APPENDIX 8.D.

Pacific Connector Gas Pipeline, LP

Fish Passage Plan for Pipeline Stream Crossings
within the Coastal Zone Management Area
(MPs 0.00 to 53.19)
to Satisfy OAR 635-412-0005 - 0040

Pacific Connector Gas Pipeline Project

Applicant:

Contact:
Address:
City:
Phone:
Fax:
E-Mail:

Contact:

Pacific Connector Gas Pipeline Application Completed By:
Natalie Eades Title: Carolyn Last/Dan Duce
111 SW 5™ Ave. Suite 1100 Organization: Edge Environmental, Inc.
Portland, OR 97204 Address: 405 Urban Street, Ste. 310
971-940-7800 City: Lakewood, Colorado 80228
Phone: 303-988-8844
neades@pembina.com Fax: 303-988-8999
E-Mail: clast@edgeenvironmental.com
Jay Lorenz
971-940-7814
jlorenz@pembina.com

April 2019



mailto:neades@pembina.com
mailto:clast@edgeenvironmental.com

Pacific Connector Gas Pipeline Project Fish Passage Plan for Pipeline Stream Crossings w/i CZMA

Table of Contents

1.0 INtrodUCHION — Plan OVEIVIEW.......coiuiiiiiie ittt sre ettt e e sn e e e nne e s e nn e e nnneesneas 1
2.0 Waterbody CroSSing METNOUS .........uuiiiiiiiiiiie ettt e e et e e e e e e e e e e e e e e e sanneeeeeeaans 3
2.1 Non-Flowing Intermittent and Ephemeral Streams and DitChes ...........ccccooiiiiiiiiiiiiiiiiieee 3
2.2 Waterbodies and FIOWING STIEAIMS..........uiiiiiiiieiiiiie ettt 3
2.2.1 Dry Open Cut CroSSiNg MeThOUS..........ueeiiiiiiiiiiiiii et 3
2 S R (1 1= PP 4
2.2.1.2  DaAm AN PUMP ..ottt ettt e ettt e e ek b e e e e b b e e e e ebb e e e s abb e e e e aanreeesannee 6

2.2.2 Horizontal DireCtional DIilliNg..........eeiiieriiiiiiiiiee e e e s s s e e e e e e s s e e e e e e s ssnsnnraereeaeeeanns 8

2.3 Site-SpecCific CONSIIUCHON PIAN ........uuiiiiii i e e e e st e e e e e e s s nbeeeeaaeeeanns 11
3.0 Temporary CONStrUCLION BriOgeS .....cceieieieieieie i nsnensnsnnnnnsnnnsnnnnnnns 11
4.0  Streambank ProteCHION ........coiiiiii i 13
5.0 Sedimentation CONLIOl...........cuuiii i s e e s e e s e e e 13
L O =1 =1 1 o o PP P PP OPPPP 13
7.0  Stream CroSSing RISK ANGIYSIS ........uiiiiiiiiiiiiiiie ettt et s e e s annbe e e s enene 14
8.0  Channel Migration @NA SCOUT ...........uiiiiiiiieiiiie ettt st e e st b e e s anbb e e e s anbbeeesanene 14

List of Appendices

Appendix 1 Tables
Table 1 Fish Utilization Table - CZMA
Table 2 Landowner — Location Table - CZMA
Appendix 2 Dry Open Cut Waterbody Crossing Methods
Flume Procedures
Dam and Pump Procedures
Appendix 3 HDD Plans - CZMA
Coos Bay West HDD Feasibility Evaluation
Coos Bay East HDD Feasibility Evaluation
Coos River HDD Design
MP 25 HDD Design
Appendix 4 Site-Specific Waterbody Crossing Plans - CZMA
North Fork Coquille River At MP 23.06
East Fork Coquille River At MP 29.88
Typical Bridge Crossing
Appendix 5 Fish Salvage Plan
Appendix 6 Risk Assessment
Stream Crossing Risk Analysis
Stream Crossing Risk Analysis Addendum
Appendix 7 Channel Migration and Scour Analysis and Figure 1

Map Volume
Wetland and Waterbody General Location Maps - CZMA

Detailed Aerial Photo Wetland and Waterbody Maps - CZMA
Environmental Alignment Sheets - CZMA




Pacific Connector Gas Pipeline Project Fish Passage Plan for Pipeline Stream Crossings w/i CZMA

1.0 INTRODUCTION — PLAN OVERVIEW

This Fish Passage Plan (“Plan”) was prepared to comply with Oregon Administrative Rules
("OAR”) 635-412-0005 - 0040 which regulate artificial obstructions that could create barriers to
upstream or downstream migration by native fish species. The Plan describes Pacific Connector
Gas Pipeline, LP’s (“PCGP’s”) waterbody crossing procedures and Best Management Practices
(“BMPs”) that will be utilized during construction of the Pacific Connector Gas Pipeline Project
(Pipeline or Pipeline project) to satisfy Oregon Department of Fish and Wildlife (“*ODFW”) Fish
Passage requirements. The purpose of this Plan is to: 1) describe how PCGP’s proposed
waterbody crossing procedures ensure that the pipeline will not create a barrier to fish passage
due to the pipeline depths, which have been designed to accommodate potential future
streambed scour and channel migration; and 2) describe how the BMPs proposed to restore
disturbed streambeds and banks and habitat features have been designed to ensure that they
do not become a barrier to fish passage.. This Plan has been developed for the waterbodies
crossed by the Pipeline within the Coastal Zone Management Area (“CZMA”") between MPs
0.00 and 53.19.

Table 1 (see Appendix 1) lists the waterbodies that are crossed by the Pipeline within the CZMA
by milepost location, stream name and unique ID. Fish presence information for each stream
crossing is provided in Table 1 along with the waterbody stream type (intermittent, ephemeral,
perennial) and ordinary high water mark (“OHWM?”) width, as well as the stream scour potential
hazard rating and stream crossing risk ranking. The waterbody crossing method and rationale
for each stream crossing is specified, along with the ODFW-recommended in-water work
window. Temporary bridge installation information for each crossing is also noted in Table 1 and
if one pass will be required to install the bridge within the ODFW-recommended in-water work
window. Table 2 in Appendix 1 provides the location information for each waterbody crossing
(Section, Township and Range, and Longitude and Latitude) within the CZMA.

Within the CZMA, the Map Volume includes: 1) 1:24,000 scale topographic quad maps showing
the waterbody crossing locations; 2) detailed aerial photo maps of each waterbody and wetland
crossing — the extent of the detailed aerial photo maps are shown on the quad maps (Note:
these maps were developed for Oregon Department of State Lands and include wetland and
ditch features that are within the 400-foot wide project study area but are not affected by the
Pipeline project and are not included on Table 1); and 3) aerial photo environmental alignment
sheets of the Pipeline. The environmental alignment sheets detail various resource information,
such as all work areas (construction right-of-way, temporary extra work areas [“TEWAs”], and
uncleared storage areas [‘UCSAS"]), contours, erosion control measures/BMPs, etc. The
environmental alignment sheets are also provided digitally if needed for larger, on-screen
review.

PCGP’s proposed waterbody crossing methods and their individual limitations are generally
described in Section 2.0 below. Detailed descriptions of the dry open cut crossing methods,
flume and dam and pump, which will be used on the majority of the waterbody crossings, are
provided in Appendix 2, and detailed horizontal directional drill (“HDD”) design plans are
provided in Appendix 3. Site-specific crossing plans for larger waterbodies are provided in
Appendix 4.

PCGP proposes to cross all waterbodies within the ODFW-recommended in-water work
windows' (OAR 635-412-0035 10 (a) and understands that fisheries construction windows only
apply to those waterbodies flowing at the time of construction and that the windows do not apply
to trenchless crossing methods (HDD, Direct Pipe, or conventional bore). Although the

! https://www.dfw.state.or.us/lands/inwater/Oregon_Guidelines_for_Timing_of_%20InWater_Work2008.pdf.
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trenchless crossing methods allow fish passage during the construction process, the dry open
cut crossing methods (flume and dam and pump) temporarily restrict fish passage. Section 2.0
describes the duration in which fish passage would be temporarily restricted for these crossing
methods.

Section 3.0 describes the temporary bridges that will be installed at a majority of the waterbody
crossings to enable construction traffic along the construction right-of-way. The construction
right-of-way provides the primary transportation corridor for equipment and materials; therefore,
installation of temporary bridges across waterbodies is critical to facilitate construction and avoid
significant new road construction. A typical temporary bridge design is included in Appendix 4.

PCGP has developed a Fish Salvage Plan (see Appendix 5), which would be implemented
during dry open cut crossings to minimize adverse effects to Endangered Species Act (“ESA”)
listed salmonids (Southern Oregon/Northern California Coast coho salmon and Oregon Coast
coho salmon), non-listed salmonids (Chinook, steelhead, cutthroat trout), and ESA-listed
catostomids (Lost River sucker and shortnose sucker) as well as to comply with OAR 635-412-
0035 (10)(B)(e) and OAR 635-043. The plan has been developed to:

1. Exclude fish from in-stream construction sites;

2. Minimize risk of injury or death while capturing fish that might remain after exclusion
efforts;

3. Minimize risk of injury or death due to handling captured fish; and

4. Release of fish to non-impacted environments.

The plan specifies procedures to 1) isolate the work area; 2) remove fish and dewater the work
area; 3) handle, hold, and release fish; and 4) document fish that have been captured, handled,
held, and released and notify the National Marine Fisheries Service (“NMFS”) and U.S. Fish and
Wildlife Service (“FWS”).

A stream crossing risk analysis was completed by PCGP (see Section 8.0 and Appendix 6)
according to the protocol identified by Oregon Department of Environmental Quality (“ODEQ").
The analysis approach was confirmed through progress meetings with ODEQ, U.S. Army Corps
of Engineers (“USACE"), and FWS representatives. Table 1 in Appendix 1 includes the risk
analysis management category (Green, Blue, Yellow, or Orange) for each stream crossing
ranked in the risk analysis. Pipeline construction and/or restoration measures were developed
based on the results of the risk assessment; the measures range from site-specific design to
typical construction methods (see Appendix 6). The risk analysis also provides the long-term
monitoring plan (10 years) for the stream crossings, which was developed following consultation
with a representative from FWS and NMFS.

As described in Section 9.0, fluvial erosion is a potential hazard where channel migration,
avulsion, widening, and/or streambed scour are capable of exposing the pipe. Stream crossings
were evaluated with respect to potential future risk to the pipeline that could result from channel
bed scour and/or lateral migration. The Channel Migration and Scour Analysis, prepared by
GeoEngineers (2018), is provided in Appendix 7 and includes all stream crossings (inside and
outside the CZMA). Table 1 in Appendix 1 lists the results of the scour analysis for the stream
crossings within the CZMA and notes the potential 100-year scour depth calculated in alluvium
(assuming absence of bedrock). Figure 1 in Appendix 7 depicts the proposed pipeline burial
depth for streams with low and high scour potential. On low scour hazard streams, the pipeline
burial depth will be 1-3 feet below bedrock, if encountered at depths shallower than 5 feet, or
buried a minimum of 5 feet from the top of the pipe below the thalweg elevation where alluvium
is encountered to depth. On high scour hazard streams, the pipeline burial depth will be 1-3 feet
below the bedrock if encountered at depths shallower than the calculated scour depth, or buried
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a minimum of 1-3 feet below the calculated scour depth where alluvium is encountered to depth.
On both low and high scour stream crossings, the pipeline burial depth will extend across the
Channel Migration Zone (“CMZ”).

2.0 WATERBODY CROSSING METHODS

This section describes PCGP’s proposed waterbody crossing methods. The construction
method proposed for each waterbody within the CZMA is listed in Table 1 in Appendix 1.

2.1 Non-Flowing Intermittent and Ephemeral Streams and Ditches

PCGP proposes to use different waterbody crossing methods, depending on site-specific
conditions. Many of the waterbodies crossed by the Pipeline are minor intermittent or ephemeral
streams or ditches that are expected to be dry or non-flowing at the time of construction. For all
intermittent or ephemeral waterbodies without flow at the time of construction, PCGP will utilize
standard upland, cross-country construction methods. At these crossings, the depth of cover will
be 5 feet (from the top of pipe to the bottom of streambed). If any waterbody is flowing at the
time of construction, a dry crossing technique will be used (i.e., flume or dam and pump).

2.2 Waterbodies and Flowing Streams

For perennial and other waterbodies that are flowing at the time of construction, PCGP has
listed the crossing methods (and rationales) in Table 1 in Appendix 1. Descriptions of the
proposed crossing methods are provided below. These construction methods follow the Federal
Energy Regulatory Commission’s (“FERC's”) Wetland and Waterbody Procedures (available
upon request) and are designed to maintain water flow, minimize changes in waterbody flow
characteristics, and minimize the potential for turbidity and suspended sediment generated
during the crossings. The dry open cut crossing methods isolate in-stream construction from the
flowing stream. The trenchless crossing method (i.e., HDD) allow fish passage throughout the
construction process. Both dry open cut crossing methods (flume and dam and pump)
temporarily restrict fish passage during the construction process; however, the flume crossing
method allows downstream fish passage if the temporary block nets are removed (once the
flume has been successfully installed). The crossing method descriptions in Section 2.2.1
include the expected duration of temporary fish passage restrictions.

PCGP will utilize dry crossing methods for most (45 of the 58) of the waterbodies within the
CZMA. Of the 45 dry open cut waterbodies, 21 are perennial and 24 are intermittent. Four
waterbodies will be crossed by HDD (Coos Bay Estuary/West and East, Coos River, and an
intermittent Trib. to Middle Creek). Nine waterbodies are within or adjacent to the construction
right-of-way but would not be crossed by the pipeline (1 estuary, 3 perennial, 5 intermittent).
Turbidity and sedimentation impacts associated with dry open cut crossing methods are minor,
lasting typically for only a few hours, and are associated with 1) installation and removal of the
upstream and downstream dams used to isolate the construction area for flume or dam and
pump crossing methods; 2) movement of in-stream rocks and boulders to allow proper
alignment and installation of the flume and dams; and 3) the time when streamflow is returned
to the construction work area after the crossing is completed and the dams and flume are
removed.

2.2.1 Dry Open Cut Crossing Methods

As indicated in Table 1 in Appendix 1, the “Dry Open Cut” crossing method is listed for
numerous waterbody crossings within the CZMA, without specifying either flume or dam and
pump. Both flume and dam and pump methods use temporary structures to divert water around
or through the construction work area, so that installation of the pipeline across the waterbody
occurs in an area isolated from stream flow, allowing a “dry” open cut crossing to minimize
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effects to water quality and to aquatic species. All dry open cut crossings would be completed
within the ODFW-recommended in-water work periods to further minimize potential effects to
aguatic species. PCGP would allow the contractor to select either crossing method, unless
ODFW stipulates the crossing method for a specific waterbody.

2.2.1.1 Flume

The flume method typically is used to cross small to intermediate-sized flowing waterbodies that
are either fish-bearing or non-fish-bearing to divert/isolate stream flow from the construction
area so that the pipeline crossing can be constructed in the “dry.” The flume technique involves
diversion of stream flow into a carefully positioned steel pipe(s) of suitable diameter to convey the
maximum flow of the stream across the work area that is expected to occur while the flume is in
place; therefore, stream flow rate is not interrupted. All flumed crossings in the CZMA would
occur within the ODFW-recommended, in-water work window, which is between July 1 and
September 152 (see Table 1 in Appendix 1).

Prior to installing the flume pipe and initiating in-stream construction activities, temporary block
nets will be installed, in the short-term, upstream and downstream of the pipeline crossing to
comply with ODFW Fish Passage Criteria OAR 635-412-0035 10 (B) (d), which requires
construction sites to be isolated from stream flow and fish. Once the block nets have been
securely installed, fish and aquatic life will be safely collected, removed from the construction
site between the upstream and downstream block nets, and placed in the flowing stream by an
authorized person with a collection permit issued by ODFW, consistent with ODFW Fish
Passage Criteria OAR 635-412-0035 10(B)(e). PCGP’s Fish Salvage Plan is provided in
Appendix 5.

PCGP’s Environmental Inspectors (“Els”) will inspect the flume pipes before they are hauled to
the construction right-of-way to ensure they are free of dirt, grease, oil, or other pollutants.
Excessive dirt will be removed from the flume pipe and it will be steam-cleaned, if necessary,
prior to transporting it to the construction right-of-way to remove oil or grease.

In-stream activities associated with flume installation are generally limited to:

o placement of sandbag diversion dams and flume pipe(s) to divert the flow into the flume
pipe;

e placement of baffle structures to dissipate flow energy at the flume pipe outlet; and

e some in-stream movement of rocks and boulders for proper alignment of the flumes and
dams.

Typically, three rows of sandbags are laid on the streambed to support the upstream and
downstream ends of the flume pipe. Short-term, elevated levels of turbidity are expected to
occur. Measures which minimize these increases, include: 1) all in-stream work will be carried
out on foot and no equipment will operate in the streambed; 2) sandbags will be filled with a
non-leachable material such as clean, pre-washed sand; 3) sandbags will be tied securely
before they are installed; and 4) sheets of plastic will be interwoven between the layers of
sandbags to ensure an effective seal.

The flume pipe will not be pushed or pulled over the banks and into the water. After the flume is
laid on the sandbags, construction on the upstream dam will immediately begin, followed by
installation of the downstream dam. During installation, the outfall of the flume would be set to
ensure safe downstream migration of fish into the stream channel. Depending on the site, the
distance between the dams is expected to be about 50-75 feet. The reason for damming the
downstream end of the flume is to prevent downstream water from backflowing into the

2 http://www.dfw.state.or.us/lands/inwater/Oregon_Guidelines_for_Timing_of %20InWater_work2008.pdf.



http://www.dfw.state.or.us/lands/inwater/Oregon_Guidelines_for_Timing_of_%20InWater_work2008.pdf

Pacific Connector Gas Pipeline Project Fish Passage Plan for Pipeline Stream Crossings w/i CZMA

streambed and flooding the crossing work area. A detailed description of fluming procedures is
provided in Appendix 2.

After fish and aquatic life are salvaged between the block nets and the flume has been installed,
the water between the flume dams will be pumped out, as will any seepage of water into the
area between the dams as a result of sub-surface flow and/or some leakage around and under
the dams. Water that is pumped out of the work area will be released to upland areas through a
filtration structure such as a straw bale structure or sediment filter bag or to allow infiltration.
The block nets will be removed once the flume has been successfully installed to allow
downstream migration of fish during construction of the waterbody crossing, if recommended by
ODFW; otherwise as indicated in Section 3.1 of the Fish Salvage Plan (see Appendix 5), the
block nets will remain in place until the crossing has been completed and the flume pipe or dam-
and-pump diversion is removed. PCGP anticipates that the block nets would generally be in
place for approximately 3 to 4 days, but could potentially be in place for a week, at most, to
allow fish salvage and installation of the flume. This duration estimate considers the multiple
waterbodies that need to be crossed by the Pipeline within the ODFW-recommended in-water
work window within the CZMA. The contractor will have a waterbody crossing crew(s)
completing the waterbody crossings separate from mainline construction, which will require
specialized/authorized personnel that are responsible for installing the block nets and salvaging
fish at the crossings prior to the construction crew initiating construction. To efficiently maintain
the construction schedule, the specialized fish salvage personnel will be simultaneously working
at multiple sites along the alignment to ensure the construction contractor is not waiting for fish
salvaging efforts to be completed when arriving to complete a crossing.

Following pipe installation and backfilling, which includes replacing appropriately sized washed
spawning gravels in the streambed, the streambanks will be re-established to approximate pre-
construction contours and stabilized. During construction, trench plugs/breakers will be installed
on either side of the waterbody to prevent potential loss of surface water as the construction site
is re-watered. Installation of trench plugs will be overseen by PCGP’s inspector or authorized
representative. The flume pipe will be removed immediately after the streambed and
streambanks are reestablished and stabilized based on the Stream Crossing Risk Analysis (see
Appendix 6), by slowly removing the downstream dam and then the upstream dam to re-water
the work area in a manner to minimize turbidity. Erosion and sediment control measures will be
installed across the construction right-of-way to reduce streambank and upland erosion and
sediment transport into the waterbody, as indicated in the Erosion Control and Revegetation
Plan (available upon request).

All erosion and sediment control measures in active construction areas will be inspected daily
by PCGP’s Els. FERC will have designated third-party monitors to observe the installation and
condition of erosion and sediment control measures and all BMPs during pipeline construction
and work area reclamation to ensure compliance with FERC’s Upland Plan and Wetland and
Waterbody Procedures. BLM/Forest Service/Reclamation personnel and/or representatives will
be allowed to visit and monitor any location of the PCGP Project on the public lands they
respectively manage and to consult with PCGP’s Els. Personnel that handle and/or remove fish
on federally-managed lands will be approved by the Forest Service or the BLM or Reclamation
or be done directly by agency personnel if approved by ODFW.

The flume method has proven to be an effective technique for constructing a pipeline through a
waterbody. Because the streamflow is carried across the construction work area through flume
pipe(s), the sediments generated from trench excavation and backfilling operations are isolated
within the construction work area between the upstream and downstream dams, and only
limited amounts of suspended sediment or turbidity leave the work area. Typically, larger
volumes of water can be carried through flume pipes than moved by pumps used in dam and
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pump crossings. For this reason, larger streams are generally crossed using the flume method.
In addition, the flume method allows for continued fish passage downstream (and potentially
upstream) through the construction work area during pipe installation.

Limitations of the Flume Crossing Method. The flume remains in place for the duration of
installation so if the construction equipment excavating the trench or installing the pipe hits the
flume pipe(s), a leak may occur between the flumes or in the dam, allowing additional water to
bypass the dams. As a result, water leaking past the upstream dam can enter the disturbed
construction work area and possibly transport sediment downstream of the crossing if the
downstream dam cannot be adequately sealed or if dewater pumps are not sufficiently sized to
pump out the water entering the work area. Furthermore, construction equipment (e.g.,
trackhoes) must reach under the flume(s) to excavate the trench to the appropriate depth. Use
of numerous flume pipes on larger waterbodies required to carry higher flow volumes may
prevent the equipment from fully excavating the trench. This limitation can restrict the size of
stream which can be flumed. Additionally, depending on the Stream Crossing Risk Analysis
management category of a crossing (see Table 1 in Appendix 1 and Appendix 6) and the
restoration BMP that may need to be installed, the flume method could hinder installation of the
restoration measures. Within the CZMA, in-stream blasting is not anticipated because of the
soft, rippable substrates expected to be encountered (see Section 6.0). However, if hard
bedrock is exposed or encountered in the streambed and blasting is required to achieve the
design depth at the crossing, the flume may restrict blasting activities (dry open cut is the
preferred crossing method where blasting is required).

Activities associated with the flume method that may produce sedimentation and turbidity
include:

¢ installation and removal of the upstream and downstream dams;
movement of in-stream rocks and boulders to allow proper alignment and installation of
the flume and dams;

e water leaking through the upstream dam, flowing across the work area (picking up
sediments), and leaking past the downstream dam; and/or

e a short pulse of sedimentation and turbidity when streamflow is returned to the
construction work area after the crossing is complete and the dams and flume are
removed.

Compared to the wet open cut crossing method (not proposed for the Pipeline project), the
flume method requires additional time for installation of the flume and dams, construction of the
crossing, and removal of in-stream fluming structures. Construction of a flume crossing typically
requires 48 hours, but can take up to 7 days (4 days to install and remove the structures and 3
days to install the pipeline). This extended construction period increases the potential for higher
stream flows to compromise the crossing, for the dams to develop significant leaks, or for the
trench to collapse, requiring additional excavation.

2.2.1.2 Dam and Pump

The dam and pump method is an alternative to fluming and includes similar objectives. With the
dam and pump method, stream flow is diverted by pumping water through hoses over or around
the construction work area. The goal of this technique is to create a relatively “dry” work area to
avoid or minimize the transportation of heavy sediment loads and turbidity downstream of the
crossing. This crossing method may be used on all waterbodies where stream flow can feasibly
be diverted by pumping around the work area. PCGP proposes to cross streams using this
method within the ODFW-recommended in-water construction windows (July 1 to September 15
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within the CZMA) to minimize potential impacts to aquatic species. Fish passage will be
temporarily obstructed while the dams are in place.

The dam and pump method is the preferred where, according to the Stream Crossing Risk
Analysis (see Appendix 6), BMPs are necessary for bed or bank restoration and the flume
crossing method could hinder the installation of the BMPs because of the in-place flume pipe(s).

The dam and pump method involves installation of two in-stream dams with the intent of
stopping the volume of water flowing through the crossing. In some instances, the terrain of the
stream channel does not provide a positive seal and some water may seep into the area. One
dam is placed upstream of the construction work area, while the other dam is installed
downstream of the construction work area. Dams can be constructed of sandbags with a plastic
liner, sheet piling, steel plates, jersey barriers with sandbags, aquadams, portadams, and a
variety of other materials. Some in-stream movement of rocks and boulders may be necessary
to enhance the seal at the dam. While the dams are being installed, appropriately sized pumps
and hoses begin transporting upstream water around the construction area. Pump intakes are
appropriately screened to prevent entrainment of aquatic species according to ODFW/NMFS
criteria®. An energy-dissipation device is used to prevent scouring of the streambed at the
discharge location.

As with the flume crossing method, prior to installing the dam and pump crossing and initiating
in-stream construction activities, temporary block nets will be installed in the short-term
upstream and downstream of the pipeline crossing to comply with ODFW Fish Passage Criteria
ORS 635-412-0035 10(d), which requires construction sites to be isolated from stream flow and
fish. Once the temporary block nets have been securely installed, fish and aquatic life will be
safely collected, removed from the construction site between the upstream and downstream
block nets, and released upstream of the upstream block net by an authorized person with a
collection permit issued by ODFW, consistent with ODFW Fish Passage Criteria ORS 635-412-
0035 10(e). Appendix 5 provides PCGP’s Fish Salvage Plan.

The block nets will be removed immediately after the crossing is competed and the dams have
been removed. PCGP anticipates that the block nets would be in place for approximately one
week (at most) to allow for fish salvage, installation of the dam and pump crossing, construction
across the waterbody streambed, and bank restoration. This estimate may be slightly extended
if mechanical excavation is required to complete the crossing or restoration measures as
outlined in the Stream Crossing Risk Analysis (see Appendix 6) are necessary. This duration
estimate considers the multiple waterbodies within the CZMA that need to be crossed within the
ODFW-recommended in-water work window. As described in the fluming section above, the
contractor will have a waterbody crossing crew(s) completing the waterbody crossings separate
from mainline construction, which will require specialized/authorized personnel that are
responsible for installing the block nets and salvaging fish at the crossings prior to the
construction crew initiating construction. To efficiently maintain the construction schedule, the
specialized fish salvage personnel will be simultaneously working at multiple sites along the
alignment to ensure the construction contractor is not waiting for fish salvaging efforts to be
completed when arriving to complete a crossing.

After the dam and pump operation is set up to effectively bypass streamflow around the
construction area, the area between the dams (work area) is dewatered to the extent possible.
The trench is then excavated through the stream using trackhoes or draglines operating from
the banks, from within the streambed, or on equipment bridges. Spoil removed from the trench

% National Marine Fisheries Service (NMFS). 2008. Anadromous Salmonid Passage Facility Design. NMF, Northwest
Region, Portland, Oregon.




Pacific Connector Gas Pipeline Project Fish Passage Plan for Pipeline Stream Crossings w/i CZMA

is generally placed in, or relayed to, an upland area adjacent to the stream crossing. In some
cases, trench spoil is stored in the stream channel between the two dams.

Trench plugs are maintained between the upland trench and the waterbody crossing until the
pipe is ready for installation. Once the trench is fully excavated, the pipeline is carried into place
and the trench is backfilled. Restoration of the streambed to original contours and initial
restoration and stabilization of streambanks is then completed. Once construction reaches this
stage, the downstream dam is removed (by hand or with equipment), in a careful manner to re-
water the work area to minimize turbidity, followed by removal of the upstream dam. After the
dams have been removed, the pumping operation is halted, and the pumps are removed. A
detailed description of dam and pump crossing procedures is provided in Appendix 2.

Limitations of the Dam and Pump Method. The dam and pump method is an effective
method for reducing potential sediment and turbidity impacts associated with construction
activities. Although it is not always possible to completely seal the upstream and downstream
dams, substantially all streamflow is routed around the construction work area, effectively
isolating sediments generated from construction to the area within the dams and significantly
reducing the amount of sedimentation and turbidity leaving the construction work area.

Certain limitations are associated with dam and pump operations. These include limits on the
volume of water that can be transported around the work area by the pumps; potential
difficulties with isolating the streamflow; and potential difficulties with obtaining an effective seal
on the upstream and downstream dams to reduce water moving across the work area.

Turbidity and sedimentation impacts associated with the dam and pump method are generally
minor. Activities associated with the dam and pump method that may produce sedimentation
and turbidity include:

¢ installation and removal of the upstream and downstream dams;

o if needed, excavation of a sump or basin to withdraw water upstream of the pipeline
crossing;

e water leaking through the upstream dam, flowing across the work area (picking up
sediments), and leaking past the downstream dam; and/or

e a short pulse of sedimentation and turbidity that occurs when streamflow is returned to
the construction work area after the crossing is complete.

The dam and pump method limits movement of fish upstream and downstream through the
construction work area during the crossing period.

2.2.2 Horizontal Directional Drilling

The HDD method involves drilling under a feature and pulling the pipeline into place through the
drillhole that has been reamed to accommodate the diameter of the pipeline. This procedure
involves three main phases, pilot hole drilling, subsequent reaming passes, and pipe pullback.
HDD typically is used for the crossing of major waterbodies (greater than 100 feet wide). Within
the CZMA, PCGP is proposing to use the HDD method for the crossings of the Coos Bay
Estuary (Coos Bay West/MPs 0.28 to 1.00 and Coos Bay East/MPs 1.46 to 3.02), and the Coos
River (MP 11.13R). A Trib. to Middle Creek (MP 25.18) will also be crossed by an HDD (the
purpose of this HDD is topographical rather than specific to the waterbody — see Appendix 3).

The HDD crossing method requires no in-water work and fish passage is maintained throughout
the HDD process. The ODFW in-stream construction window for the Coos Bay Estuary and
Coos River mainstem is from October 1 to February 15. Because PCGP’s Coos Bay West HDD
footprint overlaps with the LNG Terminal facilities, the HDD needs to be completed prior to
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construction of the LNG Terminal to prevent construction conflicts and delays. Therefore, PCGP
may complete the HDD outside the ODFW-recommended in-water work window. Due to the
extensive wetland located on the east side of Coos Bay within Kentuck Slough, PCGP plans to
schedule the Coos Bay East HDD outside the in-water work window to minimize surface impacts
within the saturated floodplain wetland. Similarly, because of the extensive wetland location on
the south side of the Coos River, PCGP has scheduled the HDD during the dry season, outside
the in-water work window between August 1 and September 30, to minimize surface impacts
within the saturated floodplain wetland. The HDD of the Coos River is expected to last up to 4
months.

Pilot Hole. The pilot hole establishes the ultimate position of the installed pipeline. For this
operation, an initial hole is drilled from the entry point to the exit point on the opposite side of the
crossing. The head of the pilot drill string contains a pivot joint to provide directional control of
the drill string. By altering or steering the drill head, the operator can control the direction as the
drill progresses. Thus, the pilot hole can be directed downward at an angle until the proper
depth is achieved, then turned and directed horizontally for the required distance, and finally
angled upward to the surface. Tracking and steering of the HDD drill head is generally guided
using a two-wire system. The system consists of two insulated wires (approximately 0.25-inch in
diameter) that are laid on the ground and are charged with an electrical current. A
magnetometer accelerometer probe located behind the drill bit detects the electric current to
triangulate the drill bit for steering.

As the pilot drill string is advanced, additional sections of drill pipe are added at the drill rig
located at the entry point. High-pressure jetting of drilling fluid at the drill head and, in harder soil
formations, rotation of the drill bit, facilitates advancement of the drill string. The drilling fluid
(mud) is typically a non-toxic bentonite clay mixed with freshwater to make a slurry. Once the
pilot hole exits in an acceptable location, the reaming operation is initiated.

Reaming. During the reaming phase, a reaming head is attached to the drill pipe and pulled
back through the pilot hole to enlarge it. Several reaming passes may be made with
incrementally larger reaming heads to enlarge the hole to approximately 1.5 times the diameter
of the pipeline. Various reaming heads can be utilized, depending on the substrate encountered.
High-pressure drilling fluid is jetted through the reaming head to float out drill cuttings and
debris, to cool the drilling head, and to provide a cake wall to stabilize the hole. Once the drill
hole is enlarged to the proper diameter, the pipe is pulled back through the reamed hole.

Pullback. The last step to complete a successful installation is the pullback of the pre-fabricated
product pipe into the enlarged hole. The pullback process is the most critical step of the HDD
process. A reinforced pullhead is welded to the leading end of the product pipe and to a swivel
connected to the end of the drill pipe. The swivel is placed between the drill rig and the product
pipe to reduce torsion and prevent rotation from being passed to the product pipe.

During pullback, the pre-tested carrier pipe pull section is supported with a combination of roller
stands and/or product pipe handling equipment to direct the product pipe into the hole at the
correct angle, reduce tension during pullback, and prevent the product pipe from being
damaged. After the product pipe is in place, the installed crossing is pigged (optional), tie-in
welds on each side of the crossing are completed, and the crossing is hydrostatically tested.
The detailed Coos Bay West, Coos Bay East, and Coos River HDD Crossing Plans are
provided in Appendix 3.

Limitations of the HDD Method. The HDD pipeline-design must consider hoop stresses,
bending stresses, and tension stresses. The combination of these three stresses cannot exceed
the yield strength of the pipe. The bending stresses approach their limit at approximately 1 inch
of deflection for every 100 feet in length of pipe. The relative rigidity of the pipe requires long
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swooping angles to navigate large elevation changes. Therefore, the minimum length of an
HDD is driven by the physical site conditions available at the specific crossing.

The HDD method is not always appropriate for installation of a large-diameter pipeline. The
success of an HDD crossing can be limited by a combination of technical factors, including but
not limited to: diameter of the pipe, length of the crossing, surrounding topography,
aboveground structures, and geologic substrate at the drill location. Substrates lacking cohesion
(i.e., lacking fines) or having significant quantities or venialities of coarse fragments (e.g., gravel,
cobble, or boulders) may contribute to failure of the HDD effort. Gravel/cobble substrate often
limits the potential for a successful drilling operation. Failure of the HDD method can result from
the inability to keep the hole open or the inability to direct/steer the HDD (common in
cobbly/gravelly substrates), or from the collapse of the hole around the pipeline during pullback.
In such cases, the HDD method may be re-attempted along a different drill path or abandoned
in favor of an alternate crossing method. The duration of a large diameter HDD generally takes
several weeks or months to complete.

The HDD method has the potential for inadvertent releases of drilling mud into the waterbody.
Drilling mud typically is comprised of bentonite clay and water, and can include additional
additives specific to each drilling operation. PCGP will approve any additive compounds prior to
use by the drilling contractor to ensure compliance with all applicable environmental and safety
regulations. Toxic additives will not be used in the bentonite drilling mud. If a fault or crack in the
overburden is encountered, the drilling mud can escape to the surface in an upland and/or
waterbody/wetland area. This is referred to as an inadvertent release. Inadvertent releases
range from minor releases, which are easily controlled and cleaned up, to major releases
(hundreds of thousands of gallons). Major releases may be difficult to clean up and may
significantly affect water quality in waterbodies and wetland or upland areas. However, the
impacts associated with an inadvertent release of drilling mud would be limited because the
probability of an inadvertent release is greatest when the drill bit is working near the surface
(i.e., near the entry and exit points). At the proposed HDD sites where this could occur, PCGP
has designed the HDDs so that areas at greatest risk to a potential inadvertent release are in
upland areas away from the water’'s edge. Locating the HDD entry and exit points as far as
practical away from the banks of the waterbody minimizes the potential for an inadvertent
release into a waterbody.

HDDs associated with large diameter pipe have a minimum required length and radius angle
which is based on several factors including design geometry, diameter of product pipe,
minimum radius calculations, installation stresses, and operating stresses. Locating TEWAs
large enough to accommodate the drilling activities may also increase the drill length. HDDs do
not follow a straight line and there are no bore pits like a conventional bore. The pilot hole bit is
capable of making gradual vertical turns as needed to traverse the crossing. The drill generally
enters the ground at a 10 degree angle (+ 2 degrees) to the horizontal plane. After reaching the
required depth, the drill makes an arc to approximately the horizontal plane and then generally
follows that tangent through the crossing area. After passing through the crossing area, the drill
then makes another arc upwards to the ground surface and exits, generally at a 10 degree
angle (+ 2 degrees). An HDD drill path may have two vertical arcs, one on each side of the
crossing, or, if the crossing is short, a single vertical arc at the center of the crossing. The arc
(or curve) of the drill path cannot be too sharp because the carrier pipe section is limited by its
ability to flex to follow the drill path when it is pulled into the reamed hole.

To insure that unacceptable geometrical deformation or mechanical stress on the pipe does not
occur, engineering standards limit the amount of “deflection” to which the pipe can be subjected.
Therefore, there is a minimum allowable “arc radius” for the drill path. The “minimum arc radius”
is determined by the diameter of the pipe to be installed. The greater the pipe diameter, the
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greater the arc radius. Based on the design geometry and the diameter of the proposed 36"
diameter product pipe, the minimum allowable three joint radius over any consecutive three joint
sections should not be less than 2,600 feet. The design radius for the entry and exit curves
would be 3,600 feet.

Topography plays a large role in the location of the entry and exit hole sites. A relatively flat
area that is large enough for the rig and equipment is needed. TEWAs would be utilized to weld
and test the pipe section for the crossing and should be straight and aligned with the drill path
and slightly longer than the drill path. It is optimal for the entry and exit holes to be as close to
the same elevation as possible. This allows better circulation and return of the drill mud and
cuttings and mitigates the risk of drill failure. The rig and all the support equipment require a
good access road with large turnouts. Water trucks and mud trucks run 24 hours per day during
active drilling operations.

If an inadvertent return occurs, the HDD operation would be stopped temporarily to determine
an appropriate response plan. PCGP would attempt to determine the cause of the hydraulic
fracture and inadvertent return and would implement procedures, which may reduce the chance
of recurrence. One possible corrective measure would be increasing the drilling fluid viscosity in
an attempt at sealing the release point. Drilling mud primarily consists of water mixed with
bentonite, which is a naturally occurring clay material. The only other possible additives would
be nontoxic solid materials (e.g., sawdust, nut shells, bentonite pellets, or other commercially
available nontoxic products) that could be needed to plug an inadvertent release. The drilling
operation may be suspended for a short period (i.e., overnight) to allow the fractured zone to
become sealed with the higher viscosity drilling fluid.

GeoEngineers Inc. has evaluated the feasibility of the HDD crossings of the Coos Bay Estuary
(West and East) and the Coos River (see Appendix 3). Although GeoEngineers, Inc. (see
Appendix 3) indicates that the HDDs of the Coos Bay Estuary (West and East) and the Coos
River can be successfully implemented at the proposed crossing locations, in the event of an
unsuccessful HDD, the HDD would be reattempted at the same location, or slightly offset. If a
reattempted or offset HDD were not successful, PCGP would evaluate implementing a Direct
Pipe (“DP") crossing at the same location. An overview of DP Technology is available upon
request.

The proposed schedule for HDD crossings allows adequate time to apply for the required permits,
if necessary, within the overall construction schedule in the event that an HDD crossing is
unsuccessful.

2.3 Site-Specific Construction Plan

In addition to the general construction methods described above, FERC requires site-specific
drawings for crossings of waterbodies that are greater than 100 feet in width. Based on FERC's
guidelines and agency requests during interagency working group meetings conducted between
2007-2009, site-specific drawings and plans were developed for the East Fork and North Fork
Coquille river crossings within the CZMA (see Appendix 4).

3.0 TEMPORARY CONSTRUCTION BRIDGES

If water is present in streambeds at the time of construction, PCGP will utilize temporary
construction bridges during all phases of construction to cross the waterbodies to prevent
sedimentation caused by construction traffic. In general, equipment/temporary bridges will not
be installed on intermittent waterbodies which are dry at the time of construction; however, if a
storm occurs which results in water in the streambed of the otherwise intermittent waterbody, no
equipment will cross the waterbody until the streambed is dry or until a bridge is installed. PCGP
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will consult with the applicable land management agency (i.e., BLM, Forest Service, or
Reclamation) on the type of temporary crossings. Although FERC’s Wetland and Waterbody
Procedures allow clearing equipment and equipment necessary for installation of the temporary
bridges to cross waterbodies prior to bridge installation, PCGP will not allow clearing equipment
to cross waterbodies prior to bridge placement. Furthermore, where feasible, PCGP’s
contractors will attempt to lift, span, and set the bridges from the streambanks. Where it is not
feasible to install or safely set the temporary bridges from the streambanks, only the equipment
necessary to install the bridge will cross the waterbody. Any equipment required to enter a
waterbody to set a bridge will be inspected to ensure it is clean and free of dirt or hydrocarbons.
Table 1 in Appendix 1 indicates the waterbodies where temporary bridge crossings within the
construction right-of-way are proposed and if one pass of equipment is expected to be
necessary to install the bridge.

Although the pipeline crossings are proposed to be constructed within ODFW-recommended, in-
water construction windows, the temporary bridges will need to be installed outside the in-water
construction windows to allow clearing and construction traffic to travel up and down the
construction right-of-way. The temporary bridges will be designed according to FERC’s Wetland
and Waterbody Procedures as well as according to the USACE, Oregon Department of State
Lands (“ODSL”), ODEQ, Forest Service, BLM, and ODFW approvals. If temporary bridges were
not allowed to be installed outside of the ODFW-recommended, in-water construction windows,
in many locations PCGP would be required to construct new roads to access the construction
right-of-way on either side of stream crossings. Construction of roads for stream crossing
access would result in significantly more disturbance than installing temporary bridges outside
the in-water work window(s). The temporary bridges will be removed when construction and
restoration are completed.

The temporary equipment bridges will be constructed to maintain unrestricted flow and to
prevent soil from entering the waterbody. Soil will not be used to stabilize equipment bridges.
Bridges will be designed and will be maintained to withstand and pass the highest flow expected
to occur while the bridge is in place. The highest flow expected will be determined during the
season of construction and will take into account an evaluation of regional climate and physical
conditions as well as existing historic stream flow data and peak discharge statistics from
nearby USGS gauging stations.

Where feasible, bridges will be designed to span the entire OHWM of the waterbody. ODFW
recommends 3 feet of freeboard from the OHWM/Active channel to the bottom of the bridge.
The majority of the proposed bridge crossings in Table 1 (see Appendix 1) are narrow crossings
where the OHWM is expected to be easily spanned using temporary equipment mats which are
typically 30 to 40 feet in length, or a railroad flat car that can be up to 89* feet in length. If the
contractor determines it is not possible to safely span the OHWM with a bridge and determines
a temporary mid-stream culvert or pier is required to support a bridge, these culverts/piers
would be installed to minimize flow restrictions; to prevent streambank erosion or scour from
deflected stream flow; and to maintain fish passage. If a mid-stream support is necessary, the
contractor would design, permit, and receive ODFW fish passage approval prior to installing any
mid-stream support culverts/piers. Drawing B8300.01-13A-00003, included in Appendix 4,
provides typical design details for temporary bridges.

Temporary bridges will be set during clearing operations and during construction. The
temporary bridges will not be left in place across a waterbody over the winter. Additionally, if
there will be more than 1 month between final cleanup and the beginning of permanent seeding

4 https://www.up.com/customers/all/equipment/descriptions/flatcars/index.htm.
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and reasonable alternate access to the right-of-way is available, equipment bridges will be
removed as soon as possible after final cleanup, as required by FERC's Wetland and
Waterbody Procedures. Equipment bridges will be maintained throughout construction and
cleaned as necessary to minimize potential sedimentation.

4.0 STREAMBANK PROTECTION

To minimize construction impacts associated with waterbody crossings, equipment bridges and
mats will be used, as necessary, to provide stable work planes. TEWAs for spoil storage and
pipe staging will be set back from the banks, as discussed below, and temporary sediment
barriers will be installed around disturbed areas, where necessary, in accordance with FERC’s
Wetland and Waterbody Procedures. The Stream Crossing Risk Assessment (see Appendix 6)
provides the proposed measures that will be used to stabilize and restore streambanks.

5.0 SEDIMENTATION CONTROL

PCGP will install temporary equipment bridges across perennial or intermittent waterbodies
flowing at the time of construction to prevent sedimentation caused by construction and
vehicular traffic (see Section 3.0).

Trench spoil excavated from within the waterbody will be placed at least 10 feet from the water’'s
edge or in a TEWA. In some streams, native washed streambed boulders, cobbles, and gravels
removed from the surface of the trench may be stored within the construction right-of-way in the
streambed in areas isolated from stream flow (i.e., within the dammed area for flumes or dam
and pump crossing). Storing this material in the streambed will minimize handling and help to
ensure the material will be available for backfill and streambed restoration. Staging areas and
additional spoil storage areas will be located at least 50 feet away from waterbody boundaries,
where topographic conditions and other site-specific conditions allow. Where topographic
conditions do not allow a 50-foot setback, spoil storage areas will be located at least 10 feet
from the water’'s edge. Sediment control devices, such as silt fences and straw bales, will be
placed around the spoil piles to prevent spoil flow back into the waterbody.

All erosion and sediment control measures will be inspected daily by PCGP’s Els in active
construction areas. FERC will have designated third-party monitors observing the installation
and condition of erosion and sediment control measures and all BMPs during pipeline
construction and work area reclamation to ensure compliance with FERC’s Upland Plan and
Wetland and Waterbody Procedures. BLM/Forest Service/Reclamation personnel and/or
representatives will be allowed to visit and monitor any location of the Pipeline project on the
public lands they respectively manage and consult with PCGP’s Els.

6.0 BLASTING

Section 5.2 of the Geologic Hazards and Mineral Resources Report (available upon request)
describes the locations where blasting may be required for construction in areas where hard,
non-rippable bedrock occurs within the trench profile as well as proposed mitigation measures
to minimize impacts. Within the CZMA, blasting is not anticipated because the bedrock that may
be encountered within the design depth at the various waterbody crossings would be
sedimentary strata that are expected to be soft, rippable material that can be excavated by
mechanical or through hydraulic techniques such as hammering.
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7.0 STREAM CROSSING RISK ANALYSIS

A Stream Crossing Risk Analysis and Addendum were completed (see Appendix 6) according
to the protocol identified by ODEQ. PCGP confirmed the approach through progress meetings
with ODEQ, USACE, and FWS representatives. Table 1 in Appendix 1 includes the risk analysis
management category (Blue, Yellow, Orange) for each stream crossing ranked within the
CZMA. Pipeline construction and/or restoration measures commensurate with the results of the
risk assessment have been developed and are described in the report and addendum and
include approaches that range from typical construction methods to site-specific design. The
risk analysis provides information on stream channel characteristics to assist PCGP in
identifying stream crossings that require atypical approaches to waterbody crossing and site
restoration. Appendix B to the risk assessment addendum provides BMP recommendations for
Yellow management category streams and includes typical design drawing BMPs for bed
restoration and bank restoration. All BMPs are designed to meet ODFW Fish Passage
requirements. Appendix C to the risk analysis addendum includes site-specific restoration plans
for 4 crossings within the CZMA (i.e., Middle Creek/MP 27.04; Elk Creek/MP 32.40; Trib to Big
Creek/MP 37.35; and Upper Rock Creek/MP 44.21). The risk analysis addendum also provides
the long-term monitoring plan (10 years) for the stream crossings, which was developed
following consultation with representatives from FWS and NMFS. The long-term monitoring will
ensure success of the restoration, maintenance of fish passage, and identify channel erosion,
scour or migration that could destabilize the site or expose the pipeline.

8.0 CHANNEL MIGRATION AND SCOUR

The principal hazard resulting from channel migration and streambed scour is exposure of the
pipeline within the channel from streambed and bank erosion or within the floodplain from
channel migration and/or avulsion. To address this potential hazard, PCGP completed a
channel migration and scour analysis (see Appendix 7), which evaluated stream crossings with
respect to channel bed scour and/or lateral migration. The evaluation was conducted in two
phases: Phase | involved a desk top evaluation and small field investigation in which all stream
crossings were ranked for potential risk; and Phase Il involved detailed field investigations and
analyses of those stream crossings that were concluded to pose risk to the pipeline based on
the Phase | study. Table 1 in Appendix 1 includes the scour rating for each waterbody within the
CZMA.

To minimize the effects of migration and scour hazards to the pipeline, at a minimum, PCGP will
design all waterbody crossings to meet DOT CFR 49 Part 192 standards. PCGP may also
implement one or more of the following measures provided in GeoEngineer’s (2018) Channel
Migration and Scour Analysis (see Appendix 7):

1. At each channel crossing, bury the pipe below the estimated 100-year depth of streambed
scour. Where bedrock is encountered at shallower depths than the estimated 100-year
scour depth, the elevation of competent bedrock represents the limit of scour.

Where feasible, place the pipe into bedrock.

Within floodplains adjacent to migrating channels, bury the pipe below the projected 100-
year scour depth of the channel thalweg within the 50-year channel migration zone
(“CMZ").

wn

PCGP will design all pipeline crossings within the 50-year CMZ based on the results of the
Channel Migration and Scour Analysis (see Appendix 7). As noted in the analysis, the potential
CMZ over a 100-year time span was not considered because: (1) predicting channel migration
behavior over 100 years is considered unreliable; and (2) the design life of the Pipeline project
is 50 years. Figure 1 in Appendix 7 depicts the proposed pipeline burial depth for low and high
scour potential streams within the CMZ.

14



Pacific Connector Gas Pipeline Project Fish Passage Plan for Pipeline Stream Crossings w/i CZMA

Appendix 1
Tables

Table 1 Fish Utilization Table - CZMA
Table 2 Landowner — Location Table — CZMA




Table 1
Fish Utilization, EFH in, and Crossing Techniques and In-Water Work Windows for Waterbodies Crossed by the Proposed Route (revised April 2018 and February 2019)
Equipment
Bridaes Y=Yes,
Y* = Yes if
flowing at time of
construction, 1o
=1 pass required
Waterbody Type . outside fish
Risk window
Size ! Assessment/ 1i = 1 pass
Management _ required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous  |Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level? |Waterbody Crossing Rationale| Present/Habitat “°| Species Present ®| Species Present Present ° Present ° Window ’ window, N=None
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. . which crosses the drain, is . .
Risk Mgmt.: N/A . T,CH . spp, 2 Salmonid | spp, Salmonid
. . required for the HDD of Coos Fall Chinook, Coho, . . .
Estuary Drain (Alt Wet NH 17100304006491 Major . . * Oregon Coast . Various Marine Fish spp. spp. Oct 1 to Feb 15
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(West)) State Scour Rating: . i ESU Coho, e and Shellfish 10a
string and to facilitate the HDD N . Pacific Lamprey . .
Pullback TEWA Level N/A - migration, rearing Pelagic, Fall Chinook/
. S pullback operations. The Estuary ! . ;
Adjacent to Pipeline A . . habitat Groundfish, and | Coho Rearing,
Drain will be bridged to minimize T CH Sal id Miarati
disturbance , almonids (see igration
Table 3B- 6)
HDD feasibility based on
geometry, topography, and
expected geotechnical conditions
z;lc_)ng prc|)_|p[c))lsjed ?Ilgt_nment. 4 Coastal Pelagic
sir mr?i%i:yantl seatct;\z/ilcllf?rgrrne e Southern DPS spp., 21 Coastal Pelagic
Estuarine crogsin Tr):e HDD crossin Green Sturgeon, Groundfish spp., Groundfish
Risk Mgmt... N/A methodiiII not encumber thge T, CH Fall Chinook, Coho spp. 2 Salmonid | spp, Salmonid
Coos Bay (NE-26) 17100304006491 0.28 to 1.00 Maior Federal Navigation crossed alonal Oregon Coast Winter Steélhead '| Various Marine Fish spp. spp. Oct 1 to Feb 15 N
WB-T02-001 State ) ) ! Scour Rating: the HIgD alignment 9 ESU Coho, Pacific Lampre ' and Shellfish 10a
HDD Level N/A The HDD avoids Ii%\-watef open migration, rearing prey Pelagic, Fall Chinook/
cut crossing methods P habitat Groundfish, and | Coho Rearing,
9 ) T,CH Salmonids (see Migration
Other trenchless crossing Table 3B- 6)
methods (conventional bore and
Direct Pipe®) are not feasible
based on crossing length.
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Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous  |Resident Coldwater Species Component Construction set inside fish
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W-T02-001D the HDD alignment. N . Pacific Lamprey . .
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Perennial Risk Mgmt.: Blue fez;.s%lg?pigg:étarrg;hsorﬂall e Oregon Coast
Trib to Coos Bay 17100304000767 . - ; - ESU Coho, Coho Assumed, .
(S1-01/EE-6) Private 6.39R Minor Scour Rating: channelized t_rlbutary Wl_thln_golf assumed habitat Winter Steelhead Assumed Coho Assumed Unknown Jul 1 to Sep 15 Y
coarse lacking effect riparian
Level O : T
Dry Open-Cut vegetation.
Perennial Rls\l((el:l/lc?vr\:m: Dry open-cut method . E()Srsgcocn)h(c:)oast
Willanch Slough (EE-7) 17100304001393 . feasible/practical on small N . Coho, Winter Coho Rearing, .
. 8.27R Intermediate . S ' migration, rearing Assumed Coho S Jul 1 to Sep 15 Y
S1-04 (EE-7 MOD)) Private — tributary within pasture/hayfield ! Steelhead Migration
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Dry Open-Cut Level 0 9 P 9 ) T,CH
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Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous  |Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level? | Waterbody Crossing Rationale | Present/Habitat *°| Species Present ® | Species Present Present ° Present ° Window ’ window, N=None
HDD feasible based on geometry,
topography, and geotechnical
conditions along proposed
alignment. Primary HDD activities
are &gnnﬁcs::;lg;ggt back from | | Southern DPS
Estuarine . ' Green Sturgeon, . '
Risk Mgmt.. N/A Conventional bore not T, CH Fall Chinook, Coho, Chinook, Coho Fall Chinook/
. i 17100304005030 : g . e Oregon Coast | Winter Steelhead, |Various Marine Fish Pelagic, . Oct 1 to Feb 15
Coos River (BSP-119) Private 1113R Major Scour Rating: feifégﬁfﬁgﬂ;?:\ t;en%aﬁ%ehof ESU Coho, Green Sturgeon, and Shellfish Groundfish, (see Copﬂ?g(rzﬁgr:')ng’ 10c N
11 ; ; ; i _
HDD 10 Level 1 groundwater areas on either side mlgraﬂggi,ur;tearlng Pacific Lamprey Table 3B- 5)
of river. T. CH
Dry open-cut or diverted open-
cut methods not practical/feasible
based on flow volumes and tidal
influence.
Dry open-cut methods
feasible/practical during low flow
Perennial Risk Mgmt.: period within fish window. A
17100304005031 Yellow conventional bore crossing is . EOSrSgCOQh%O%t Coho, Winter Coho Rearin
Vogel Creek (SS-100-005) . 11.55BR Minor problematic because of expected ; ¢ ' Assumed Coho 0 Rearing, Jul 1 to Sep 15 Y*
Private R A - spawning habitat Steelhead Migration
Scour Rating: |high groundwater levels within the T CH
Dry Open-Cut Level 0 Coos River floodplain that would !
be encountered within the bore pit
at design depths.
Ditch Intermittent Risk Mgmt.: N/A Dry open-cut methods
. 17100304000790 . feasible/practical on small .
Trib. to Voge(l)greek (BR-S- Private 11.88BR Intermediate Scour Rating: intermittent ditched tributary if None None None None None Jul 1 to Sep 15 Y
Level N/A  [flowing at the time of construction.
Dry Open-Cut
Ditch Intermittent Risk Mgmt.: N/A Dry open-cut methods
Trib. to Vogel Creek (BR-S- 1710?33.04000798 12.11BR Minor o feasmle/practlg_al gndsm_zéll 2 W.'Se None None Assumed None None Jul 1 to Sep 15 Y*
06) rivate Scour Rating: | intermittent ditched tributary i

Dry Open-Cut

Level N/A

flowing at the time of construction.




Eguipment
Y=Yes,
Y* = Yes if
flowing at time of
construction, 1o
=1 pass required

Waterbody Type _ outside fish
Risk window
Size! Assessment/ 1i = 1 pass
Management . required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous  [Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level? | Waterbody Crossing Rationale | Present/Habitat * °| Species Present ® | Species Present Present ° Present ° Window ’ window, N=None
Intermittent Risk Mgmt.: N/A Dry open-cut methods
Trib. to Stock Slough (BR- 17100304002068 . feasible/practical on small non- .
S-31) Private 14.72BR Minor Scour Rating: |fish intermittent ditched tributary if None None None None None Jul'1to Sep 15 Y
Level N/A  [flowing at the time of construction.
Dry Open-Cut
Intermittent Risk Mgmt.: N/A e Oregon Coast
Trib. to Stock Slough 17100304000493 Adjacent riparian zone overlaps ESU Coho, Coho, Winter Coho Spawning,
. 14.82BR _— S - ) Assumed Coho - Jul 1 to Sep 15
(Laxstrom Gulch) (BR-S-30) Private . . Scour Rating: construction right-of-way spawning habitat Steelhead, Rearing
Adjacent riparian zone
Level N/A T, CH
Dry open-cut methods
feasible/practical on creek during
. . ) low flow period within fish
Intermittent Rls\l;ell\l/l(?vr\:]t.. window. A conventional bore | ¢ Oregon Coast
Stock Slough (BR-S-36) 171003_04000507 15.11BR Minor crossing is problematlc because ESl_J Coho,_ Coho, Winter Assumed Coho Coho sz_:\wnlng, Jul 1 to Sep 15 v
Private .| of expected high groundwater spawning habitat Steelhead, Rearing
Scour Rating: levels within th k Slough
Dry Open-Cut Level 0 evels V\{It in the Stock Sloug T, CH
floodplain and Laxstrom Gluch
that would be encountered within
the bore pit at design depths.
Intermittent
Risk Mgmt.: N/A| PAR 15.07 uses an existing road | « Oregon Coast
Trib. To Stock Slough 17100304000493 Minor with a culverted crossing that ESU Coho, Coho, Winter Coho Spawning,
(Laxstrom Gulch) Private 15.16BR Scour Rating: |does not need to be improved for| spawning habitat Steelhead Assumed Coho Rearing Jul'1to Sep 15 N
Adjacent to centerline; Level N/A project use - no impacts T
crossed by PAR 15.07
Dry open-cut methods
feasible/practical on small
waterbody during low flow period
within fish window and if flowing
at the time of construction. A
. . . conventional bore crossing is
Intermittent R'il((ell\lﬂgvr\?t" problematic because of expected| « Oregon Coast
Stock Slough (EE-SS-9068) 17100394000507 15.32BR Minor high groundwater levels ywthm the ESQ Coho,. Coho, Winter Assumed Coho Coho Spgwnlng, Jul 1 to Sep 15 v
Private . Stock Slough floodplain that spawning habitat Steelhead, Rearing
Scour Rating: s
would be encountered within the T,CH

Dry Open-Cut

Level O

bore pit at design depths. A bore
crossing is not feasible because
of topographic constraints on west
side of creek because of
grading/excavation requirements

for a bore pit.




Waterbody Type

Eguipment
Y=Yes,

Y* = Yes if
flowing at time of
construction, 1o
=1 pass required

side of the crossing prevent HDD
crossing methods because of
elevation differences between
entry/exit and necessary
workspace grading requirements.

] outside fish
Risk window
Size! Assessment/ 1i = 1 pass
Management . required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous  |Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level? | Waterbody Crossing Rationale | Present/Habitat *°| Species Present ® | Species Present Present ° Present ° Window ’ window, N=None
Coast Range Ecoregion, Coquille Sub-basin (HUC 17100305), North Fork Coquille River (HUC 1710030504) Fifth field Watershed 8 Coos County, Oregon
Dry open-cut methods
Perennial Risk Mgmt.: feasible/practical on small non-
. Yellow fish tributary. Steep topographic
Steinnon .Creek (SS-500- 17100305000361 20.20BR Minor conditions prevent a conventional None Unknown Assumed None None Jul 1 to Sep 15 Y
003; BR-S-63) BLM . .
Scour Rating: bore because of bore pit
Dry Open-Cut Level O grading/excavation requirements
on both sides of the crossing.
Dry open-cut methods
feasible/practical during low flows
periods within ODFW in- water
work window. Right-of- way has
been necked down to 75 feet and
Perennial Risk Mgmt.: | TEWASs located in cleared areas | « Oregon Coast
171003050000361 Yellow to minimize riparian disturbance. ESU Coho, Fall Chinook, Coho, Fall Chinook,
Steinnon Creek (BR-S-63) BLM 24.32BR Intermediate A conventional bore spawning, rearing | Winter Steelhead, Assumed Chinook, Coho | Coho Rearing, Jul 1 to Sep 15 Y-1i
Scour Rating: (geotechnical conditions habitat Pacific Lamprey Migration
Dry Open-Cut Level 0 unknown) would require T,CH
additional riparian impacts
because TEWAs to accommodate
the bore pits would be required
closer to the waterbody in
forested riparian areas.
Intermittent Risk Mgmt.: N/A Dry-open cut methods
Ditch 17100305012102 . feasible/practical on small field .
(DA-10X) Private 22.12 Minor Scour Rating: | drainage ditch if flowing during None Unknown Assumed None None Jul 1to Sep 15 Y
Dry Open-Cut Level O construction.
Dry open-cut method
feasible/practical on 20" wide river
during low flow period within fish
window. Impacts to riparian
vegetation minimized by
. : . |placement/setbacks of TEWAs on| « Oregon Coast
Perennial Rls\l;ell\l/lc?vr\?t.. west side of river in field and ESU Coho, Spring Chinook, Fall Spring and Fall
North Fork Coquille River 17100305000339 23.06 Intermediate eastside setback 100 feet from spawning, Chinook, Coho, Cutthroat Trout, Chinook. Coho Chinook, Coho Jul 1 to Sep 15 Y-1i
. . . - A . , ; p i
(BSP-207) Private Scour Rating: waterbody. Right-of-way also | rearing, migration | Winter Steelhead, Assumed Rearing,
Dry Open-Cut Level 1 1 necked down to 75 feet. habitat Pacific Lamprey Migration
Topographic conditions on east T,CH




Eaquipment
Bridges Y=Yes,
Y*=Yes if
flowing at time of
construction, 1o
=1 pass required

Waterbody Type . outside fish
Risk window
Size ! Assessment/ 1i = 1 pass
Management _ required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous  [Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level? |Waterbody Crossing Rationale| Present/Habitat “°| Species Present ® | Species Present Present ° Present ° Window ’ window, N=None
Intermittent An HDD was incorporated to
. . Risk Mgmt.: N/A|avoid the steep narrow powerline
Trib. to Middle Creek 17100305012832 . in this area; therefore the small
S-T02-001 . 25.18 Minor R ; ’ . None None None None None Jul 1 to Sep 15 Y*
Private Scour Rating: |intermittent headwater, non- fish-
(EE-SS-9073) : ) .
HDD Level O bearing tributary will be crossed
using the HDD method.
Intermittent Risk Mgmt.: Intermltt(relnt trlbuta_ry to be )
. . Blue* crossgd at the same time as the
Trib. to Middle Creek (BSI- BLM- Coos Bay District 27.01 Intermediate crossing of M'ddle Creek at MP None Unknown Unknown None None Jul 1to Sep 15 Y*
137) _— 27.04 using dry open-cut.
Scour Rating: .
Dry Open-Cut Level 0 Trlbutary expected to bg dry at
the time of construction.
Intermittent Risk Mgmt.: N/A
Trib. to Middle Creek (BSI- BLM- Coos Bay District 27.03 Minor . Intermittent trlbutary not crossed None Unknown Unknown None None Jul 1to Sep 15 N
135) Scour Rating: by centerline.
Adjacent to centerline Level N/A
Dry open-cut methods
feasible/practical on creek during
Risk Mgmt.: low flow period within fish
Perennial Orange window. A conventional bore | « Oregon Coast
17100305000323 crossing is not feasible because ESU Coho, Fall Chinook, Coho, Fall Chinook,
Middle Creek (BSP-133) - 27.04 Intermediate Scour Rating: of topographic constraints on rearing, migration | Winter Steelhead, Cutthroat Trout Chinook, Coho | Coho Rearing, Jul 1 to Sep 15 Y-1i
BLM- Coos Bay District u Ing: ide of Kb f habi Pacific L Miarati
Level 2 11 west side of creek because o abitat acific Lamprey igration
Dry Open-Cut (105 t.) grading/excavation requirements T,CH

for bore pit. An HDD is not
feasible because of
topographic/geometry conditions.




Waterbody Type

Eaquipment
Bridges Y=Yes,
Y*=Yes if
flowing at time of
construction, 1o
=1 pass required

bedrock) *?

. outside fish
Risk window
Size ! Assessment/ 1i = 1 pass
Management _ required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous  [Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level® | Waterbody Crossing Rationale | Present/Habitat * °| Species Present ® | Species Present Present ° Present ° Window ’ window, N=None
Coast Range Ecoregion, Coquille Sub-basin (HUC 17100305), East Fork Coquille River (HUC 1710030503) Fifth field Watershed 8 Coos County, Oregon
Dry open-cut methods
feasible/practical on small incised
headwater trib. Dam and pump
; .| crossing method most logical dry
Rlslélll\J/Ignt.. open-cut method based on
Perennial topographic conditions to
Trib. To E. Fork Coquille 7100305002504 Scour Rating: | éliminate difficulties of threading | * coocona
) . q . 28.86 Intermediate ' pipe string under flume with ! Assumed Cutthroat Trout Coho Assumed Unknown Jul 1 to Sep 15 Y
(BSP-77) Private Level 1 i . . . assumed habitat
associated safety risks including T
Dry Open-Cut (Streambed- upsetting flume dgrlng process.
bedrock) 2 Steep topographic conditions
edrock) prevent a conventional bore
because of bore pit
grading/excavation requirements
on both sides of the crossing.
Dry open-cut methods
Intermittent Risk Mgmt. feasible/practical on small
Trib. To E. Fork Coquille 17100305002598 vellow. tibutary. Steep topographic | * 215 0%t
) . q . 29.30 Intermediate conditions prevent a conventional ’ Assumed Present Coho Assumed Unknown Jul 1 to Sep 15 Y*
(BSP-74) Private . . assumed habitat
Scour Rating: bore because of bore pit T
Dry Open-Cut Level 0 grading/excavation requirements
on west side of the crossing.
Risk Mgmt.:
Intermittent vellow
Dry open-cut methods e Oregon Coast
Trib. To E. Fork Coquille 17100305002647 . Scour Rating: feasible/practical on small 3-4’ ESU Coho, .
(BSI-76) Private 2947 Minor Level O intermittent tributary if flowing at | assumed habitat Assumed Unknown Coho Assumed Unknown Jul'1to Sep 15 Y
Drv Open-Cut the time of construction. T
y ©pen- (Streambed-




Eguipment
Y=Yes,

Y* = Yes if
flowing at time of
construction, 1o

=1 pass required
Waterbody Type

Waterbodies Crossed and
Waterbody ID

NHD Waterbody Reach Code
and Jurisdiction

Approximate
Pipeline
Milepost (MP)

Size?!

Proposed
Crossing®

Risk
Assessment/
Management

Category *3

Scour Level?

Waterbody Crossing Rationale

Present/Habitat *°

ESA
Species

Anadromous
Species Present °

Resident Coldwater
Species Present

EFH
Species
Present °

EFH
Component

Present °

Fishery
Construction

Window ’

outside fish
window
li =1 pass
required inside
fish window, i =
set inside fish

window, N=None

East Fork Coquille River
(BSP-71)

17100305000286
Private

29.85

Perennial
Intermediate

Dry Open-Cut

Risk Mgmt.:
Yellow

Scour Rating:
Level 1™

Project alignment was selected
based on landowner negotiations
and requirement to avoid
landowner’s air strip. Dry open-cut]
methods feasible/practical during
low flow crossing period during
ODFW in-water work window.
Conventional bore is not practical
because of significant
grading/excavation requirements
for bore pits. The river is deeply
incised below stream banks
requiring extensive pits for
installation below streambed.
Continued bore pit dewatering
would be required to keep bore
pits dry.

A temporary bridge is also
necessary to prevent entire
spread move around. A crossing
bridge will require bank grading
for crossing access.

An HDD is probable at the
approximate crossing location
based on the topography,
geometry and expected
geotechnical conditions.
Significant HDD costs, HDD time
requirements and the need for a
crossing bridge were the
determinants for the proposed
dry-open cut crossing method.

rearing, migration

ESU Coho,
spawning,

habitat
T, CH

Oregon Coast

Spring Chinook, Fall
Chinook, Coho,
Winter Steelhead,
Pacific Lamprey

Cutthroat Trout

Chinook, Coho

Spring Chinook
Rearing,
Migration

Fall Chinook
Spawning,
Rearing,

Coho Rearing,
Migration

Jul 1 to Sep 15

Y-1i

Trib. to E. Fork Coquille
(SS-003-007A)

17100305002813
Private

30.22

Perennial
Minor

Dry Open-Cut

Risk Mgmt.:
Yellow

Scour Rating:
Level 0

Dry open-cut methods
feasible/practical on small
intermittent tributary if flowing at
the time of construction

None

Unknown

Unknown

None

None

Jul 1 to Sep 15

Y*

Trib. to E. Fork Coquille
(SS-003-007B)

17100305002813
Private

30.29

Perennial
Minor

Dry Open-Cut

Risk Mgmt.:
Yellow

Scour Rating:
Level 0

Dry open-cut methods
feasible/practical on small
intermittent tributary if flowing at
the time of construction.

Oregon Coast

ESU Coho,
assumed habitat
T

Assumed

Assumed

Coho Assumed

Unknown

Jul 1 to Sep 15

Y*




Waterbody Type

Eaquipment
Bridaes Y=Yes,

proposed two-year construction
schedule.

However, proposed Year Two
daily timing restrictions during
construction to minimize impacts
to MAMU should be waived during
the stream crossing installation to
minimize the duration of instream
work and installation of flumes or

dams/pumps.

Jul 1 to Sep 15

Y* = Yes if
flowing at time of
construction, 1o
=1 pass required
outside fish
Risk window
Size ! Assessment/ 1i = 1 pass
Management _ required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous  [Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level? | Waterbody Crossing Rationale | Present/Habitat *°| Species Present ® | Species Present Present ° Present ° Window ’ window, N=None
Intermittent Risk Mgmt.: Il L-wide i .
Trib. To E. Fork Coquille 17100305018097 Blue* head?vrgtzr tr-i\tlavlljt:r;/mgrr;n é)t;)eenr: cut
. . H 1 *
(BSI-70) BLM- Coos Bay District 31.64 Minor s Ratina: methods feasible/practical, if None Unknown Unknown None None Jul'1to Sep 15 Y
Dry Open-Cut COLuerveFO'ng' flowing at time of construction.
Dry open-cut methods
feasible/practical on small 8’ wide
tributary. Steep topographic
conditions on north side of stream
prevent a conventional bore
because of grading/excavation
requirements for bore pit.
StreamNet data indicates
anadromy below crossing (~ 1
mile).
1240218431116 e Rlsoer%]rgt" be?terbe&)'/Ai,\SM\jVithin th'e (;/4 miled ) EOSrLngConhCOaSt Cutth T
. uffer o -occupied stan oho, utthroat Trout,
Elk Creek (BSP-57) Private 32.40 Minor Scour Rating: (C3098). Conflicts with ODFW assumed habitat Assumed Assumed Coho Assumed Unknown
Dry Open-Cut Level 1 ng. (ecommended in-water work T
periods are not expected based on|




Eguipment
Y=Yes,
Y* = Yes if
flowing at time of
construction, 1o
=1 pass required
Waterbody Type _ outside fish
Risk window
Size! Assessment/ 1i = 1 pass
Management . required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous  [Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level? | Waterbody Crossing Rationale | Present/Habitat *°| Species Present ® | Species Present Present ° Present ° Window ’ window, N=None
Dry open-cut methods
feasible/practical on small 3-4’
wide tributary.
Waterbody is within the % mile
buffer of MAMU-occupied stand
Risk Mgmt.: (C3098). Conflicts with ODFW-
. Blue* recommended in-water work
Perennial i
Trib. To Elk Creek - periods are not expected based | « Oregon Coast
S-T01-008 123951.3431370 32.44 Minor ScoLur Rla(t)lng. on propo_sed two-year ESU COhO’. Assumed Assumed Coho Assumed Unknown Jul 1to Sep 15 Y
(BSP-55) Private eve construction schedule. assumed habitat
Dry Open-Cut However, proposeql Year Two T
(Streambed- daily timing restrictions during
bedrock) ** | construction to minimize impacts
to MAMU should be waived
during the stream crossing
installation to minimize the
duration of instream work and
installation of flumes or
dams/pumps.
Dry open-cut methods
feasible/practical on small/non-
. . . fish-bearing intermittent
. Intermittent Risk Mgmt. headwater tributary if flowing at
Trib. To Elk Creek 7100305021871 Blue* time of construction
S-T01-004 . 32.56 Minor ; " : None Nonen None None None Jul 1to Sep 15 Y*
Private .| Topographic conditions on both
(SS-100-030) Scour Rating: . -
Dry Open-Cut Level 0 S|de§ of stream limit a
conventional bore because of
grading/excavation requirements
for bore pits.
Dry open-cut methods
Perennial Risk Mgmt.: feasible/practical on small 10’
Yellow* wide tributary. Topographic
Trib. To Elk Creek (BSP-49) 1710%31,812?23372 33.00 Minor conditions on both sides of stream None None None None None Jul 1 to Sep 15 Y
Scour Rating: |limit a conventional bore because
Dry Open-Cut Level 0 of grading/excavation
requirements for bore pits.

10




Waterbody Type

Eaquipment
Bridaes Y=Yes,
Y* = Yes if
flowing at time of
construction, 1o

Dry Open-Cut

Level O

on the proposed two- year
construction schedule.
However, the proposed Year Two
daily timing restrictions during
construction to minimize impacts
to MAMU should be waived
during the stream crossing
installation to minimize the
duration of instream work and the
installation of flumes or

dams/pumps.

Jul 1 to Sep 15

=1 pass required
outside fish
Risk window
Size ! Assessment/ 1i = 1 pass
Management required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level? | Waterbody Crossing Rationale | Present/Habitat *°| Species Present ® | Species Present Present ° Present ° Window ’ window, N=None
Rlsléltﬂgyt.. Not crossed by pipeline
Perennial centerline. Small 2" wide
.. | headwater tributary expected to
Trib. To Elk Creek (BSP-50) 1710?33.05003372 33.02 Minor Scour Rating: be dry during construction. None None None None None Jul 1to Sep 15 Y*
rivate Level O .
Trib. would be crossed at the
Adjacent to centerline (Streambed- same time 332 33P049 at MP
bedrock) *? R
Risk Mgmt.: Blue Dry open-cut methods
Perennial o feasible/practical on stream. < Oregon Coast
Scour Ratlng. Steep topographic conditions on ESUgCoho
South Fork Elk Creek 171003_05000591 34.46 Intermediate Level 2 both S|de_s of stream prevent spawning, rearing Coho, Winter Cutthroat Trout Coho Coho Spe_awnlng, Jul 1 to Sep 15 Y
(CSP-5) Private conventional bore crossing habitat Steelhead Rearing
Dry Open-Cut (Streambeg- methods because of T CH
bedrock) grading/excavation requirements !
(6.0 ft.) for bore pits.
Dry open-cut methods
feasible/practical on small 4’ wide
intermittent headwater tributary, if
flowing at time of construction.
Crossing will occur adjacent to
road where existing culvert is in
place.
This waterbody is located within
. . . an occupied MAMU- stand
Intermittent Risk MOML: | (C3093). Conflicts with ODFW-
Trib. To S. Fork Elk Creek 17100305021783 35.51 Minor recommended in-water work None None None None None N
(BSI-251) BLM-Coos Bay District ) Scour Rating: periods are not expected based

(In existing road)

Coast Range Ecoregion, Coquille Sub-basin (HUC 17100305), Middle Fork Coquille River (HUC 1710030501) Fifth field Watershed 8 Coos County, Oregon
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Equipment

Waterbodies Crossed and

NHD Waterbody Reach Code
and Jurisdiction

Approximate
Pipeline
Milepost (MP)

Waterbody Type

Size?!

Proposed
Crossing®

Risk
Assessment/
Management
Category *3

Scour Level?

ESA
Species

Waterbody Crossing Rationale | Present/Habitat * °

Anadromous
Species Present °

Resident Coldwater
Species Present

EFH
Species
Present °

EFH
Component

Present °

i Y=Yes,
Y* = Yes if
flowing at time of
construction, 1o
=1 pass required
outside fish
window

li =1 pass
required inside
fish window, i =
set inside fish
window, N=None

Fishery
Construction

Window ’

Waterbody ID

Trib. to Big Creek (BLM
35.87 (CSP-2))

17100305025781
BLM-Coos Bay District

35.87

Intermittent
Minor

Dry Open-Cut

Risk Mgmt.:
Blue*

Scour Rating:
Level O

Dry open-cut methods
feasible/practical on small
intermittent headwater tributary, if
flowing at time of construction.
Crossing occurs within Elk Creek
Road (BLM 28-11-29-0)
and flows through a 12" culvert
which will be replaced.

Waterbody is within the ¥2 mile
buffer of MAMU-occupied stand
(C3093). Conflicts with ODFW-
recommended in-water work
periods are not expected based
on proposed two year
construction schedule.
However, proposed Year Two
daily timing restrictions during
construction to minimize impacts
to MAMU should be waived
during the stream crossing
installation to minimize the
duration of instream work and to
allow the removal of road culvert,
installation of flumes or
dams/pumps, and replacement of
the road culvert

None

None

Unknown

None

None

Jul 1 to Sep 15 Y*

Trib. To Big Creek (BLM
36.48)

17100305026477
BLM-Coos Bay District

36.48

Intermittent
Minor

Dry Open-Cut

Risk Mgmt.:
Blue*

Level O

Scour Rating:

Dry open-cut methods
feasible/practical on small
intermittent headwater tributary, if
flowing at time of construction.

This waterbody is located
adjacent to an occupied MAMU-
stand (C3073).
Conflicts with ODFW-
recommended in-water work
periods are not expected based
on the proposed two-year
construction schedule.
However, the proposed Year Two
daily timing restrictions during
construction to minimize impacts
to MAMU should be waived
during the stream crossing to
facilitate the crossing and allow
the installation/removal of flumes
or dams/pumps and to minimize

the duration of instream work.

None

None

Unknown

None

None

Jul 1 to Sep 15 Y*
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Eaquipment
Bridaes Y=Yes,
Y*=Yes if
flowing at time of
construction, 1o
=1 pass required

25/BSI-253)

BLM-Coos Bay District

36.54

Dry Open-Cut

Scour Rating:
Level O

an occupied MAMU- stand
(C3073). Conflicts with ODFW-
recommended in-water work
periods are not expected based
on the proposed two- year
construction schedule.
However, the proposed Year Two
daily timing restrictions during
construction to minimize impacts
to MAMU should be waived
during the stream crossing
installation to minimize the
duration of instream work and the
installation of flumes or
dams/pumps.

Waterbody Type outside fish
Risk window
Size ! Assessment/ 1i = 1 pass
Management _ required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous  |Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level? | Waterbody Crossing Rationale | Present/Habitat *°| Species Present ® | Species Present Present ° Present ° Window ’ window, N=None
Dry open-cut methods

feasible/practical on small 4’ wide

intermittent headwater tributary, if
flowing at time of construction.

No additional workspace required.

ODFW fish passage barrier data
reports a downstream boulder
canyon with a 10-foot falls at
upper end (RecordID 52488).

StreamNet data indicates

anadromy below crossing (~ 0.5

mile) at ODFW barrier 52488.
Intermittent Risk Mgmt.:
. . Blue* This waterbody is located within
Trib. To Big Creek (GSI- 17100305004068 Minor None None Unknown None None Jul 1 to Sep 15 Y*
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Eaquipment
Bridaes Y=Yes,

Y* = Yes if
flowing at time of
construction, 1o
=1 pass required

Trib. To Big Creek (BLM
36.85)

BLM-Coos Bay District

36.85

Dry Open-Cut

Level O

Scour Rating:

periods are not expected based
on the proposed two- year
construction schedule.

However, the proposed Year Two
daily timing restrictions during
construction to minimize impacts
to MAMU should be waived
during the stream crossing to
facilitate the crossing and allow
the installation/removal of flumes
or dams/pumps and to minimize
the duration of instream work.

Waterbody Type outside fish
Risk window
Size ! Assessment/ 1i = 1 pass
Management _ required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous  |Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing3 Scour Level? Waterbody Crossing Rationale | Present/Habitat 45 Species Present i Species Present Present ° Present ° Window ’ window, N=None
Dry open-cut methods
feasible/practical on small
intermittent headwater tributary, if
flowing at time of construction.
Crossing occurs within Elk Creek
Road (BLM 28-11-29-0) and flows
through a 12-18" culvert which will
be replaced.
This waterbody is located within
Intermittent Risk Mgmt.: an occupied MAMU- stand
Blue* (C3073). Conflicts with ODFW-
17100305025748 Minor recommended in-water work None None Unknown None None Jul 1 to Sep 15 Y*
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Eaquipment
Bridaes Y=Yes,
Y*=Yes if
flowing at time of
construction, 1o
=1 pass required

Waterbody Type outside fish
Risk window
Size ! Assessment/ 1i = 1 pass
Management _ required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level? | Waterbody Crossing Rationale | Present/Habitat *°| Species Present ® | Species Present Present ° Present ° Window ’ window, N=None
Dry open-cut methods
feasible/practical on small 3' wide
intermittent headwater tributary, if
flowing at time of construction.
No additional workspace required.
Alignment and trib. crossing along
existing road. ODFW fish passage
barrier data reports a downstream
boulder canyon with a 10 foot falls
at upper end (RecordID 52488).
StreamNet data indicates
anadromy below crossing (~ 1
Intermittent Risk Mgmt.: mile) at ODFW barrier 52488.
. . Blue* . . -
Trib. To Big Creek (BSI- 17100305004061 36.92 Minor This waterbody is located within None None Unknown None None Jul 1 to Sep 15 N

252)

BLM-Coos Bay District

Dry Open-Cut

Scour Rating:
Level 0

an occupied MAMU- stand
(C3073). Conflicts with ODFW-
recommended in-water work
periods are not expected based
on the proposed two- year
construction schedule.
However, the proposed Year Two
daily timing restrictions during
construction to minimize impacts
to MAMU should be waived
during the stream crossing
installation to minimize the
duration of instream work and the
installation of flumes or
dams/pumps.

(In existing road)
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Waterbodies Crossed and

NHD Waterbody Reach Code
and Jurisdiction

Approximate
Pipeline
Milepost (MP)

Waterbody Type

Size?!

Proposed
Crossing®

Risk
Assessment/
Management

Category

Scour Level?

Waterbody Crossing Rationale

ESA
Species
Present/Habitat *°

Anadromous
Species Present °

Resident Coldwater
Species Present

EFH
Species
Present °

EFH
Component
Present °

Fishery
Construction
Window ’

Eaquipment
Bridaes Y=Yes,
Y*=Yes if
flowing at time of
construction, 1o
=1 pass required

outside fish

window

li =1 pass
required inside
fish window, i =
set inside fish
window, N=None

Waterbody ID

Trib. To Big Creek (ESI-19)

17100305026126
BLM-Coos Bay District

37.32

Intermittent
Minor

Dry Open-Cut

Risk Mgmt.:
Yellow

Scour Rating:
Level O

Dry open-cut methods
feasible/practical on small 3' wide
intermittent headwater tributary, if
flowing at time of construction.
No additional workspace required.
ODFW fish passage barrier data
reports a downstream boulder
canyon with a 10 foot falls at
upper end (RecordID 52488).
StreamNet data indicates
anadromy below crossing (~ 1
mile) at ODFW barrier 52488.
StreamNet data indicates
anadromy below crossing (~ 1
mile) at ODFW barrier 52488.

This waterbody is located within
an occupied MAMU- stand
(C3090). Conflicts with ODFW-
recommended in-water work
periods are not expected based
on the proposed two- year
construction schedule.
However, the proposed Year Two

daily timing restrictions during
construction to minimize impacts
to MAMU should be waived
during the stream crossing
installation to minimize the
duration of instream work and the
installation of flumes or
dams/pumps.

None

None

Unknown

None

None

Jul 1 to Sep 15

Y*
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Waterbodies Crossed and
Waterbody ID

NHD Waterbody Reach Code
and Jurisdiction

Approximate
Pipeline
Milepost (MP)

Waterbody Type

Size!

Proposed
Crossing3

Risk
Assessment/
Management

Category *3

Scour Level?

Waterbody Crossing Rationale

ESA
Species
Present/Habitat *°

Anadromous
Species Present °

Resident Coldwater
Species Present

EFH
Species
Present °

EFH
Component

Present °

Fishery
Construction

Window ’

Eguipment
Y=Yes,
Y* = Yes if
flowing at time of
construction, 1o
=1 pass required
outside fish
window
li =1 pass
required inside
fish window, i =
set inside fish
window, N=None

Trib. To Big Creek (ESP-20)

17100305000606
BLM-Coos Bay District

37.35

Perennial
Intermediate

Dry Open-Cut

Risk Mgmt.:
Orange

Scour Rating:
Level 1 ™

Dry open-cut methods
feasible/practical on stream. Dam
and pump crossing method most
logical dry open- cut method
based on topographic conditions
to eliminate difficulties of
threading pipe string under flume
with associated safety risks
including upsetting flume during
process. Steep topography on
both sides of stream prevents
conventional bore crossing
methods because of
grading/excavation requirements
for bore pits. No additional
workspace proposed. ODFW fish
passage barrier data reports a
downstream boulder canyon with
a 10 foot falls at upper end
(RecordID 52488). StreamNet
data indicates anadromy below
crossing (~ 1 mile) at ODFW
barrier 52488.

This waterbody is located within
an occupied MAMU- stand
(C3090). Conflicts with ODFW-
recommended in-water work
periods are not expected based
on the proposed two- year
construction schedule.
However, the proposed Year Two
daily timing restrictions during
construction to minimize impacts
to MAMU should be waived
during the stream crossing
installation to minimize the
duration of instream work and the
installation of flumes or
dams/pumps.

None

None

Unknown

None

None

Jul 1 to Sep 15
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anadromy at crossing.

Eaquipment
Bridges Y=Yes,
Y* = Yes if
flowing at time of
construction, 1o
=1 pass required
Waterbody Type outside fish
Risk window
Size ! Assessment/ 1i = 1 pass
Management . required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level? | Waterbody Crossing Rationale | Present/Habitat *°| Species Present ® | Species Present Present ° Present ° Window ’ window, N=None
Dry open-cut methods
feasible/practical on stream. Dam
and pump crossing method most
logical dry open- cut method
based on topographic conditions
to eliminate difficulties of
threading pipe string under flume
with associated safety risks
including upsetting flume during
Perennial Risk Mgmt.: process. Steep topography on
Orange both sides of stream prevents
Upper Rock Creek (BSP- 171003.05000252 44.21 Intermediate conventional bore crossing None None Cutthroat Trout None None Jul1to Sep 15 Y
41) Private S Assumed
Scour Rating: methods because of
Dry Open-Cut Level 1 grading/excavation requirements
for bore pits.
ODFW fish passage barrier data
indicated two potential
downstream falls may limit
passage one report as 6-8 feet
(RecordID 52484). StreamNet
data indicates anadromy below
crossing (~ 6 miles) at ODFW
barrier RecordID 52484.
Klamath Mountains Ecoregion, Coquille Sub-basin (HUC 17100305), Middle Fork Coquille River (HUC 1710030501) Fifth field Watershed 8 Douglas County, Oregon
Perennial Risk Mgmt.:
Tributary Yellow Dry open-cut methods
Trib. to Upper Rock Creek 1710%3;32?25585 46.56 Minor feasible/practical on small non- None None None None None Jul 1to Sep 15 Y
(S3-07 /BW-38) Scour Rating: | fish-bearing headwater tributary.
Dry Open-Cut Level 0
Intermittent Risk Mgmt.: N/A Dry open-cut methods
Ditch (S3-06) Private 48.21 Minor Scour Rating: inte:ﬁﬁfgxﬂg;?jcgﬁiLoi?ﬂSoTv?rl:g at None None None None None N/A Y*
Dry Open- Cut Level O time of construction.
Dry open-cut methods
. . . |feasible/practical on broad stream
Perennial Rls\l((ell\l/lc?v:/m“ and a_ssociated wetlan_ds. ODFW
Deep Creek (BSP-257) BLtA?EOOSOSOOS%S. 48.27 Intermediate fish passage barrier data None None Cutthroat Trout None None Jul 1to Sep 15 Y-1i
-Roseburg District Scour Rating: (Recordid 56033) reports
Dry Open-Cut Level 1 " | downstream falls on the Middle
Fork Coquille River restrict
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Eaquipment
Bridaes Y=Yes,
Y*=Yes if
flowing at time of
construction, 1o
=1 pass required

Waterbody Type outside fish
Risk window
Size ! Assessment/ 1i = 1 pass
Management _ required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous  |Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing3 Scour Level? Waterbody Crossing Rationale | Present/Habitat 45 Species Present 6 Species Present Present ° Present ° Window ’ window, N=None
Intermittent Risk Mgmt.: N/A
Ditch (BDX-32) Private 49.94 Minor o Right-of-way was nepked-down o None None None None None Jul 1 to Sep 15 N
Scour Rating: avoid the ditch.
Adjacent to right-of- Level N/A
Intermittent Risk Mgmt.: N/A Dry open-cut methods
. . Minor Dry feasible/practical on small "
Ditch (BDX-31) Private 50.02 Scour Rating: |intermittent field ditch if flowing at None None None None None N/A Y
Open-Cut Level N/A time of construction.
Dry open-cut methods
feasible/practical on broad stream
during low flows within ODFW in-
] water work windows. Right-of-
Risk Mgmt.:  |way has been necked down to 75
P . Orange feet and TEWASs located in
erennial - L
_ existing cleared areas to minimize
Middle F‘(’gfsg?,js‘)"'e River 1710%3;82?30232 50.28 Intermediate SC:) euvr e?i“l?g' ODFW firls%agggslz:zgzagftasr.rier data None None Cutthroat Trout None None Jul 1to Sep 15 Y-1i
Dry Open-Cut (Recordid 56033) reports
(Streambed- downstream falls on the Middle
bedrock) *? Fork Coquille River restrict
anadromy at crossing.
StreamNet data also indicates
duplicates this anadromy
restriction at this barrier.
Intermittent . . . Dry open-cut methods
Trib. to Middle Fork 17100305005874 Risk Mgmt.. Blue feasible/practical on small 1-4’
Coquille Private 50.45 Minor Scour Rating: wide intermittent ditched tributary None None None None None Jul 1 to Sep 15 Y*
(GDX-36/BSI-66/67) L ) in ag field if flowing at time of
evel 0 ;
Dry Open-Cut construction.
Dry open-cut methods
feasible/practical on small 3" wide
headwater tributary.
Steep topography on west side of
Perennial Risk Mgmt.: crossing prevents conventional
. Yellow bore because of
Belieu Creek37()BSP-61/GSI- 1710?3:??\)/521(330706 50.71 Minor grading/excavation requirements None None Cutthroat Trout None None Jul 1 to Sep 15 Y

Dry Open-Cut

Scour Rating:
Level O

for a bore pit.

ODFW fish passage barrier data
(RecordID 56033) reports
downstream falls on the Middle
Fork Coquille River restrict

anadromy at the crossing.
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Eguipment
Bridges Y=Yes,
Y* = Yes if
flowing at time of
construction, 1o
=1 pass required

Waterbody Type outside fish
Risk window
Size ! Assessment/ 1i = 1 pass
Management . required inside
Approximate Category ESA EFH EFH Fishery fish window, i =
Waterbodies Crossed and| NHD Waterbody Reach Code Pipeline Proposed Species Anadromous Resident Coldwater Species Component Construction set inside fish
Waterbody ID and Jurisdiction Milepost (MP) Crossing® Scour Level’ | Waterbody Crossing Rationale | Present/Habitat * °| Species Present ® | Species Present Present ° Present ° Window ’ window, N=None

Dry open-cut methods

. . Intermittent Risk Mgmt.: Blue*| feasible/practical on small 1-4’
Trib. to Middle Fork S .
. 17100305022784 . wide intermittent headwater
Coquille ) 51.02 Intermediate _— . . . ; None None None None None Jul 1to Sep 15 Y
Private Scour Rating: tributary if flowing at time of

(S1-07/GSI-38) Level 0 construction.

Dry Open-Cut No additional workspace required.

Intermittent

Risk Mgmt.: Blue* Dry open-cut methods
Trib to Jim Belieu Creek . . feasible/practical on small .
(SS-222-006) Private 5171 Minor Scour Rating: |intermittent field ditch if flowing at None None None None None Jul'1to Sep 15 Y

Adjacent to centerline Level O time of construction.

! FERC waterbody definitions:
Minor = less than or equal to 10 feet wide
Intermediate = greater than 10 feet wide but less than or equal to 100 feet wide Major = greater than 100 feet wide

% Level 1 and 2 waterbodies have been identified; all others are Level 0. According to GeoEngineers 2018 Channel Migration and Scour Analysis for the PCGP Project, channel migration is defined as the lateral movement, over time, of an entire channel segment perpendicular to the direction of
stream flow; channel avulsion is the sudden abandonment of an active channel for a newly created or previously abandoned channel located on the floodplain; channel widening is defined as erosion and subsequent recession of one or both stream banks that widens the channel without changing the
channel location; streambed scour is erosion of the streambed resulting in the development of deep pools and/or the systematic lowering of the channel floor elevation.
Level 0 = streams not likely subject to migration, avulsion and/or scour
Level 1 = streams with a moderate potential for migration, avulsion and/or scour Level 2 = streams with a high potential for migration, avulsion and/or scour
(Estimated 100-year scour depth assumes absence of bedrock)

3 Dry open-cut crossing methods include Flume or Dam and Pump procedures. Dam and Pump methods would be utilized where streambed blasting is anticipated to eliminate blasting around the flume. The Dam and Pump crossing method is the preferred crossing procedure in steep incised

drainage valleys where worker safety may be compromised when placing (“threading”) the pipe string under the flume pipe and where there is a risk of upsetting the flume during this operation. The Dam and Pump crossing method is also the preferred crossing method on small streams under low

flow conditions during the ODFW recommended in-water work period. PCGP requests permission for temporary/short-term fish passage restriction when completing Dam and Pump crossings within the ODFW recommended in-water work period.

FWS, NMFS, and StreamNet. T = Threatened, E = Endangered, CH = Critical Habitat

ODFW, 2012 (Oregon Department of Fish and Wildlife. 2012. Fish Distribution Data, 1:24,000 Scale. Oregon Department of Fish and Wildlife Natural Resources Information Management Program. Online: https://nrimp.dfw.state.or.us/nrimp/default.aspx?pn=fishdistdata).

PFMC, 1999; ODFW, 2012.

PCGP understands that fisheries' construction windows only apply to those waterbodies flowing at the time of construction and that the windows do not apply to HDD crossings.

USGS Hydrologic Unit Codes.

Key Watershed.

1% ODFW'’s recommended in-water work window is from October 1 through February 15. Because PCGP’s Coos Bay HDD footprint overlaps with the LNG Terminal facilities, the HDD needs to be completed prior to construction of the LNG terminal to prevent construction conflicts and delays;
therefore PCGP may complete the HDD outside the ODFW recommended in-water work window.

1% OpFW’s recommended in-water work window is from October 1 through February 15. Because of the extensive wetland located on the east side of Coos Bay within Kentuck Slough, PCGP plans to schedule the HDD outside the in-water work window to minimize surface impacts within the saturated
floodplain wetland.

1% ODFW's recommended in-water work window is from October 1 through February 15. Because of the extensive wetland location on the south side of the Coos River, PCGP has scheduled the HDD during the dry season outside the in-water work window between August 1 and September 30 to
minimize surface impacts within the saturated floodplain wetland.

M These sites were field reviewed and analyzed for potential migration, avulsion and/or scour (see GeoEngineers 2018 Channel Migration and Scour Analysis).

2 streambed bedrock based on PCGP'’s Wetland and Waterbody delineation surveys. Streambed bedrock may require special construction techniques to ensure pipeline design depth. Special construction techniques may include rock hammering, drilling and hammering, or blasting. PCGP does not
expect blasting to be required in streambeds within the CZMA as potential substrate bedrock is expected to be soft sedimentary rock that can be excavated using mechanical methods. The need for blasting would be determined by the contractor and would only be initiated after ODFW blasting

ermits are obtained.

13 gteam Crossing Risk Assessment Management Category (Blue, Yellow and Orange) as described in GeoEngineers, Inc., 2017 Stream Crossing Risk Analysis and GeoEngineers, Inc., 2018 Stream Crossing Risk Analysis Addendum.

* The various Risk Management Rankings noted with an * indicate that access permission has not been acquired to confirm previous Risk Management Rankings. Confirmation surveys will be completed prior to construction once access permission has been acquired. Rankings are based on the
Stream Crossing Risk Analysis (GeoEngineers, 2018).

© © N o 0 »
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https://nrimp.dfw.state.or.us/nrimp/default.aspx?pn=fishdistdata

Table 2

Landowners Associated with Waterbodies Affected by the Pipeline Project within the CZMA

NHD Reach Code and

Milepost Wetland ID Jurisdiction County PLS Longitude Latitude
Al_Wetl_N M Section 4, T25S, )
0.00 Haynes Inlet State Coos R13W 124.244 43.43358
0.28t0 1.00 NE-26 17100304000262
1.46-3.02 Coos Bay State Coos Coos Bay -124.229724 43.446285
3.28 - EE-SS-9004 (EE-6) 17100304000262 Section 1 &12
6.39R Kentuck Slough Private Coos T25S, R13W -124.184 43.42203
S1-01 (EE-6) 17100304000767 Section 6, T25S,
6.39R Trib to Coos Bay Private Coos R12W -124.177 43.42695
S1-04 (EE-7 (MOD)) 17100304001393 Section 18, B
8.27R willanch Slough Private Coos T25S, R12W 124.16 43.40633
S-T01-002 Section 17
8.46R GDX-30 Private Coos T255 R12\;V -124.159 43.40463
Trib to Willanch Slough ’
S-T01-003
(SS-100-002) 17100304005045 Section 20, )
10.21R Trib to Cooston Channel Private Coos T25S, R12W 124.15 43.38282
(Echo Creek)
BSP-119 17100304000093 Section 29,
11.13R Coos River State Coos 1255 R12W -124.146 43.37058
SS5-100-005 Section 28
11.55BR (BR-S-02) 17100304005031 Private Coos T255 R12\;V -124.135 43.36628
Vogel Creek '
BR-S-04 17100304000790 Section 33,
11.88BR Trib to Vogel Creek Private Coos T25S, R12W "124.135 43.36495
BR-S-06 17100304000798 Section 33,
12.11BR Trib to Vogel Creek Private Coos T25S, R12W -124.131 43.3639
BR-S-31 17100304002068 Section 4, T26S,
14.72BR Trib to Stock Slough Private Coos R12W -124.136 43.33846
BR-S-36 17100304000507 Section 9, T26S,
15.11BR Stock Slough Private Coos R12W -124.136 43.33272
BR-S-30 17100304000493 Section 9, T26S
15.16BR Trib to Stock Slough Private Coos RlZW ' -124.135 43.33829
(Laxstrom Gulch)
EE-SS-9068 17100304000507 Section 9, T26S,
15.32BR Stock Slough Private Coos R12W -124.135 43.33143
SS-500-003 .
20.20BR (BR-S-63) 17100%?_?\200361 Coos T%%‘g'oglzz%v -124.093 43.28288
Steinnon Creek '
BR-S-63 17100305000361 Section 26,
24.32BR Steinnon Creek Private Coos T26S, R12W -124.094 43.23157
DA-10X . Section 24,
22.72 Trib to North Coquille 17100305012102 Private Coos T27S. R12W -124.079 43.21028
BSP-207 . Section 25,
23.06 North Fork Coguille River 17100305000339 Private Coos T27S, R12W -124.075 43.2069
BR-S-63 17100305000361 Section 14,
24.32 Steinnon Creek BLM-Coos Bay District Coos T27S, R12W -124.093 | 43.231486
S-T02-001 .
25.18 (EE-SS-9073) 1710%?;3/56‘?;2832 Coos TSZ‘;‘g'OF’Q‘f’l%V -124.045 43.20047
Trib to Middle Creek ’
BSI-137 —— Section 5, T28S,
27.01 Trib to Middle Creek BLM- Coos Bay District Coos R11W -124.031 43.17786
BSI-135 L Section 5, T28S,
27.03 Trib to Middle Creek BLM- Coos Bay District Coos R11W -124.03 43.17773
BSP-133 17100305000323 Section 5, T28S,
27.04 Middle Creek BLM Coos R11W -124.03 43.17767
BSP-77 17100305002530 Section 10,
28.86 Trib to East Fork Coquille Private Coos T28S, R11W -124.005 43.16262
BSP-74 17100305002598 Section 10,
29.30 Trib to East Fork Coquille Private Coos T28S, R11W 124 43.15786
BSI-76 17100305002647 Section 10,
29.47 Trib to East Fork Coquille Private Coos T28S, R11W -123.997 43.15673
BSP-71 17100305000286 Section 10,
29.85 East Fork Coquille Private Coos T28S, R11W -123.989 43.15392
SS-003-007A . Section 14,
30.22 Trib to East Fork Coquille Private Coos 1285 R11W -123.984 43.15071
SS-003-007B 17100305002813 Section 14,
30.29 Trib to East Fork Coquille Private Coos T28S, R11W -123.982 43.15036




NHD Reach Code and

Milepost Wetland ID Jurisdiction County PLS Longitude Latitude
31.64 Trib to EaZtSII:_Z)?k Coquille BLI%A?lgggg 5B%lylsg?s7trict Coos T%escsti,oglllg\)/’V -123.964 43.1414
32.40 E?fg;zgk 1710%?;3/56‘?20284 Coos TSZZCS“’OSlZlA\'/'V -123.951 43.13717
32.50 _ S(éTSO;:ggf 1710%?;3/56‘?51880 Coos Tsz‘gcstioglzf\'/’v -123.951 43.13658

Trib to EIk Creek ’
32.56 (_SSS_T:LO(;LO_—O(?;O) 1710%?;3/56‘?51871 Coos Tsz‘gcstioglzf\'/’v -123.95 43.13485
Trib to EIk Creek ’
3300 Trib t Elk Greek T eete Coos | oomiaw | 123940 | 4312018
33.02 Trib to £k Greek T eate Coos | ocRaw | 123940 | 4312801
34496 | South Fork Fik Creek T e Coos | odRiow | 123938 | 4311326
3551 Trib to Bsgﬁiéork Elk BLﬂ_toc?O?’soggilgissfﬂ o Coos TR o 123914 | 4310942
3567 P ibiobig Greek. | BLM-Goos bay bistict | %% | Toe miow | 123911 | 43.10618
36.48 Trib To big Creek | BLM - Goos Bay bistict | %% | Togs piow | 123902 | 4310411
36.54 Tib tobig Creok | BLmCoosbaybiswict | €% | togs miow | 1289 | 431035
36.85 Tribto Big cresk | Bi.coos by biswict | %% | Toae miow | 123895 | 4310494
3692 Tribto Big resk | Coos Bay Distriet | 9% | Togs miow | 123898 | 4310627
37.32 Trib tlc_:)SBIé S():reek BLt/IY-%:OoOo?’soggf/Géizs?rict Coos TSZZCSti,Oglzo%V -123.887 43.10566
3735 Tribto big reek | BLM.CoosBay biswict | %% | Toge miow | 123886 | 43.10535
44.21 Uppenggéilcreek 1710030500252 Coos SEC“OSQ%VTZQS' -123.788 43.06394
4656 | 11 o Uppor Rook Creek | BLM - Roseburg bistict | P98 | Tro’mow | 123749 | 4305843
4821 Trb to Deep Creek T e | pougas | FOORSW | 128723 | 430115
48.27 P een Creok .| B - Roseburg it | Dovglas | Poodion | 12872 | 4305035
49.94 BDX 32 Private Douglas | SN T 7295 | 123688 43.05519
50.02 Bgiﬁﬁl Private Douglas SeCtioFr{‘S(/'va' -123.686 43.05513
50.45 o txcimgi'?féiﬁ?e 1710005005874 Douglas | SeCion8 T29S, | 153674 43.0569
River Private R8W
50.71 G%:ﬁZU(BCSr:éﬁl) 1710%3;%?20706 Douglas SEC“OSES'VTZQS' -123.668 43.05561
51.02 Trisbl;((:)é:)lvljcgi%gisgrk BLﬂ_lROC?S:’;Obiﬁzgiss‘t‘rict Douglas Tszegg?gé\j\} -123.666 43.05399
5171 o aa 0% Private Douglas S 123657 | 43.04988
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PAciFic CONNECTOR GAS PIPELINE PROJECT FLUMING PROCEDURES

STREAM FLUMING PROCEDURES

During construction various local, state and federal permits will require that flowing streams with
coldwater fisheries be crossed utilizing a "dry crossing" technique. Fluming is one of the methods
which may be utilized to achieve a dry crossing of a flowing stream. The purpose of this appendix
is to outline the techniques that will be utilized to flume stream crossings during construction of the
project. These guidelines are subject to change based on permits issued by regulatory agencies.

1.0 Purpose of Flumed Stream Crossings

The primary purpose of fluming a stream is to assure that in-stream construction activities comply
with water quality standards for turbidity that have been established by the state to protect aquatic
life and other beneficial uses. Overall, a properly installed and maintained flume can be very
effective in reducing turbidity during in-stream construction. In most cases, detectable increases
in turbidity are limited to short durations when the flume is installed and when the flume is
removed from the streambed.

However, installation of a flume does not guarantee that compliance with water quality standards
will occur. Flumes require monitoring and occasional repair during the crossing period to ensure
the integrity of the structure(s). Adequate pumps play an integral role in a successful flumed
crossing.

2.0 Where Flumes Will Be Installed

Any minor or intermediate waterbody with water flowing in the streambed at the time of
construction, which has a coldwater fishery as defined by the Oregon Department of Fish and
Wildlife (ODFW), may be flumed. A list of streams where dry open cut crossing methods (fluming,
dam and pump or diverted open cut) may be utilized is provided as part of Resource Report 2.

3.0 General Layout of a Typical Flumed Stream Crossing

Figure 1 shows a plan view of a typical flumed stream crossing. The primary components of a
flumed crossing include:

» flume pipe or multiple flume pipes;

» sandbag/plastic dams;

» spoil storage and staging areas;

e pumps and pump containment structure (s);
» dewater structure(s);

e erosion control structures; and

» spill containment and cleanup materials.
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A single or multiple flume pipe(s) are used to temporarily convey the stream flow over the
construction area, thereby reducing the introduction of sediments into the water column during
ditching and backfilling. The sandbag/plastic dams are used to support and seal the ends of the
flume pipe(s) and to direct stream flow into the flume pipe and over the construction area. These
structures are also utilized to prevent downstream water from flowing upstream into the
construction area. They also serve to contain water that infiltrates into the construction area
before it can be removed by the pumps and discharged to an upland area. Finally, the
downstream structure serves to contain turbid water, which rises quickly in the construction area
during backfilling of the trench.

All waterbodies with water in the streambed at the time of construction must have an equipment
crossing bridge.

The temporary spoil storage area is where spoil trenched from the streambed will be stored until
backfilling is completed. These temporary extra work areas are identified on the Environmental
Alignment Sheets. FERC's Wetland and Waterbody Procedures prohibit the location of staging
areas or additional right-of-way within 50 feet of the stream banks or edge of adjacent wetlands
unless site-specific conditions such as topography prevent the setback and a variance is
approved. Trench spoil must be placed at least 10 feet away from stream banks at all flowing
stream crossings. In addition, these areas must be enclosed with silt fence and/or straw bales to
prevent runoff of the spoil into the stream.

Adequate pumps are essential for the successful completion of flumed stream crossings. During
several phases of the crossing process, it will be necessary to quickly remove large quantities of
water from the construction area to prevent overflow or leakage of the sandbag/plastic dams or
the temporary equipment crossing bridge. The most effective means of quickly removing water
from the construction area is by utilizing well-maintained pumps with adequate pumping rates. In
addition, backup pumps will be located on-site, hooked up and maintained as fully operational
during the entire crossing process. Backup pumps will be tested prior to the start of construction.
Pumps will be located in a spill containment structure that is designed to fully contain any spills of
fuel or oil (see Figure 2).

Dewater structures (see Figure 3) will be utilized to reduce the velocity of pump discharge water
and subsequent erosion of upland areas. These structures are essential in preventing erosion
and the flow of turbid water overland and back into the stream - such overflow effectively defeats
the purpose of the flumed crossing by introducing turbid water into the stream.

Runoff control structures are utilized to prevent runoff from the spoil piles or from drainage of
water from the trackhoe bucket from flowing around the sandbag/plastic dams or temporary
equipment crossing bridges and adding sediment to the stream. Containment and control
materials are necessary to respond to any spills of fuel or lubricating oils from operating
equipment. A Spill Prevention, Containment, and Countermeasures (SPCC) Plan will be
implemented by the contractor in accordance with the provisions of that plan. Erosion control
structures address the prevention of runoff from the right-of-way into the stream during and after
construction is complete.
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4.0 Materials Required to Install and Maintain a Flumed Stream Crossing

The materials discussed below will accommodate most stream crossings. However, certain
situations will arise where additional materials are required. Those streams that require additional
materials will be addressed on a case-by-case basis.

Typically, scrap steel pipe will be utilized to construct the flume. Before the flume pipe is installed
in the stream, it will be inspected to assure that it is free of grease, oil or other pollutants. In
addition, excessive dirt will be removed from the flume pipe. If oil or grease is present on the
flume pipe, it will be steam-cleaned before the flume pipe is placed in the stream.

Both the inlet and outlet of the flume pipe will be sandbagged and lined with plastic to create a
proper seal (see Figure 4). The reason for sandbagging the downstream end of the flume is to
create a contained area where turbid water is trapped and to prevent downstream water from
flowing up the streambed and flooding the trench.

Sandbags will be filled with a non-leachable material such as clean, pre-washed sand. Sandbags
are most effective if they are only filled to approximately 2/3 their capacity. Bags filled to capacity
conform poorly to the adjacent bags and make creation of a seal more difficult. The bags must be
tied securely before they are installed. If the bags are left un-tied, they tend to spill upon removal
from the streambed and are nearly impossible to remove with a trackhoe. It is preferable to utilize
burlap sandbags to construct the upstream and downstream dams. Plastic bags tend to rip when
removed from the stream and are often too porous to adequately contain small grain sand.

Sandbags alone are often not sufficient to completely seal the upstream and downstream ends of
the flume pipes. The dams are typically more effective when sheets of thick plastic are
interwoven within the sandbags (see Figure 5). The plastic, when applied as shown on Figure 5,
will effectively seal the dams and will greatly reduce the amount of water leaking into the
construction area from behind the upstream and downstream sandbag dam.

5.0 Flume Pipe Design

A number of flume pipe designs have been used with varying degrees of success. To improve
success, flume pipes with wings welded to the front end of the pipe provide for better conveyance
of stream flow into the mouth of the flume (see Figure 6). The most effective wings extend to
each stream bank and are angled slightly upstream. Where the bottom of the stream is other than
rock, the wings extend approximately 12 inches below the bottom of the flume pipe and are
pushed into the stream substrate utilizing a trackhoe during installation. The upstream and
downstream portions of the wings are then sandbagged and overlain with plastic as needed to
prevent leaks as shown in Figure 7.

The flume pipe(s) installed at the crossing will be of sufficient length so that the integrity of the
upstream and downstream sandbag dams are not jeopardized by excessive top of ditch widths
within the stream or adjacent stream banks. It is tempting to restrict the flumed width to an area
smaller than the actual construction right-of-way. However, experience has shown that the
contractor often needs to utilize the majority of the construction right-of-way to complete the
crossing. Therefore, the flume pipes must be long enough to span the entire construction right-of-
way through the stream (see Figure 4).
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As a general rule, a flume pipe of at least 80 feet in length will be utilized for crossings. The
diameter of the flume pipe (s) will depend on the stream discharge at the time of the crossing.
However, in all cases the flume pipe diameter will be oversized to accommodate any storm events
that might occur during the crossing period.

6.0 Installation of the Flume Pipe

Short-term elevated levels of turbidity are expected to occur during installation of the flume pipe.
However, several measures can be taken to minimize the increased turbidity. Before the
contractor attempts to install the flume pipe, all materials necessary to complete the installation
process will be located on-site. Installation of the flume cannot begin until all of the precautions
outlined in the SPCC Plan have been undertaken. Turbidity sampling will be conducted during all
flumed crossings in accordance with the Stormwater Pollution Prevention Plan.

Installing the Flume Utilizing Only Sandbag/Plastic Dams

The first step in installing the flume pipe is to clear away any large rocks and boulders from the
sandbag/plastic dam area and under the flume pipe that will prohibit placement of the flume pipe
or affect the integrity of the sandbag/plastic dam. It may be necessary to utilize a trackhoe to
assist in removing these rocks. However, under no circumstances will the bucket be allowed to
dig into the streambed to remove rocks. Rather, the edge of the bucket should be utilized to roll
the rocks to the side or a thumb on the bucket will be used to pick up and move rock obstacles.

Before the flume pipe is installed, the contractor will lay at least three rows of sandbags on the
streambed (at least two sandbag layers tall) to support the upstream and downstream portions of
the flume pipe (see Figure 5). The sandbags may be laid on top of the plastic sheeting that will be
used to help seal the sandbag dam. The plastic will be laid such that when it is wrapped around
the sandbag dam, the plastic sheeting lays on the upstream face of the dam so that water
pressure holds the plastic firmly against the sandbag dam face. The sandbags will be properly
seated over the plastic and onto the stream bottom and packed as tightly together as possible.

Once the first rows of sandbags are in place, the flume pipe can be lowered into position. The
flume pipe will be lifted over the stream and carefully aligned before it is lowered onto the
sandbags over the streambed. The contractor will not push or pull the flume pipe over the stream
banks and into the water. Rather, the flume pipe will be suspended over the crossing and lowered
into place.

After the flume pipe is laid on the sandbags, the contractor will begin to construct the upstream
sandbag/plastic dam. First, the winged upstream portion of the flume pipe will be pushed into the
streambed substrate, where possible. Sandbags will be installed upstream and downstream of
the wings and interwoven with plastic sheeting to form a tight seal. Typically, the sandbag/plastic
dam will extend at least three feet above the water level of the stream to accommodate increased
stream discharge during the crossing period (see Figure 7).

After the upstream sandbag/plastic dam is complete, the contractor will immediately begin
installation of the downstream dam. The downstream sandbag/plastic dam will be constructed to
a height at least three feet above the downstream water level.
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7.0 Maintenance of the Flume During Construction

Flumed crossings require constant monitoring and occasional repair during the crossing process.
The longer the flume remains in the water, the greater the probability that the dams will begin to
leak and that water will invade the construction area in significant quantities. Therefore, it is
imperative that once trenching within the stream begins that the construction process is carried to
completion non-stop. Typically, this involves installing the flume on the day immediately
proceeding construction of the crossing. Ditching of the stream channel should begin early the
following morning and the pipe pulled under the flume pipe immediately following completion of
the trench. Backfilling should commence immediately following the stringing of the drag section.
For most streams it typically, requires 3 to 7 days to install the flume, dig the trench, install the
pipe drag section under the flume, backfill the trench and restore and stabilize the stream banks.
Smaller streams (less than 10 feet in width) generally require less time to cross using fluming
procedures.

While the flume is in place, the contractor will provide a sufficient crew that will be responsible for
maintaining the flumed crossing. The crew will apply additional plastic to the dams and add
additional sandbags as necessary. In addition, the crew will be responsible for operating the
pumps and maintaining the discharge structures. When the crossing is complete, the crew will
immediately install the erosion control structures pursuant to FERC’'s Wetland and Waterbody
Procedures.

To be adequately prepared to repair the flume, the contractor must have on-site rolls of thick
plastic sheeting and extra filled and tied sandbags. These materials need to be stored directly
adjacent to the stream crossing so that they are readily accessible should the need to repair the
flume arise.

8.0 Length of the Drag Section

One of the biggest problems encountered during construction of flumed stream crossings is the
installation of extremely long drag sections across the stream in a single drag section. The extra
length requires that the flume be in place longer than necessary which increases the probability of
serious problems with the integrity of the sandbag/plastic dams. In addition, the extra time
required to dig additional ditch to accommodate long drag sections can result in integrity problems
with the flume dams.

Segments must be kept short and extend only the distance necessary to allow for later tie-in to the
upland portions of the pipeline. On most streams the drag section to be pulled under the flume
should only be long enough to incorporate the sag bends. In other locations, it may be necessary
to install additional pipe to complete the crossing.

The entire drag section must be made up prior to the start of in-stream trenching. Once the drag
section is complete (welds x-rayed and joints coated), the drag section can be installed
immediately following trenching.

12



PAciFic CONNECTOR GAS PIPELINE PROJECT FLUMING PROCEDURES

9.0 Trenching Under the Flume Pipes

At some point prior to initiating trenching, chains should be hung from the flume pipe over the
ditch line. These chains will be utilized to hang the pump heads or intake pipe into the ditch.

Digging the ditch under the flume requires careful preparation and execution. Two trackhoes will
begin trenching from each stream bank at the same time. The trackhoes will begin by trenching
under the flume pipe(s) and dig back to the stream banks. Finally, the trackhoes will dig the
upland portion of the ditch necessary to install the drag section.

Generally, pumping water from the construction area is not necessary during trenching as the
amount of spoil removed from the streambed generally exceeds the volume of water that
infiltrates the construction area. However, at times the water flow into the construction area
becomes excessive, pumping is necessary to avoid overflow or leakage from the downstream
dam.

10.0 Spoil Storage During Trenching

Spoil must be stored in a manner such that runoff from the spoil does not flow into the stream or
off the right-of-way. For streams in flat topography, runoff from the spoil storage pile is not
typically a problem. However, on steep sloping stream banks water can run back down the right-
of-way and enter the stream upstream or downstream of the dams creating a water quality
problem. The problem can be compounded as the trackhoes working on the stream banks lift
water saturated spoil from the stream and lay it on the right-of-way adjacent to the stream bank
before it can be conveyed uphill by additional equipment. To accomplish runoff control during
trenching, diversion structures or trenches will be dug within the right-of-way to direct the runoff
back into the construction area as shown on Figure 8.

11.0 Spoil Transfer During Construction

Some of the stream crossings may occur adjacent to steep upland areas. In these cases, it will
be necessary to utilize additional equipment (trackhoes, dozers, loaders) to transfer spoil dug by
the trackhoes at each stream bank to the temporary spoil storage area.

In most cases, the contractor will utilize dozers to push the spoil to the temporary storage area. In
other areas, trackhoes will be required to transfer spoil dug by the trackhoe working on the stream
bank uphill to a flatter area where it can be moved by dozers. When two trackhoes are utilized to
transfer spoil uphill, the trackhoe working on the stream bank places the spoil into a pit (see
Figure 9). The spoil from the pit is then picked up by the second trackhoe and lifted further uphill.
The pit will significantly reduce the amount of water from the spoil that runs downhill. The pit can
be maintained and dug by the trackhoe working uphill from the crossing.
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12.0 Installing the Pipe

While trenching is being conducted, the contractor will hook up the drag section to the sideboom
tractors so that the pipe may be installed as soon as trenching is completed. It will be necessary
at many crossings to float the pipe across the trench (i.e., it may not be feasible to completely
dewater the ditch). While the drag section is being slid under the flume pipe, it is essential that
pumps be operated to assure that turbid water does not leak through or flow over the dams. The
contractor will operate the pumps at a rate so that water displaced by the pipe is immediately
removed and discharged to the dewater site.

13.0 Dewatering the Construction Area

Proper operation of pumps is essential to the successful completion of a flumed stream crossing.
Pumps will be utilized by the contractor as necessary to control the level of water in the
construction area. The purpose of the pumps is not to completely dewater the trench.

If the water level in the construction area exceeds the upstream or downstream level of the dams,
the environmental inspectors will notice small amounts of turbid water escaping into the stream
either upstream or downstream of the dams. This is known as "bleeding" and the problem can be
quickly resolved by increasing the pumping rate and reducing the water level within the
construction area. Although bleeding will not typically result in a violation of water quality
standards downstream, if left unchecked it can quickly result in erosion of the dams and serious
downstream water quality problems.

The contractor will utilize pumps at each crossing to control the water level in the construction
area. The contractor will also install backup pumps that will be tested and fully functional prior to
the start of the crossing process. Pumps will be installed and tested and the dewater sites
constructed the day prior to any in-stream construction. For most crossings, the contractor will
setup three pumps. Additional pumps may be required at a few of the stream crossings. Two of
the pumps will serve to remove water from the construction area and the third pump will serve as
a backup should one of the primary pumps fail.

The pumps will be set in a containment area as shown on Figure 2. The primary purpose of the
containment area is to fully contain any fuel or lubricating oil spills. If hydraulic pumps are used,
the hose couplings on the side of the pump body will be oriented in the containment area such
that they point perpendicularly away from the stream banks. The purpose of orienting the
couplings away from the stream is to protect the stream should one of these couples fail and
hydraulic fluid escape.

The contractor will carefully inspect each pump prior to its delivery to the crossing site. In
particular, any frayed hoses or apparent leaks will be repaired before the pumps are delivered to
the crossing site. Pump heads and the hoses will be cleaned of any free hydraulic oil prior to
placing the pump heads into the stream.

All pumps will be installed with individual intake hoses or hydraulic heads, trash filters and
discharge hoses. All three hydraulic heads will remain in the water during the entire construction
process including backfill. In this manner, the backup pump can be immediately employed should
one of the primary pumps fail.
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Each of the pumps (including the backup pump) will be equipped with a minimum of 300 feet of
discharge hose. It is important to stretch the hose on the backup pump and install a dewater
structure for that pump at the same time the primary pumps are installed. Hoses should be free of
leaks and in good operating condition.

In many cases, it is difficult to locate dewater sites where water will flow away from wetlands or
streams. In these cases, careful attention will be paid to the dewater sites and alternative sites
(which require additional discharge hose) selected prior to the start of in-stream construction.
Often it is necessary to move the location of the dewater site several times during construction of
the stream crossing to avoid dewater from reaching sensitive areas.

Dewater structures will be constructed of straw bales and plastic and wooden stakes as shown on
Figure 3. The intent of the design provided on Figure 3 is to allow the water to fill the dewater
structure and flow evenly over the tops of the bales. Straw bales will be securely staked to the
ground utilizing wooden stakes. Alternative structures are also provided in the Erosion Control
and Revegetation Plan.

14.0 Backfilling the Ditch

The highest potential for water quality problems during a flumed crossing is during backfilling of
the ditch. Quick backfilling into the ditch by the contractor can cause the water level in the
construction area to overflow or leak through the downstream dam. Pumps must be carefully
managed during backfilling to control the water level in the construction area. The contractor must
carefully monitor the effectiveness of the pumps and control the rate of backfill to preclude
bleeding through the downstream dam. If backfilling occurs too quickly, the pumps will not be
capable of removing the water from the construction area quick enough to prevent the escape of
turbid water.

To prevent turbidity, backfilling of the ditch will be conducted in a slow, well-planned manner.
Backfilling will begin in the center of the stream directly under the flume pipes and proceed toward
each bank simultaneously. In this manner, much of the water in the ditch will be pushed to the
ditch outside of the stream channel. If upland portions of the trench are backfilled first, the water
in the ditch is pushed into the stream channel and will inevitably leak through or overflow the
downstream dam.

Once backfilling of the entire stream channel is complete, the contractor will compact the
streambed and construct solid plugs on both banks. Water will remain trapped in the ditch outside
of the stream channel. This water will be pumped from the ditch at a later time in the manner
described for dewatering the construction area (see Section 13).

15.0 Flume Removal

After the ditch is backfilled, clean gravel fill is placed on the top one foot of the ditch (where
necessary). Plugs will be installed at each stream bank and the stream banks stabilized and the
flume will be removed from the crossing. To prevent excessive increases in turbidity during flume
removal, the contractor will remove all of the sandbags from the downstream dam. A trackhoe
can be utilized to remove the top layers of the sandbags as long as the operator takes great care
not to dig into the streambed or to increase turbidity.
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After the downstream sandbags are completely removed from the streambed (except those few
left directly under the flume), the contractor will begin removing the sandbags from the upstream
dam. The top rows of sandbags should be removed by hand until the water begins to overflow
the top of the dam and flows slowly over the construction area. For the first 10 to 30 minutes,
turbidity downstream of the crossing area could increase considerably. However, the streambed
portion of the construction area will be flushed clean of sediments left over from construction and
the water will flow clear over the disturbed stream bed area. After the turbidity level has
decreased to acceptable levels or that of upstream levels, the contractor can proceed with
removing the remainder of the upstream dam sandbags.

Once the majority of the sandbags are removed, the flume pipe will be removed. The flume pipe
will be raised directly from the streambed in a single movement. Under no circumstances will the
contractor drag the flume pipe from the streambed. Rather, it will be lifted and then carried from
the crossing area. After the flume is removed, the remaining few sandbags, which were laid
directly under the flume pipe, can be removed by hand.
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DAM & PUMP PROCEDURES

During construction various local, state and federal permits will require that flowing streams with
coldwater fisheries be crossed utilizing a "dry crossing” technique. Dam & pump is one of the
methods which may be utilized to achieve a dry crossing of a flowing stream. The purpose of this
appendix is to outline the techniques that will be utilized to temporarily dam stream crossings and
pump the flowing water around the site during construction of the project. These guidelines are
subject to change based on permits issued by regulatory agencies.

1.0 Purpose of Dam & Pump Stream Crossings

The primary purpose of damming a stream is to assure that in-stream construction activities
comply with water quality standards for turbidity that have been established by the state to protect
aquatic life and other beneficial uses. Overall, properly installed and maintained dams can be
very effective in reducing turbidity during in-stream construction. In most cases, detectable
increases in turbidity are limited to only the short duration when the dams are installed or removed
from the streambed.

However, simply installing the dams is no guarantee that compliance with water quality standards
will occur. Dams require monitoring and occasional repair during the crossing period to ensure
the integrity of the structure(s). Adequate pumps play an integral role in a successful dam &
pump crossing.

2.0 Where Dams & Pumps Will Be Installed

Any minor or intermediate waterbody with water flowing in the streambed at the time of
construction, which has a coldwater fishery as defined by the Oregon Department of Fish and
Wildlife (ODFW), may be dammed & pumped. A list of streams where dry open cut crossing
methods (fluming, dam and pump or diverted open cut) may be utilized is provided in Resource
Report 2.

3.0 General Layout of a Typical Dam & Pump Stream Crossing

Figure 1 shows a plan view of a typical dam & pump stream crossing. The primary components
of a dam & pump crossing include:

e sandbag/plastic dams or other functional designs (e.g., metal plates, water bladders, etc.);
e spoil storage and staging areas;

e pumps and pump containment structure (s);

e dewater structure(s);

e erosion control structures; and

e spill containment and cleanup materials.
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The sandbag/plastic dams (or other functional designs such as metal plates or water bladders)
are used to isolate the stream flow from the area of construction. A single pump or multiple
pumps are used to temporarily convey the stream flow around the construction area, thereby
reducing the introduction of sediments into the water column during ditching and backfilling.
These structures are also utilized to prevent downstream water from flowing upstream into the
construction area. They also serve to contain water that infiltrates into the construction area
before it can be removed by pumps and discharged to an upland area. Finally, the downstream
structure serves to contain turbid water, which rises quickly in the construction area during
backfilling of the trench.

All waterbodies with water in the streambed at the time of construction must have an equipment
crossing bridge.

The temporary spoil storage area is where spoil trenched from the streambed will be stored until
backfilling is completed. These temporary extra work areas are identified on the Environmental
Alignment Sheets. FERC's Wetland and Waterbody Procedures prohibit the location of staging
areas or additional right-of-way within 50 feet of the stream banks or edge of adjacent wetlands
unless site-specific conditions such as topography prevent the setback and a variance is
approved. Trench spoil must be placed at least 10 feet away from stream banks at all flowing
stream crossings. In addition, these areas must be enclosed with silt fence and/or straw bales to
prevent runoff of the spoil into the stream.

Adequate pumps are essential for the successful completion of dam & pump stream crossings.
During several phases of the crossing process, it will be necessary to quickly remove large
guantities of water from the construction area to prevent overflow or leakage of the
sandbag/plastic dams. In order to quickly and effectively remove water from the construction
area, well-maintained pumps with adequate pumping rates must be utilized. In addition, backup
pumps will be located on-site, hooked up and maintained as fully operational during the entire
crossing process. Backup pumps will be tested prior to the start of construction. Pumps will be
located in a spill containment structure that is designed to fully contain any spills of fuel or oil (see
Figure 2).

Dewater structures (see Figure 3) will be utilized to reduce the velocity of pump discharge water
and subsequent erosion of upland areas. These structures are essential in preventing erosion
and the flow of turbid water overland and back into the stream - such overflow defeats the
purpose of the dam & pump crossing by introducing turbid water into the stream.

Runoff control structures are utilized to prevent runoff from the spoil piles or from drainage of
water from the trackhoe bucket from flowing around the sandbag/plastic dams or temporary
equipment crossing bridges and adding sediment to the stream. Containment and control
materials are necessary to respond to any spills of fuel or lubricating oils from operating
equipment. A Spill Prevention, Containment, and Countermeasures (SPCC) Plan will be
implemented by the contractor in accordance with the provisions of that plan. Erosion control
structures address the prevention of runoff from the right-of-way into the stream during and after
construction is complete.
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4.0 Materials Required to Install and Maintain a Dam & Pump Stream Crossing

The materials discussed below will accommodate most stream crossings. However, certain
situations will arise where additional materials are required. Those streams that require additional
materials are site specific and will be addressed on a case-by-case basis.

Sandbags will be filled with a non-leachable material such as clean, pre-washed sand. Sandbags
are most effective if they are only filled to approximately 2/3 their capacity. Bags filled to capacity
conform poorly to the adjacent bags and make creation of a seal more difficult. The bags must be
tied securely before they are installed. If the bags are left un-tied, they tend to spill upon removal
from the streambed and are nearly impossible to remove with a trackhoe. It is preferable to utilize
burlap sandbags to construct the upstream and downstream dams. Plastic bags tend to rip when
removed from the stream and are often too porous to adequately contain small grain sand.

Sandbags alone may not completely seal the upstream and downstream ends of the construction
area. The dams are typically more effective when sheets of thick plastic are interwoven within the
sandbags (see Figures 4 and 5). The plastic, when applied as shown on Figure 4, will effectively
seal the dams and will greatly reduce the amount of water leaking into the construction area from
behind the upstream and downstream sandbag dams.

5.0 Installation of the Dams

Short-term elevated levels of turbidity are expected to occur during installation of the dams.
However, several measures can be taken to minimize the increased turbidity. Before the
contractor attempts to install the dams, all materials necessary to complete the installation
process will be located on-site. Installation of the dams cannot begin until all of the precautions
outlined in the SPCC Plan have been undertaken. Turbidity sampling will be conducted during all
dam & pump crossings in accordance with the Stormwater Pollution Prevention Plan.

Installing the Sandbag/Plastic Dams

The first step in installing the dams is to clear away any large rocks and boulders from the
sandbag/plastic dam area that may affect the integrity of the sandbag/plastic dams. It may be
necessary to utilize a trackhoe to assist in removing these rocks. However, the bucket will not dig
into the streambed to remove rocks. Rather, the edge of the bucket will be utilized to roll the rocks
to the side or a thumb on the bucket will be used to pick up and move rock obstacles.

The sandbags may be laid on top of the plastic sheeting that will be used to help seal the sandbag
dam. The plastic will be laid such that when it is wrapped around the sandbag dam, the plastic
sheeting lays on the upstream face of the dam so that water pressure holds the plastic firmly
against the sandbag dam face. The sandbags will be properly seated over the plastic and onto
the stream bottom and packed as tightly together as possible.

Sandbags will be installed upstream and downstream and interwoven with plastic sheeting to form
a tight seal. Typically, the sandbag/plastic dams will extend at least three feet above the water
level of the stream to accommodate increased stream discharge during the crossing period (see
Figures 4 and 5).
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While the upstream dam is being installed a properly sized pump(s) will be operating to move
stream flow around the dam to prevent stream erosion or bank scour. After the upstream
sandbag/plastic dam is complete, the contractor will immediately begin installation of the
downstream dam. The pump(s) will continue operating to divert stream flow around the dams
throughout installation of the dams and completion of the crossing. The downstream
sandbag/plastic dam will be constructed to a height at least three feet above the downstream
water level.

6.0 Maintenance of the Dams and Pumps During Construction

Dam & pump crossings may require constant monitoring and occasional repair during the
crossing process. The longer the dams remain in the water, the greater the probability they will
begin to leak and that water will invade the construction area in potentially significant quantities.
Therefore, it is imperative that once trenching within the stream begins that the construction
process is carried to completion non-stop. Typically, this involves installing the dams on the day
immediately preceding construction of the crossing. Ditching of the stream channel should begin
early the following morning and the pipe pulled immediately following completion of the trench.
Backfilling should commence immediately following the stringing of the drag section. Most stream
crossings typically require approximately 7 - 14 days to install the dams, dig the trench, install the
pipe drag section, backfill the trench and restore and stabilize the stream banks depending on site
conditions. Smaller streams (less than 10 feet in width) generally require less time to cross using
dam & pump procedures.

While the dams are in place, the contractor will provide a sufficient crew that will be responsible
for maintaining the dam & pump crossing. That crew will apply additional plastic to the dams and
add additional sandbags as necessary. In addition, this crew will be responsible for operating,
maintaining and fueling the pumps and maintaining the discharge structures. When the crossing
is complete, this crew will immediately install the erosion control structures pursuant to FERC's
Wetland and Waterbody Procedures.

To be adequately prepared to repair the dams, the contractor will have on-site rolls of thick plastic
sheeting and extra filled and tied sandbags. These materials will be stored directly adjacent to the
stream crossing so that they are readily accessible should the need to repair the dams arise.

7.0 Length of the Drag Section

One of the biggest problems encountered during construction of dam & pump stream crossings is
the installation of extremely long drag sections across the stream in a single drag section. The
extra length requires that the dams be in place longer than necessary which increases the
probability of serious problems with the integrity of the sandbag/plastic dams. In addition, the
extra time required to dig additional ditch to accommodate long drag sections can result in
integrity problems with the sandbag/plastic dams.

Segments must be kept short and extend only the distance necessary to allow for later tie-in to the
upland portions of the pipeline. On most streams the drag section should only be long enough to
incorporate the sag bends. In other locations, it may be necessary to install additional pipe to
complete the crossing.
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The entire drag section must be made up prior to the start of in-stream trenching. Once the drag
section is complete (welds x-rayed and joints coated), the drag section can be installed
immediately following trenching.

8.0 Spoil Storage During Trenching

Spoil must be stored in a manner such that runoff from the spoil does not flow into the stream or
off the right-of-way. For streams in flat topography, runoff from the spoil storage pile is not
typically a problem. However, on steep sloping stream banks water can run back down the right-
of-way and enter the stream upstream or downstream of the dams creating a serious water quality
problem. The problem can be compounded as the trackhoes working on the stream banks lift
water saturated spoil from the stream and lay it on the right-of-way adjacent to the stream bank
before it can be conveyed uphill by additional equipment. To accomplish runoff control during
trenching, diversion structures or trenches will be dug within the right-of-way to direct the runoff
back into the construction area as shown on Figure 6.

9.0 Spoil Transfer During Construction

Some of the stream crossings may occur adjacent to steep upland areas. In these cases, it will
be necessary to utilize additional equipment (trackhoes, dozers, loaders) to transfer spoil by the
trackhoes at each stream bank to the temporary spoil storage area.

In most cases, the contractor will utilize dozers to push the spoil to the temporary storage area. In
other areas, trackhoes will be required to transfer spoil dug by the trackhoe working on the stream
bank uphill to a flatter area where it can be moved by dozers. Where two trackhoes are utilized to
transfer spoil uphill, it is often desirable to have the trackhoe working on the stream bank place the
spoil into a pit (see Figure 7). The spoil from the pit is then picked up by the second trackhoe and
lifted further uphill. The pit will significantly reduce the amount of water from the spoil that runs
downhill. The pit can be maintained and dug by the trackhoe working uphill from the crossing.

10.0 Installing the Pipe

While trenching is being conducted, the contractor will hook up the drag section to the sideboom
tractors so that the pipe may be installed as soon as trenching is completed. It will be necessary
at many crossings to float the pipe across the trench (i.e., it may not be feasible to completely
dewater the ditch). While the drag section is being lowered into the trench, it is essential that
pumps be operated to assure that turbid water does not leak through or flow over the dams. The
contractor will operate the pumps at a rate so that water displaced by the pipe is immediately
removed and discharged to the dewater site.

11.0 Dewatering the Construction Area

Proper operation of pumps to dewater the construction area is essential to the successful
completion of a dam & pump stream crossing. Pumps will be utilized by the contractor as
necessary to control the level of water in the construction area. The purpose of the pumps is not
to completely dewater the trench.
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If the water level in the construction area exceeds the upstream or downstream level of the dams,
environmental inspectors will notice small amounts of turbid water escaping into the stream either
upstream or downstream of the dams. This is known as "bleeding" and the problem can be
quickly resolved by increasing the pumping rate and reducing the water level within the
construction area. Although bleeding will not typically result in a violation of water quality
standards downstream, if left unchecked it can quickly result in erosion of the dams and serious
downstream water quality problems.

The contractor will utilize pumps at each crossing to control the water level in the construction
area. The contractor will also install backup pumps that will be tested and fully functional prior to
the start of the crossing process. Pumps will be installed and tested and the dewater sites
constructed the day prior to any in-stream construction. For most crossings, the contractor will
setup three pumps. Additional pumps may be required at a few of the stream crossings. Two of
the pumps will serve to remove water from the construction area and the third pump will serve as
a backup should one of the primary pumps fail.

The pumps will be set in a containment area as shown on Figure 2. The primary purpose of the
containment area is to fully contain any fuel or lubricating oil spills. If hydraulic pumps are used,
the hose couplings on the side of the pump body will be oriented in the containment area such
that they point perpendicularly away from the stream banks. The purpose of orienting the
couplings away from the stream is to protect the stream should one of these couples fail and
hydraulic fluid escape.

The contractor will carefully inspect each pump prior to its delivery to the crossing site. In
particular, any frayed hoses or apparent leaks will be repaired before the pumps are delivered to
the crossing site. Pump heads and the hoses will be cleaned of any free hydraulic oil prior to
placing the pump heads into the stream.

All pumps will be installed with individual intake hoses or hydraulic heads, trash filters and
discharge hoses. All hydraulic heads will remain in the water during the entire construction
process including backfill. In this manner, the backup pump can be immediately employed should
one of the primary pumps fail.

Each of the pumps (including the backup pump) will be equipped with a minimum of 300 feet of
discharge hose. It is important to stretch the hose on the backup pump and install a dewater
structure for that pump at the same time the primary pumps are installed. Hoses should be free of
leaks and in good operating condition.

In many cases, it is difficult to locate dewater sites where water will flow away from wetlands or
streams. In these cases, careful attention will be paid to the dewater sites and alternative sites
(which require additional discharge hose) selected prior to the start of in-stream construction.
Often it is necessary to move the location of the dewater site several times during construction of
the stream crossing to avoid dewater from reaching sensitive areas.

Dewater structures will be constructed of straw bales and plastic and wooden stakes as shown on
Figure 3. The intent of the design provided on Figure 3 is to allow the water to fill the dewater
structure and flow evenly over the tops of the bales. Straw bales will be securely staked to the
ground utilizing wooden stakes. Alternative structures are also provided in the Erosion Control
and Revegetation Plan.

13
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12.0 Backfilling the Ditch

The highest potential for water quality problems during a dam & pump crossing is during
backfilling of the ditch. Quick backfilling into the ditch by the contractor can cause the water level
in the construction area to overflow or leak through the downstream dam. Pumps must be
carefully managed during backfilling to control the water level in the construction area. The
contractor must carefully monitor the effectiveness of the pumps and control the rate of backfill to
preclude bleeding through the downstream dam. If backfilling occurs too quickly, the pumps will
not be capable of removing the water from the construction area quick enough to prevent the
escape of turbid water.

To prevent turbidity, backfilling of the ditch will be conducted in a slow, well-planned manner.
Backfilling will begin in the center of the stream and proceed toward each bank simultaneously. In
this manner, much of the water in the ditch will be pushed to the ditch outside of the stream
channel. If upland portions of the trench are backfilled first, the water in the ditch is pushed into
the stream channel and will inevitably leak through or overflow the downstream dam.

Once backfilling of the entire stream channel is complete, the contractor will compact the
streambed and construct solid plugs on both banks. Water will remain trapped in the ditch outside
of the stream channel. This water will be pumped from the ditch at a later time in the manner
described for dewatering the construction area (see Section 11).

13.0 Removal of Dams

After the ditch is backfilled, clean gravel fill will be placed on the top one foot of the ditch (where
necessary). Plugs will be installed at each stream bank and the stream banks stabilized and the
dams will be removed from the crossing. To prevent excessive increases in turbidity during dam
removal, the contractor will remove all of the sandbags from the downstream dam. A trackhoe
can be utilized to remove the top layers of the sandbags as long as the operator takes great care
not to dig into the streambed or to increase turbidity.

After the downstream sandbags are completely removed from the streambed, the contractor will
begin removing the sandbags from the upstream dam. The top rows of sandbags should be
removed by hand until the water begins to overflow the top of the dam and flows slowly over the
construction area. For the first 10 to 30 minutes, turbidity downstream of the crossing area could
increase considerably. However, the streambed portion of the construction area will be flushed
clean of sediments left over from construction and the water will flow clear over the disturbed
stream bed area. After the turbidity level has decreased to acceptable levels or that of upstream
levels, the contractor can proceed with removing the remainder of the upstream dam sandbags.

14
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1200 NW Naito Pkwy., Ste. 180
Portland, Oregon 97209
503.624.9274

September 14, 2017

Pacific Connector Gas Pipeline, LP
5615 Kirby Drive, Suite 500
Houston, Texas 77004

Attention: John Walls

Subject: HDD Feasibility Evaluation
Coos Bay West Crossing
Pacific Connector Gas Pipeline Project
Coos County, Oregon
File No. 22708-001-01

INTRODUCTION AND PROJECT UNDERSTANDING

GeoEngineers, Inc. (GeoEngineers) is pleased to present this horizontal directional drilling (HDD) feasibility
evaluation for the proposed 36-inch-diameter pipeline installation beneath Coos Bay in Coos Bay, Oregon.
The proposed Coos Bay West HDD crossing will be a part of the 229-mile-long Pacific Connector Gas
Pipeline (PCGP), beginning at the proposed Jordan Cove Liquefied Natural Gas (LNG) Terminal near Coos
Bay, Oregon and terminating near Malin, Oregon. The site is shown with respect to the surrounding area in
the Vicinity Map, Figure 1.

Our feasibility evaluation of the proposed Coos Bay West HDD is based on limited subsurface data. Our
conclusions should be considered preliminary pending completion of a subsurface exploration program.
Table 1 below provides our understanding of the design basis for the proposed HDD.

TABLE 1. BASIS OF DESIGN FOR THE COOS BAY HDD

Product Pipe Data Design Parameter
Product Pipe Specifications 36 inches x 0.823 inches w.t.2 API-5L X-70 Steel Pipe
Approximate Horizontal Crossing Length 5,192 feet
Maximum Allowable Operating Pressure 1,600 psigP

Maximum Operating Temperature 100 degrees F
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Product Pipe Data Design Parameter
Tie-In Temperature 70 degrees F
Design Factore 0.5

Notes:

aw.t. - wall thickness
b psig - pounds per square inch gauge
¢ as defined in 49 CFR Parts 195.106 and 192.111

PURPOSE AND SCOPE OF SERVICES

The purpose of our services was to utilize existing subsurface and site survey information in order to
evaluate the feasibility of the proposed HDD installation. Our specific scope of services included the
following:

1. Reviewed geologic maps and boring logs of previously completed borings in the project area to evaluate
geologic conditions along the HDD alignment.

2. Evaluated the feasibility of the proposed HDD from the workspace considerations, subsurface
considerations and geometric feasibility standpoints.

3. Prepared a conceptual HDD plan and profile drawing.

4. Prepared this HDD feasibility report summarizing HDD feasibility and construction considerations.

SURFACE CONDITIONS

The Coos Bay West HDD extends from the North Spit at Milepost 0.0 of the proposed pipeline and extends
a distance of approximately 5,192 feet to the southeast, crossing the Coos Bay navigation channel and
terminating at North Point in North Bend, Oregon as shown in the Site Plan and Profile, Figure 2A. Surface
conditions at both ends of the Coos Bay West HDD consist of a relatively flat ground surface vegetated with
sparse grass. The conceptual HDD alignment crosses a railroad trestle bridge within Coos Bay.

SUBSURFACE SOIL AND GROUNDWATER CONDITIONS

Site Geology

Published geologic mapping shows that the shallow subsurface conditions along the HDD alignment is
dominated by young alluvium. Alluvium is described as “...variable amounts of clay, silt, sand, and gravel.”

Sedimentary bedrock of the Eocene-age Coaledo Formation is mapped by Baldwin et al. (1973) as
underlying the uplands surrounding Coos Bay. Baldwin et al. (1973) notes that “(t)he Coaledo Formation
occupies a north-plunging basin surrounding Coos Bay,” implying that the Coaledo forms the bedrock within
Coos Bay and is likely underlying the surficial alluvium.

The most detailed structural geology of the Coaledo Formation in north Coos Bay (Duncan 1953) includes
an east-west cross section through Coos Bay, 1 mile north of the HDD alignment. It shows the upper contact
of the Coaledo Formation beneath Coos Bay as an irregular basin deepening to the west to as much as
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- 300 feet mean sea level (MSL). The top of the sedimentary rock is shown rising to approximately -150 feet
MSL in the eastern half of Coos Bay.

SUBSURFACE EXPLORATIONS

GeoEngineers has completed a number of exploratory borings in Coos Bay to investigate various PCGP
pipeline alignments. Two exploratory borings have been completed in the vicinity of the Coos Bay West
HDD. Boring HIB-2 was completed at the south end of North Spit, approximately 265 feet southwest of the
proposed exit point. Boring WCB-1 was completed within Coos Bay, approximately 1,037 feet northeast of
the alignment. The boring locations are shown relative to the HDD alignment in Figure 2A. The boring logs
of HIB-2 and WCB-3 are presented in Figures 3 and 4, respectively.

Boring HIB-2 encountered loose sand to a depth of 30 feet, where the sand grades to dense to a depth of
35 feet. Below 35 feet, very dense sand was observed to a depth of 90 feet, the maximum depth explored.
Boring WCB-1 encountered very loose to loose fine sand with silt to a depth of 25 feet, where loose fine
sand (no silt) was observed to 35 feet. At a depth of 35 feet, the sand grades to medium dense consistency
and becomes very dense at a depth of 40 feet to 51.5 feet, the maximum depth explored.

HDD PLAN AND PROFILE

We developed a conceptual HDD Plan and Profile of the Coos Bay West HDD as shown in Figure 2A. The
conceptual Coos Bay West HDD has a horizontal design length of approximately 5,192 feet. It is likely that
the HDD will be completed using pilot hole intersect methods, but for discussion purposes we are referring
to the southeast end of the Coos Bay West HDD as the entry point because the proposed pipe stringing and
fabrication area is at the northwest end of the HDD. The conceptual entry point is located about 600 feet
west of Highway 101, within a relatively flat area covered with sparse grass.

The conceptual exit point is located within a relatively flat area vegetated with sparse grass at the southern
end of North Spit. We chose relatively steep entry and exit angles at 12 degrees, and 10 degrees
respectively, in order to reach the dense sand layer as quickly as possible. The bottom tangent was placed
at an elevation of -180 feet, with the assumption that the bottom tangent and horizontal curve will be within
bedrock at that depth. Based on this HDD geometry, the conceptual HDD profile passes approximately
158 feet below the railroad trestle bridge and approximately 138 feet below the deepest part of the
navigation channel. The depth and the locations of the railroad trestle foundations are unknown at this
time. Although, we anticipate that the foundations are unlikely to conflict with the conceptual HDD
alignment at its depth of 138 feet at the crossing location, this will need to be confirmed prior to final
design.

HDD FEASIBILITY CONCLUSIONS

Based on our evaluation, it is our opinion that the proposed Coos Bay West HDD is technically feasible,
pending the results of the subsurface exploration program and provided the considerations in this report
are addressed in the design, preconstruction and construction phases of the project. The following section
provides a discussion of considerations for design and construction based on the existing limited
subsurface data. The existing boring logs extend to a maximum depth of 91.5 feet below ground surface.

GEOENGlNEER@
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Additional borings are planned to be completed within Coos Bay to 20 feet below the planned bottom
tangent elevation, or an approximate depth of 200 feet below the mudline.

Hole Stability

The subsurface conditions anticipated along the conceptual HDD path includes loose sand to depths of
about 30 feet along the entry and exit tangents, and dense sand to sandstone bedrock along the remaining
portions of the HDD path. The HDD contractor may encounter hole instability and/or steering difficulty
through the portions of the entry and exit tangents within the loose sand. Installation of casing at entry can
serve to maintain drill hole stability and provide a reaction mass for allowing a greater transfer of axial loads
through the drill pipe string to the drill bit during pilot hole drilling. In addition, the installation of casing will
reduce the risk of drilling fluid surface release to the ground surface near the entry point. If casing is
utilized, upon completion of the pilot hole or prior to reaming the cased section of the hole, the casing is
typically removed, but could remain in place through product pipe pullback to maintain drill hole stability
within the entry tangent. The specific casing diameter and installation would be determined by the HDD
installation contractor.

Hydraulic Fracture and Inadvertent Returns

Drilling fluid loss can occur as a result of either formational fluid loss or hydraulic fracture. The loss of
drilling fluid downhole is accompanied by either partial or full loss of drilling fluid returns to the entry and/or
exit pits.

Formational drilling fluid losses typically occur when the drilling fluid flows through the pore spaces in the
surrounding formation. Thus, a formation with a higher porosity can potentially absorb a larger volume of
drilling fluid than a formation with a lower porosity. Coarse sands and gravel units with low percentages of
silt and clay and fractured rock formations have a moderate to high susceptibility for drilling fluid loss. The
fine to medium sand anticipated along the HDD path will have a low to moderate potential for formational
fluid loss.

Hydraulic fracture is a term typically used to describe the condition in which the downhole drilling fluid
pressure exceeds the overburden pressure and shear strength of the formation surrounding a drill path.
The risk of hydraulically fracturing subsurface formations during the HDD process generally depends on the
type and shear strength of the formation and the downhole drilling fluid pressures. Drilling fluid pressures
used for HDD construction are not typically high enough to cause hydraulic fracture of intact bedrock
because the shear strength of the rock far exceeds the drilling fluid pressures downhole. Downhole drilling
fluid pressures can easily exceed the shear strength of soil formations. In general, fine-grained soils such
as silt and clays have a relatively moderate to high risk of hydraulic fracture, whereas granular soils such
as sands have a relatively low risk of hydraulic fracture. In general, we expect that there is a relatively low
risk of hydraulic fracture occurring during HDD installation because much of the HDD profile passes through
sandy soils and potentially bedrock; however, this estimate of risk is contingent on the HDD contractor
maintaining drilling fluid returns during all phases of drilling activities.

We anticipate a relatively low risk of hydraulic fracture and drilling fluid surface releases occurring along
most of the HDD alignment during construction. We expect that there is a high risk of hydraulic fracture
and drilling fluid surface release within about 150 feet of either end of the HDD due to the anticipated loose
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sand and decreased depth of cover. As previously indicated, installation of large diameter conductor casing
will reduce the risk of drilling fluid surface releases near entry.

Workspace Considerations

The locations for both the northwest (exit) and southeast (entry) workspaces are relatively flat and open
such that adequate workspace will be available for drilling and installation operations. Grading will not be
required to prepare entry and exit workspaces in these areas. Because of the loose sandy soils, it may be
necessary to provide a stable working platform such as a timber matted or gravel workspace and an
entrance road during construction, particularly if construction is completed during the wet winter season,
or when heavy prolonged precipitation occurs. In addition, construction roads will be required to access the
entry and exit points and the product pipe stringing area.

CONCLUSIONS

The following summarizes the primary considerations for the Coos Bay West HDD.

1. Additional subsurface exploration and laboratory testing is required to confirm the construction
considerations and feasibility conclusions presented in this report, and to provide subsurface
information required for final design of the conceptual HDD. Proposed boring locations and depths are
shown in Figure 2A.

2. The railroad trestle foundation data will need to be obtained and considered for the HDD design.

3. Due to the substantial length of the HDD, we anticipate that it will be completed using pilot hole
intersect methods.

4. 1t will be necessary to design the HDD to maximize the amount of drill path within bedrock.

5. Oversized casing may need to be installed at both ends of the HDD path to assist in efficiently
transferring axial loads to the drill bit, and to mitigate against hydraulic fracture and drilling fluid surface
releases within the loose sand anticipated in the upper 30 feet.

LIMITATIONS

We have prepared this report for use by PCGP and the design team, their authorized agents and other
approved members of the design team involved with this project. The report is not intended for use by
others, and the information contained herein is not applicable to other sites. The data and report should
be provided to prospective contractors, but our report, conclusions and interpretations should not be
construed as a warranty of the subsurface conditions. The conclusions and recommendations in this report
should be applied in their entirety.

Within the limitations of scope, schedule and budget, our services have been executed in accordance with
generally accepted practices in this area at the time the report was prepared. The conclusions,
recommendations, and opinions presented in this report are based on our professional knowledge,
judgment and experience. No warranty or other conditions, express or implied, should be understood.
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CLOSING

We appreciate the opportunity to provide services to PCGP. Please call if you have any questions concerning

this report or if we can be of further assistance.

Sincerely,
GeoEngineers, Inc.

Brian Ranney Trevor N. Hoyles,
Senior Engineering Geologist Principal
BCR:TNH:cje
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317 East Main Street
American Fork, Utah 84003
801.307.0216

September 6, 2017

Pacific Connector Gas Pipeline, LP
5615 Kirby Drive, Suite 500
Houston, Texas 77004

Attention: John Walls

Subject: HDD Feasibility Evaluation
Coos Bay East Crossing
Pacific Connector Gas Pipeline Project
Coos County, Oregon
File No. 22708-001-01

INTRODUCTION AND PROJECT UNDERSTANDING

GeoEngineers, Inc. (GeoEngineers) is pleased to present this horizontal directional drilling (HDD) feasibility
evaluation for the proposed 36-inch-diameter pipeline installation beneath Coos Bay in Coos Bay, Oregon.
The proposed Coos Bay East HDD crossing will be a part of the 229-mile-long Pacific Connector Gas Pipeline
(PCGP), beginning at the proposed Jordan Cove Liquefied Natural Gas (LNG) Terminal near Coos Bay,
Oregon and terminating near Malin, Oregon. The site is shown with respect to the surrounding area in the
Vicinity Map, Figure 1.

Our feasibility evaluation of the proposed Coos Bay East HDD is based on limited subsurface data. Our
conclusions should be considered preliminary pending completion of a subsurface exploration program.
Table 1 below provides our understanding of the design basis for the proposed HDD.

TABLE 1. BASIS OF DESIGN FOR THE COOS BAY HDD

Product Pipe Data Design Parameter

inch .823 inch .t.a API-5L X-7
Product Pipe Specifications S5 Ienes 2 QUSRS Inees Uht 2 v

Steel Pipe
Approximate Horizontal Crossing Length 8,972 feet
Maximum Allowable Operating Pressure 1,600 psigP

Maximum Operating Temperature 100 degrees F
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Product Pipe Data Design Parameter
Tie-In Temperature 70 degrees F
Design Factore 0.5
Notes:

aw.t. - wall thickness
b psig - pounds per square inch gauge
¢ As defined in 49 CFR Parts 195.106 and 192.111

PURPOSE AND SCOPE OF SERVICES

The purpose of our services was to utilize existing subsurface and site survey information in order to
evaluate the feasibility of the proposed HDD installation. Our specific scope of services included the
following:

1. Reviewed geologic maps and boring logs of previously completed borings in the project area to
evaluate geologic conditions along the HDD alignment.

2. Evaluated the feasibility of the proposed HDD from the workspace considerations, subsurface
considerations and geometric feasibility standpoints.

3. Prepared conceptual HDD plan and profile drawings using AutoCAD files provided by others.

4. Prepared this HDD feasibility report summarizing HDD feasibility and construction considerations.

SURFACE CONDITIONS

The Coos Bay East HDD extends from North Point in North Bend, Oregon eastward across Coos Bay and
ends at the mouth of Kentuck Slough as shown in the Vicinity Map, Figure 1. Surface conditions at North
Point at the west end of the HDD consists of a relatively flat ground surface covered with fill stockpiles. The
east end of the HDD is located within a flat grass vegetated area in Kentuck Slough Valley. The alighment
of the HDD would cross the Coos Bay navigation channel and shallow tidal mud flats east of the navigation
channel.

SUBSURFACE SOIL AND GROUNDWATER CONDITIONS

Site Geology

Published geologic mapping shows that the shallow subsurface conditions along the HDD alignment is
dominated by young alluvium. Alluvium is described as “...variable amounts of clay, silt, sand, and gravel.”

Sedimentary bedrock of the Eocene-age Coaledo Formation is mapped by Baldwin and others (1973) as
underlying the uplands surrounding Coos Bay. Baldwin and others (1973) notes that “(t)he Coaledo
Formation occupies a north-plunging basin surrounding Coos Bay,” implying that the Coaledo forms the
bedrock within the Bay and is likely underlying the surficial alluvium.

The most detailed structural geology of the Coaledo Formation in north Coos Bay (Duncan, 1953) includes
an east-west cross-section through the Bay, 1 mile north of the HDD alighment. It shows the upper contact
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of the Coaledo Formation beneath the Bay as an irregular basin deepening to the west to as much as -
300 feet mean sea level (MSL). The top of the sedimentary rock is shown rising to approximately -150 feet
MSL in the eastern half of the Bay.

SUBSURFACE EXPLORATIONS

GeoEngineers has completed a number of exploratory borings in Coos Bay to investigate various PCGP
pipeline alignments. The exploratory boring completed closest to the Coos Bay East HDD alignment is
WCB-3, which was completed approximately 1,000 feet south of the alignment at the location shown in
Figures 2A and 3A. The boring log of WCB-3 is presented in Figure 5.

Boring WCB-3 was completed to a depth of about 50.5 feet below mudline. The boring encountered
approximately 27 feet of very loose to medium dense sand overlying dense sand with silt to a depth of
33 feet where dense to very dense sand was encountered to a depth of 50.5 feet, the maximum depth
explored.

Geotechnical Resources, Inc. (GRI) completed a subsurface exploration program in Kentuck Slough valley
and reported their findings in a Preliminary Geotechnical Report dated July 2, 2010 (GRI, 2010). Boring B-1
of that report was completed approximately 250 feet southwest of the eastern end of the proposed HDD
crossing. B-1 encountered about 10 feet of sandy fill (associated with East Bay Road) overlying soft silt to
a depth of 15 feet, where very loose sand was encountered to a depth of 20 feet. Below 20 feet, very soft
to soft silt with trace wood debris was encountered to a depth of 100 feet where very loose sand was
encountered to 101.5 feet, the maximum depth explored.

PRELIMINARY HDD DESIGN CONSIDERATIONS

General

Due to the substantial length of the proposed HDD, GeoEngineers evaluated two potential alternatives for
accomplishing the proposed Coos Bay East 36-inch HDD installation; a single 8,972-foot-long alternative
and two shorter HDDs connected by an open cut tie-in located within the tidal flats of Coos Bay. The
following describes the basis of design for these two alternatives.

Single HDD Option

We developed a conceptual HDD alignment and profile for the Coos Bay East 36-inch diameter HDD as
shown in Figure 2A, with a horizontal design length of approximately 8,972 feet. Due to the substantial
length of the HDD, we anticipate that it will be completed using pilot hole intersect methods. The conceptual
HDD alignment extends eastward from North Point in North Bend, Oregon, crosses the Coos Bay navigation
channel and terminates at the mouth of Kentuck Slough east of East Bay Road. For this conceptual design,
the carrier pipe would be strung and fabricated along the Kentuck Slough valley floor on the east end of
the crossing as shown in Figure 2B. The bottom tangent was designed with a 25.62-degree horizontal curve,
in order to accomplish the necessary alignment to facilitate the pipe string laydown area along Kentuck
Slough. Because this crossing would be completed using pilot hole intersect methods, both ends are
identified as entry points. We chose a 12-degree entry angle on the west end in order to achieve a suitable
depth below the navigation channel. A typical angle of 10 degrees was selected for the east side entry

GEOENGlNEERw
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angle, and a radius of curvature of 4,000 feet was selected for both vertical curves and the horizontal
curve. The bottom tangent was placed at an elevation of -190 feet, with the assumption that the bottom
tangent and horizontal curve will be within bedrock at that depth. This assumption is critical for the
feasibility of this option.

Dual HDD with Tie-in Option

GeoEngineers developed two HDD profiles, identified as HDD 1 and HDD 2, to accomplish the Coos Bay
east crossing as shown in Figures 3A and 4A, respectively. The east entry point of HDD 1 is located within
the tidal mud flats of Coos Bay approximately 250 feet south of Glasgow Point. HDD 1 extends westward a
horizontal distance of 5,605 feet, crossing the Coos Bay navigation channel and terminating at the west
entry point on land within North Point at the same location as the entry point for the single HDD option. The
west entry point of HDD 2 is located about 48 feet from the east entry for HDD 1 and extends eastward a
distance of 3,500 feet to the mouth of Kentuck Slough about 300 feet east of East Bay Road as shown in
Figure 4A.

Typical entry angles of 10 and 12 degrees were selected for the conceptual profiles of East HDD 1 and East
HDD 2. As with the single HDD option, the bottom tangent was placed at an elevation of -190 feet. However,
depending on the results of the subsurface exploration program and hydraulic fracture analysis, it may not
be necessary for the bottom tangent of HDD 1 and HDD 2 to be in bedrock.

The construction considerations for the single HDD and dual HDD with Tie-in Option are presented in the
following section. The discussion for the dual HDD option assumes that both of the HDD 1 and HDD 2
segments will also be completed using pilot hole intersect methods. For discussion purposes, the HDD end
points will be identified as east entry and west entry (for the single HDD option) or land side entry and water
side entry (for the dual HDD option).

HDD CONSTRUCTION CONSIDERATIONS

General

Based on the information available as presented in this report it is our opinion that the proposed Coos Bay
East HDD is technically feasible, pending the results of the subsurface exploration program and provided
the considerations in this report are addressed in the design, preconstruction and construction phases of
the project.

Site Access

Single HDD Option

Access to the conceptual west side workspace can be gained directly from surface streets servicing an
industrial area at North Point in North Bend. The east side workspace could be accessed via a temporary
entrance and access road off of East Bay Road west of the workspace. Matting or other subgrade
stabilization methods will likely be needed to gain access to the east side entry workspace.

Dual HDD with Tie-In Option

Access to the land side entry points of each drill would be the same as described above for the single HDD
option.

GEOENGINEER@
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Because of the location of the shared in-water entry workspace in Coos Bay for the dual HDD option, access
to the tie-in workspace location will have to be provided by barges or other marine vessels, and will be much
more difficult than a typical land based HDD site. Because of tidal fluctuations, the tidal flats within the in-
water workspace will be exposed at times such that dredging will be required between the navigation
channel and the workspace area so that equipment barges can access the workspace. There is an existing
shallow natural channel extending from the mouth of Kentuck Slough to the navigation channel that may
be incorporated into the access route to the shared workspace to reduce the amount of dredging that would
be required. A dredging plan will likely be required to address the dimensions and depth of the access
channel, the dredging procedures and placement or disposal of spoils. In addition, the dredging plan will
likely need to be permitted through the Army Corps of Engineers, Department of State Lands and/or other
state and federal agencies. The HDD contractor can provide details of their plan to access the in-water
workspaces as part of their HDD drill plan, and provide input regarding areas to be dredged. However, we
assume that the project owner would be responsible for permitting dredging activities.

Workspace Considerations
Single HDD Option

The locations for both the east and west side workspaces are relatively flat and open such the adequate
workspace will be available for drilling and installation operations. The east side would be located in a
relatively flat low-lying area that may be prone to flooding which should be considered when scheduling and
planning for construction.

The proposed carrier pipe stringing area would be located northeast of the east entry point along the
Kentuck Slough valley floor. Kentuck Slough and Kentuck Way limit the available pipe string length to 5,293
feet so a tie-in weld will be required during pullback operations. The orientation of the HDD alignment would
require two horizontal curves in the pull section, making fabricating and handling the pipe more difficult.

Dual HDD with Tie-In Option

The proposed shared water side entry (tie-in) workspace for both HDD installations is located in a tidal flat
area south of Glasgow Point as shown in Figure 3A and 4A. The workspace is approximately 200 feet wide
and 450 feet long. As mentioned above, the water side entry workspace will likely have to be dredged in
order to stage equipment and provide access to support vessels.

Because of the tidal fluctuations, it will be necessary for the HDD contractor to install steel piles (dolphins)
and support brackets (goal posts) to support the drill pipe string during HDD drilling operations. The location
and depth of the dolphins is typically selected by the HDD contractor based on the configuration of the HDD
equipment.

Workspace considerations for the land side entry points of each drill would be the same as described above
for the single HDD option.

The proposed carrier pipe stringing area for HDD 1 would be located through the industrial area west of the
land side entry point. The pipe string could pass beneath Highway 101, as the highway is on a raised bridge
at the crossing location. The available area across North Point is not sufficiently wide to string the carrier
pipe in one continuous section which would require a tie-in weld during pullback operations. The proposed
carrier pipe stringing area for HDD 2 would be located northeast of the land side entry point along Kentuck
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Slough. This area is of sufficient length to string the carrier pipe in one continuous section prior to pullback
operations; however, the orientation of the HDD alignment would require two horizontal curves in the pull
section, making fabricating and handling the pipe more difficult.

Drilling Fluid Containment
Single HDD Option

Drilling fluid containment for the Single HDD Option will be via relatively small fluid containment pits
excavated adjacent to the entry points of the drill. These pits typically measure approximately 6 to 10 feet
square and 4 to 6 feet deep. During drilling operations, drilling fluid returns and cuttings from downhole
flow into the pits where the fluid is then pumped to a recycling system where most of the cuttings are
removed and the drilling fluid can be recirculated downhole.

Dual HDD with Tie-In Option

By virtue of the fact that both conceptual HDD installations will involve entry points located in water, drilling
fluids will be released to the Coos Bay tidal flat during normal operations as a result of drilling fluid
circulation if containment measures are not implemented. Drilling fluids may be contained at the water
side entry points during pilot hole operations through use of small-diameter conductor casing; however,
additional measures will need to be implemented at the water side entry points during reaming operations
to contain the drilling fluids.

During reaming operations, it will be preferable to promote drilling fluid returns toward land side entry where
they can be more easily contained, recycled, and reused. This may be accomplished by not reaming the
pilot hole through the last 200 to 250 feet of the entry tangent until the final reaming pass. Once the entry
tangent is reamed to its final diameter, a relatively large drilling fluid returns pit and or containment such
as sheet piling may be required at entry to contain drilling fluid returns that surface at the entry point.
Containment and recycling operations will need to be executed considering tidal fluctuations. Alternatively,
large-diameter casing could be installed prior to reaming operations at the water side entry points to contain
drilling fluid on the barge or other containment structure.

Drilling fluid at the land side entry points of both drills could be contained conventionally in shallow pits as
described above for the long option HDD.

Pilot Hole Considerations

Based on our experience with similar HDD projects of this length and diameter, we anticipate that the pilot
bit diameter will likely range from 9.875 to 12.25 inches. We also anticipate that the pilot hole will most
likely be advanced using a jetting assembly through the alluvial soils, and a positive displacement mud
motor through the underlying dense to very dense sand and sandstone bedrock, if the proposed HDD profile
encounters bedrock.

Single HDD Option

Because of the relatively large degree of horizontal curvature in the alignment of the conceptual HDD and
the need to complete a pilot hole intersect within the bay, the use of a magnetic based steering tool may
be more advantageous than a gyroscopic steering tool. Currently, the gyroscopic steering tool does not have
the secondary survey capabilities offered by the magnetic based steering tool systems. The ability to obtain
secondary survey data should aid in advancing the pilot hole within acceptable tolerances and help to
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complete the pilot hole intersect. For this crossing, the installation and survey of the secondary survey coil
wire across the tidal flats will be somewhat more difficult because of the tidal fluctuations. The contractor
will need to devise a method of installing the wire given the tidal fluctuations and anchor the wire so that it
does not move with the currents. If the wire is not sufficiently anchored, the wire can move which would
result in inaccurate survey data. It will not be possible to install the survey coil wire across the navigation
channel, so the contractor will have to rely on the downhole steering tool data while crossing the channel.

Dual HDD Option

Because of the difficulty in placing a secondary survey coil wire (used with magnetic based steering tools)
along the HDD alignment in the navigation channel and across the tidal flat, it may be preferable for the
contractor to use a gyroscopic steering tool to complete the pilot hole. However, the gyroscopic steering
tool is sensitive to excessive vibration, particularly when drilling through rock, and requires a skilled
surveyor to make constant adjustments to maintain accuracy and account for accumulated error in the
survey data. It is typically the HDD contractor’s responsibility to choose appropriate means and methods to
track the pilot hole.

To accommodate forces generated during pilot hole operations and to maintain drilling fluid returns to the
drill barge, support structures (dolphins and goal posts) and an appropriately sized steel casing will likely
be required between the drill platform and the entry point for both HDDs.

Reaming Considerations
Single HDD Option

Because of the length of the single HDD option, there is an increased risk of drilling fluid surface release
during reaming operations. This risk can be reduced by reaming the hole from both ends of the crossing.
This methodology helps reduce downhole annular drilling fluid pressures by shortening the flow path of the
drilling fluid through the hole. Although this increased risk doesn’t necessarily affect the technical feasibility
of the proposed HDD, reaming from both sides of the crossing could potentially have cost impacts that may
require consideration.

Dual HDD With Tie-In Option

As discussed in the drilling fluid containment section above, the HDD contractor might elect to not ream
the last 200 to 250 feet of entry tangent of the drill profile until the hole is reamed to the final diameter to
promote the flow of drilling fluid to the land-side containment pit. This will reduce the volume of drilling fluid
that needs to be collected, recycled and pumped downhole from the drill and support barges within the
bay.

Pullback

Single HDD Option

As previously described, the fabrication and stringing workspace for the single HDD option would be in the
Kentuck Slough valley. The pipe could be fabricated along a straight alignment within the valley but because
of the orientation of the HDD alignment relative to that of the valley, the pull section for installation would
have to have to be positioned with two horizontal curves for pullback operations. In addition, the practical
length of the fabrication and stringing workspace is not sufficient to fabricate the pull section into one
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continuous section which will require that a minimum of one tie-in weld will be required during pullback
operations.

Because of the length of the conceptual HDD, the horizontal curvature in the alignment and the need to
make at least one tie-in weld during pullback, it may be necessary to utilize a pipe thruster on the east side
of the crossing to help assist the installation process if needed.

Dual HDD With Tie-In Option

The fabrication and stringing workspaces for both conceptual HDDs would be on the land side of each
crossing. Because of the tidal flat conditions within the bay, attempting to float the pipe in the bay and
installing the pipe from the water side to the land side would be more complex and expensive.

For HDD #1, the stringing and fabrication workspace would be located west of the crossing; however, there
is not sufficient workspace to fabricate the pull section into one continuous section which will require that
a minimum of one tie-in weld will be required during pullback operations.

For HDD #2, the stringing and fabrication workspace would be located east of the crossing with sufficient
workspace to fabricate the pull section into one continuous section prior to pullback operations. The pipe
could be fabricated along a straight alighment within the valley but because of the orientation of the HDD
alignment relative to that of the valley, the pull section for installation would have to have to be positioned
with two horizontal curves for pullback operations.

Because both HDD #1 and HDD #2 would install the pipe from land side to water side, the barge would
have to be anchored sufficiently to resist the lateral loads imposed by the drill rig during the installation
process.

Drill Hole Stability

The stability of the hole during HDD operations is dependent on a number of factors, including the type and
composition of the soils, drilling fluid properties, groundwater conditions and the HDD profile geometry.
Holes drilled or reamed through loose soil formations, soil formations with significant gravel content, dry
hole sections and fractured rock formations with poor rock quality are prone to exhibiting instabilities.

In general, we expect the risk of drill hole instability along the conceptual HDD drill paths (either option) to
be relatively low. Minor hole instabilities may be encountered within the very loose to loose soils expected
along the upper portions of the HDD profile at the east end near Kentuck Slough, but we do not anticipate
that this condition will jeopardize the successful installation of the product pipe. If hole instabilities are
anticipated within the shallow portions of the drill profiles, large-diameter casing can be installed through
the tangent sections of the drill profiles to stabilize those areas. The casing would need to be sized
sufficiently to allow the reaming tools to pass through it. For the proposed 36-inch carrier pipe and
anticipated final ream diameter of 48 inches, we anticipate that the large-diameter casing would need to
be a minimum of 56 inches in diameter.
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Hydraulic Fracture and Drilling Fluid Surface Release

Drilling fluid loss can occur as a result of either formational fluid loss or hydraulic fracture. The loss of
drilling fluid downhole is accompanied by either partial or full loss of drilling fluid returns to the entry and/or
exit pits.

Formational drilling fluid losses typically occur when the drilling fluid flows through the pore spaces in the
surrounding formation. Thus, a formation with a higher porosity can potentially absorb a larger volume of
drilling fluid than a formation with a lower porosity. Coarse sands and gravel units with low percentages of
silt and clay and fractured rock formations have a moderate to high susceptibility for drilling fluid loss.
Without additional subsurface information along the HDD alignment, it is not currently possible to estimate
the risk of substantial formational fluid loss.

Hydraulic fracture is a term typically used to describe the condition in which the downhole drilling fluid
pressure exceeds the overburden pressure and shear strength of the formation surrounding a drill path.
The risk of hydraulically fracturing subsurface formations during the HDD process generally depends on the
type and shear strength of the formation and the downhole drilling fluid pressures. Drilling fluid pressures
used for HDD construction are not typically high enough to cause hydraulic fracture of intact bedrock
because the shear strength of the rock far exceeds the drilling fluid pressures downhole. Downhole drilling
fluid pressures can easily exceed the shear strength of soil formations. In general, fine-grained soils such
as silt and clays have a relatively moderate to high risk of hydraulic fracture, whereas granular soils such
as sands have a relatively low risk of hydraulic fracture. In general, we expect that there is a relatively low
risk of hydraulic fracture occurring during HDD installation because much of the HDD profile passes through
sandy soils and potentially bedrock; however, this estimate of risk is contingent on the HDD contractor
maintaining drilling fluid returns during all phases of drilling activities.

We anticipate a relatively low risk of drilling fluid surface releases occurring along most of the HDD
alignment during construction, primarily because the design intent is to place the bottom tangent of either
option within bedrock. However, very soft to soft silt is expected to depth of 100 feet at the east end of the
crossing approaching Kentuck Slough. We expect that there is a high risk of hydraulic fracture and drilling
fluid surface release along the east side entry tangent of the long, single HDD option and HDD 2 of the Dual
HDD with Tie-In option. Large-diameter casing can be utilized to mitigate the potential for hydraulic
fracturing. The casing would need to be sized sufficiently to allow the reaming tools to pass through it. For
the proposed 36-inch carrier pipe and anticipated final ream diameter of 48 inches, we anticipate that the
large-diameter casing would need to be a minimum of 56 inches in diameter.

Installation of oversized casing at the east end of the HDD crossing will require that East HDD 2 be
completed as a pilot hole intersect, since the west end of the HDD will also likely utilize casing for drilling
fluid containment as describe in more detail below.

For the dual HDD option, drilling fluids will be released to the Coos Bay floor at the conceptual entry points
at the tie in location in Coos Bay during normal operations of drilling fluid circulation, unless they are.
contained at the water side entry points during pilot hole operations through use of a conductor casing.

Additional measures will need to be implemented during reaming operations to contain the drilling fluids.
During reaming operations, the volume of drilling fluid that surfaces at the entry point could be reduced by
not reaming the pilot hole through the entry tangent until the final reaming pass. Once the entry tangent is

GEOENGlNEERw

File No. 22708-001-01



Coos Bay East Crossing HDD | September 6, 2017 Page 10

reamed to its final diameter, a relatively large drilling fluid returns pit and or containment such as sheet
piling may be required at entry to contain drilling fluid returns that surface at the entry point. Leaving the
soil plug at entry through much of the reaming operations promotes drilling fluids returns to land side of
the crossings where they can be more easily contained, recycled, and reused. Containment and recycling
operations will need to be executed considering tidal fluctuations.

CONCLUSIONS

The following summarizes the primary considerations for the Single HDD and Dual HDD with Tie-In Options.

Single HDD Option

1.

Additional subsurface exploration and laboratory testing is required to confirm the construction
considerations and feasibility conclusions presented in this report, and to provide subsurface
information required for final design of the conceptual HDD. Proposed boring locations and depths
are shown in Figure 2A.

Due to the substantial length of the HDD, we anticipate that it will be completed using pilot hole
intersect methods.

It will be necessary to design the HDD to maximize the amount of drill path within bedrock.

Oversized casing will likely need to be installed at the eastside entry to assist in efficiently
transferring axial loads to the drill bit, and to mitigate against hydraulic fracture and drilling fluid
surface releases within the soft silts along the east end of the HDD path.

Dual HDD Option with Tie-In

1.

Additional subsurface exploration and laboratory testing is required to confirm the construction
considerations and feasibility conclusions presented in this report, and to provide subsurface
information required for final design of the conceptual HDDs. Proposed boring locations and depths
are shown in Figure 3A and 4A.

Due to the length of the HDD 1, we anticipate that it will be completed using pilot hole intersect
methods.

Dredging will likely be required along the tidal mud flats to provide barge access to the water side
entry works space for HDD 1 and HDD 2.

Drilling fluids will need to be contained at the water side entry of HDD 1 and HDD 2 during pilot
hole operations through use of small-diameter conductor casing; however, additional measures will
need to be implemented at the water side entry during reaming operations to contain the drilling
fluids.

Oversized casing will likely need to be installed at the land side entry of HDD 2 to assist in efficiently

transferring axial loads to the drill bit, and to mitigate against hydraulic fracture and drilling fluid
surface releases within the soft silts along the east end of the HDD path.
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6. Duetothe need for casing at both ends of HDD 2, we anticipate that it will be completed using pilot
hole intersect methods.
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LIMITATIONS

We have prepared this report for use by PCGP and the design team, their authorized agents and other
approved members of the design team involved with this project. The report is not intended for use by
others, and the information contained herein is not applicable to other sites. The data and report should
be provided to prospective contractors, but our report, conclusions and interpretations should not be
construed as a warranty of the subsurface conditions. The conclusions and recommendations in this report
should be applied in their entirety.

Within the limitations of scope, schedule and budget, our services have been executed in accordance with
generally accepted practices in this area at the time the report was prepared. The conclusions,
recommendations, and opinions presented in this report are based on our professional knowledge,
judgment and experience. No warranty or other conditions, express or implied, should be understood.

Any electronic form, facsimile or hard copy of the original document (email, text, table and/or figure), if
provided, and any attachments should be considered a copy of the original document. The original
document is stored by GeoEngineers, Inc. and will serve as the official document of record.
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CLOSING

We appreciate the opportunity to provide services to PCGP. Please call if you have any questions concerning
this report or if we can be of further assistance.

Sincerely,
GeoEngineers, Inc.

2t 70 ?”

Mark Miller, PE Trevor N. Hoyles, PE
Principal Principal
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