary of Little Fishhawk Creek CLATSOP, OR Flume Minor Perennial Category 4C 2.97 July 1- Aug. 31

27.4 S5BCL015 4 Tributary of Little Fishhawk Creek CLATSOP, OR Flume Minor Perennial Category 4C 2.89 July 1- Aug. 31

27.6 S5BCL014 2.4 Tributary of Little Fishhawk Creek CLATSOP, OR Open cut Minor Intermittent Category 4C 2.68 July 1- Aug. 31

27.8 S5BCL012 2 Tributary of Little Fishhawk Creek CLATSOP, OR Open cut Minor Intermittent Category 4C 2.55 July 1- Aug. 31

27.8 S5BCL013 2 Tributary of Little Fishhawk Creek CLATSOP, OR Open cut Minor Intermittent Category 4C 2.56 July 1- Aug. 31

27.9 S5BCL011 3 Tributary of Little Fishhawk Creek CLATSOP, OR Open cut Minor Intermittent Category 4C 2.46 July 1- Aug. 31

28.1 S5BCL010 3.5 Tributary of Little Fishhawk Creek CLATSOP, OR Flume Minor Perennial Category 4C 2.35 July 1- Aug. 31

28.4 S5BCL007 6 Tributary of East Humbug Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 1.24 July 1- Sept. 15

28.5 S5BCL005 4 Tributary of East Humbug Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 1.19 July 1- Sept. 15

28.5 S5BCL004 7 Tributary of East Humbug Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 1.13 July 1- Sept. 15

29 S5BCL001 3 Tributary of East Humbug Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 0.79 July 1- Sept. 15

29 S5BCL002 2 Tributary of East Humbug Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 0.81 July 1- Sept. 15

Nehalem HUC 4 Subasin 
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(feet) Waterbody County/State
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FERC 
Waterbody
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Type Oregon State Class

Miles to 
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Habitat
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Table G1-3

Waterbodies Crossed by the Oregon LNG Pipeline 

29.4 S6BCL007 1 Tributary of East Humbug Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 0.81 July 1- Sept. 15

29.4 S6BCL008 1.5 Tributary of East Humbug Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 0.80 July 1- Sept. 15

29.5 S6BCL005 6 Tributary of East Humbug Creek CLATSOP, OR Flume Minor Perennial Category 4A 0.78 July 1- Sept. 15

29.5 S6BCL006 7 Tributary of East Humbug Creek CLATSOP, OR Flume Minor Perennial Category 4A 0.79 July 1- Sept. 15

29.9 S6BCL004 5 Tributary of East Humbug Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 0.59 July 1- Sept. 15

30.9 S2BCL021 2 Tributary of East Humbug Creek CLATSOP, OR Open cut Minor Intermittent Category 4 0.72 July 1- Sept. 15

31.4 S2BCL008B 15 Alder Creek CLATSOP, OR Flume Intermediate Perennial Category 4 0.00 July 1- Sept. 15

31.6 S6BCL001 3.5 Tributary of Alder Creek CLATSOP, OR Open cut Minor Intermittent Category 4 0.21 July 1- Sept. 15

32 S3BCL002 6 Tributary of Nehalem River CLATSOP, OR Open cut Minor Intermittent Category 5 0.68 July 1- Aug. 31

32 S3BCL001 6 Tributary of Nehalem River CLATSOP, OR Open cut Minor Intermittent Category 5 0.69 July 1- Aug. 31

32.1 S3BCL004 6 Tributary of Nehalem River CLATSOP, OR Open cut Minor Intermittent Category 5 0.66 July 1- Aug. 31

32.1 S3BCL003 4 Tributary of Nehalem River CLATSOP, OR Open cut Minor Intermittent Category 5 0.67 July 1- Aug. 31

32.3 S3BCL005 8 Tributary of Nehalem River CLATSOP, OR Open cut Minor Intermittent Category 5 0.67 July 1- Aug. 31

32.3 S3BCL006 10 Tributary of Nehalem River CLATSOP, OR Open cut Intermediate Intermittent Category 5 0.67 July 1- Aug. 31

32.4 S3BCL007 8 Tributary of Nehalem River CLATSOP, OR Open cut Minor Intermittent Category 5 0.68 July 1- Aug. 31

33.5 S99CL108 120 Nehalem River CLATSOP, OR HDD Major Perennial Category 5 0.00 July 1- Aug. 31

34.4 S5BCL046 2 Tributary of Nehalem River CLATSOP, OR Flume Minor Perennial Category 5 1.06 July 1- Aug. 31

36.2 S3BCL101 10 Unnamed CLATSOP, OR Flume Intermediate Perennial NA 0.26 July 1- Aug. 31

36.3 S3BCL102 5 Unnamed CLATSOP, OR Flume Minor Perennial NA 0.27 July 1- Aug. 31
37.5 S8BCL004 5 Tributary of NF Quartz Creek CLATSOP, OR Flume Minor Perennial Category 5 0.47 July 1- Aug. 15

37.7 S8BCL003 2.3 Tributary of NF Quartz Creek CLATSOP, OR Open cut Minor Intermittent Category 5 0.54 July 1- Aug. 15

38.5 S8BCL001 2 Tributary of SF Quartz Creek CLATSOP, OR Flume Minor Perennial Category 3 1.28 July 1- Aug. 15

39.6 S1BCL029 2.6 Tributary of Military Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 0.28 July 1- Aug. 15

39.8 S1BCL027 1.5 Tributary of Military Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 0.17 July 1- Aug. 15

39.8 S1BCL028 2.6 Tributary of Military Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 0.18 July 1- Aug. 15

41 S8BCL005 20 Rock Creek CLATSOP, OR HDD Intermediate Perennial Category 4A 0.00 July 1- Aug. 31

42.3 S8BCL009 11 Tributary of South Fork Rock Creek CLATSOP, OR Flume Intermediate Perennial Category 4A 0.00 July 1- Aug. 31

42.7 S1BCL020 6 Tributary of South Fork Rock Creek CLATSOP, OR Flume Minor Perennial Category 4A 0.03 July 1- Aug. 31

43.1 S1BCL021 15 South Fork Rock Creek CLATSOP, OR HDD Intermediate Perennial Category 4A 0.00 July 1- Aug. 31

43.4 S1BCL022 12 Bear Creek CLATSOP, OR HDD Intermediate Perennial Category 4A 0.00 July 1- Aug. 31

43.5 S1BCL023 1.3 Tributary of Bear Creek CLATSOP, OR HDD Minor Intermittent Category 4A 0.04 July 1- Aug. 31

43.7 S1BCL024 1.6 Tributary of Bear Creek CLATSOP, OR Flume Minor Perennial Category 4A 0.09 July 1- Aug. 31

43.9 S1BCL025 4 Tributary of Bear Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 0.12 July 1- Aug. 31

44 S1BCL026 3 Tributary of Bear Creek CLATSOP, OR Open cut Minor Intermittent Category 4A 0.11 July 1- Aug. 31

44.2 S1BTI001 6 Bear Creek Tillamook, OR Flume Minor Perennial Category 4A 0.18 July 1- Aug. 31

44.3 S1BTI002 1.8 Tributary of Bear Creek Tillamook, OR Open cut Minor Intermittent Category 4A 0.27 July 1- Aug. 31
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44.8 S5BTI001 8 Tributary of Wolf Creek Tillamook, OR Flume Minor Perennial Category 4A 2.70 July 1- Aug. 31

45.1 S1BTI003 4 Tributary of Wolf Creek Tillamook, OR Open cut Minor Intermittent Category 4A 2.41 July 1- Aug. 31

47.6 S6BCO002 30 North Fork Wolf Creek COLUMBIA, OR Flume Intermediate Perennial
 g y

0.00 July 1- Aug. 31

48.3 S1BCO000 3 Tributary of North Fork Wolf Creek COLUMBIA, OR Flume Minor Perennial Category 3 0.64 July 1- Aug. 31

50.5 S3BCO012 30 Clear Creek COLUMBIA, OR Flume Intermediate Perennial Category 3 0.03 July 1- Aug. 31

53.6 S3BCO002 1 Fall Creek COLUMBIA, OR Flume Minor Perennial NA 2.28 July 1- Aug. 31

55.7 S3BCO107 10 Cedar Creek COLUMBIA, OR Flume Intermediate Perennial NA 0.01 July 1- Aug. 31

55.8 S3BCO106 4 Tributary of Cedar Creek COLUMBIA, OR Flume Minor Perennial NA 0.21 July 1- Aug. 31

57.7 S3BCO101B 10 Braided Channel to Rock Creek COLUMBIA, OR HDD Intermediate Perennial   Category 3 0.00 July 1- Aug. 31

57.7 S3BCO100 10 Tributary of Rock Creek COLUMBIA, OR HDD Intermediate Perennial Category 3 0.01 July 1- Aug. 31

57.7 S3BCO101 30 Rock Creek COLUMBIA, OR HDD Intermediate Perennial Category 3 0.00 July 1- Aug. 31

63.8 S3BCO014 30 Nehalem River COLUMBIA, OR HDD Intermediate Perennial Category 4A 0.00 July 1- Aug. 31

66.3 S3BCO103 1 Tributary of Oak Ranch Creek COLUMBIA, OR Open cut Minor Intermittent NA 0.68 July 1- Aug. 31

67.7 S6BCO004 3 Unnamed COLUMBIA, OR Open cut Minor Intermittent NA 0.38 July 1- Aug. 31

68 S6BCO003 3 Unnamed COLUMBIA, OR Flume Minor Perennial NA 0.49 July 1- Aug. 31

70.2 S3BCO003 1 Tributary of Clatskanie River COLUMBIA, OR Flume Minor Perennial Category 3 0.59 July 1- Aug. 31

70.7 S99CO020 18.5 Clatskanie River COLUMBIA, OR Flume Intermediate Perennial Cat 2, Cat 3, Cat 3B, Cat 4A 0.00 July 1- Aug. 31

71 S99CO021 1 Unnamed COLUMBIA, OR Flume Minor Perennial NA 0.19 July 1- Aug. 31

71.8 S5BCO001 2 Little Clatskanie River COLUMBIA, OR Flume Minor Perennial Category 3 0.06 July 1- Aug. 31

72.7 S3BCO008 2 Tributary of Milton Creek COLUMBIA, OR Flume Minor Perennial/Inte Category 3 0.24 July 1- Aug. 31

73 S3BCO010 12 Milton Creek COLUMBIA, OR Flume Intermediate Perennial Category 3B 0.02 July 15-Sept 15

73.5 S1BCO004 3 Apilton Creek COLUMBIA, OR Open cut Minor Intermittent NA 0.54 July 15-Sept 15

73.6 S1BCO005 1 Tributary of Apilton Creek COLUMBIA, OR Open cut Minor Intermittent NA 0.58 July 15-Sept 15

74.5 S5BCO011 5 Unnamed COLUMBIA, OR Flume Minor Perennial NA 0.12 July 15-Sept 15

74.6 S5BCO010 30 Unnamed COLUMBIA, OR Flume Intermediate Perennial NA 0.12 July 15-Sept 15

74.9 S6BCO001 22 Milton Creek COLUMBIA, OR Flume Intermediate Perennial Category 3 0.00 July 15-Sept 15

Lower Columbia Clastskanie HUC 4 Subasin

76.3 S3BCO110 1 Tributary of Merril Creek COLUMBIA, OR Open cut Minor Intermittent NA 0.24 July 15-Sept 15

76.4 S3BCO017 35 Merrill Creek COLUMBIA, OR Flume Intermediate Perennial NA 0.00 July 15-Sept 15

78.2 S2BCO009 3 Tributary of Merrill Creek COLUMBIA, OR Open cut Minor Intermittent Category 3 0.38 July 15-Sept 15

78.4 S3BCO122 10 Tributary of Merrill Creek COLUMBIA, OR Flume Intermediate Perennial Category 3 0.20 July 15-Sept 15

79 S3BCO120 1 Tributary of Merrill Creek COLUMBIA, OR Open cut Minor Intermittent Category 3 0.87 July 15-Sept 15

79 S3BCO119 1 Tributary of Merrill Creek COLUMBIA, OR Open cut Minor Intermittent Category 3 0.92 July 15-Sept 15

79.9 S3BCO115 1 Tributary of Merrill Creek COLUMBIA, OR Flume Minor Perennial Category 3 2.01 July 15-Sept 15

Lower Columbia Clastskanie HUC 4 Subasin 

Lower Willamette HUC 4 Subbasin 
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Milepost Stream ID

Stream 
Width 
(feet) Waterbody County/State

Crossing
Method

FERC 
Waterbody

Type
Stream
Type Oregon State Class

Miles to 
Salmonid 
Habitat

In-Water Work 
Window

Table G1-3

Waterbodies Crossed by the Oregon LNG Pipeline 

81.6 S99CO011 280 Deer Island Slough COLUMBIA, OR Flume Major Perennial Category 3B 0.46 July 15-Sept 15

82.0 S3BCO123 20 Dyna Nobel Channel COLUMBIA, OR HDD Intermediate Perennial Category 3 0.45 July 15-Sept 15

82.3 S99CO014 3300 Columbia River COLUMBIA, OR HDD Major Perennial Cat 2, Cat 3, Cat 3B, Cat 4A 0.00 Novr 1- Feb 28

83.3 S99CW020 10 Burris Creek COWLITZ, WA Flume Intermediate Perennial NA 0.00 Aug 1-Aug 31

85.8 S99CW021 2 Unnamed COWLITZ, WA Flume Minor Perennial NA 0.36 Aug 1-Aug 31

86 S99CW022 2 Unnamed COWLITZ, WA Flume Minor Perennial NA 0.31 Aug 1-Aug 31

86.5 S99CW023 3 Unnamed COWLITZ, WA Open cut Minor Intermittent NA 0.48 Aug 1-Aug 31

86.7 S99CW025 3 Unnamed COWLITZ, WA Open cut Minor Intermittent NA 0.40 Aug 1-Aug 31

86.8 S99CW026 3 Unnamed COWLITZ, WA Flume Minor Perennial NA 0.39 Aug 1-Aug 31

__________
Category 1: All standards are met. (This category is not used.)
Category 2: Attaining - Some of the pollutant standards are met.
Category 3: Insufficient data to determine whether a standard is met.

3B: Potential concern - Some data indicate nonattainment of a criterion, but data are insufficient to assign another category.

HDD:  horizontal directional drill
Open cut: Conventional Open cut.  Applicable to intermittent and ephemeral streams that are not fish-bearing, fish-bearing intermittent or ephemeral streams if dry at the time of construction, and some perennial streams 

Category 4: Water is water quality limited but a Total Maximum Daily Load (TMDL) is not needed. This category encompasses:
4A: TMDL approved - TMDLs needed to attain applicable water quality standards have been approved.
4B: Other pollution control requirements are expected to address all pollutants and will attain water quality standards.
4C: Impairment is not caused by a pollutant (e.g., flow or lack of flow is not considered a pollutant).

Category 5: Water is water quality limited and a TMDL is needed, Section 303(d) list.
Cat = category
TMDL = total maximum daily load; NA = not applicable.
Precision loss may occur because of rounding.
Crossing Method 
Flume: Water will be diverted around the construction area using a flume or flumes to allow a dry Open cut. If no fish are present, the crossing method may be modified with a dam and pump arrangement to convey 
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Landslide Hazard Areas Crossed by the Oregon LNG Pipeline 

Mapped Landslide Hazard a 

Type of Landslide Hazard References From MP To MP 

6.5 7.8 Landslide Topography; Potential Rapidly Moving Landslide; Potential 
Gullying/Erosion/Debris Flow 

Schlicker et al., 1972; Burns et al., 2011; Hofmeister, 
2002; CH2M HILL, 2009 

8.0 8.6 Landslide Topography Schlicker et al., 1972; Burns et al., 2011 

8.7 10.2 Landslide Topography; Potential Gullying/Erosion/Debris Flow Schlicker et al., 1972; Burns et al., 2011 

11.2 15.6 Inactive Landslide; Landslide Topography; Potential Rapidly Moving Landslide; 
Potential Gullying/Erosion/Debris Flow 

Schlicker et al., 1972; Burns et al., 2011; Hofmeister, 
2002; CH2M HILL, 2009 

16.5 17.8 Mass Movement Topography, Landslide Topography Schlicker et al., 1972; Burns et al., 2011; CH2M HILL, 
2009 

17.4 17.6 Potential Rapidly Moving Landslide Hazard Burns et al., 2011; Hofmeister, 2002. 

17.8 b 21.5 Mass Movement Topography, Landslide Topography; Potential Rapidly Moving 
Landslide; Potential Gullying/Erosion/Debris Flow 

Beaulieu, 1973; Burns et al., 2011; CH2M HILL, 2009 

21.6 22.1 Potential Rapidly Moving Landslide Hofmeister, 2002 

22.1 23.8 Mass Movement Topography; Potential Gullying/Erosion/Debris Flow Beaulieu, 1973; Burns et al., 2011; CH2M HILL, 2009 

23.8b 25.3 Mass Movement Topography; Potential Rapidly Moving Landslide; Potential 
Gullying/Erosion/Debris Flow 

Beaulieu, 1973; Burns et al., 2011; Hofmeister, 2002; 

CH2M HILL, 2009 

25.0 25.1 2007–2008 Landslides—2,000 to 3,500 feet from alignment CH2M HILL, 2009 

25.3 b  26.2 b Mass Movement Topography Beaulieu, 1973; Burns et al., 2011; CH2M HILL, 2009 

26.2 27.2 Potential Gullying/Erosion/Debris Flow CH2M HILL, 2009 

26.9  2007–2008 Landslide—1,200 feet from alignment CH2M HILL, 2009 

27.3 30.3 Mass Movement Topography; Potential Rapidly Moving Landslide; Potential 
Gullying/Erosion/Debris Flow 

Beaulieu, 1973; Hofmeister, 2002; CH2M HILL, 2009 

30.7 31.9 b Mass Movement Topography; Potential Rapidly Moving Landslide Beaulieu, 1973; Hofmeister, 2002; CH2M HILL, 2009 

31.9 32.3 Mass Movement Topography Beaulieu, 1973; Burns et al., 2011; CH2M HILL, 2009 

33.0 33.3 Mass Movement Topography Beaulieu, 1973; Burns et al., 2011; CH2M HILL, 2009 

34.2 37.2 b Mass Movement Topography Beaulieu, 1973; Burns et al., 2011; CH2M HILL, 2009 

35.7  Recent Landslide—2,500 feet from alignment Burns et al., 2011 

36.1  Recent Landslides—1,300 to 1,500 feet from alignment Burns et al., 2011 

37.2  Recent Landslide—1,900 feet from alignment Burns et al., 2011; CH2M HILL, 2009 

37.5 38.1 Potential Rapidly Moving Landslide; Potential Gullying/Erosion/Debris Flow Hofmeister, 2002, CH2M HILL, 2009 

37.7 38.8 Mass Movement Topography Beaulieu, 1973; Burns et al., 2011; CH2M HILL, 2009 

38.7 39.0 Potential Rapidly Moving Landslide Hofmeister, 2002 

38.8  Recent Landslide—1,300 feet from alignment Burns et al., 2011 

39.0 39.8 Potential Gullying/Erosion/Debris Flow CH2M HILL, 2009 

40.2  Recent Landslide—400 feet from alignment Burns et al., 2011 

40.2 41.0 Potential Rapidly Moving Landslide Hofmeister, 2002 
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Landslide Hazard Areas Crossed by the Oregon LNG Pipeline 

Mapped Landslide Hazard a 

Type of Landslide Hazard References From MP To MP 

42.0 42.8 Potential Gullying/Erosion/Debris Flow CH2M HILL, 2009 

43.1 43.2 Potential Rapidly Moving Landslide Hofmeister, 2002 

41.5 44.7 Mass Movement Topography; Potential Rapidly Moving Landslide Beaulieu, 1973; CH2M HILL, 2009; Hofmeister, 2002 

45.0  Recent Landslide - 300 feet from alignment CH2M HILL, 2013 

45.2  Recent Landslide – 300 feet from alignment Burns et al., 2011 

45.6 45.6 Potential Gullying/Erosion/Debris Flow, Recent Landslide – 500 feet from alignment CH2M HILL, 2013, Burns et al., 2011 

46.3 b  Recent Landslides – 500 feet from alignment Burns et al., 2011 

46.5 b  Recent Landslide – 400 feet from alignment Burns et al., 2011 

46.3 46.6 Mass Movement Topography, Potential Rapidly Moving Landslide Burns et al., 2011; Hofmeister, 2002 

46.9 47.3 Mass Movement Topography Burns et al., 2011 

47.5  Recent Landslide – 1,500 feet from alignment Burns et al., 2011 

47.6 49.0 Landslide Topography, Potential Gullying/Erosion/Debris Flow, Potential Rapidly 
Moving Landslide 

CH2M HILL, 2013; Hofmeister, 2002 

49.2 49.4 Landslide Topography CH2M HILL, 2013 

49.4 b 49.8 b Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

50.0 50.1 Potential Rapidly Moving Landslide Hofmeister, 2002 

50.6 50.6 Potential Rapidly Moving Landslide Hofmeister, 2002 

50.8 50.8 Potential Rapidly Moving Landslide Hofmeister, 2002 

51.4 51.9 b  Landslide Topography, Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

52.8 52.9 Potential Rapidly Moving Landslide Hofmeister, 2002 

53.4 53.6 Potential Rapidly Moving Landslide, Potential Gullying/Erosion/Debris Flow Hofmeister, 2002; CH2M HILL, 2013 

53.8 54.2 Landslide Topography CH2M HILL, 2013 

54.6 54.7 Landslide Topography CH2M HILL, 2013 

54.9 55.7 Landslide Topography CH2M HILL, 2013 

55.9 55.9 Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

55.9 56.4 Landslide Topography CH2M HILL, 2013 

57.4 57.7 Landslide Topography CH2M HILL, 2013 

57.8 58.3 Potential Rapidly Moving Landslide, Landslide Topography Hofmeister, 2002; CH2M HILL, 2013 

59.2 59.3 Landslide Topography CH2M HILL, 2013 

59.9 60.1 Landslide Topography CH2M HILL, 2013 

60.9 61.1 Landslide Topography CH2M HILL, 2013 

62.0 62.0 Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

62.3 62.5 Landslide Topography CH2M HILL, 2013 
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Landslide Hazard Areas Crossed by the Oregon LNG Pipeline 

Mapped Landslide Hazard a 

Type of Landslide Hazard References From MP To MP 

62.7 62.7 Potential Rapidly Moving Landslide Hofmeister, 2002 

63.4 63.4 Potential Rapidly Moving Landslide Hofmeister, 2002 

63.7  Recent Landslide – 2,400 feet from alignment Burns et al., 2011 

63.8  Recent Landslides – 1,300 to 2,100 feet from alignment Burns et al., 2011 

63.9 63.9 Potential Rapidly Moving Landslide Hofmeister, 2002 

64.5 64.6 Landslide Topography CH2M HILL, 2013 

65.3 65.4 Landslide Topography CH2M HILL, 2013 

65.8 65.9 Landslide Topography CH2M HILL, 2013 

66.2 66.3 Landslide Topography CH2M HILL, 2013 

66.7 66.7 Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

67.2 67.3 Landslide Topography CH2M HILL, 2013 

67.6 68.0 Landslide Topography, Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

69.1 69.1 Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

69.7 69.9 Landslide Topography CH2M HILL, 2013 

70.2 70.2 Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

70.6 71.3 Landslide Topography; Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

71.6 71.7 Landslide Topography CH2M HILL, 2013 

71.8 71.8 Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

72.1 72.9 Landslide Topography, Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

73.6 73.6 Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

73.7 74.2 Landslide Topography, Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

75.4 75.4 Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

76.1 76.8 Landslide Topography, Potential Gullying/Erosion/Debris Flow CH2M HILL, 2013 

77.9 79.3 Landslide Deposits, Landslide Topography Burns et al., 2011; CH2M HILL, 2013 

85.6 86.0 Mapped Deep-Seated Composite Landslide, Landslide Topography DNR, 2010; CH2M HILL, 2013 

86.3 86.4 Mapped Deep-Seated Composite Landslide DNR, 2010; CH2M HILL, 2013 

86.6 86.8 Mapped Deep-Seated Rotational Landslide DNR, 2010; CH2M HILL, 2013 
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Landslide Hazard Areas Crossed by the Oregon LNG Pipeline 

Mapped Landslide Hazard a 

Type of Landslide Hazard References From MP To MP 

__________ 
a The milepost numbers in this table identify landslide hazards shown on published landslide hazard mapping and on the project-specific landslide inventory/geologic hazard mapping 

prepared for Oregon LNG. Source documentation is provided in the “References” column of this table.  
b Milepost numbers adjusted for consistency with CH2M HILL, 2013. 
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STREAM CHANNEL ASSESSMENT AND SCOUR ANALYSIS 
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Introduction 
This technical memorandum presents the results of a high-level stream channel assessment and scour analysis for 
the waterbodies crossed by the Oregon Pipeline. Oregon LNG proposes to construct and operate the Oregon 
Pipeline and associated LNG terminal. The Oregon Pipeline consists of approximately 86.8 miles of 36-inch-
diameter pipeline to be constructed between Warrenton, Oregon, and Woodland, Washington, crossing three 
counties, Clatsop, Columbia, and Cowlitz. The pipeline will cross numerous intermittent and perennial streams 
and rivers. Specific scour analyses and migration studies may be performed at a later date for specific crossings as 
required by Oregon LNG and/or permitting agencies. 

This stream channel assessment combines an evaluation of channel morphology and channel-forming processes 
to simplify a wide variety of channels into a manageable analysis framework. Channel segments (subreach units) 
are areas of streams that respond to disturbances in a similar fashion based on similarities in channel-forming 
processes. The assessment of channel conditions provides a context for evaluating the influence of changes in 
land management or activities on channel conditions and processes. Major changes in channel morphology 
(scour) are caused by changes in discharge, sediment supply, and vegetation in the channel. The scour analysis 
focuses on fluvial-dominated stream channels and provides a first-cut method of identifying stream crossings with 
a potential for vertical and/or lateral scouring (i.e., lateral channel migration).  

Methods 
Streams with perennial flow regimes and supporting Federal Endangered Species Act (ESA)-listed salmonids were 
evaluated to determine which pipeline crossings have a predisposition for vertical scouring or lateral migration. A 
total of 120 streams crossed by the Oregon Pipeline have perennial flow regimes, support ESA-listed salmonids, or 
have designated critical habitat. Twenty-four of those streams support ESA-listed salmonids or have designated 
critical habitat. Although some intermittent and ephemeral drainages not supporting ESA-listed salmonids will 
require further investigation prior to final engineering design, these sites were not included at this time for this 
study. 

Stream segment slope (gradient) and channel confinement provide a useful orientation for stream classification 
and provide a method to distinguish between the possible responses of a stream channel to disturbances. 
Channel confinement is the ratio of the valley or floodplain width to the channel width. 

Stream slope at potential pipeline crossings was determined from field reconnaissance surveys. Where field 
reconnaissance surveys were not conducted, channel gradient was determined from 1:24,000 U.S. Geological 
Survey (USGS) topographic maps by measuring the distance between a contour line upstream and a contour line 
downstream of the crossing, or by using Washington 10-meter Digital Elevation Model (DEM) elevations. Channel 
confinement was determined by measuring the valley width or floodplain (distance between contour lines on 
either side of the channel at the crossing based on a 1:24,000 USGS topographic map) and comparing this width 
to the channel width (ordinary high water [OHW] width). 
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CHANNEL RESPONSE MATRIX FOR PIPELINE CROSSINGS OF PERENNIAL ENDANGERED SPECIES ACT STREAMS 

After determining channel gradient, channel confinement, and valley width at Pipeline crossings, streams were 
grouped into categories based on their similarities and channel characteristics. Streams with specific similarities 
are expected to have similar responses to disturbances or be predisposed to specific conditions. These responses 
or conditions are based in part on the Washington Department of Natural Resources (DNR) Watershed 
Assessment Methodology (1994) Channel Response Matrix. This approach is also consistent with previous pipeline 
projects in the area that have included multiple waterbody crossings. In addition, the Rosgen channel type 
(Rosgen, 1996), which was identified by channel characteristics collected during field reconnaissance surveys, was 
used to verify and support DNR Channel Response Matrix characteristics. 

Ephemeral drainages (defined as streams with flows generated by periodic surface runoff along the Pipeline route 
were not analyzed for scour events. Ephemeral drainages, as defined in the assessment method, only flow during 
and shortly after a large precipitation event and lack the hydrological and morphological characteristics of a 
perennial or intermittent stream. Ephemeral drainages may not have a well-defined channel and may be 
vegetated. Therefore, ephemeral drainages are not considered to have vertical or lateral scour potential. 
However, ephemeral drainages could experience mass wasting events, such as landslides or slope failure, which 
could affect the pipeline. Landslide and slope failure potential along the Pipeline are further evaluated in Resource 
Report 6 — Geologic Resources. 

In addition to ephemeral drainages, non-ESA intermittent streams were also excluded as they are primarily minor 
waterways with generally lower scour risk. However, as discussed above, they may still experience mass wasting 
events that could affect the pipeline. 

According to Rosgen (1996) and personal communication with Janine Castro of the U.S. Fish and Wildlife Service 
(Castro, 2009), only streams with a gradient of less than 4 percent typically have the potential for significant 
lateral scouring at the reach level. Streams with a greater than 4 percent gradient have no functional floodplain 
and therefore have no, or little, potential for lateral channel migration at the reach scale. 

At ESA stream crossings and within Federal Emergency Management Agency floodways, the pipeline will be 
buried at a depth that minimizes the risk of exposure from vertical scour and channel migration. The actual depth 
of the pipeline will be determined during final engineering to address risks of vertical scour and channel 
migration. 

Results 
Stream channels with similar characteristics are expected to respond to disturbances similarly or be predisposed 
to specific events. Channel slope can be used as a surrogate for stream energy, which is the dominant aspect 
controlling channel morphology. Channel confinement controls the characteristics of potential channel responses 
and manifests the long-term history of a valley (DNR, 1994). Increased entrenchment is one possible channel 
response to disturbance. Entrenchment is defined as the vertical containment and the degree to which a channel 
is incised in the valley floor (DNR, 1994). 

Channel slope and confinement are general indicators of a stream’s transport capacity and the balance between 
sediment supply and transport capacity (DNR, 1994). The Channel Response Matrix provides a simple method for 
categorizing potential channel responses in terms of gradient and channel confinement and is based on 
geomorphic reasoning and professional experience. The matrix differentiates between fluvial and mass-wasting 
dominated channels. Twenty percent channel slope typically defines the upper limit of fluvially dominated 
channel systems (DNR, 1994). 

The DNR Channel Response Matrix shows a channel’s predisposition to specific events given specific channel 
characteristics. These characteristics are based on channel slope, channel confinement, and valley width. The 
potential channel responses based on these characteristics include fine sediment deposition, bank erosion, wood 
loss, debris flow scour, and debris flow deposition. Channel reaches can be grouped into source, transport, and 
response reaches using gradient as the criterion. Reaches greater than 20 percent gradient are considered source 
reaches, 3 to 20 percent gradient are transport reaches, and less than 3 percent gradient are response reaches. 
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CHANNEL RESPONSE MATRIX FOR PIPELINE CROSSINGS OF PERENNIAL ENDANGERED SPECIES ACT STREAMS 

Six gradient groupings are used to generally correspond to gradients associated with changes in channel 
morphology that reflect relative transport capacity and the response potential (DNR, 1994). 

The 24 streams evaluated using this methodology were categorized into six distinct groups based on slope, 
channel width, and confinement (Table 1). Table 2 (located at the end of this technical memorandum) provides 
specific stream crossing ID numbers, stream slope (gradient %), valley width, confinement, and vertical and/or 
lateral scour potential for each of the 24 ESA perennial streams. 

TABLE 1 
Channel Response Matrix for Pipeline Crossings of Perennial Waterbodies and Streams Supporting ESA-listed Salmonids 

Channel Type 

Scour Potential of Evaluated Stream Crossings (Vertical/Lateral) 

None 
(at Reach 

Scale)/ Slight Slight/ Moderate Moderate/ Severe 
Moderate to 
Severe/ None Severe/ None 

Severe (Mass 
Wasting 

Dominated)/ None 

Valley Width (VW) > 4 Channel 
Width (CW) (Unconfined) 

11 3 7 1   

2 CW < VW < 4 CW 
(Moderately Confined) 

1      

VW < 2 CW (Confined) 1      

Gradient and Typical Channel Bed Morphology 

Channel Gradient Percentage 
(Stream Type) 

< 1 
(Pool-Riffle) 

1 to 2 
(Pool-Riffle, 
Plane-Bed) 

2 to 4 
(Plane-Bed,  

Forced Pool-Riffle) 

4 to 8 
(Step-Pool) 

8 to 20 
(Cascade) 

> 20 
(Colluvial) 

Source: DNR, 1994. 
Notes: Valley width (VW) = distance between first contour lines on either side of channel (1:24,000 scale USGS). Channel width (CW) = OHW 
channel width. 

Based on DNR (1994) Standard Watershed Analysis Methodology, six channel types with the potential for either 
lateral (bank erosion causing channel migration) and/or vertical (debris flow) scour potential were identified for 
streams being crossed by the pipeline. Of the 24 perennial/ ESA stream crossings, 11 possess some potential for 
vertical scouring or debris flow events, while 23 have at least some potential for lateral channel migration. 

Unconfined channels with slopes less than 1 percent (11 streams) are associated with: 

• Fine sediment deposition 
• Bank erosion 
• Wood accumulation 

Unconfined channels with slopes between 1  and 2 percent (3 streams) are associated with: 

• Wood loss 
• Scour potential 
• Fine sediment deposition 
• Bank erosion 

Unconfined channels with slopes between 2 and 4 percent (7 streams) are associated with: 

• Dam break flood 
• Debris flow deposition 
• Bank erosion 
• Coarse sediment deposition 
• Scour potential 
• Wood loss 
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Unconfined channels with slopes between 4 and 8 percent (1 stream) are associated with: 

• Debris flow scour/debris flow deposition 
• Dam break flood 
• Wood loss 

Moderately confined channels with slopes less than 1 percent (1 stream) are associated with: 

• Fine sediment deposition 
• Bank erosion 
• Wood accumulation 

Confined channels with slopes less than 1 percent (1 stream) are associated with: 

• Coarse sediment deposition 
• Wood loss 

Ten of the evaluated waterways will be crossed via horizontal directional drilling (HDD). Of these 10 crossings, one 
(Bear Creek) has more than a slight vertical scour potential. Of the remaining nine HDD crossings, all have no 
vertical scour potential and have a slight lateral scour potential. The remaining crossing has a severe lateral scour 
potential (Bear Creek).  

This high-level method of scour potential determination relies exclusively on gradient, valley width, and channel 
width, excluding additional factors such as substrate type. For certain waterways, historical observation and 
empirical evidence suggest that the scour potential may be different than that estimated by this model. In these 
cases, engineering will determine the accurate depth for the pipe crossing. 

Conclusions 
Of the 24 perennial ESA streams being crossed by the pipeline, 11 have a slight or higher potential for vertical 
scouring. Of these, eight have a moderate or higher potential for vertical scouring. One channel has a severe 
potential for vertical scouring, and eight channels are mass-wasting dominated (MWD). The only stream with 
moderate/severe vertical scour potential is an intermediate waterway. Seven of the MWD streams are classified 
as intermediate, with the one remaining classified as minor. Thirteen streams have no vertical scour potential. Of 
the streams evaluated, five are considered  major streams (100 feet or greater in width as defined by the Federal 
Energy Regulatory Commission’s Wetland and Waterbody Construction and Mitigation Procedures [2003]), none 
of which have a slight or higher potential for experiencing vertical scouring flows (no vertical scour potential). 

One crossing (Little Clatskanie River) has no or negligible potential for lateral channel migration (lateral scouring) 
at the reach scale, 13 have a slight potential, 3 have a moderate potential, and 7 have a severe potential for 
lateral channel migration. Of the seven streams with a severe potential for lateral scour, all are intermediate 
waterbodies. The five major stream crossings have a slight potential for lateral channel migration. Potential for 
vertical scour and channel migration will be used to inform engineers which streams require special attention 
regarding depth of pipeline during final design. 
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TABLE 2 
Oregon Pipeline Crossings of Perennial ESA Streams 

Stream ID 
MP at 

Crossing 
Crossing 
Method Flow Regime 

Waterbody 
Type Waterbody 

Valley 
Width 

(ft)a 

OHW 
Width 

(ft) Channel Confinementb 
Gradient 

(%)c 
Vertical Scour 

Potentiald 

Lateral Channel 
Migration 
Potentiale 

S99CL001 1.0 HDD Perennial Major Adairs Slough 5,258 110 Unconfined <1 None Slight 

S5BCLo74 1.5 HDD Perennial Intermediate Vera Creek 4,960 20 Unconfined <1 None Slight 

S40CL002 3.1 HDD Perennial Major Lewis and Clark River 5,808 1250 Unconfined <1 None Slight 

S5BCL064 4.5 Dry/Flume Perennial Intermediate Barrett Slough 3,844 12 Unconfined <1 None Slight 

S99CL064 5.7 HDD Perennial Major Lewis and Clark River 2,261 340 Unconfined <1 None Slight 

S1BCL001 7.9 Dry/Flume Perennial Intermediate Heckard Creek 1,139 10 Unconfined <1 None Slight 

S99CL018 11.0 HDD Perennial Intermediate Lewis and Clark River 1,365 35 Unconfined <1 None Slight 

S2BCL008A 25.4 Dry/Flume Perennial Intermediate Little Fishhawk Creek 104 15 Unconfined <1 None Slight 

S2BCL008B 31.4 Open cut Perennial Intermediate Alder Creek 421 15 Unconfined 3.6 Moderate Severe 

S99CL108 33.5 HDD Perennial Major Nehalem River 3,601 120 Moderately Confined <1 None Slight 

S8BCL005 41.0 Open cut Perennial Intermediate Rock Creek 470 20 Unconfined 2.2 Moderate Severe 

S1BCL021 43.1 Dry/Flume Perennial Intermediate South fork Rock Creek 2,302 15 Unconfined 3.0 Moderate Severe 

S1BCL022 43.4 HDD Perennial Intermediate Bear Creek 436 12 Unconfined 2.3 Moderate Severe 

S6BCO002 47.5 Dry/Flume Perennial Intermediate North Fork Wolf Creek 143 30 Unconfined 1.0 Slight Moderate 

S3BCO012 50.5 Dry/Flume Perennial Intermediate Clear Creek 780 30 Unconfined 2.1 Moderate Severe 

S3BCO107 55.7 Dry/Flume Perennial Intermediate Cedar Creek 976 10 Unconfined 1.6 Slight Moderate 

S3BCO101 57.7 HDD Perennial Intermediate Rock Creek 1,157 30 Unconfined <1 None Slight 

S3BCO014 63.8 HDD Perennial Intermediate Nehalem River 113 30 Moderately Confined <1 None Slight 

S99CO020 70.7 Open cut Perennial Intermediate Clatskanie River 219 19 Unconfined <1 None Slight 

S5BCO001 71.8 Open cut Perennial Minor Little Clatskanie River 244 2 Unconfined 4 Moderate/Severe None 

S3BCO010 73.0 Open cut Perennial Intermediate Milton Creek 317 12 Unconfined 3.2 Moderate Severe 

S3BCO018 76.4 Open cut Perennial Minor Merril Creek 376 1 Unconfined 1.1 Slight Moderate 

S99CO011 81.6 Open cut Perennial Intermediate Deer Island Slough 780 38 Unconfined 2.1 Moderate Severe 

S99BCO014 82.4 HDD Perennial Major Columbia River 5,637 3300 Confined <1 None Slight 
a Valley width (VW) = distance between first contour lines on either side of channel (1:24,000 scale U.S. Geological Survey). 
b Channel confinement based on Channel Response Matrix (Table E-2) in DNR (1994): 

VW > 4CW = Unconfined 
2CW < VW < 4CW = Moderately Confined 
VW < 2CW = Confined 

c Where gradient not field collected, used 1:24,000 USGS topographic maps. Gradient listed as 0.0% means gradient < 1%. 
d For vertical scour potential, “None” means on a reach scale. There will still likely be pool scour etc. 
e Lateral channel migration potential based on DNR (1994): 
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TABLE 2 
Oregon Pipeline Crossings of Perennial ESA Streams 

Stream ID 
MP at 

Crossing 
Crossing 
Method Flow Regime 

Waterbody 
Type Waterbody 

Valley 
Width 

(ft)a 

OHW 
Width 

(ft) Channel Confinementb 
Gradient 

(%)c 
Vertical Scour 

Potentiald 

Lateral Channel 
Migration 
Potentiale 

None = Could be microbank erosion but not lateral channel migration. 
Slight = Unconfined or moderately confined channel with gradient < 1%. 
Moderate = Unconfined or moderately confined channel with gradient 1% - 2%. 
Severe = Unconfined or moderately confined channel with gradient 2% - 4%. 
Stream ID = stream identification number 
ft = feet  
MP = milepost 
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Riparian Areas Crossed by the Oregon LNG Pipeline 

Milepost Stream ID a 
Stream 
Width b Waterbody c 

Crossing 
Method d Stream Type 

Miles to 
Salmonid 

Habitat 

ODFW 
Stream 
Type ODFW Habitat Type e 

Riparian Cover f 
(%) 

Approximate Width of 
Riparian Area Per 

Side g (feet) 

1 S99CL001 110 Adairs Slough HDD Perennial 0.00 2 PEM2, PSS2, ST2 88 PSS2 400 

1.5 S5BCL074 20 Vera Creek Flume Perennial 0.49 2 PEM2, PEM3, PSS2, PSS3, 
ST2 

18 PSS2; 7 PSS3 400 

2.6 S40CL001 50 Tributary of Lewis 
and Clark River 

Open Cut Intermittent 0.47 3 PSS2, ST3 87 PSS2 200 

3.1 S40CL002 1250 Lewis and Clark 
River 

HDD Perennial 0.00 2 ST2  400 

3.5 S99CL019 13 Tributary of Jeffers 
Slough 

Flume Perennial 0.23 3 PEM5, ST3  400 

4.1 S5BCL059 1.5 Tributary of Barrett 
Slough 

Flume Perennial 0.10 3 PEM5, ST3  400 

4.2 S5BCL062 2 Tributary of Barrett 
Slough 

Open Cut Intermittent 0.12 3 PEM5, ST3  200 

4.3 S5BCL063 4.5 Tributary of Barrett 
Slough 

Open Cut Intermittent 0.06 3 PEM5, ST3  200 

4.5 S5BCL064 12 Barrett Slough Flume Perennial 0.00 2 DF4, PEM2, PEM5, PFO2, 
ST2 

5 DF4, 0 PFO2 400 

4.6 S5BCL066 3 Tributary of Barrett 
Slough 

Open Cut Intermittent 0.11 3 BP6, PEM2, PEM5, ST3  200 

4.8 S5BCL068 8 Tributary of Green 
Slough 

Open Cut Intermittent 0.30 3 PEM3, PEM5, ST3  200 

4.8 S5BCL069 7 Tributary of Green 
Slough 

Open Cut Intermittent 0.40 3 PEM3, PEM5, ST3  200 

4.9 SBCL070 2 Unnamed Open Cut Intermittent 0.20 2 AW5, DF4, ST2 4 DF4 0 

5 S5BCL071 5 Unnamed HDD Intermittent 0.54 3 DF4, PEM5, PFO2, ST3 11 DF4, 30 PFO2 200 

5.2 S5BCL072 7 Tributary of Lewis 
and Clark River 

HDD Perennial 0.09 2 DF4, PEM2, PEM5, PFO2, 
PSS2, ST2 

55 DF4, 4 PFO2, 0 
PSS2 

400 

5.2 S99CL111 300 Lewis and Clark 
River 

HDD Perennial 0.00 2 BP5, DF4, PEM2, PEM5, 
PSS2, ST2 

31 DF4, 0 PSS2 400 

5.4 S99CL034 20 Tributary of Lewis 
and Clark River 

HDD Perennial 0.08 2 BP5, PEM2, PEM5, ST2  400 

5.5 S99CL024 13 Tributary of Lewis 
and Clark River 

Open Cut Intermittent 0.10 2 PEM5, ST2  200 

5.7 S99CL064 340 Lewis and Clark 
River 

HDD Perennial 0.00 2 NO4, PEM2, PEM3, PEM5, 
ST2 

 400 

5.8 S38CL003 8 Tributary of Lewis 
and Clark River 

HDD Intermittent 0.41 3 PEM2, PEM3, PEM5, 
PSS2, ST3 

11 PSS2 200 
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Riparian Areas Crossed by the Oregon LNG Pipeline 

Milepost Stream ID a 
Stream 
Width b Waterbody c 

Crossing 
Method d Stream Type 

Miles to 
Salmonid 

Habitat 

ODFW 
Stream 
Type ODFW Habitat Type e 

Riparian Cover f 
(%) 

Approximate Width of 
Riparian Area Per 

Side g (feet) 

7.9 S1BCL001 10 Heckard Creek Flume Perennial 0.02 2 CF4, PEM2, PEM3, PFO2, 
ST2 

72 CF4, 17 PFO2 400 

8.1 S1BCL050 10 Unnamed Open Cut Intermittent 0.13 3 CF4, CF5, PEM3 68 CF4, 30 CF5, 2 
PEM3 

200 

8.6 S1BCL002 4 Tributary of Lewis 
and Clark River 

Open Cut Intermittent 1.17 2 CF4, ST2 99 CF4 200 

8.8 S1BCL018 25 Tributary of Lewis 
and Clark River 

Flume Perennial 1.29 2 CF4, PEM2, ST2 95 CF4 400 

9.1 S1BCL003 3 Tributary of Lewis 
and Clark River 

Open Cut Intermittent 0.86 2 CF4, ST2 99 CF4 200 

9.3 S1BCL004 4 Tributary of Lewis 
and Clark River 

Open Cut Intermittent 0.82 3 CF5, ST3 99 CF5 200 

9.7 S1BCL005 8 Tributary of Lewis 
and Clark River 

Open Cut Intermittent 0.97 2 CF4, CF5, ST2 88 CF4, 9 CF5 200 

9.7 S1BCL006 3 Tributary of Lewis 
and Clark River 

Open Cut Intermittent 0.96 2 CF4, ST2 99 CF4 200 

9.9 S1BCL007 3 Tributary of Lewis 
and Clark River 

Open Cut Intermittent 0.97 2 CF4, ST2 99 CF4 200 

10 S1BCL008 10 Tributary of Lewis 
and Clark River 

Flume Perennial 0.98 2 CF4, ST2 99 CF4 400 

11 S99CL018 35 Lewis and Clark 
River 

HDD Perennial 0.00 2 BP6, CF3, NO5, PEM2, 
PEM5, PFO2, ST2 

6 CF3, 41 PFO2 400 

12.8 S1BCL016 8 Tributary of Speelyai 
Creek 

Flume Perennial 1.03 2 CF4, ST2 99 CF4 400 

13.8 S5BCL040 0.8 Tributary of Youngs 
River 

Flume Perennial 2.02 2 BP5, CF4, ST2 99 CF4 400 

13.8 S5BCL041 2 Tributary of Youngs 
River 

Flume Perennial 2.03 2 BP5, CF4, ST2 99 CF4 400 

13.9 S5BCL042 5 Tributary of Youngs 
River 

Open Cut Intermittent 2.05 2 CF4, ST2 98 CF4 200 

13.9 S5BCL043 20 Tributary of Youngs 
River 

Open Cut Intermittent 2.08 2 CF4, ST2 95 CF4 200 

14.1 S5BCL045 8 Tributary of Youngs 
River 

Flume Perennial 2.15 2 CF4, ST2 99 CF4 400 

14.2 S5BCL044 5 Tributary of Youngs 
River 

Flume Perennial 2.16 2 CF4, ST2 99 CF4 400 

14.8 S5BCL038 2 Tributary of Youngs 
River 

Open Cut Intermittent 2.28 2 CF4, DF4, ST2 84 CF4, 15 DF4 200 
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Riparian Areas Crossed by the Oregon LNG Pipeline 

Milepost Stream ID a 
Stream 
Width b Waterbody c 

Crossing 
Method d Stream Type 

Miles to 
Salmonid 

Habitat 

ODFW 
Stream 
Type ODFW Habitat Type e 

Riparian Cover f 
(%) 

Approximate Width of 
Riparian Area Per 

Side g (feet) 

15.3 S5BCL035 3 Tributary of Youngs 
River 

Open Cut Intermittent 2.09 2 CF4, CF5, ST2 0 CF4, 99 CF5 200 

15.6 S5BCL030 4 Tributary of Youngs 
River 

Flume Perennial 2.11 2 CF4, CF5, ST2 77 CF4, 22 CF5 400 

15.6 S5BCL034 4 Tributary of Youngs 
River 

Flume Perennial 2.08 2 CF4, CF5, ST2 58 CF4, 41 CF5 400 

15.8 S5BCL031 5 Tributary of Youngs 
River 

Flume Perennial 2.25 2 CF4, DF3, DF4, PEM2, 
PEM3, ST2 

11 CF4, 5 DF3, 72 
DF4 

400 

16.1 S99CL016 7 Bayney Creek Flume Perennial 2.49 3 DF3, ST3 99 DF3 400 

16.6 S5BCL032 3 Tributary of Youngs 
River 

Open Cut Intermittent 2.98 2 CF4, DF3, PEM3, ST2 96 CF4, 3 DF3 200 

17.3 S5BCL077 6 Tributary of Youngs 
River 

Flume Perennial 3.61 2 CF4, ST2 99 CF4 400 

17.8 S5BCL078 6 Tributary of Youngs 
River 

Open Cut Intermittent 4.05 2 DF3, PEM2, ST2 95 DF3 200 

17.8 S5BCL079 5 Tributary of Youngs 
River 

Open Cut Intermittent 4.09 2 DF3, PEM2, ST2 90 DF3 200 

17.9 S5BCL080 4 Tributary of Youngs 
River 

Open Cut Intermittent 4.20 2 DF3, ST2 99 DF3 200 

18.4 S5BCL076 4 Tributary of Rock 
Creek 

Flume Perennial 4.64 3 CF4, DF4, PEM2, ST3 78 CF4, 20 DF4 400 

18.5 S1BCL009 10 Rock Creek Flume Perennial 4.78 3 CF4, DF3, DF4, PFO2, ST2, 
ST3 

15 CF4, 35 DF3, 35 
DF4, 14 PFO2 

400 

18.8 S1BCL010 5 Tributary of Youngs 
River 

Open Cut Intermittent 5.08 2 CF4, DF3, ST2 82 CF4, 16 DF3 200 

19 S1BCL011 6 Tributary of Youngs 
River 

Flume Perennial 5.25 2 DF3, PEM3, PFO2, PFO3, 
ST2 

97 DF3, 0 PFO2, 1 
PFO3 

400 

19.14 S1BCO012 3 Unnamed Open Cut Intermittent 2.93 2 DF3, ST2 99 DF3 200 

19.3 S1BCL014 8 Osgood Creek Flume Perennial 5.55 3 CF3, CF4, CF5, DF3, 
PEM2, PEM3, PFO2, ST3 

30 CF3, 33 CF4, 14 
CF5, 15 DF3, 0 PFO2 

400 

19.6 S2BCL013A 7 Tributary of Osgood 
Creek 

Flume Perennial 5.79 3 CF3, CF4, PEM3, PFO2, 
ST3 

13 CF3, 64 CF4, 14 
PFO2 

400 

20.1 S2BCL013B 35 Fox Creek Flume Perennial 6.10 3 CF4, DF3, ST3 71 CF4 400 

21.4 S38CL013 3 South Fork Youngs 
River 

Flume Perennial 7.16 2 CF4, DF3, ST2 71 CF4 400 

21.6 S42CL003 3 Unnamed Open Cut Intermittent 2.83 2 CF4, DF3, ST2 81 CF4 200 

21.8 S5BCL058 15 Tributary of Youngs 
River 

Flume Perennial 7.58 2 CF3, CF4, ST2 16 CF3 400 
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Riparian Areas Crossed by the Oregon LNG Pipeline 

Milepost Stream ID a 
Stream 
Width b Waterbody c 

Crossing 
Method d Stream Type 

Miles to 
Salmonid 

Habitat 

ODFW 
Stream 
Type ODFW Habitat Type e 

Riparian Cover f 
(%) 

Approximate Width of 
Riparian Area Per 

Side g (feet) 

22.1 S5BCL049 2.5 Tributary of Youngs 
River 

Flume Perennial 7.85 3 CF4, DF3, PEM2, ST2, ST3 95 CF4 400 

22.2 S5BCL048 5 Tributary of Youngs 
River 

Open Cut Intermittent 7.92 3 CF4, DF3, ST3 98 CF4 200 

22.5 S6BCL016 2 Tributary of Youngs 
River 

Open Cut Intermittent 8.20 2 CF4, DF3, PEM2, PFO2, 
ST2 

20 CF4, 63 DF3, 10 
PFO2 

200 

22.6 S6BCL013 1 Tributary of Youngs 
River 

Open Cut Intermittent 8.28 2 CF4, DF3, PEM2, ST2 88 CF4 200 

22.6 S6BCL014 4 Tributary of Youngs 
River 

Open Cut Intermittent 8.29 2 CF4, DF3, ST2 96 CF4 200 

22.6 S6BCL015 2 Tributary of Youngs 
River 

Open Cut Intermittent 8.23 2 CF4, DF3, PEM2, PFO2, 
ST2 

36 CF4, 44 DF3, 12 
PFO2 

200 

22.8 S6BCL010 2 Tributary of Youngs 
River 

Open Cut Intermittent 8.49 2 CF4, ST2 98 CF4 200 

22.8 S6BCL011 2 Tributary of Youngs 
River 

Open Cut Intermittent 8.45 2 CF4, ST2 99 CF4 200 

22.8 S6BCL017 3.5 Tributary of Youngs 
River 

Open Cut Intermittent 8.51 2 CF4, ST2 99 CF4 200 

22.9 S6BCL018 4 Tributary of Fall 
Creek 

Open Cut Intermittent 8.62 3 CF4, ST3 99 CF4 200 

23 S6BCL019 20 Tributary of Fall 
Creek 

Flume Perennial 8.66 3 CF3, CF4, ST3 54 CF3, 43 CF4 400 

23.1 S6BCL020 3 Tributary of Fall 
Creek 

Open Cut Intermittent 8.77 3 CF3, ST3 99 CF3 200 

23.4 S38CL014 10 Fall Creek Flume Perennial 9.11 3 CF3, CF4, DF3, ST3 40 CF3, 42 CF4, 14 
DF3 

400 

24.3 S5BCL016 3.5 Tributary of 
Fishhawk Creek 

Open Cut Intermittent 2.36 3 CF4, ST3 99 CF4 200 

24.4 S5BCL017 3.5 Tributary of 
Fishhawk Creek 

Open Cut Intermittent 2.34 3 CF4, PEM2, ST3 94 CF4, 4 PEM2 200 

24.4 S5BCL018 6 Tributary of 
Fishhawk Creek 

Flume Perennial 2.32 3 CF4, PEM2, ST3 98 CF4, 1 PEM2 400 

24.8 S2BCL001 7 Tributary of 
Fishhawk Creek 

Open Cut Intermittent 2.09 3 CF4, PSS2, ST3 82 CF4, 11 PSS2 200 

24.8 S2BCL002 25 Tributary of 
Fishhawk Creek 

Open Cut Intermittent 2.08 3 CF4, PSS2, ST3 84 CF4, 9 PSS2 200 

25.1 S2BCL003 8 Tributary of 
Fishhawk Creek 

Open Cut Intermittent 1.97 3 CF4, ST3 97 CF4 200 
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Riparian Areas Crossed by the Oregon LNG Pipeline 

Milepost Stream ID a 
Stream 
Width b Waterbody c 

Crossing 
Method d Stream Type 

Miles to 
Salmonid 

Habitat 

ODFW 
Stream 
Type ODFW Habitat Type e 

Riparian Cover f 
(%) 

Approximate Width of 
Riparian Area Per 

Side g (feet) 

25.2 S2BCL004 3 Tributary of 
Fishhawk Creek 

Open Cut Intermittent 1.96 3 CF4, ST3 96 CF4 200 

25.2 S2BCL005 10 Tributary of 
Fishhawk Creek 

Flume Perennial 1.96 3 CF4, PEM2, ST3 97 CF4, 1 PEM2 400 

25.3 S2BCL007 3 Tributary of 
Fishhawk Creek 

Flume Perennial 1.95 3 CF3, CF4, PEM2, ST3 10 CF3, 88 CF4, 0 
PEM2 

400 

25.4 S2BCL008A 15 Tributary of 
Fishhawk Creek 

Flume Perennial 1.95 3 CF3, CF4, PEM2, ST3 10 CF3, 88 CF4, 0 
PEM2 

400 

25.7 S2BCL009 10 Tributary of Little 
Fishhawk Creek 

Flume Perennial 4.29 3 CF4, DF3, ST3 80 CF4, 18 DF3 400 

25.7 S2BCL010 4 Tributary of Little 
Fishhawk Creek 

Open Cut Intermittent 4.27 3 CF4, ST3 98 CF4 200 

25.9 S2BCL012 10 Tributary of Little 
Fishhawk Creek 

Open Cut Intermittent 4.19 3 CF4, PEM2, ST3 94 CF4 200 

26.3 S5BCL019 1.2 Tributary of Little 
Fishhawk Creek 

Flume Perennial 3.87 2 CF4, ST2 100 CF4 400 

26.5 S5BCL029 1.5 Tributary of Little 
Fishhawk Creek 

Flume Perennial 3.68 2 CF4, ST2 99 CF4 400 

26.6 S5BCL027 1 Tributary of Little 
Fishhawk Creek 

Flume Perennial 3.63 2 CF4, ST2 99 CF4 400 

26.6 S5BCL028 2 Tributary of Little 
Fishhawk Creek 

Open Cut Intermittent 3.63 2 CF4, ST2 99 CF4 200 

26.8 S5BCL023 1.3 Tributary of Little 
Fishhawk Creek 

Flume Perennial 3.40 3 CF3, CF4, PEM2, ST3 61 CF3, 38 CF4 400 

26.8 S5BCL025 1.4 Tributary of Little 
Fishhawk Creek 

Flume Perennial 3.41 3 CF3, CF4, PEM2, ST3 48 CF3, 51 CF4 400 

27 S5BCL022 3 Tributary of Little 
Fishhawk Creek 

Open Cut Intermittent 3.27 3 CF3, CF4, ST3 50 CF3, 50 CF4 200 

27.2 S5BCL021 6 Tributary of Little 
Fishhawk Creek 

Flume Perennial 3.05 3 CF3, CF4, PEM2, ST3 19 CF3, 79 CF4 400 

27.3 S5BCL020 1.8 Tributary of Little 
Fishhawk Creek 

Flume Perennial 2.97 3 CF3, CF4, CF5, PEM2, ST3 18 CF3, 81 CF4, 1 
CF5 

400 

27.4 S5BCL015 4 Tributary of Little 
Fishhawk Creek 

Flume Perennial 2.89 3 CF4, CF5, ST3 99 CF4, 1 CF5 400 

27.6 S5BCL014 2.4 Tributary of Little 
Fishhawk Creek 

Open Cut Intermittent 2.68 3 CF4, ST3 99 CF4 200 

27.8 S5BCL012 2 Tributary of Little 
Fishhawk Creek 

Open Cut Intermittent 2.55 3 CF3, CF4, ST3 11 CF3, 87 CF4 200 
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Riparian Areas Crossed by the Oregon LNG Pipeline 

Milepost Stream ID a 
Stream 
Width b Waterbody c 

Crossing 
Method d Stream Type 

Miles to 
Salmonid 

Habitat 

ODFW 
Stream 
Type ODFW Habitat Type e 

Riparian Cover f 
(%) 

Approximate Width of 
Riparian Area Per 

Side g (feet) 

27.8 S5BCL013 2 Tributary of Little 
Fishhawk Creek 

Open Cut Intermittent 2.56 3 CF3, CF4, ST3 12 CF3, 87 CF4 200 

27.9 S5BCL011 3 Tributary of Little 
Fishhawk Creek 

Open Cut Intermittent 2.46 3 CF4, CF5, ST3 49 CF4, 50 CF5 200 

28.1 S5BCL010 3.5 Tributary of Little 
Fishhawk Creek 

Flume Perennial 2.35 3 CF4, CF5, ST3 4 CF4, 96 CF5 400 

28.4 S5BCL007 6 Tributary of East 
Humbug Creek 

Open Cut Intermittent 1.24 3 CF4, ST3 98 CF4 200 

28.5 S5BCL004 7 Tributary of East 
Humbug Creek 

Open Cut Intermittent 1.13 3 CF4, ST3 98 CF4 200 

28.5 S5BCL005 4 Tributary of East 
Humbug Creek 

Open Cut Intermittent 1.19 3 CF4, ST3 99 CF4 200 

29 S5BCL001 3 Tributary of East 
Humbug Creek 

Open Cut Intermittent 0.79 3 CF4, ST3 97 CF4 200 

29 S5BCL002 2 Tributary of East 
Humbug Creek 

Open Cut Intermittent 0.81 3 CF4, DF3, ST3 73 CF4, 25 DF3 200 

29.4 S6BCL007 1 Tributary of East 
Humbug Creek 

Open Cut Intermittent 0.81 3 CF3, CF4, ST3 2 CF3, 98 CF4 200 

29.4 S6BCL008 1.5 Tributary of East 
Humbug Creek 

Open Cut Intermittent 0.80 3 CF3, CF4, ST3 1 CF3, 98 CF4 200 

29.5 S6BCL005 6 Tributary of East 
Humbug Creek 

Flume Perennial 0.78 3 CF4, ST3 98 CF4 400 

29.5 S6BCL006 7 Tributary of East 
Humbug Creek 

Flume Perennial 0.79 3 CF3, CF4, ST3 1 CF3, 98 CF4 400 

29.9 S6BCL004 5 Tributary of East 
Humbug Creek 

Open Cut Intermittent 0.59 3 CF3, CF4, ST3 15 CF3, 84 CF4 200 

30.9 S2BCL021 2 Tributary of East 
Humbug Creek 

Open Cut Intermittent 0.72 3 CF4, ST3 99 CF4 200 

31.4 S2BCL008B 15 Alder Creek Flume Perennial 0.00 2 CF3, CF4, PEM2, PEM3, 
ST2 

32 CF3, 63 CF4 400 

31.6 S6BCL001 3.5 Tributary of Alder 
Creek 

Open Cut Intermittent 0.21 2 CF4, ST2 99 CF4 200 

32 S3BCL001 6 Tributary of 
Nehalem River 

Open Cut Intermittent 0.69 2 CF3, CF4, ST2 3 CF3, 95 CF4 200 

32 S3BCL002 6 Tributary of 
Nehalem River 

Open Cut Intermittent 0.68 3 CF3, CF4, ST2, ST3 24 CF3, 73 CF4 200 

32.1 S3BCL003 4 Tributary of 
Nehalem River 

Open Cut Intermittent 0.67 3 CF3, CF4, ST2, ST3 25 CF3, 72 CF4 200 
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32.1 S3BCL004 6 Tributary of 
Nehalem River 

Open Cut Intermittent 0.66 2 CF4, ST2 98 CF4 200 

32.3 S3BCL005 8 Tributary of 
Nehalem River 

Open Cut Intermittent 0.67 3 CF3, CF4, ST3 68 CF3, 27 CF4 200 

32.3 S3BCL006 10 Tributary of 
Nehalem River 

Open Cut Intermittent 0.67 3 CF3, CF4, ST3 74 CF3, 22 CF4 200 

32.4 S3BCL007 8 Tributary of 
Nehalem River 

Open Cut Intermittent 0.68 3 CF3, CF4, ST3 83 CF3, 12 CF4 200 

33.5 S99CL108 120 Nehalem River HDD Perennial 0.00 2 BP4, BP5, BP6, CF3, DF3, 
ST2 

32 CF3, 37 DF3 400 

34.4 S5BCL046 2 Tributary of 
Nehalem River 

Flume Perennial 1.06 2 CF4, PEM3, ST2 99 CF4 400 

36.2 S3BCL101 10 Unnamed Flume Perennial 0.26 3 CF4, ST2, ST3 92 CF4 400 

36.3 S3BCL102 5 Unnamed Flume Perennial 0.27 3 CF4, ST2, ST3 93 CF4 400 

37.5 S8BCL004 5 Tributary of North 
Fork Quartz Creek 

Flume Perennial 0.47 3 CF3, CF4, PEM3, ST2, ST3 66 CF3, 2 CF4 400 

37.7 S8BCL003 2.3 Tributary of North 
Fork Quartz Creek 

Open Cut Intermittent 0.54 3 CF4, PEM3, ST3 35 CF4 200 

38.5 S8BCL001 2 Tributary of South 
Form Quartz Creek 

Flume Perennial 1.28 3 CF3, CF4, PSS3, ST2, ST3 7 CF3, 87 CF4, 5 
PSS3 

400 

39.6 S1BCL029 2.6 Tributary of Military 
Creek 

Open Cut Intermittent 0.28 3 CF3, CF4, PFO2, ST3 23 CF3, 38 CF4, 39 
PFO2 

200 

39.8 S1BCL027 1.5 Tributary of Military 
Creek 

Open Cut Intermittent 0.17 3 BP4, CF3, CF4, ST3 1 BP4, 25 CF3, 73 
CF4 

200 

39.8 S1BCL028 2.6 Tributary of Military 
Creek 

Open Cut Intermittent 0.18 3 BP4, CF4, ST3 2 BP4, 97 CF4 200 

41 S8BCL005 20 Rock Creek HDD Perennial 0.00 2 CF4, DF3, PEM2, PFO2, 
PSS3, ST2 

67 CF4, 10 DF3, 15 
PFO2, 6 PSS3 

400 

42.3 S8BCL009 11 Tributary of South 
Fork Rock Creek 

Flume Perennial 0.00 2 CF4, CF5, DF3, DF4, 
PFO2, ST2 

46 CF4, 7 CF5, 22 
DF3, 4 DF4, 19 
PFO2 

400 

42.7 S1BCL020 6 Tributary of South 
Fork Rock Creek 

Flume Perennial 0.03 2 CF4, DF3, ST2 77 CF4, 22 DF3 400 

43.1 S1BCL021 15 South Fork Rock 
Creek 

HDD Perennial 0.00 2 CF3, CF4, DF3, PEM3, ST2 17 CF3, 66 CF4, 15 
DF3 

400 

43.4 S1BCL022 12 Bear Creek HDD Perennial 0.00 2 BP6, CF3, DF3, PFO2, ST2 78 CF3, 8 DF3, 7 
PFO2 

400 



 

G5-8 

Appendix G5 
 

Riparian Areas Crossed by the Oregon LNG Pipeline 

Milepost Stream ID a 
Stream 
Width b Waterbody c 

Crossing 
Method d Stream Type 

Miles to 
Salmonid 

Habitat 

ODFW 
Stream 
Type ODFW Habitat Type e 

Riparian Cover f 
(%) 

Approximate Width of 
Riparian Area Per 

Side g (feet) 

43.5 S1BCL023 1.3 Tributary of Bear 
Creek 

HDD Intermittent 0.04 2 BP6, CF3, PFO2, ST2 81 CF3, 7 PFO2 200 

43.7 S1BCL024 1.6 Tributary of Bear 
Creek 

Flume Perennial 0.09 2 BP4, CF3, PEM3, ST2 95 CF3 400 

43.9 S1BCL025 4 Tributary of Bear 
Creek 

Open Cut Intermittent 0.12 2 BP4, CF3, PEM3, ST2 71 CF3 200 

44 S1BCL026 3 Tributary of Bear 
Creek 

Open Cut Intermittent 0.11 2 BP4, CF3, PEM3, ST2 92 CF3 200 

44.2 S1BTI001 6 Bear Creek Flume Perennial 0.18 2 BP4, CF3, PFO2, ST2 82 CF3, 5 PFO2 400 

44.3 S1BTI002 1.8 Tributary of Bear 
Creek 

Open Cut Intermittent 0.27 3 BP4, CF3, PEM3, ST3 79 CF3 200 

44.8 S5BTI001 8 Tributary of Wolf 
Creek 

Flume Perennial 2.70 3 CF3, PEM2, ST3 99 CF3 400 

45.1 S1BTI003 4 Tributary of Wolf 
Creek 

Open Cut Intermittent 2.41 3 CF3, ST3 99 CF3 200 

47.62 S6BCO002 30 North Fork Wolf 
Creek 

Flume Perennial 0.00 2 CF3, ST2 97 CF3 400 

48.3 S1BCO000 3 Tributary of North 
Fork Wolf Creek 

Flume Perennial 0.64 3 BP5, CF4, CF5, PEM3, ST3 37 CF4, 55 CF5 400 

50.5 S3BCO012 30 Clear Creek Flume Perennial 0.03 2 BP3, CF4, CF5, DF3, ST2 32 CF4, 42 CF5, 20 
DF3 

400 

53.6 S3BCO002 1 Fall Creek Flume Perennial 2.28 2 BP4, CF3, CF4, PEM3, ST2 70 CF3, 25 CF4 400 

55.7 S3BCO107 10 Cedar Creek Flume Perennial 0.01 2 CF3, CF4, PEM3, ST2 24 CF3, 45 CF4 400 

55.8 S3BCO106 4 Tributary of Cedar 
Creek 

Flume Perennial 0.21 2 BP5, CF3, CF4, CF5, 
PEM3, ST2 

11 CF3, 1 CF4, 58 
CF5 

400 

57.7 S3BCO100 10 Tributary of Rock 
Creek 

HDD Perennial 0.01 2 BP5, CF4, CF5, ST2 22 CF4, 66 CF5 400 

57.7 S3BCO101 30 Rock Creek HDD Perennial 0.00 2 CF5, ST2 92 CF5, 8 ST2 400 

57.7 S3BCO101B 10 Braided Channel to 
Rock Creek 

HDD Perennial 0.00 2 CF5, ST2 87 CF5, 13 ST2 400 

63.8 S3BCO014 30 Nehalem River HDD Perennial 0.00 2 BP6, CF4, DF3, ST2 77 CF4, 13 DF3 400 

66.3 S3BCO103 1 Tributary of Oak 
Ranch Creek 

Open Cut Intermittent 0.68 3 BP5, CF5, PEM3, ST3 91 CF5 200 

67.7 S6BCO004 3 Unnamed Open Cut Intermittent 0.38 3 CF3, CF4, ST3 2 CF3, 98 CF4 200 

68 S6BCO003 3 Unnamed Flume Perennial 0.49 3 CF4, ST3 100 CF4 400 

70.2 S3BCO003 1 Tributary of 
Clatskanie River 

Flume Perennial 0.59 2 CF4, PEM3, ST2 99 CF4 400 
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70.7 S99CO020 18.5 Clatskanie River Flume Perennial 0.00 2 BP6, CF3, CF4, CF5, ST2 39 CF3, 25 CF4, 32 
CF5 

400 

71 S99CO021 1 Unnamed Flume Perennial 0.19 3 CF4, PEM3, ST3 99 CF4 400 

71.8 S5BCO001 2 Little Clatskanie 
River 

Flume Perennial 0.06 2 CF3, CF4, ST2 49 CF3, 51 CF4 400 

72.7 S3BCO008 2 Tributary of Milton 
Creek 

Flume Perennial/ 
Intermittent 

 

0.24 
2 CF3, ST2 100 CF3 400 

73 S3BCO010 12 Milton Creek Flume Perennial 0.02 2 CF4, DF3, PEM/PSS/PFO3, 
ST2 

36 CF4, 12 DF3, 50 
PEM/PSS/PFO3 

400 

73.5 S1BCO004 3 Apilton Creek Open Cut Intermittent 0.54 3 CF3, CF4, PSS/PFO3, ST3 23 CF3, 66 CF4, 10 
PSS/PFO3 

200 

73.6 S1BCO005 1 Tributary of Apilton 
Creek 

Open Cut Intermittent 0.58 3 CF3, PEM3, ST3 76 CF3 200 

74.5 S5BCO011 5 Unnamed Flume Perennial 0.12 2 CF4, DF3, PFO3, ST2 58 CF4, 36 DF3, 2 
PFO3 

400 

74.6 S5BCO010 30 Unnamed Flume Perennial 0.12 2 CF3, CF4, DF3, PFO3, ST2 20 CF3, 34 CF4, 40 
DF3, 2 PFO3 

400 

74.9 S6BCO001 22 Milton Creek Flume Perennial 0.00 2 CF4, CF5, DF3, PFO3, ST2 65 CF4, 21 CF5, 10 
DF3, 1 PFO3 

400 

76.3 S3BCO110 1 Tributary of Merrill 
Creek 

Open Cut Intermittent 0.24 2 CF3, ST2 100 CF3 200 

76.4 S3BCO017 35 Merrill Creek Flume Perennial 0.00 3 CF3, CF4, PEM/PFO3 1 CF3, 92 CF4, 7 
PEM/PFO3 

400 

78.2 S2BCO009 3 Tributary of Merrill 
Creek 

Open Cut Intermittent 0.38 2 CF3, ST2 99 CF3 200 

78.4 S3BCO122 10 Tributary of Merrill 
Creek 

Flume Perennial 0.20 2 CF3, CF4, PSS/PFO3, ST2 43 CF3, 56 CF4, 1 
PSS/PFO3 

400 

79 S3BCO119 1 Tributary of Merrill 
Creek 

Open Cut Intermittent 0.92 2 CF3, PEM3, ST2 69 CF3 200 

79 S3BCO120 1 Tributary of Merrill 
Creek 

Open Cut Intermittent 0.87 2 CF3, PEM3, ST2 58 CF3 200 

79.9 S3BCO115 1 Tributary of Merrill 
Creek 

Flume Perennial 2.01 2 CF3, DF3, PEM3, ST2 45 CF3, 50 DF3 400 

81.6 S99CO011 280 Deer Island Slough Flume Perenniall 0.46 2 PEM, PFO, ST 63 PFO 400 

82 S3BCO123 20 Dyna Nobel Channel HDD Perennial 0.45 2 BP, NO, PEM, PFO, PSS, 
ST 

21 PFO, 5 PSS 400 

82.3 S99CO014 3300 Columbia River HDD Perennial 0.00 2 BP, NO, PEM, ST  400 

83.3 S99CW020 10 Burris Creek Flume Perennial 0.00  NO  400 

85.8 S99CW021 2 Unnamed Flume Perennial 0.36  PEM  400 
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86 S99CW022 2 Unnamed Flume Perennial 0.31  BP, NO, PEM  400 

86.5 S99CW023 3 Unnamed Open Cut Intermittent 0.48  DF, MO, PEM 10 DF 200 

86.7 S99CW025 3 Unnamed Open Cut Intermittent 0.40  BP, DF, PEM 48 DF 200 

86.8 S99CW026 3 Unnamed Flume Perennial 0.39  BP, DF, PEM 65 DF 400 

__________  
a Stream ID numbers beginning in S99 and S38 are for areas with no field access and are based on aerial photography and Pacific Northwest Hydrography Network database. Duplicate stream ID and milepost 

numbers may occur as a result of rounding of mileposts to the nearest tenth of a mile. 
b Widths in feet are stream ordinary high water mark. 
c Waterbody includes any natural or artificial stream, river, or drainage with perceptible flow at the time of crossing, and other permanent waterbodies. 
d Construction methods for crossing waterbodies are flume, HDD (horizontal directional drilling), or open-cut.  
e ODFW habitat types: 

BP = Buildings and developed land 

CF = Coniferous forest 

DF = Deciduous forest 

NO = Agricultural land 

PEM = Palustrine emergent wetland 

PFO = Palustrine Forest 

PSS = Palustrine scrub/shrub wetland 

ST = Stream 
f Riparian area = DF4, 3, 2; CF4, 3, 2; PFO; PSS. 
g Riparian area widths are for side of stream with maximum width. 
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T E C H N I C A L  M E M O R A N D U M   
 

Landslide and Debris Flow: Relative Risk Assessment for the 
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Introduction 
The purpose of this technical memorandum is to evaluate landslide and erosion hazards near 13 stream 
crossings selected along the proposed liquefied natural gas (LNG) pipeline (Pipeline) for the Bidirectional 
Project (Project). Two types of landslide hazards were evaluated: rotational slides and debris flows. Thirteen 
stream crossings along approximately 87 miles of the Pipeline between the Terminal near Warrenton, 
Oregon, and the interconnect with the existing Northwest Pipeline LLC (Northwest) pipeline near Woodland, 
Washington, were identified for this evaluation based on the following criteria: (1) salmon habitat protected 
under the endangered species act (ESA) has been identified in the stream to be crossed, and (2) the 
proposed Pipeline construction method consists of traditional cut‐and‐cover in conjunction with fluming of 
the stream at the crossing. 

Other ESA‐listed streams will be crossed using horizontal directional drilling (HDD) or other trenchless 
installation techniques. Trenchless installation methods have less impact in the immediate vicinity of stream 
crossings because the primary work areas at the entry and exit locations are typically at least 700 feet away 
from the stream and very little disturbance occurs between these work areas. In addition, the Pipeline will 
be installed at much greater depths below the stream when installed using HDD or other trenchless 
methods. ESA stream crossings where trenchless installation methods are proposed therefore are not 
discussed in this memorandum. 

The relative risk of two types of landslides hazards, rotational slides and debris flows/rapid erosion, were 
assessed for the stream crossings evaluated using a set of risk factors. The primary risk factor evaluated 
relates to the presence of landslide hazards that are shown on published geologic hazard mapping and on 
landslide inventory mapping developed for the Project. Where mapped landslides or debris flow/rapid 
erosion hazards are identified on landslide mapping, the type and location of hazard is summarized for each 
of the selected stream crossings. Additional risk factors are evaluated for each crossing location to 
determine a relative hazard score for each of the 13 stream crossings evaluated. The risk factors used in the 
assessment consisted of the following: 

 Slope Steepness 
 Landform 

 Geology 
 Land Use 
 Scour Potential 
 Channel Migration 

Table 1 lists the 13 stream crossings evaluated for landslide potential and the location, by milepost (MP), 
along the alignment. All 13 stream crossings evaluated are located in Oregon. The first 3 stream crossings 
listed are in Clatsop County and the remaining 10 are in Columbia County. 



LANDSLIDE AND DEBRIS FLOW: RELATIVE RISK ASSESSMENT FOR THE BIDIRECTIONAL PROJECT PIPELINE 

2 

TABLE 1 
Stream Crossing Summary 

Waterbody  Stream ID 
Milepost 

(approximate) 

Barrett Slough  S5BCL064  4.4 

Heckard Creek  S1BCL001  7.9 

Alder Creek  S2BCL008B  31.4 

North Fork Wolf Creek  S6BCO002  47.6 

Clear Creek  S3BCO012  50.5 

Cedar Creek  S3BCO107  55.7 

Clatskanie River  S99CO020  70.7 

Little Clatskanie River  S5BCO001  71.8 

Milton Creek  S3BCO010  73.0 

Milton Creek  S6BCO001  74.9 

Merrill Creek  S3BCO017  76.4 

Tributary of Merrill Creek  S3BCO122  78.4 

Deer Island Slough  S99CO011  81.6 

Note: Milepost refers to the approximate milepost along the Pipeline for the Oregon 
Pipeline Project. 
ID = identification 
 

This memorandum is organized into the following sections: Landslide Risk Factors, Stream Crossings, 
Summary of Landslide Risk Assessment, Limitations, and References. 

Landslide Risk Factors 
Landslides can have multiple causes. This section examines the physical, geological, and human‐made causes 
of landslides and the risk factors that contribute to landslide potential. The following risk factors are 
addressed: mapped landslide hazard, slope steepness, landform, geology, land use, scour potential, and 
channel migration. A scoring system for each risk factor was developed in order to determine the relative 
landslide hazard for each of the 13 stream crossings. 

Mapped Landslide Hazard 
The most critical risk factor affecting the potential for future landslides is judged to be the presence of 
existing landslide features in the immediate vicinity of the stream crossings evaluated. The presence of 
mapped landslide features is critical because hill slope areas that have failed in the past often remain in a 
weakened state, and may tend to fail repeatedly over time. Additionally, large landslide complexes may 
have moved several times over thousands of years, with long periods of stability punctuated by episodes of 
movement. Thus, previously failed areas are particularly important to identify because they may be 
susceptible to future instability. 

Two general types of landslide mapping were evaluated: published geologic mapping and landslide hazard 
inventory mapping developed specifically for the Project. 

Published Hazard Mapping 
In addition to using the landslide hazard inventory mapping developed for the Project, the potential for 
landslide hazards to be present in the vicinity of each of the 13 stream crossings has been evaluated by 
reviewing published geologic and landslide hazard reports. Some of these reports focus on identifying 
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documented historical landslides, others focus on identifying landslide topography, and a third group focus 
on identifying potential landslide areas. The following four primary sources of landslide hazard information, 
published by the Department of Geology and Mineral Industries (DOGAMI), have been used to identify the 
potential hazards for slope instability at each stream crossing: 

 Statewide Landslide Information Database for Oregon (SLIDO‐2) 

 Slope Failures in Oregon: GIS Inventory for Three 1996/97 Storm Events; Oregon Department of Geology 
and Mineral Industries, Special Paper 34 (Hofmeister, 2000) 

 “Potential Rapidly Moving Landslide Hazards in Western Oregon” (IMS‐22) (Hofmeister, 2002) 

Numerous additional geologic and hazard maps produced by DOGAMI were reviewed to identify potential 
landslide hazards at the stream crossings. These maps typically identify the locations of active landslides, 
inactive landslides, and landslide debris. 

The following maps from DOGAMI Bulletin 79, Environmental Geology of Inland Tillamook and Clatsop 
Counties, Oregon, were included in this review: 

 Hazard Map of the Birkenfeld Quadrangle (Beaulieu, 1972a) 
 Hazard Map of the Saddle Mountain Quadrangle (Beaulieu, 1972b) 

Project-Specific Landslide Hazard Inventory Mapping 
A landslide deposit inventory map has been developed for the Project. Landslide inventory maps typically 
show the locations of identified historic and prehistoric landslide deposits for an area along with the 
characteristics of each landslide. Landslide inventory maps provide basic information for identifying areas of 
higher and lower hazards, and landslide susceptibility, which is the first step in risk reduction. 

Although areas with mapped landslide deposits are likely to be at higher risk than other areas, these areas 
will not automatically experience problems in the future. However, hill slope areas that have failed in the 
past often remain in a weakened state, and may tend to fail repeatedly over time. Large landslide complexes 
may have moved several times over thousands of years, with long periods of stability punctuated by 
episodes of movement. Thus, previously failed areas are particularly important to identify because they may 
be susceptible to future instability. 

Landslide and mass‐movement topography, recent landslides, and areas that appear to be susceptible to 
gullying or rapid erosion were mapped on 1:24,000‐scale, color stereo‐pairs of aerial photographs. For the 
portion of the Project between MP 0.0 and approximately MP 47.5, the aerial photographs utilized were 
taken in June 2007 by i‐TEN Associates of Portland, Oregon, and the mapping developed in 2009 (CH2M 
HILL, 2009). These aerial photographs provide coverage within Clatsop and Tillamook counties, Oregon. In 
Columbia County, Oregon, and Cowlitz County, Washington, from approximately MP 47.5 to the end of the 
Pipeline near MP 87.8, mapping was conducted using 1:13,560 scale aerial photographs taken in September 
2011 by Continental Mapping Consultants, Inc., and the mapping developed in 2011 (CH2M HILL, 2011). 
Figures 1 through 18 in the Attachment to this memorandum show the combined 2009 and 2011 landslide 
inventory and geologic hazard maps developed for the Project. 

In addition, light detection and ranging (LIDAR) data of the alignment are available to assist in delineating 
landslide areas in Columbia County. These data provide a detailed image of the ground surface and allow the 
identification of the topographic features associated with landslides. According to Burns and Madin (2009), 
the use of LIDAR data resulted in identification of 3 to 200 times the number of landslide found with other 
data sets, and the accuracy of the spatial extent of the landslides identified was greatly improved with LIDAR 
data. 

Large areas of mass movement terrain were identified by the following features: 

 Steep, arcuate, curved headscarps (pull‐away zone) that form bowl‐shaped areas 
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 Irregular, hummocky topography; disrupted or poorly developed drainage patterns and high drainage 
density; closed depressions and ponds within the slide mass; transverse ridges, and raised toes and 
lobes 

 Deep gullies eroded into the weak, disturbed soils and rock 

 Concave, nonplanar hillsides with steep upper slopes and flatter irregular lower slopes 

 Drainages blocked by slide toes and lobes that often result in low‐gradient streams that have areas of 
alluvium “ponded” behind them 

The general direction of landslide movement is shown by an arrow. Obvious younger headscarps and 
smaller scarps within the slide mass are delineated on the landslide inventory mapping. Scarps in thick trees 
are more difficult to identify, but often have semi‐circular logging roads following them around heads of 
drainages and are distinguished from “V” shaped drainage heads. Large areas of “mass movement terrain” 
are delineated by a triangular stippled pattern (similar to mass movement terrain shown on previous 
published mapping by Beaulieu, 1973). The landslide masses are typically downslope from the arcuate 
headscarps, which are outlined on the maps. 

As landslides age and are subjected to erosion and weathering, the topographic features become more 
subdued and difficult to identify. Outlines of older landslides with a lower confidence of identification are 
shown by dashed outlines. The landslide inventory mapping also shows features such as rock quarries and 
areas of ponded stream alluvium. Generally, features such as hummocky topography, steep headscarps, 
gullies, ridges, and closed depressions were more easily observed in clearcut areas on the aerial 
photographs. 

Areas that appear to be more susceptible to rapid erosion and gullying were also delineated on the aerial 
photographs. These areas are where the proposed alignment crosses side slopes that exhibit debris flows 
and steep‐sided, deep erosional channels in weak soils. These areas are shown by an arrow. Often, in 
landslide areas, the erosional channels do not follow the “fall‐line” towing to diversion by the irregular slide 
mass (deviation from the expected drainage patterns). Steep‐sided gullies could be observed in the landslide 
mass, where the weakened, disturbed slide mass is more easily eroded. 

Slope angles are often considered in landslide susceptibility and general landslide hazard, particularly for the 
hazard of potentially rapid‐moving landslides. However, in the Project vicinity, the presence of large areas of 
landslide topography appears to be related more to lithology and areas of weak, interbedded sedimentary 
rocks rather than steeper slope angles. For example, stronger rocks such as basalt flows, intrusive basalts, 
and sandstones form steeper, more stable slopes that are not as susceptible to sliding. The steepest slopes 
along the Project are found in areas underlain by these types of rocks, and they actually exhibit fewer 
landslides despite being steeper. For example, between approximately MP 40 and 44, slopes are steep but 
fewer landslides were mapped because much of this area is underlain by sandstones (Sunset Highway 
member). In fact, Beaulieu (1973) notes that “slopes within the slide mass are gentler than those of the 
surrounding intact terrain.” Steep slopes thus do not necessarily equate to greater landslide hazard. Steep 
slopes are often underlain by harder rock, and are actually more stable. For example, in the Birkenfeld 
Quadrangle, many large areas of landslides form flatter terrain, especially where very old slide masses are 
highly eroded and exhibit subdued topography and low slope angles. 

Limitations of the Data and Landslide Inventory Mapping. Landslide inventory mapping is based on 
available aerial photographs and LIDAR data. Mapping is subject to interpretation or misinterpretation of 
the data, and landslides can be missed or overlooked. No field checking or verification of the mapping was 
conducted for Columbia County. Limited field checks were conducted for Clatsop County. Field checking 
tends to be time consuming and expensive and detailed geologic mapping is generally not completed as part 
of the Federal energy Regulatory Commission (FERC) permitting process. Limitations of the landslide 
inventory mapping include the following: 
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 At this level of inventory mapping, landslides were not classified by type (i.e., slump/earthflow versus 
debris flow). 

 Features of older landslide deposits are more difficult to identify because of erosion and the tendency to 
be covered with younger deposits. 

 The ages of landslides were not estimated, and landslides were not assigned to historic and pre‐historic 
categories (i.e., younger and older than 150 years). However, landslides with less‐recognizable features 
are generally interpreted to be older, and are delineated by dashed lines. 

 Landslides were not classified as “deep” or “shallow” and the depths of landslides were not estimated. 
However, where a larger, deeper slide mass was recognizable, the mass was shown by a triangular 
stippled pattern. 

 Landslide inventory/deposit mapping is NOT a map or complete inventory of locations of all past 
landslides. 

 Very small landslide deposits cannot always be identified because of the resolution of LIDAR data, scale 
of aerial photos, and forest cover. Also, some areas of landslide terrain extend over several square miles 
and extend beyond the mapping corridor. 

 The aerial photographs and LIDAR data are “snapshot” views of the existing landscape at the time of the 
photographs or generation of terrain model. New landslides may occur as the result of increased 
precipitation or changes in land use in the vicinity. 

Table 2 presents the scoring system used for the risk related to a mapped landslide hazard. Because the 
presence of mapped landslide hazard is judged to be the single most important factor in predicting the 
possibility of future landslide events, the scoring range for this criterion is set between zero and 10, where 
other factors have a range between 0 and six. The system was developed based on the relative distance of 
each stream crossing to the mapped hazard. A score of 0 represents the lowest relative hazard for a mapped 
landslide area and a score of 9 represents the highest relative hazard. 

TABLE 2 
Mapped Landslide Hazard Scoring System 

Mapped Landslide Hazard  Score 

No documented or mapped landslide hazard in the vicinity of the stream crossing  0 

Mapped areas of low landslide hazard   2 

Mapped areas of landslide topography or areas of moderate landslide hazard  5 

Areas meeting one of the following conditions: 
1. Steam crossing is in the immediate vicinity of potential Gullying/Rapid Erosion/or Debris Flow 

2. Within mapped area of inferred landslide 
3. Area shown as high landslide hazard 

8 

Adjacent to recent documented landslide or within mapped landslide area  10 

 

Slope Steepness 
An important risk factor affecting the potential for landslides is slope steepness in the general vicinity of 
each of the 13 stream crossings evaluated. For this evaluation, slope refers to the steepness of the ground, 
or the height the slope rises in a given distance. For example, if the elevation difference between the toe of 
a slope and the crest of a slope is 50 feet and the horizontal distance between the toe and crest of the slope 
is 100 feet, an average slope geometry of 50 percent exists. As a general rule, the steeper the slope, the 
more susceptible it will be to landslides. This theory has been corroborated by a number of studies, 
including one study by the Oregon Department of Forestry (ODF), which found that all debris flows in the 
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study areas were initiated on slopes greater than 40 percent steepness and most landslides (86 percent) 
were initiated where slope steepness was measured to be over 70 percent (Robison et al., 1999). 

Various land survey studies have been performed in the past for each of the 13 stream crossings evaluated. 
These studies provided contour information that CH2M HILL used to determine the character of any slopes 
located at or near each crossing. As a result, the scoring system for slope steepness presented in Table 3 was 
developed based on the general characteristics of the slopes at each crossing and previous experience 
regarding the stability of various slopes comprising materials native to the region. A score of 0 represents 
the lowest relative hazard regarding slope steepness and a score of 6 represents the highest relative hazard. 

TABLE 3 
Slope Steepness Scoring System 

Slope Steepness 
(Percent)  Score 

Less than 10  0 

10 to 20  2 

20 to 30  3 

30 to 40  4 

40 to 50  5 

Greater than 50  6 

 

Landform 
The shape of slopes, referred to as landform, has an impact on the potential for landslides and debris flows. 
Sharply convergent (concave) slopes tend to develop thicker soil deposits and are locations where drainage 
is concentrated (Dietrich and Dunne, 1978). Many studies report that convergent slope locations have 
higher landslide hazard than straight (planar) and divergent (convex) landforms (Tsukamoto et al., 1982; 
Reneau and Dietrich, 1987; Benda and Cundy, 1990; May, 1998; Millard, 1999). While landslides and debris 
flows do occur on slopes with no apparent distinctive landform, convergent landforms tend to have a higher 
landslide occurrence in western North America (Hofmeister, 2002). Table 4 presents the scoring system used 
for landform. The system was developed based on the general shape of slopes at the location of each 
stream crossing. A score of 1 represents the lowest relative hazard regarding geology and a score of 5 
represents the highest relative hazard. 

TABLE 4 
Landform Scoring System 

Landform  Score* 

Divergent (convex) shape of slopes at stream crossing  1 

Straight (planar) shape of slopes at stream crossing  3 

Convergent (concave) shape of slopes at stream crossing  5 

*A score of zero (0) will be applied when there are no slopes or slopes of less than 
10 percent steepness in the vicinity of the steam crossing. 

Geology 
The geology of Oregon is complex and varies widely across the state. Much of this variation can be 
attributed to the offshore Cascadia Subduction Zone, which is where the Juan de Fuca Plate is being actively 
subducted beneath the western margin of the North American Plate. The ongoing subduction has created 
accretionary wedges, fore‐arc sediment basins, uplift of the Oregon Coast Range, and a seismically active 
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area with numerous faults, volcanoes, mountains, and valleys (Orr et al., 1992). The geology exclusive to 
each stream crossing site can have a large impact on the landslide and debris flow hazard. The following 
sources were used to identify the mapped geology for each of the 13 stream crossings evaluated: 

 Oil and Gas Investigation of the Astoria Basin, Clatsop and Northwest Tillamook Counties, Northwest 
Oregon (Niem and Niem, 1985) 

 Oregon Geologic Data Compilation (OGDC) Release 5. OGDC‐5. (DOGAMI, 2009). 

Table 5 presents the scoring system used for geology. The system was developed based on the established 
characteristics of geologic formations mapped at each stream crossing. A score of 1 represents the lowest 
relative hazard regarding geology and a score of 5 represents the highest relative hazard. 

TABLE 5 
Geology Scoring System 

Geology  Score 

Geology mapped at stream crossing known to not be susceptible to landsliding hazard (i.e., intact rock)  1 

Geology mapped at stream crossing unknown or inconclusive regarding susceptibility to landsliding hazard  3 

Geology mapped at stream crossing known to be susceptible to landsliding hazard  5 

 

Land Use 
Impacts from human activity can have an adverse effect on the stability of slopes. For this landslide risk 
assessment, the primary land use activity that could potentially affect the stability of slopes at the 13 stream 
crossing evaluated is logging and the removal of vegetation at or near each location. Most evidence suggests 
that the more vegetation present at a site, the lower its susceptibility to landslides. Both vegetative type and 
cover can significantly impact the potential for landslides (Hofmeister, 2002). Therefore, aerial photographs 
were studied in order to identify the stream crossings that are located in areas in proximity to timber 
harvesting and clearcutting activities. Table 6 presents the scoring system used for land use. A score of 1 
represents the lowest relative hazard regarding land use and a score of 3 represents the highest relative 
hazard. 

TABLE 6 
Land Use Scoring Assessment 

Land Use  Score 

No evidence of timber harvesting or clearcutting activities in vicinity of the stream crossing  1 

Evidence of timber harvesting or clearcutting activities in vicinity of the stream crossing  3 

 

Scour Potential 
Separate analyses were performed to evaluate the potential for scour at the 13 stream crossings. These 
analyses used characteristics such as stream segment slope, channel confinement, and entrenchment. 
Stream slope (gradient) at proposed Pipeline crossings were determined from field reconnaissance surveys. 
Where field reconnaissance surveys were not conducted, channel gradient was determined from 1:24,000 
U.S. Geological Survey (USGS) topographic maps by measuring the distance between two contour lines 
encompassing the Pipeline crossing or by using Oregon 10‐meter Digital Elevation Model elevations. Channel 
confinement was determined by measuring the valley width or floodplain (distance between contour lines 
on either side of the channel based on 1:24,000 USGS topographic map) and comparing it to the channel 
width (bankfull width). 
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After determining channel gradient, channel confinement, and valley width at the Pipeline crossing, streams 
were grouped into categories based on their similarities and channel characteristics. Streams with specific 
similarities are expected to have similar responses to disturbance or are predisposed to specific conditions. 
These responses or conditions are based in part on the Washington Department of Natural Resources 
(WDNR) Watershed Assessment Methodology (1994) Channel Response Matrix. In addition, the Rosgen 
channel type (Rosgen, 1996) collected during field reconnaissance surveys was used to verify and support 
WDNR Channel Response Matrix characteristics. Table 7 presents a summary of the categories the stream 
crossings were grouped into and the associated scoring system used for scour potential. A score of 1 
represents the lowest relative hazard regarding scour potential and a score of 5 represents the highest 
relative hazard. 

TABLE 7 
Scour Potential Scoring System 

Scour Potential  Score 

None or Slight  1 

Moderate  2 

Moderate/Severe  3 

Severe  4 

Severe (Mass‐Wasting Dominated)  5 

 

Channel Migration 
Channel migration can have an adverse effect on stability of slopes if the stream channel erodes into the toe 
or base of a slope. As with scour potential, separate analyses were performed to determine the potential for 
channel migration at the proposed stream crossings. The analyses considered the valley width, channel 
width, and the gradient of each stream in order to determine the potential for channel migration. Table 8 
presents a summary of the scoring system used for channel migration as it relates to landslide hazard. A 
score of 0 represents the lowest relative hazard regarding channel migration and a score of 3 represents the 
highest relative hazard. 

TABLE 8 
Channel Migration Scoring Assessment 

Channel Migration  Score 

Minimal bank erosion or channel migration potential  0 

Bank erosion and channel migration  3 
 

Summary 
A total of seven risk factors that have varying levels of influence on landslide hazard were evaluated for each 
stream crossing. As shown by the scoring systems presented in Tables 2 through 8, mapped landslide hazard 
has been determined to be the most critical of the seven risk factors. However, each risk factor does impact 
the landslide hazard at each of the 13 stream crossings. Landslides often have several causes, some of which 
are listed above, but only one trigger (Varnes, 1978). A trigger is an external stimulus such as intense rainfall 
or a seismic event, and the hazard associated with these triggers is considered to be relatively equal across 
all of the proposed stream crossings. 

Stream Crossings 
This section summarizes the evaluation of the landslide hazard at each of the 13 stream crossings. A score 
for each landslide hazard risk factor is presented with a justification for that score. A sum of each risk factor 
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score for a stream crossing is presented as the total score in order to quantify the relative landslide hazard 
at that specific stream crossing. 

Barrett Slough (S5BCL064) 
The Barrett Slough (stream ID S5BCL064) crossing is located at MP 4.4 along the Pipeline alignment in an 
alluvial valley created by the Lewis and Clark River approximately 2 miles south of the confluence of the 
Lewis and Clark River and Youngs Bay.  

The width and depth of the slough channel at the crossing are approximately 12 and less than 3 feet, 
respectively. Table 9 presents a score value and justification for each risk factor evaluated for this crossing. 
Stream crossing Figure 6A‐5 presents an aerial view and cross‐section of the crossing. 

TABLE 9 
Scoring Assessment—Barrett Slough (S5BCL064)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  0  No documented or mapped landslide hazard in vicinity of crossing. 

Slope Steepness  0  Stream located in alluvial valley where topography is primarily flat. Slope geometry 
approximately equal to 0. 

Landform  0  No slopes adjacent to stream crossing. 

Geology  3  Geology at crossing mapped to be quaternary alluvium (Qal) consisting of unconsolidated flood 
plain deposits of clay, silt, sand, and basalt gravel (Niem and Niem, 1985). 

Land Use  1  Land use primarily consists of agriculture. Stream setting is an alluvial valley with sporadic trees. 
No timber harvesting in general vicinity due to stream location. 

Scour Potential  1  Analysis results show none or slight scour potential.  

Channel Migration  3  Analysis results show bank erosion and channel migration potential. 

Total Score  8   

 

Heckard Creek (S1BCL001) 
The Heckard Creek (stream ID S1BCL001) crossing is located at MP 7.9 for the main Pipeline alignment in the 
foothills along the western flank of the Oregon Coast Range in a forested setting.  

The width and depth of the creek channel at the crossing are approximately 10 and 3 feet, respectively. 
Table 10 presents a score value and justification for each risk factor evaluated for this crossing. Figure 6A‐8 
presents an aerial view and cross‐section of the stream crossing. 

TABLE 10 
Scoring Assessment—Tributary of Heckard Creek (S1BCL001)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  5  Landslide topography mapped at crossing location (SLIDO‐2). 

Slope Steepness  2  Stream crossing located in foothills along western flank of Coast Range. Average slope geometry 
of slope located south of crossing approximately equal to 15 to 20 percent. 

Landform  3  General shape of slopes located at crossing is planar. 

Geology  1  Geology at crossing mapped to be Smuggler Cove Formation (Tsc2), which consists primarily of 
thick‐bedded bioturbated tuffaceous claystone and siltstone (Niem and Niem, 1985). 

Land Use  3  Evident that predominant land use activity in the general vicinity of the crossing is timber 
harvesting. 

Scour Potential  1  Analysis results show a slight potential for scour.  

Channel Migration  3  Analysis results show bank erosion and channel migration potential. 
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TABLE 10 
Scoring Assessment—Tributary of Heckard Creek (S1BCL001)

Risk Factor  Score  Justification 

Total Score  18   

 

Alder Creek (S2BCL008B) 
The Alder Creek (stream ID S2BCL008B) crossing is located at MP 31.4 of the Pipeline alignment in the 
Oregon Coast Range in a forested setting approximate 1 mile east‐northeast from Camp 18 and 
US Highway 26.  

The width and depth of the creek channel at the crossing are approximately 13 and 4 feet, respectively. 
Table 11 presents a score value and justification for each risk factor evaluated for this crossing. Figure 6A‐10 
presents an aerial view and cross‐section of the stream crossing. 

TABLE 11 
Scoring Assessment—Alder Creek (S2BCL008B)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  8  Stream is near potential gullying/rapid erosion location. Crossing location is also in area 
mapped to have mass movement topography (Beaulieu, 1972b). 

Slope Steepness  4  Stream crossing located in Oregon Coast Range. Average slope geometry of slope located 
south of crossing approximately equal to 30 to 40 percent. 

Landform  1  General shape of steeper slopes at stream crossing is divergent. 

Geology  1  Geology at crossing mapped to be either Sager Creek Formation (Tg) or Keasey Formation (Tkj). 
Sager Creek Formation primarily consists of well‐laminated micaceous and carbonaceous 
mudstone. Keasey Formation primarily consists of thin‐bedded to laminated tuffaceous to 
glauconitic mudstone (Niem and Niem, 1985). 

Land Use  3  Evident that predominant land use activity in the general vicinity of the crossing is timber 
harvesting. Clearcut located adjacent to stream crossing. 

Scour Potential  3  Analysis results show a moderately severe potential for scour.  

Channel Migration  0  Analysis results show no or minimal potential for bank erosion or channel migration. 

Total Score  20   

 

North Fork Wolf Creek (S6BCO002) 
The North Fork Wolf Creek (stream ID S6BCO002) crossing is located at MP 47.6 along the Pipeline in the 
Oregon Coast Range in a forested setting approximately 1,200 feet north of US Highway 26 about three‐
quarters of a mile west of the intersection with North Fork Wolf Creek Road. 

The width and depth of the creek channel at the crossing are approximately 35 and 5 feet, respectively. 
Table 12 presents a score value and justification for each risk factor evaluated for the crossing. Figure 6A‐14 
presents an aerial view and cross‐section of the stream crossing. 
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TABLE 12 
Scoring Assessment—North Fork Wolf Creek (S6BCO002)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  8  Stream is near potential gullying/rapid erosion location. Crossing location is also adjacent to 
area mapped as landslide topography (CH2M HILL, 2013), potential rapidly moving landslide 
(Hofmeister, 2002). 

Slope Steepness  5  Stream crossing located in Oregon Coast Range. Geometry of slopes adjacent to crossing 
ranges from 40 to 50 percent on south side of creek and between 20 and 30 percent on north 
side of creek. 

Landform  3  General shape of slopes located at crossing is planar. 

Geology  5  Geology consists of marine sedimentary rock. Deep landslides are uncommon in this geology, 
but shallow landslides are known to occur. 

Land Use  3  Evidence of clearcutting activities northeast of the stream crossing. 

Scour Potential  2  Analysis results show a slight to moderate potential for scour at the stream crossing. 

Channel Migration  0  Minimal bank erosion or channel migration potential. 

Total Score  26   

 

Clear Creek (S3BCO012) 
The Clear Creek (stream ID S3BCO012) crossing is located at MP 50.5 along the Pipeline alignment in the 
Oregon Coast Range in a forested setting approximately 2 miles north of US Highway 26 about 2 miles west 
of Timber Road. The width of the creek channel at the crossing is approximately 30 feet and the depth of the 
creek is unknown. Table 13 presents a score value and justification for each risk factor evaluated for the 
crossing. Figure 6A‐15 presents an aerial view and cross‐section of the stream crossing. 

TABLE 13 
Scoring Assessment—Clear Creek (S3BCO012)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  2  No documented or mapped landslide hazard at crossing, but Potential Rapidly Moving 
Landslide located northeast of crossing locations (Hofmeister, 2002). 

Slope Steepness  3  Slope ranges between 20 and 30 percent with steeper slopes located northeast of stream 
crossing. 

Landform  1  Slopes on either side of stream crossing are slightly divergent. 

Geology  3  Geology at crossing mapped to Marine Sedimentary Rock consisting of sandstone – 
specifically Cowlitz Formation, Clark and Wilson Sandstone Member (Tccw) (DOGAMI, 2009).

Land Use  3  Evidence of clearcutting activities east of the stream crossing. 

Scour Potential  3  Analysis results show a moderate to severe potential for scour. 

Channel Migration  0  Analysis results show minimal potential for bank erosion and channel migration. 

Total Score  15   

 

Cedar Creek (S3BCO107) 
The Cedar Creek (stream ID S3BCO107) crossing is located at MP 55.7 of the Pipeline alignment in the 
Oregon Coast Range in a forested setting approximately 1 mile west of the Vernonia Airfield and 
approximately 0.15 mile southwest of Koster Road. 
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The width and depth of the creek channel at the crossing are approximately 20 and 5 feet, respectively. 
Table 14 presents a score value and justification for each risk factor evaluated for the crossing. Figure 6A‐16 
presents an aerial view and cross‐section of the stream crossing. 

TABLE 14 
Scoring Assessment—Cedar Creek (S3BCO107)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  8  Mapped landslide located south of stream crossing with small areas of rapid erosion and 
gullying potential (CH2M HILL, 2013).  

Slope Steepness  4  Creek is deeply incised with slopes immediately adjacent to the creek crossing ranging in 
steepness between 30 and 40percent. Slopes further from incised creek are flatter with typical 
slopes less than 10 percent.  

Landform  3  General shape of slopes located at crossing is planar. 

Geology  3  Geology at crossing mapped to be Keasey Formation (Tk), which primarily consists of 
tuffaceous sedimentary rocks (DOGAMI, 2009). 

Land Use  3  Evidence of clearcutting activities north of the stream crossing. 

Scour Potential  2  Analysis results show slight to moderate scour potential.  

Channel Migration  0  Minimal potential for bank erosion and channel migration potential. 

Total Score  23   

 

Clatskanie River (S99CO020) 
The Clatskanie River (stream ID S99CO020) crossing is located at MP 70.7 of the main Pipeline alignment on 
the east side of the Oregon Coast Range. The crossing is in a forested area approximate 0.1 mile west of 
Schaffer Road, 2 miles north of its intersection with Pittsburg Road, and about 10 miles west of the Columbia 
River. 

The width of the creek channel is estimated to be approximately 20 and the depth of the creek is expected 
to range between 2 feet and 7 feet for the majority of the year. Table 15 presents a score value and 
justification for each risk factor evaluated for the crossing. Figure 6A‐19 presents an aerial view and cross‐
section of the stream crossing. 

TABLE 15 
Scoring Assessment—Clatskanie River (S39CLI001)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  8  Mapped landslide located immediately west of stream crossing with small areas of rapid erosion 
and gullying potential (CH2M HILL, 2013).  

Slope Steepness  4  Geometry of slopes adjacent to crossing generally range from 25 to 35 percent. 

Landform  3  General shape of slopes located at crossing is planar. 

Geology  5  Geology at crossing mapped Scappoose Formation (Ts) consisting of sandstone (DOGAMI, 2009). 
However, it is believe that shallow deposits of recent quaternary alluvium (Qal) overly the 
sandstone at this crossing location (CH2M HILL, 2013).  

Land Use  3  The stream crossing is immediately east of a clearcut.  

Scour Potential  1  Analysis results show none to slight scour potential.  

Channel Migration  0  Minimal potential for bank erosion and channel migration potential. 

Total Score  24   
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Little Clatskanie River (S5BCO001) 
The Little Clatskanie River (stream ID S5BCO001) crossing is located at MP 71.8 of the Pipeline alignment in 
the Oregon Coast Range, approximately 0.2 miles east of Janshaw Road. 

The width and depth of the creek channel at the time of a site visit were less than 10 and less than 2 feet, 
respectively. Table 16 presents a score value and justification for each risk factor evaluated for the crossing. 
Figure 6A‐20 presents an aerial view and cross‐section of the stream crossing. 

TABLE 16 
Scoring Assessment—Little Clatskanie River (S5BCO001)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  8  Mapped landslide located west of stream crossing with potential for rapid erosion and/or 
gullying at stream crossing (CH2M HILL, 2013).  

Slope Steepness  2  Geometry of slopes adjacent to crossing ranges from 10 to 20 percent. 

Landform  3  General shape of slopes located at crossing is planar. 

Geology  1  Geology at crossing mapped Columbia River Basalt Group (Tcr) consisting of basalt rock 
(DOGAMI, 2009). However, it is believe that shallow deposits of recent quaternary alluvium 
(Qal) overly the basalt at this crossing location (CH2M HILL, 2013). 

Land Use  3  The stream crossing is immediately west of a clearcut.  

Scour Potential  3  Analysis results show moderate to severe scour potential. 

Channel Migration  0  Minimal potential for bank erosion and channel migration potential. 

Total Score  20   

 

Milton Creek (S3BCO010) 
The Milton Creek (stream ID S3BCO010) crossing is located at MP 73.0 of the Pipeline alignment in the 
Oregon Coast Range approximately 0.1 mile east of S Canaan Road. 

At the time of the field visit to evaluate the stream characteristics, the width and depth of the creek channel 
at the crossing were approximately 10 and less than 2 feet, respectively. Table 17 presents a score value and 
justification for each risk factor evaluated for the crossing. Figure 6A‐21 presents an aerial view and cross‐
section of the stream crossing. 

TABLE 17 
Scoring Assessment—Milton Creek (S3BCO010)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  8  Mapped potential for rapid erosion and/or gullying at stream crossing (CH2M HILL, 2013). 

Slope Steepness  4  Geometry of slopes adjacent to crossing generally range from 25 to 35 percent. 

Landform  1  Slopes on either side of stream crossing are slightly divergent. 

Geology  1  Geology at crossing mapped Columbia River Basalt Group (Tcr) consisting of basalt rock 
(DOGAMI, 2009). However, it is believe that shallow deposits of recent quaternary alluvium 
(Qal) overly the basalt at this crossing location (CH2M HILL, 2013). 

Land Use  1  No evidence of timber harvesting or clearcutting activities in vicinity of the stream crossing. 

Scour Potential  3  Analysis results show moderate to severe scour potential. 

Channel Migration  0  Minimal potential for bank erosion and channel migration potential. 

Total Score  18   
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Milton Creek (S6BCO001) 
The Milton Creek (stream ID S6BCO001) crossing is located at MP 74.9 of the Pipeline alignment in the 
Oregon Coast Range. The crossing is approximately 0.2 mile south of Pinkney Road. 

At the time of the field visit to evaluate the stream characteristics, the width of the creek channel at the 
crossing was approximately 20 feet. No information was obtained relative to the depth of the creek channel. 
Table 18 presents a score value and justification for each risk factor evaluated for the crossing. Figure 6A‐22 
presents an aerial view and cross‐section of the stream crossing. 

TABLE 18 
Scoring Assessment—Milton Creek (S6BCO001)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  5  Mapped landslide hazards both north and south of crossing location with potential for gullying 
and/or rapid erosion upstream and downstream of crossing, but not directly at crossing 
location.  

Slope Steepness  5  Geometry of slopes adjacent to crossing generally range from 40 to 50 percent east of the 
stream crossing and less than 20 percent west of the stream crossing. 

Landform  1  Slopes on either side of stream crossing are divergent. 

Geology  5  Geology at crossing mapped to be Scappoose Formation, Oligocene Sediment (Tos) which 
primarily consists of sandstone (DOGAMI, 2009). However, it is believe that shallow deposits of 
recent quaternary alluvium (Qal) overly the sandstone at this crossing location (CH2M HILL, 
2013). 

Land Use  3  The stream crossing is west of a clearcut area.  

Scour Potential  3  No data are available for the relative scour potential at the crossing. Therefore, a medium score 
of 3 is used.  

Channel Migration  0  Minimal potential for bank erosion and channel migration potential. 

Total Score  22   

 

Merrill Creek (S3BCO017) 
The Merrill Creek (stream ID S3BCO017) crossing is located at MP 76.4 of the Pipeline alignment in the 
foothills of the Oregon Coast Range, approximately 1.1 miles due south of the intersection of Hawks Run 
Lane and Canaan Road. 

At the time of the field visit to evaluate the stream characteristics, the full width of the stream channel was 
noted at 35 feet but no information was recorded on the width or depth of the stream. Table 19 presents a 
score value and justification for each risk factor evaluated for the crossing. Figure 6A‐23 presents an aerial 
view and cross‐section of the stream crossing. 
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TABLE 19 
Scoring Assessment—Merrill Creek (S3BCO017)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  8  Mapped landslide hazards in the vicinity, but not directly at the crossing location. Potential for 
gullying and/or rapid erosion in the vicinity of the crossing location.  

Slope Steepness  3  Geometry of slopes adjacent to crossing generally range from 20 to 30 percent east of the 
stream crossing and less than 20 percent west of the stream crossing. 

Landform  5  Slope to the east of the crossing is divergent and the slope to the west of the crossing is 
convergent. 

Geology  1  Geology at crossing mapped Columbia River Basalt Group (Tcr) consisting of basalt rock 
(DOGAMI, 2009).  

Land Use  1  No evidence of recent timber harvesting or clearcutting in the vicinity of the stream crossing. 

Scour Potential  2  Analysis results show slight to moderate scour potential.  

Channel Migration  0  Minimal potential for bank erosion and channel migration potential. 

Total Score  20   

 

Tributary of Merrill Creek (S3BCO122) 
The Tributary of Merrill Creek (stream ID S3BCO122) crossing is located at MP 78.4 of the Pipeline alignment 
in the foothills of the Oregon Coast Range, approximately 0.8 mile south of the terminus of Hills Haven 
Avenue. 

At the time of the field visit to evaluate the stream characteristics, the width of the creek channel at the 
crossing was approximately 10 feet. No information was obtained relative to the depth of the stream. Table 
20 presents a score value and justification for each risk factor evaluated for the crossing. Figure 6A‐24 
presents an aerial view and cross‐section of the stream crossing. 

TABLE 20 
Scoring Assessment—Tributary of Merrill Creek (S3BCO122)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  8  Both sides of stream crossing are shows as landslide topography. Multiple small areas where 
there is a potential for gullying and/or rapid erosion are located in the vicinity of the crossing 
location.  

Slope Steepness  4  Geometry of slopes adjacent to crossing ranges from 30 to 40 percent. 

Landform  3  Slope to the east of the crossing is divergent and the slope to the west of the crossing is planar. 

Geology  5  Geology at crossing mapped Scappoose Formation (Ts) consisting of sandstone (DOGAMI, 
2009). However, it is believe that shallow deposits of recent quaternary alluvium (Qal) overly 
the sandstone at this crossing location (CH2M HILL, 2013).  

Land Use  1  No evidence of recent timber harvesting or clearcutting in the vicinity of the stream crossing. 

Scour Potential  2  Analysis results show slight to moderate scour potential.  

Channel Migration  0  Minimal potential for bank erosion and channel migration potential. 

Total Score  23   

 

Deer Island Slough (S99CO011) 
The Deer Island Slough (stream ID S99CO011) crossing is located at MP 81.6 of the Pipeline alignment at the 
edge of the Coast Range in the Willamette Valley ecoregion. The crossing is immediately adjacent to the 
Columbia River and is bordered on both sides by open areas.  
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The proposed Pipeline alignment is along a flood control levee that also serves as an access road, called Dike 
Road, to Deer Island. The slough flows under Dike Road via culverts. The planned location for the Pipeline 
would be along the toe of the existing levee, above the culverts that carry water of the Deer Island Slough. 
Therefore, the proposed location of the Pipeline would not have any impacts to the landslide potential at 
this crossing. However, an assessment of the potential hazard is included to evaluate the potential hazard at 
the crossing in the unlikely event that the location of the Pipeline is modified.  

At the time of the field visit to evaluate the stream characteristics, the width of the creek channel at the 
crossing was approximately 38 feet. No information was obtained relative to the depth of the stream. Table 
21 presents a score value and justification for each risk factor evaluated for the crossing. Figure 6A‐25 
presents an aerial view and cross‐section of the stream crossing. 

TABLE 21 
Scoring Assessment—Deer Island Slough (S99CO011)

Risk Factor  Score  Justification 

Mapped Landslide Hazard  0  No documented or mapped landslide hazard in vicinity of crossing. 

Slope Steepness  0  Stream located in alluvial valley where topography is primarily flat. Slope geometry 
approximately equal to 0. 

Landform  0  Slopes adjacent to stream crossing are less than 10 percent.  

Geology  5  Geology at crossing mapped to be artificial fill (af), which makes up the Dike Road. The 
material around the dike road is mapped as Alluvium (Qa) (DOGAMI, 2009). 

Land Use  1  No timber harvesting in general vicinity because of stream location. 

Scour Potential  3  Analysis results show moderate to severe scour potential.  

Channel Migration  3  Analysis results show bank erosion and channel migration potential. 

Total Score  12   

 

Summary of Landslide Risk Assessment 
The systematic assessment methodology described in this technical memorandum resulted in the 
quantification of relative landslide hazard at each of the 13 selected Pipeline stream crossings. Table 22 
presents the range of total score values relative to the landslide hazard. 

TABLE 22 
Relative Landslide Hazard 

Total Score  Relative Landslide Hazard 

10 or less  Very Low 

11 to 15  Low 

16 to 20  Moderate 

21 to 25  High 

25 and greater  Very High 

 

Table 23 presents a summary of the scores for each risk factor applied to each of the 13 selected stream 
crossings, as well as the total score and corresponding relative landslide hazard. 
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TABLE 23 
Landslide Risk Assessment Summary 

Waterbody  Stream ID 

Mapped 
Landslide 

Hazard 
Slope 

Steepness Landform Geology
Land 
Use 

Scour 
Potential 

Channel 
Migration 

Total 
Score

Relative 
Landslide 

Hazard 

Barrett Slough  S5BCL064  0  0  3  0  1  1  3  8  Very Low 

Heckard Creek  S1BCL001  5  2  3  1  3  1  3  18  Moderate 

Alder Creek  S2BCL008B  8  4  1  1  3  3  0  20  Moderate 

North Fork Wolf Creek  S6BCO002  8  5  3  5  3  2  0  26  Very High 

Clear Creek  S3BCO012  2  3  1  3  3  3  0  15  Low 

Cedar Creek  S3BCO107  8  4  3  3  3  2  0  23  High 

Clatskanie River  S99CO020  8  4  3  5  3  1  0  24  High 

Little Clatskanie River  S5BCO001  8  2  3  1  3  3  0  20  Moderate 

Milton Creek  S3BCO010  8  4  1  1  1  3  0  18  Moderate 

Milton Creek  S3BCO001  5  5  1  5  3  3  0  22  High 

Merrill Creek  S3BCO017  8  3  5  1  1  2  0  20  Moderate 

Tributary of Merrill Creek  S3BCO122  8  4  3  5  1  2  0  23  High 

Deer Island Slough  S99CO011  0  0  0  5  1  3  3  12  Low 

ID = identification. 

Limitations 
This memorandum has been prepared for the exclusive use of LNG Development Company, LLC, and the 
Oregon Pipeline Company, LLC, and CH2M HILL, for application to the specific stream crossings described 
along the Oregon Pipeline Project in Clatsop and Columbia counties, Oregon. It has been prepared in 
accordance with generally accepted geotechnical engineering practice. No other warranty, express or 
implied, is made. 

The geologic information contained in this memorandum is from published geology and geologic hazard 
maps. Data related to ground surface topography are from various sources that include in order of 
decreasing accuracy and detail, field surveys, aerial photography, and 1:24,000 USGS topographic maps. 
Information on land use is based on aerial photographs available at the time of this assessment and 
observations made during field reconnaissance of sites where access to stream crossings could be obtained. 
The interpretations and recommendations contained in this memorandum are based on limited data and 
should be considered preliminary. Site‐specific information for each Pipeline stream crossing should be 
collected. CH2M HILL is not responsible for any claims, damages, or liability associated with interpretation of 
subsurface data or for reuse of subsurface data, without CH2M HILL’s express written authorization. 
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Table H-1 
 

Other Special Status Species for Oregon LNG Project 

Species a Status b Habitat Impacts  Mitigation 

Plants 

Bradshaw’s desert 
parsley 

Lomatium bradshawii 

F-E 
OR-E 
OCS 
WA-E 

Range extends from western Washington south through the 
Willamette Valley.  Historically found in lowland Deschampsia 
cespitosa prairies with heavy clay soils; especially Bashaw soils.  
Also in wetland depressions, grassy swales, and along seasonally 
wet waterways and flooded prairie lowlands.  Unlikely to occur in 
project area. 

Associated plant species include Deschampsia caespitosa, Juncus 
tenuis, Carex stipata, Carex uniLateralis, Poa pratensis, Hordeum 
brachyantherum, Perideridia sp., Juncus sp. 

If present in the right-of-way, these plants would 
be disturbed and potentially lost to vegetation 
clearing and ground disturbing activities.  
However, most of the pipeline would be routed 
through previously disturbed industrial forest or 
agricultural areas that likely preclude these plant 
species. 

Following construction, the construction 
right-of-way would be reseeded with a 
native seed mix developed in consultation 
with state resource agencies.  Oregon 
LNG would segregate top soil to preserve 
seed bank according to its Plan and 
Procedures. 

A botanist would be available during 
construction activities involving vegetation 
removal and soil disturbance to ensure no 
rare plants are lost. 

Wayside aster 

Eucephalus vialis 
OR-T 

OCS 

Many of the 100 known populations occur in disturbed areas 
(ODFW, 2006).  Found in second growth and old-growth Douglas fir 
forests, mixed coniferous/hardwood forest openings, along shaded 
roadsides, in residential areas, and on prairie balds. 

White rock larkspur 

Delphinium 
leucophaeum 

OR-E 
OCS 
WA-E 

Only 17 known occurrences in Oregon (OSU, 2008).  Historically 
occurred in upland prairies.  Due to habitat loss, species is found in 
remnant habitat patches, along dry roadsides, dry roadside ditches, 
open fields, dry hillsides, meadow and grassland.  Also, some 
occurrences on the edge of oak woodlands. 

Invertebrates 

Haddock’s 
rhyacophilan 
caddisfly 

Rhyacophila 
haddocki 

F-SOC 
OCS 

Requires cool, clear streams with coarse sediment and little silt. Waterbody crossings would temporary disturb 
substrate and cause turbidity that could inhibit 
the growth and survival of aquatic insects. 

Following construction, stream substrate is 
expected to return to preconstruction conditions. 

Oregon LNG would use HDD to cross 
certain waterbodies, which would avoid 
disturbance to aquatic insects.  
Compliance with Oregon LNG’s Plan and 
Procedures would limit turbidity during 
open cut waterbody crossings. 

Roth’s blind ground 
beetle 

Pterostichus rothi 

F-SOC 
OCS 

Requires cool, moist, closed-canopy conifer forests with deep, well-
drained soils.  Lives within soil but requires coarse woody debris for 
refugia. 

Pipeline construction in conifer forests may 
result in the loss of ground dwelling insects. 

Oregon LNG selected a pipeline route to 
avoid intact forest habitats to the extent 
possible. 

Cleared areas would be replanted to 
prevent non-native colonization. 

Where possible, downed woody debris 
would be left when clearing right-of-way. 

Willamette floater  
(freshwater mussel) 
Anodonta 
wahlametensis 

OCS 
WA-SC 

Occurs in lakes, slow-moving rivers, streams and sloughs.  
Substrate is either mud or sand.  Uses waters with low gradient, 
especially waterways in coastal areas.  As with most mussels, this 
species requires specific species of native fish to fulfill portions of its 
larval life history. 

In-water excavation and dewatering associated 
with waterbody crossings could result in the loss 
of freshwater mussels if they are present in the 
substrate. 

Following construction, stream substrate is 
expected to return to preconstruction conditions. 

Oregon LNG would use HDD to cross 
certain waterbodies, which would avoid 
impact on freshwater mussels.  At open cut 
crossings, Oregon LNG would salvage 
aquatic species present in dewatered area, 
which includes freshwater mussels. 
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Table H-1 
 

Other Special Status Species for Oregon LNG Project 

Species a Status b Habitat Impacts  Mitigation 

Fish 

Pacific lamprey  

Entosphenus 
tridentatus 

F-SOC 
OR-SV 
OCS 

Feed and grow in the ocean, then return to freshwater rivers for 
spawning and early development.  Requires fine gravel beds for 
spawning and cool clean water for development within river systems. 

In-water excavation and dewatering associated 
with waterbody crossings could result in the loss 
of lamprey if they are present in the substrate. 

Following construction stream substrate is 
expected to return to preconstruction conditions. 

Oregon LNG would use HDD to cross 
certain waterbodies, which would also 
benefit lamprey.  At open cut crossings, 
Oregon LNG would salvage aquatic 
species present in dewatered area, which 
includes lamprey – to the extent feasible. 

Compensatory mitigation for the Youngs 
Bay estuarine enhancements and fish 
barrier removal would benefit Pacific 
lamprey. 

River lamprey 

Lampetra ayresii  

F-SOC 
WA-C 

Riffle and side channel habitats are important for spawning and for 
ammocoete rearing.  Lamprey ammocoetes colonize areas with soft 
substrate and good water quality.  Adults feed in nearshore marine 
and estuarine habitat. 

Waterbody crossings in Cowlitz County may 
support river lamprey.  In-water excavation and 
dewatering associated with waterbody crossings 
could result in the loss of ammocoetes buried in 
the sediment. 

Following construction stream substrate is 
expected to return to preconstruction conditions. 

At open cut crossings, Oregon LNG would 
salvage aquatic species present in 
dewatered area, which includes lamprey – 
to the extent feasible. 

Coastal cutthroat  

Oncorhynchus clarki 
clarki 

F-SOC 
OR-SV 

Utilize a wide variety of habitat types during their complex life cycle.  
Spawn in small tributary streams and utilize slow flowing backwater 
areas, low velocity pools, and side channels for rearing of young.  
Large woody debris, instream structures and vegetation are 
important for protection while in freshwater.  Clean gravel is needed 
for spawning and rearing. 

Coastal cutthroat are documented as occurring 
in 10 streams to be crossed by the project, 
although their presence is assumed in all other 
fish bearing streams that would be crossed.  
Waterbody crossings would temporarily displace 
cutthroat due to inwater work and increased 
turbidity.  Direct mortality may occur if fish are 
trapped in the dewatered area at open cut 
crossings.  

Oregon LNG would cross certain 
waterbodies using HDD which would avoid 
impacts on coastal cutthroat.  At open cut 
crossings, Oregon LNG would salvage fish 
present in dewatered area. 

Compensatory mitigation for the Youngs 
Bay estuarine enhancements and fish 
barrier removal would benefit Coastal 
cutthroat. 

Erosion control measures would minimize 
turbidity during construction. 

Amphibians and Reptiles 

Western toad 

Bufo boreas 
WA-C Found in a variety of habitats, including slow moving rivers and 

streams; wetlands; near ponds and lakes; and in woodlands, 
grasslands and forests.  Elevation range extends from sea level to 
above the tree-line.  Main factor for selecting habitat is proximity to 
water for breeding.  Requires sun exposed shallows with little to no 
vegetation for egg laying and tadpole rearing habitat.  Unlikely to 
occur in project area. 

Waterbody and wetland crossings could 
temporarily displace or result in the mortality of 
toads and frogs. 

Following construction stream and riparian 
habitat is expected to return to preconstruction 
conditions. 

 

The pipeline route would avoid 
waterbodies and wetlands to the extent 
possible.  In particular, the route would 
avoid wetlands with standing water 
preferred by amphibians.  

Oregon LNG would cross certain 
waterbodies using HDD which would avoid 
impacts on amphibians. 

At open cut crossings, Oregon LNG would 
salvage aquatic species, including 
amphibians, from the dewater area. 

Whenever possible, downed logs would be 

Coastal tailed frog 

Ascaphus truei 
OR-SV 
OCS 

Limited to cold, clear, fast-flowing streams that contain water year 
round; typically in conifer forests, but some populations have been 
found in non-forested streams.  Adults require small boulders in the 
stream channel for egg laying.  Larvae require moss free rocks, 
which they attach themselves to in well-oxygenated stream sections. 
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Other Special Status Species for Oregon LNG Project 

Species a Status b Habitat Impacts  Mitigation 

Red-legged frog 

Rana aurora 
OCS 
OR-SV 

Undisturbed, continuously watered streams with shallow pools and 
emergent vegetation.  Also found in marshes, wet meadows and 
occasionally ponds and ephemeral pools.  Selects sites that provide 
access to forested areas. 

left or moved to the corridor/forest edge. 

Erosion control measures would minimize 
turbidity during construction. 

Foothill yellow-
legged frog 

Rana boylii 

F-SOC 
OCS 
OR-SC  

OR-SV  

Found in permanently watered, slow-flowing streams and 
backwaters and in coniferous and deciduous forests and woodlands.  
Streams typically have rocky substrate, sloping banks and 
vegetation on the stream bank. 

Columbia torrent 
salamander 

Rhyacotriton kezeri 

OR-SV 
OCS 
 

Range extends from the Chehalis River in Grays Harbor County, 
Washington, south to the Little Nestucca River, in Tillamook County, 
Oregon.  Both adults and larvae live beneath or close to moss-
covered rocks.  Found in streams that are perennial, have loose 
gravel, and are located in steep, mountainous areas within 
coniferous forests where the banks are heavily vegetated and 
shaded.  Headwater streams, springs, and seeps are often used. 

Construction in or near waterbodies and 
wetlands could result in the temporary 
displacement or loss of salamanders. 

Following construction, stream and riparian 
habitat is expected to return to preconstruction 
conditions. 

 

Oregon LNG would cross certain 
waterbodies using HDD which would avoid 
impacts on amphibians. 

At open cut crossings, Oregon LNG would 
salvage aquatic species, including 
amphibians, from the dewatered area. 

Whenever possible, downed logs would be 
left or moved to the corridor/forest edge. 

Erosion control measures would minimize 
turbidity during construction. 

Clouded salamander 

Aneides farreus 
OR-SV 
OCS 

Found in forested habitats.  Inhabits moist areas within conifer 
forests in the Coastal Range.  Often found beneath downed logs and 
vegetation.  Also commonly found in recently burned and cleared 
areas, as long as large logs are left behind.  Strongly associated 
with Douglas-fir logs. 

Southern torrent 
salamander 

Rhyacotriton 
variegatus 

F-SOC 
OR-SV 
OCS 

Range extends from the Little Nestucca River in Tillamook County, 
Oregon, south to Mendocino County, California.  Occurs in 
permanently flowing, steep, mountainous streams in moist, conifer 
forests.  Utilizes shallow sections of streams, including splash zones 
and riffles.  Requires loose gravel substrate, as larvae rear in cobble 
and gravel beds that receive stream flow. 

Western painted 
turtle 

Chrysemys picta 
bellii 

OR-SC 
OCS 

Inhabits marshy ponds, small lakes and backwaters of rivers and 
slowing moving streams.  Often selects waterways with mud 
substrate and emergent vegetation.  Requires logs, large rocks, or 
vegetation mats for basking, and bare patches of ground close to 
water to lay eggs.  Possibly occurs in project area. 

Oregon LNG would generally avoid ponds, 
lakes, or large wetlands with standing water.  
Therefore, the potential for impacts on turtles is 
low.  However, turtles could be temporary 
displaced or lost if they are present at 
waterbody or wetlands crossings. 

Oregon LNG would cross certain 
waterbodies using HDD which would avoid 
impacts on reptiles. 

At open-cut crossings, Oregon LNG would 
salvage aquatic species, including reptiles, 
from the dewater area. 

Whenever possible, downed logs would be 
left or moved to the corridor/forest edge 

Birds 

American bald eagle 

Haliaeetus 
leucocephalus 

F-SOC 
OCS 
OR-SV 
WA-S 
 

Associated with large waterbodies that support fish populations 
including rivers, lakes, and the ocean.  Area must have large trees 
that provide nesting structure.  They also require variable wintering 
habitats that support a varied food web. 

Eagles forage along the Columbia River and 
Youngs Bay near the terminal, but the terminal 
site does not contain suitable habitat structure 
for eagles.  There are four known eagle nests 
within 0.5 miles of the pipeline.  Construction 
noise may disturb eagles. 

Oregon LNG would protect active roost 
trees during construction and minimize 
activities within 0.5 miles of nests during 
breeding season. 

Oregon LNG would install three artificial 
nest platforms for every nest or nest 
platform that must be relocated. 
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Other Special Status Species for Oregon LNG Project 

Species a Status b Habitat Impacts  Mitigation 

Little willow 
flycatcher 

Empidonax traillii 
brewsteri 

F-SOC 
OR-SV 
OCS 

Inhabits scrub-shrub patches of vegetation adjacent to water for 
nesting and foraging. 

Wetland crossings may temporarily disturb 
scrub shrub wetland habitat, but vegetation is 
expected to recover following construction. 

Oregon LNG’s wetland mitigation would 
benefit passerine birds that use wetlands. 

Mammals 

California myotis 

Myotis californicus 
OR-SV 
OCS 

Inhabits a mixture of forest types using large snags for day roosts.  
Often found night roosting under bridges. 

The pipeline would avoid caves, cliffs, and 
bridges that could be used by bats as roosting 
sites.  The pipeline would also avoid late 
successional confer forest by crossing industrial 
forest or agricultural lands to the extent 
possible. 

Timber clearing within the right-of-way could 
reduce available roosting sites for bats. 

Where possible, snags would be left in the 
construction right-of-way. 

Oregon LNG’s off-site mitigation, such as 
the protection of large tracts of coastal 
forest would benefit tree roosting bats. 

Fringed myotis 

Myotis thysanodes 

F-SOC 
OR-SV 
OCS 

 

Inhabits a mixture of forest types using large snags for day roosts.  
Requires large snags and rock features for day, night, and maternity 
roosts (occasionally uses bridges).  Caves and old mines are often 
used for hibernacula. 

Hoary bat 

Lasiurus cinereus 

OR-SV 
OCS 

Inhabits a mixture of forest habitats but is often associated with late 
successional forests for roosting. 

Long legged myotis 

Myotis volans 

F-SOC 
OR-SV 
OCS 

Often associated with late successional conifer forests or other 
forested habitat with late successional components.  Uses large 
snags and hollows of trees primarily in riparian zones for day, night, 
and maternity roosts.  Occasionally found in caves and old mines.  
Forages in forest riparian and forest edge areas. 

Silver haired bat 

Lasionycteris 
noctivagans 

F-SOC 
OR-SV 
OCS 

Inhabits late-successional conifer forests where it uses large snags 
and hollows in trees for day, night, and maternity roosting.  Is 
migratory in nature. 

Townsend’s big-
eared bat 

Corynorhinus 
townsendii 

F-SOC 
WA-SC 
OR-SC 
OCS 

Inhabits caves, mines, and old buildings for day, night, and maternity 
roosts or hibernacula.  Occasionally uses hollows in trees or bridges 
for day and night roosting.  Primarily feeds on moths. 

American marten 

Martes americana 

OR-SV 
OCS 
 

Inhabits forest habitats with high density of snags and fallen logs for 
den sites and foraging.  Often associated with late-successional 
mixed conifer habitats with multi-layer stands. 

Timber clearing would reduce the quantity and 
quality of forest habitat.  Small mammals may 
be temporarily or permanently displaced due to 
the loss of habitat.  However, the pipeline would 
not cross large tracts of old forest that is 
preferred by American marten and red tree vole, 
so there would be low likelihood of encountering 
these species.   

The pipeline route would avoid high value 
conifer forests (i.e., ODFW Class I) and 
instead be routed through industrial forests 
and agricultural areas.  This would 
minimize potential effects on small 
mammals that depend on late 
successional conifer forest. 

Where possible, Oregon LNG would avoid 
removing riparian trees and snags within 
the construction right-of-way. 

Oregon LNG’s off-site mitigation, such as 
the protection of large tracts of coastal 
forest would benefit American marten and 
red tree vole. 

Red tree vole 

Arborimus 
longicaudus 

F-C  
OR-SV 
OCS 

Found in dense, moist conifer forests.  Prefers large stand size.  Has 
a highly specialized diet of Douglas-fir needles.  Nest at least 50 feet 
above ground level in highly developed conifers. 

__________ 
a Special status species that are also federally listed are addressed in section 4.1.8; OCS species that are not likely to occur in the project area are excluded. 
b OCS = Oregon Conservation Strategy species; OR-SV = ODFW Sensitive Vulnerable; OR-SC = ODFW Sensitive Critical; WA-E = Washington Endangered; WA-C = Washington Candidate; WA-S = 

Washington Sensitive; F-E = Federal Endangered Species; F-C = Federal Candidate Species; F-SOC = Federal Species of Concern 
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