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Dear Secretary Bose:
The enclosed document contains a biological opinion (opinion) prepared by NOAA’s National
Marine Fisheries Service (NMFS) pursuant to section 7(a)(2) of the Endangered Species Act of
1973 (ESA) (16 U.S.C. 1531 et seq.) for the relicensing of the Packwood Lake Hydroelectric
Project. In this opinion, NMFS concludes that the action, as proposed, is not likely to jeopardize
the continued existence of Lower Columbia River (LCR) Chinook salmon (Oncorhynchus
tshawytscha), LCR coho salmon (O. kisutch), or LCR steelhead (O. mykiss). Further, NMFS
concludes that the proposed action will not result in the destruction or adverse modification of
their designated critical habitats.
As required by section 7 of the ESA, NMFS provided an incidental take statement with the
biological opinion. The incidental take statement describes reasonable and prudent measures
NMFS considers necessary or appropriate to minimize incidental take associated with this action.
The take statement sets forth nondiscretionary terms and conditions, including reporting
requirements that FERC and any person who performs the action must comply with to carry out
the reasonable and prudent measures. Incidental take from actions that meet these terms and
conditions will be exempt from the ESA take prohibition.
The action will have adverse effects on essential fish habitat pursuant to section 305(b) of the
Magnuson-Stevens Fishery Conservation and Management Act (MSA). Therefore, this
document includes an Essential Fish Habitat consultation. NMFS adopted the conservation
measures required in the section 7 ESA incidental take statement as the EFH conservation
recommendations to avoid, minimize, or otherwise offset potential adverse effects on essential
fish habitat.
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1. INTRODUCTION
This Introduction section provides information relevant to the other sections of this document
and is incorporated by reference into Sections 2 and 3 below.
1.1 Background
The National Marine Fisheries Service (NMFS) prepared the biological opinion (opinion) and
incidental take statement portions of this document in accordance with section 7(b) of the
Endangered Species Act (ESA) of 1973 (16 USC 1531 et seq.), and implementing regulations at
50 CFR 402.
This opinion looks at the effects of the relicensing of the Packwood Lake Hydroelectric Project
(FERC Project No. P-2244-022) (Project) by the Federal Energy Regulatory Commission
(FERC) for the continued operation, maintenance, restoration and monitoring of the Project on
four listed species of salmon: Lower Columbia River (LCR) Chinook (Oncorhynchus
tshawytscha), LCR coho salmon (O. kisutch), and LCR steelhead (O. mykiss) and their
designated critical habitats. Additionally, we evaluated the loss of Chinook as prey to affect
southern resident killer whales (Orcinus orca). FERC is the Federal Action Agency in this
consultation because it issues the hydroelectric license and is responsible to ensure compliance
with terms and conditions of the license.
We also completed an essential fish habitat (EFH) consultation on the proposed action, in
accordance with section 305(b)(2) of the Magnuson-Stevens Fishery Conservation and
Management Act (MSA) (16 U.S.C. 1801 et seq.) and implementing regulations at 50 CFR 600.
We completed pre-dissemination review of this document using standards for utility, integrity,
and objectivity in compliance with applicable guidelines issued under the Data Quality Act
(section 515 of the Treasury and General Government Appropriations Act for Fiscal Year 2001,
Public Law 106-554). A complete record of this consultation is on file at the Oregon Washington
Coastal Office.
1.2 Consultation History
On January 12, 2005, in the Notice of Intent to File a License application for the Packwood
Hydroelectric Project (Project), FERC initiated informal consultation with the U.S. Fish and
Wildlife Service (USFWS) and NMFS (FERC 2005). During the relicensing of the Project, the
issue of fish in the stilling basin and tailrace was raised; NMFS and other stakeholders requested
that a tailrace barrier be constructed. In September 2007, NMFS completed consultation with
FERC on Energy Northwest’s construction, and post-construction monitoring and evaluation, of
a tailrace barrier at the Packwood Lake Hydroelectric Project. In its biological opinion (NMFS
2007), NMFS determined that FERC’s proposed action met the ESA Section 7 standards for
avoiding jeopardy and any adverse modification of critical habitat. Following the construction of
the tailrace barrier in October 2007, fish were supposed to be excluded from the Project tailrace
or stilling basin.
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By letter dated August 18, 2008, NMFS provided mandatory fishway prescriptions. The
mandatory fishway prescriptions required Energy Northwest to: (1) continue the measures for
maintenance, testing, and operation of the fish screen, as described in the incidental take
statement (NMFS 2008); and (2) develop and implement a plan (within 2 years of license
issuance) to provide adequate passage that meets NMFS fish passage standards at the Snyder
Creek tailrace crossing. In addition to its prescriptions, NMFS included a general reservation of
authority for NMFS to prescribe additional or modified fishways at such times and locations as
NMFS may subsequently determine are necessary to provide for safe, timely, and effective
downstream and upstream passage of anadromous fish through the Project facilities. In the same
letter, NMFS provided its 10(j) recommendations.
In February 2009, FERC issued a Draft Environmental Assessment for the Project Relicensing.
By letter to NMFS, dated February 5, 2009, FERC requested formal consultation (FERC 2009)
for the relicensing of the Packwood Lake Hydroelectric Project and submitted a Biological
Assessment for review. The existing 50-year license for the Project expired on February 28,
2010. FERC issued a notice of authorization for continued Project operation on March 4, 2010.
This year-to-year annual license allows the licensee to continue operating the Project under the
terms and conditions of the prior license until a new license is issued, or the Project is otherwise
disposed of as provided in section 15 or any other applicable section of the Federal Power Act
(FPA) (FERC 2010). FERC determined that issuance of the proposed new license according to
its authority under the FPA for a term up to 50 years would be “likely to adversely affect” the
following ESA listed species: LCR Chinook, LCR coho, and LCR steelhead. In addition, FERC
determined that the Project would “be likely to adversely affect” the designated critical habitats
for both Chinook salmon and steelhead. At that time critical habitat was not yet designated, but
NMFS has conducted the consultation to include the subsequently designated habitat for this
species. NMFS replied by letter, dated March 5, 2009, that the initiation package was complete
and that we were initiating formal consultation (NMFS 2009). In July 2009, FERC issued a Final
Environmental Assessment for the proposed Project (FERC 2009a). FERC’s Final
Environmental Assessment forms the basis for the actions that this opinion analyzes. In the fall
of 2011, NMFS, the Licensee and interested parties, developed an additional measure (temporary
weir) to mitigate effects from the proposed Project.
On April 3, 2009, NMFS sent a letter to the Confederated Tribes and Bands of the Yakama
Nation, and the Cowlitz Indian Tribe, notifying them of this consultation and soliciting any
information, traditional knowledge, or comments that the tribes wished to provide. We received
no response to the notification letters.
The analyses in this opinion are based on NMFS’ review of Energy Northwest’s February 2008
Final License Application; FERC’s 2009 Final Environmental Assessment for the Packwood
Hydroelectric Project; Energy Northwest’s February 2009 Biological Assessment; NMFS’ 2007
Biological Opinion on Construction, Monitoring, and Evaluation of a Tailrace Barrier at
Packwood Lake Hydroelectric Project; field investigations; recovery plans; stock assessment
reports, and the best available scientific and commercial information.
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1.3 Proposed Action
“Action” means all activities or programs of any kind authorized, funded, or carried out, in
whole or in part, by Federal agencies (50 CFR 402.02).
The Proposed Action is FERC’s issuance of a new license for a term up to 50 years to Energy
Northwest for the continued operation, maintenance, restoration, and monitoring of the
Packwood Lake Hydroelectric Project. The existing 26.125 megawatt (MW) Project is located on
Packwood Lake, which is drained by lower Lake Creek, near the town of Packwood in
southwestern Washington (Figure 1). The Project generates about 92,000 megawatt-hours
(MWH) annually.
Operation of the Project depends on license conditions, water availability, and power contracts.
The source of water for the Project, Packwood Lake, is situated at an elevation of approximately
2,857 feet MSL about 1,800 feet above the powerhouse. Water discharged from the Project
returns to the Cowlitz River via the tailrace canal. Instream flows to lower Lake Creek below the
Project intake are delivered by way of pipeline that is used to bypass water around the drop
structure.
The Project consists of the following existing structures and facilities:
• Concrete drop structure (dam)
• Intake canal and building on Lake Creek
• Concrete pipe and tunnel system
• Penstock
• Surge tank
• Powerhouse
• Stilling basin
• Transmission line
• Tailrace canal, and
• Tailrace fish barrier (Figures 1 and 2).
Further details of the Project infrastructure can be found in Appendix A.
At these existing facilities, FERC proposes operational changes, and other measures for the
protection and enhancement of environmental resources. This opinion addresses the following:
• Stream Restoration (Increase in Minimum Instream Flow; Creation of habitat-forming
(i.e., channel maintenance) flows; Aquatic Habitat Enhancement; Passage Improvements)
• Operational Changes (Change in maximum lake level elevation; Changed ramping rates;
Change in planned outage timing,)
• Tailrace Barriers (Installation of temporary weir in the tailrace slough; Operation and
maintenance of tailrace barrier screens )
• Fish surveys and fish salvage operations
Description of each component is described below.
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1.3.1 Stream Restoration and Habitat Enhancement in Lower Lake Creek and Snyder
Creek.
The Lower Lake Creek Restoration, Enhancement, and Monitoring Plan sets goals and identifies
measures for increasing anadromous spawning and rearing habitat in the lower mile of Lake
Creek. Monitoring at specified intervals and areas, with consultation and input of the appropriate
resource agencies, will track the status of these resources relative to objectives; will allow for
adaptive management of stream restoration measures and will demonstrate achievement of the
resource-specific objectives and desired conditions over the life of the license.
Increase Minimum Instream Flows. To enhance aquatic habitat in lower Lake Creek, FERC
proposes that Energy Northwest increase minimum instream flow releases below the drop
structure, during all months of the year (Table 1) based on agreement with the resource
agencies, including NMFS, WDFW, Washington Department of Ecology (WDOE),
Forest Service, Cowlitz and Yakama Tribes, and USFWS. Presently, Energy Northwest
releases a minimum of 3 cfs into lower Lake Creek year-round. Within this reach, the
natural contribution of runoff and groundwater inflow ranges from 20 to 30 cfs during the
winter and spring to about 10 cfs during the summer and early fall.
Table 1.

Proposed minimum instream flows (cubic feet per second [cfs]) for Lake Creek,
as measured at the drop structure (Source: Energy Northwest 2008, Appendix D).
Month

Instream Flow Release (cfs)

January

4

February

4

March

4

April

7

May

15

June

10

July

15

August 1–15

15

August 16–September 15

20

September 16–30

15

October

10

November

7

December

4

Creation of Habitat Forming Flows. Starting in the first water year after issuance of the new
license, and continuing for the life of the new license, FERC proposes that Energy Northwest
provide aquatic habitat forming flows in lower Lake Creek greater than or equal to 285 cfs
(based upon bankfull width and instream flow analysis) for as long as lake inflows can sustain
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the flow, or for 12 to 24 hours, every other water year or during three out of every six water
years.
Energy Northwest will take the necessary measures to control Packwood Lake elevation and
power generation and ensure that aquatic habitat forming flows are achieved and maintained for
up to 24 hours as measured at a proposed stream gaging site on lower Lake Creek near the Lake
Creek Road Bridge. If the desired frequencies of the aquatic habitat forming flows cannot be
achieved, the agencies will be consulted for an alternate plan. Energy Northwest will also
monitor the aquatic habitat forming flows at the drop structure and record the bypass flow and
spill flow over the drop structure at 15-minute intervals.
The objective of this measure is to provide flows of the magnitude, duration, and frequency that
will sustain and maintain habitat-forming processes in lower Lake Creek during the operation
and maintenance of the Project. These processes include the recruitment, mobilization, and
deposition of sediment, wood, and other organic material (Energy Northwest 2009).
Aquatic Habitat Enhancement. Measures include installing wood and boulder stream structures
to provide for additional pools, gravel retention, and other beneficial habitat features. Gravel will
be added to these structures to immediately improve habitat. This wood and gravel will be
carried downstream during the channel-forming flows provided as part of the aquatic habitat spill
events described earlier in this section.
Fish Passage Improvements on Snyder Creek. FERC proposes that Energy Northwest will
prepare and implement a Snyder Creek Restoration, Enhancement, and Monitoring Plan to
reroute Snyder Creek so that it connects to the backwater channel of Hall Creek. Energy
Northwest will implement this measure in coordination with the Forest Service, NMFS, USFWS,
WDFW, and tribes to improve fish passage for anadromous fish. This rerouting will occur within
two years of license issuance.
1.3.2. Operational Changes
Change in Maximum Lake Level Elevation. The current Project license specifies a maximum
water surface elevation of 2,858.5 feet MSL and a minimum water surface elevation of 2,849.0
feet MSL for Packwood Lake. Because water spilling over the drop structure is an expected
condition and is projected to occur more frequently under the proposed terms of a new license,
FERC proposes to eliminate the upper lake elevation limit.
Change in Planned Annual Maintenance Outage Timing. FERC proposes that Energy
Northwest continue to shut down the Project annually to perform scheduled equipment
maintenance; the new shutdown period will be between August 15 and September 14, start up
may be before September 14 if all necessary work is completed. The lake is currently drawn
down prior to the scheduled maintenance work. The new license will eliminate this drawdown
prior to the outage to avoid discharge of naturally-warmed Packwood Lake water into the
Cowlitz River when summertime water temperatures are highest. By moving the outage timing
to mid-August, adult Chinook will be precluded from entering the tailrace slough and potentially
stranded. The tailrace slough is defined as that section of water between the discharge point of
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Packwood Lake Hydroelectric Project’s tailrace, downstream to the point at which that discharge
water enters the main stem of the Cowlitz River.
Project Ramping. FERC proposes seasonal ramping rate limitations in the anadromous portion
of Lake Creek, to be monitored at a stream gage located near the Lake Creek Road Bridge.
Energy Northwest will implement the Lake Creek Ramping Rate Plan for Reach 5 (filed with
FERC on June 9, 2009) below the drop structure. With this plan, Energy Northwest will operate
the Project to limit all instream flow reductions associated with seasonal changes in minimum
instream flows (Table 2) to a maximum of 2.5 cfs per hour, as measured at the drop structure.
One exception is the June 1 reduction in flow from 15 to 10 cfs, which will be completed in one
hour during the night-time (i.e., one hour after sunset to one hour before sunrise; see Table 2). In
addition, Energy Northwest will continue to implement interim ramping rates (Table 2) through
the term of the new license based on guidelines provided by WDFW (Hunter 1992).
Table 2.

Interim ramping rate guidelines for water diversions in Washington State1
(Source: Hunter 1992).

Season

Daylight Rates2

Night rates

Feb 16–June 15 (salmon fry)

No ramping

2 inches/hour

June 16–Oct 31 (steelhead and trout fry)

1 inch/hour

1 inch/hour

Nov 1–Feb 15

2 inches/hour

2 inches/hour

1

Washington Department of Fish and Wildlife did not make a specific recommendation for ramping rates at the
Packwood Project.

2

Daylight is defined as one hour before sunrise to one hour after sunset

Water Temperature Monitoring. The water that now enters the Cowlitz River through the
Project tailrace historically entered the Cowlitz farther upstream via Lake Creek. Operation of
the Packwood Lake Hydroelectric Project has affected water temperature in the tailrace slough
and lower Lake Creek, which are generally warmer and cooler, respectively, with the Project
operating. Implementation of the temperature-monitoring plan in consultation with the WDOE
and NMFS will involve the evaluation of the effectiveness of Project operations, including the
timing of annual outage, in meeting the applicable temperature standards at the confluence of the
Project tailrace with the Cowlitz River. Energy Northwest will monitor water temperatures at a
total of seven sites in four areas: (1) the Project tailrace; (2) Lake Creek; (3) Packwood Lake, and
(4) the Cowlitz River downstream of the tailrace slough. Monitoring will take place on an annual
basis between June 25 and October 5 over the first 10 years of the new license (or until modified
by the WDOE). If at the end of the 10th year of monitoring Energy Northwest has not met the
temperature standard, it will meet with WDOE to determine the next steps.
1.3.3 Temporary and Permanent Barriers to Tailrace Slough
Temporary Tailrace Weir. Energy Northwest and the resource agencies developed a plan for
placement of a temporary weir as a mitigation measure to preclude spawning Chinook salmon
from the tailrace slough during the annual outage period (August 15 – September 14). Its goal is
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to prevent Chinook from spawning in the tailrace slough when future water conditions within the
slough may impact and desiccate redds. It will block spawning salmon that attempt to enter the
tailrace slough from the mainstem Cowlitz River.
Energy Northwest will monitor the tailrace slough once a week starting the first week of July of
each year to determine whether the Cowlitz River side channel is flowing into the tailrace
slough:
If the Cowlitz River side channel is flowing into the tailrace slough, then Energy Northwest is
not required to install the temporary weir to protect salmon redds because the Cowlitz River side
channel backwater flows keep the redds covered in the tailrace slough during the outage period.
If the Cowlitz River side channel is not flowing into the tailrace slough, then Energy Northwest
shall construct a temporary weir by July 15th close to the confluence of the tailrace slough with
the mainstem Cowlitz River to exclude salmon from spawning in the tailrace slough until tailrace
flows are returned to the slough after the outage period or until the tailrace slough discharge no
longer provides attractant flows into the mainstem Cowlitz River.
Temporary Weir Design, Installation, Monitoring and Reporting:
The temporary weir will be designed and constructed to minimize harm, prevent adult salmon
from passing over or around the weir and will be approved by the WDFW and NMFS.
Construction and installation of the weir will be permitted by WDFW as per WAC 220-110
Hydraulic code rules which establishes regulations for the construction of hydraulic project(s) or
performance of other work that will use, divert, obstruct, or change the natural flow or bed of any
of the salt or fresh waters of the state, and sets forth procedures for obtaining a hydraulic project
approval.
The weir will be designed and constructed of quality materials to assure it will provide a nonpassable barrier and to remain in the water for approximately 3-6 weeks each year.
The weir will be installed as near as practicable to the confluence of the tailrace slough and the
mainstem Cowlitz River, in an area with the lowest channel flow and least water depth. The
lower the depth of water at the weir site, the less likely fish will have an opportunity bypass the
weir.
The weir will also extend a minimum of 2 feet (ft) on either side of the wetted channel at the
point of installation.
The weir will be installed no later than July 15th and shall be monitored a minimum of once per
week. Additionally, any upstream water in the tailrace slough will be monitored at the same time
for any salmon redds to determine the effectiveness of the weir. Weekly monitoring results will
be documented in the tailrace fish barrier logs.
The weir will be removed by September 15 or when the tailrace slough discharge no longer
provides attractant flows into the mainstem Cowlitz River.
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The weir shall be transported back to the Project and stored for future use.
Energy Northwest shall provide NMFS and all stakeholders an annual report of findings 30 days
after the weir is removed or when it is determined by the above criteria that no weir installation
is required for that year.
Operation and Maintenance of Tailrace Barrier Screens. The FERC proposes to maintain and
monitor the effectiveness of the tailrace fish barrier. In October 2007, after consultation with
NMFS, other resource agencies, tribes, and FERC, Energy Northwest obtained authorization and
installed a permanent fish barrier drum screen near the end of the lined tailrace. To ensure that
this screen remains functional for the duration of the proposed license, NMFS’ Section 18
Article 1 prescribes that Energy Northwest continue the measures for maintenance and operation
of the screen. Monitoring and maintaining the effectiveness of this screen, and reporting the
results of monitoring in an annual report as prescribed by NMFS will identify the need for
corrective actions regarding the drum screen operation to ensure that it continues to prevent the
upstream migration of resident and anadromous fish into the Project tailrace and stilling basin.
This will minimize any potential adverse effects on these species associated with Project
operations and maintenance. If annual monitoring shows that the goal of the barrier is not being
met, Energy Northwest, in consultation with NMFS, will make necessary adjustments or
modifications to the facility following FERC approval.
1.3.4 Fish Surveys and Fish Salvage Operations
If planned project maintenance causes the cessation of flow through the Project tailrace and
tailrace slough, Energy Northwest will initiate a fish rescue within 12 hours and release any
captured fish into the mainstem Cowlitz River. If there is flow through the side channel, fish
rescue will not be required. Energy Northwest will also inspect and electrofish the section of
tailrace upstream of the fish barrier within 12 hours of the Project’s annual maintenance outage
and seine the stilling basin within 72 hours of the outage. The total number of each species
captured during the fish rescues will be recorded in the field, and the information will be
provided to the aquatics resource panel in the annual report.
“Interrelated actions” are those that are part of a larger action and depend on the larger action for
their justification. “Interdependent actions” are those that have no independent utility apart from
the action under consideration (50 CFR 402.02). NMFS did not identify any interrelated or
interdependent activities associated with the proposed action.
1.4 Action Area
“Action area” means all areas to be affected directly or indirectly by the Federal action and not
merely the immediate area involved in the action (50 CFR 402.02).
The action area for the purposes of this consultation is Packwood Lake and the lower reaches of
its tributaries: lower Lake Creek (from Packwood Lake to its confluence with the Cowlitz River
at RM 129.2); Hall Creek from RM 3.70 to its confluence with the Cowlitz River at RM 122.6;
Snyder Creek from the Forest Service road crossing (the end of the anadromous zone at RM
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0.36) to its confluence with Hall Creek; the tailrace slough from the Project tailrace to the
Cowlitz River at RM 125.2, and RM 129.2 on the Cowlitz River continuing downstream to the
Cowlitz Falls Dam. This includes the side channel of the Cowlitz that sometimes exists between
the Lake Creek confluence with the Cowlitz River (RM 129.2) and the tailrace slough
confluence during high flow periods (RM 125.2).
The action area contains historical and current spawning and rearing habitat and migration
corridors for juvenile and adult LCR Chinook salmon, LCR steelhead, and LCR coho salmon.
NMFS has designated critical habitat for LCR Chinook and LCR steelhead (70 FR 52630) and
LCR coho (81 FR 9251), including portions of the action area for this consultation.

2. ENDANGERED SPECIES ACT: BIOLOGICAL OPINION AND INCIDENTAL TAKE
STATEMENT
The ESA establishes a national program for conserving threatened and endangered species of
fish, wildlife, plants, and the habitat upon which they depend. As required by section 7(a)(2) of
the ESA, Federal agencies must ensure that their actions are not likely to jeopardize the
continued existence of endangered or threatened species, or adversely modify or destroy their
designated critical habitat. Per the requirements of the ESA, Federal action agencies consult with
NMFS and section 7(b)(3) requires that, at the conclusion of consultation, NMFS provides an
opinion stating how the agency’s actions would affect listed species and their critical habitat. If
incidental take is expected, section 7(b)(4) requires NMFS to provide an incidental take
statement (ITS) that specifies the impact of any incidental taking and includes non-discretionary
reasonable and prudent measures and terms and conditions to minimize such impacts.
2.1 Analytical Approach
This biological opinion includes both a jeopardy analysis and an adverse modification analysis.
The jeopardy analysis relies upon the regulatory definition of “to jeopardize the continued
existence of a listed species,” which is “to engage in an action that would be expected, directly or
indirectly, to reduce appreciably the likelihood of both the survival and recovery of a listed
species in the wild by reducing the reproduction, numbers, or distribution of that species” (50
CFR 402.02). Therefore, the jeopardy analysis considers both survival and recovery of the
species.
This biological opinion relies on the new regulatory definition of adverse modification of critical
habitat which became effective on March 14, 2016 (81 FR 7414). In this rule, we define
destruction or adverse modification as a direct or indirect alteration that appreciably diminishes
the value of critical habitat for the conservation of a listed species. Such alterations may include,
but are not limited to, those that alter the physical or biological features essential to the
conservation of a species or that preclude or significantly delay development of such features.
We use the following approach to determine whether a proposed action is likely to jeopardize
listed species or destroy or adversely modify critical habitat:
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•
•
•
•
•
•
•

Identify the rangewide status of the species and critical habitat likely to be adversely
affected by the proposed action.
Describe the environmental baseline in the action area.
Analyze the effects of the proposed action on both species and their habitat using an
“exposure-response-risk” approach.
Describe any cumulative effects in the action area.
Integrate and synthesize the above factors to assess the risk that the proposed action poses
to species and critical habitat.
Reach jeopardy and adverse modification conclusions.
If necessary, define a reasonable and prudent alternative to the proposed action.

We determined the proposed action is not likely to adversely affect the southern resident killer
whale (Orcinus orca) or their designated critical habitat. This analysis is found in the "Not
Likely to Adversely Affect" Determinations Section 2.10.
2.2 Rangewide Status of the Species and Critical Habitat
This opinion examines the status of each species that will be adversely affected by the proposed
action. The status is determined by the level of extinction risk that the listed species face, based
on parameters considered in documents such as recovery plans, status reviews, and listing
decisions. This informs the description of the species’ likelihood of both survival and recovery.
The species status section also helps to inform the description of the species’ current
“reproduction, numbers, or distribution” as described in 50 CFR 402.02. The opinion also
examines the condition of critical habitat throughout the designated area, evaluates the
conservation value of the various watersheds and coastal and marine environments that make up
the designated area, and discusses the current function of the essential physical and biological
features that help to form that conservation value. The summaries that follow describe the status
of the species that occur within the geographic area of this proposed action and are considered in
this opinion. More detailed information on the status and trends of these listed resources, and
their biology and ecology can be found in the listing regulations and critical habitat designations
published in the Federal Register (FR) notices for final rules that list threatened and endangered
species, designated critical habitat, or apply protective regulations (Table 3).
Table 3.

Federal Register notices for final rules that list threatened and endangered species,
designate critical habitats, or apply protective regulations to listed species
considered in this consultation.

Original Listing
Notice1
Chinook salmon (Oncorhynchus tshawytscha)
Lower Columbia River
T; 03/24/99
ESU
64 FR 14308
Coho salmon (O. kisutch)
Lower Columbia River
T; 06/28/05
ESU
70 FR 37160
Steelhead (O. mykiss)
Lower Columbia River
T; 03/19/98
DPS
63 FR 13347
1
T=listed as threatened under the ESA.
Species
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Listing Status
Reaffirmed

Critical Habitat

Protective
Regulations

T; 08/15/11
76 FR 50448

09/02/05
70 FR 52630

06//28/05
70 FR 37160

T; 08/15/11
76 FR 50448

02/24/16
81 FR 9252

06/28/05
70 FR 37160

T; 08/15/11
76 FR 50448

09/02/05
70 FR 52630

06/28/05
70 FR 37160
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One factor affecting the status of ESA-listed species considered in this opinion, and aquatic
habitat at large, is climate change. Climate change is likely to play an increasingly important role
in determining the abundance and distribution of ESA-listed species, and the conservation value
of designated critical habitats, in the Pacific Northwest. These changes will not be spatially
homogeneous across the Pacific Northwest. The largest hydrologic responses are expected to
occur in basins with significant snow accumulation, where warming decreases snow pack,
increases winter flows, and advances the timing of spring melt (Mote et al. 2014, Mote 2016).
Rain-dominated watersheds and those with significant contributions from groundwater may be
less sensitive to predicted changes in climate (Tague et al. 2013, Mote et al. 2014).
During the last century, average regional air temperatures in the Pacific Northwest increased by
1-1.4°F as an annual average, and up to 2°F in some seasons (based on average linear increase
per decade; Abatzoglou et al. 2014; Kunkel et al. 2013). Recent temperatures in all but two years
since 1998 ranked above the 20th century average (Mote et al. 2013). Warming is likely to
continue during the next century as average temperatures are projected to increase another 3 to
10°F, with the largest increases predicted to occur in the summer (Mote et al. 2014).
Decreases in summer precipitation of as much as 30% by the end of the century are consistently
predicted across climate models (Mote et al. 2014). Precipitation is more likely to occur during
October through March, less during summer months, and more winter precipitation will be rain
than snow (ISAB 2007; Mote et al. 2013; Mote et al. 2014). Earlier snowmelt will cause lower
stream flows in late spring, summer, and fall, and water temperatures will be warmer (ISAB
2007; Mote et al. 2014). Models consistently predict increases in the frequency of severe winter
precipitation events (i.e., 20-year and 50-year events), in the western United States (Dominguez
et al. 2012). The largest increases in winter flood frequency and magnitude are predicted in
mixed rain-snow watersheds (Mote et al. 2014).
The combined effects of increasing air temperatures and decreasing spring through fall flows are
expected to cause increasing stream temperatures; in 2015 this resulted in 3.5-5.3oC increases in
Columbia Basin streams and a peak temperature of 26oC in the Willamette (NWFSC 2015).
Overall, about one-third of the current cold-water salmonid habitat in the Pacific Northwest is
likely to exceed key water temperature thresholds by the end of this century (Mantua et al. 2009).
Higher temperatures will reduce the quality of available salmonid habitat for most freshwater life
stages (ISAB 2007). Reduced flows will make it more difficult for migrating fish to pass
physical and thermal obstructions, limiting their access to available habitat (Mantua et al. 2010;
Isaak et al. 2012). Temperature increases shift timing of key life cycle events for salmonids and
species forming the base of their aquatic foodwebs (Crozier et al. 2011; Tillmann and Siemann
2011; Winder and Schindler 2004). Higher stream temperatures will also cause decreases in
dissolved oxygen and may also cause earlier onset of stratification and reduced mixing between
layers in lakes and reservoirs, which can also result in reduced oxygen (Meyer et al. 1999;
Winder and Schindler 2004, Raymondi et al. 2013). Higher temperatures are likely to cause
several species to become more susceptible to parasites, disease, and higher predation rates
(Crozier et al. 2008; Wainwright & Weitkamp 2013; Raymondi et al. 2013).
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As more basins become rain-dominated and prone to more severe winter storms, higher winter
stream flows may increase the risk that winter or spring floods in sensitive watersheds will
damage spawning redds and wash away incubating eggs (Goode et al. 2013). Earlier peak stream
flows will also alter migration timing for salmon smolts, and may flush some young salmon and
steelhead from rivers to estuaries before they are physically mature, increasing stress and
reducing smolt survival (McMahon and Hartman 1989; Lawson et al. 2004).
In addition to changes in freshwater conditions, predicted changes for coastal waters in the
Pacific Northwest as a result of climate change include increasing surface water temperature,
increasing but highly variable acidity, and increasing storm frequency and magnitude (Mote et
al. 2014). Elevated ocean temperatures already documented for the Pacific Northwest are highly
likely to continue during the next century, with sea surface temperature projected to increase by
1.0-3.7oC by the end of the century (IPCC 2014). Habitat loss, shifts in species’ ranges and
abundances, and altered marine food webs could have substantial consequences to anadromous,
coastal, and marine species in the Pacific Northwest (Tillmann and Siemann 2011, Reeder et al.
2013).
Moreover, as atmospheric carbon emissions increase, increasing levels of carbon are absorbed by
the oceans, changing the pH of the water. A 38% to 109% increase in acidity is projected by the
end of this century in all but the most stringent CO2 mitigation scenarios, and is essentially
irreversible over a time scale of centuries (IPCC 2014). Regional factors appear to be amplifying
acidification in Northwest ocean waters, which is occurring earlier and more acutely than in
other regions and is already impacting important local marine species (Barton et al. 2012, Feely
et al. 2012). Acidification also affects sensitive estuary habitats, where organic matter and
nutrient inputs further reduce pH and produce conditions more corrosive than those in offshore
waters (Feely et al. 2012, Sunda and Cai 2012).
Global sea levels are expected to continue rising throughout this century, reaching likely
predicted increases of 10-32 inches by 2081-2100 (IPCC 2014). These changes will likely result
in increased erosion and more frequent and severe coastal flooding, and shifts in the composition
of nearshore habitats (Tillmann and Siemann 2011, Reeder et al. 2013). Estuarine-dependent
salmonids such as chum and Chinook salmon are predicted to be impacted by significant
reductions in rearing habitat in some Pacific Northwest coastal areas (Glick et al. 2007).
Historically, warm periods in the coastal Pacific Ocean have coincided with relatively low
abundances of salmon and steelhead, while cooler ocean periods have coincided with relatively
high abundances, and therefore these species are predicted to fare poorly in warming ocean
conditions (Scheuerell and Williams 2005; Zabel et al. 2006). This is supported by the recent
observation that anomalously warm sea surface temperatures off the coast of Washington from
2013 to 2016 resulted in poor coho and Chinook salmon body condition for juveniles caught in
those waters (NWFSC 2015). Changes to estuarine and coastal conditions, as well as the timing
of seasonal shifts in these habitats, have the potential to impact a wide range of listed aquatic
species (Tillmann and Siemann 2011, Reeder et al. 2013).
The adaptive ability of these threatened and endangered species is depressed due to reductions in
population size, habitat quantity and diversity, and loss of behavioral and genetic variation.
Without these natural sources of resilience, systematic changes in local and regional climatic
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conditions due to anthropogenic global climate change will likely reduce long-term viability and
sustainability of populations in many of these ESUs (NWFSC 2015). New stressors generated by
climate change, or existing stressors with effects that have been amplified by climate change,
may also have synergistic impacts on species and ecosystems (Doney et al. 2012). These
conditions will possibly intensify the climate change stressors inhibiting recovery of ESA-listed
species in the future.
2.2.1 Status of the Species
This opinion examines the status of each evolutionarily significant unit (ESU) and distinct
population segment (DPS) adversely affected by the proposed action, and the status of those
discrete populations of each ESU/DPS that will be affected by the proposed action. For species
with multiple populations, once the biological status of a species’ populations has been
determined, NMFS assesses the status of the entire species using criteria for groups of
populations, as described in recovery plans and guidance documents from technical recovery
teams. To help inform species-wide status, NMFS considers four parameters to assess the
viability of the populations that, together, constitute the species: spatial structure; diversity;
abundance, and productivity (McElhany et al. 2000).
“Spatial structure” refers both to the spatial distributions of individuals in the population
and the processes that generate that distribution. A population’s spatial structure depends
fundamentally on habitat quality and spatial configuration and the dynamics and dispersal
characteristics of individuals in the population.
“Diversity” refers to the distribution of traits within and among populations. These range
in scale from DNA sequence variation at single genes to complex life history traits
(McElhany et al. 2000).
“Abundance” generally refers to the number of naturally-produced adults (i.e., the
progeny of naturally-spawning parents) in the natural environment (e.g., on spawning
grounds).
“Productivity,” as applied to viability factors, refers to the entire life cycle (i.e., the
number of naturally-spawning adults produced per parent). When progeny replace or
exceed the number of parents, a population is stable or increasing. When progeny fail to
replace the number of parents, the population is declining. McElhany et al. (2000) use the
terms “population growth rate” and “productivity” interchangeably when referring to
production over the entire life cycle. They also refer to “trend in abundance,” which is the
manifestation of long-term population growth rate.
These ‘viable salmonid population’ (VSP) criteria encompass the species’ “reproduction,
numbers, or distribution” as described in 50 CFR 402.02, including information about their
geographic distribution, population structure, risks of extinction (Table 4), and the factors
limiting their recovery. When these parameters are collectively at appropriate levels, they
maintain a population’s capacity to adapt to various environmental conditions and allow it to
sustain itself in the natural environment. These attributes are influenced by survival, behavior,
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and experiences throughout a species’ entire life cycle, and these characteristics, in turn, are
influenced by habitat and other environmental conditions. Considerations for species viability
include having multiple populations that are viable, ensuring that populations with unique life
histories and phenotypes are viable, and that some viable populations are both widespread to
avoid concurrent extinctions from mass catastrophes and spatially close to allow functioning as
metapopulations (McElhany et al. 2000). In this opinion, the status of each species is presented
in terms of the general condition of the species and the factors affecting that condition.
Table 4.

Population persistence (risk of extinction) categories (Table 42 in Ford et al.
2011; taken from McElhany et al. 2006).

Category1

Persistence in 100
Extinction in 100
Description
years
years
0
0 – 40%
60 – 100%
Either extinct or very high risk of extinction
1
40 – 75%
25 – 60%
Relatively high risk of extinction in 100 years
2
75 – 95%
5 – 25%
Moderate risk of extinction in 100 years
3
95 – 99%
1 – 5%
Low (negligible) risk of extinction in 100 years2
4
>99%
<1%
Very low risk of extinction in 100 years2
1
Category zero indicates a population is extirpated or nearly so, category 1 is high risk, 2 is moderate risk, 3 is low
risk (viable), and 4 is very low risk.
2
Viable salmonid population.

Also informing the effects analysis is the recovery plan we adopted (NMFS 2013) (79 FR 41911;
July 12, 2013) for the Lower Columbia River Salmon Recovery Sub-domain which describes the
population structure, identifies populations essential to recovery of the ESU or DPS, establishes
recovery goals for most of the populations based largely on the recommendations of the
Biological Review Team (BRT), and recommends habitat, hatchery and harvest actions designed
to contribute to the recovery of the ESU. Three populations of LCR Chinook salmon, two
populations of LCR coho salmon, and two populations of LCR steelhead use the action area for a
portion of their life histories (Table 5).
Table 5.

Focal salmonid and steelhead populations in the action area (NMFS 2013).

Species (Run Type)
Chinook (Fall Tule)
Chinook (Spring)
Chinook (Spring)
Coho (Early and Late)
Coho (Early and Late)
Steelhead (Winter)
Steelhead (Winter)

Major Population Group/ Ecological
Subregion
Cascade Fall
Cascade Spring
Cascade Spring
Cascade Range (North and South)
Cascade Range (North and South)
West Cascade Range (Winter)
West Cascade Range (Winter)

Population
Upper Cowlitz
Cispus
Upper Cowlitz
Cispus
Upper Cowlitz
Cispus
Upper Cowlitz

Recovery Priority
Stabilizing
Primary
Primary
Primary
Primary
Primary
Primary

We note that each of the species likely to be affected by this proposed action are affected by a
series of common limiting factors, and describe those common factors here.
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Limiting Factors
Several of the risk factors identified by Good et al. (2005) as affecting LCR Chinook salmon,
LCR steelhead, and LCR coho, are still present, including widespread loss and degradation of
peripheral and transitional habitats (Ford et al. 2011; NMFS 2011; NMFS 2013). Impacts from
land use and flow management by the Columbia River hydropower system, tributary hydropower
projects, agriculture, forestry, and development have cumulatively:
•
•

•
•

Degraded or eliminated estuarine and nearshore marine habitats;
Degraded or eliminated freshwater habitat (floodplain connectivity and function,
channel structure and complexity, riparian areas, large woody debris recruitment,
stream substrates, stream flow, and water quality);
Reduced or blocked access to and from spawning and rearing habitats, and
Altered the Columbia River flow regime and plume resulting in an altered
temperature regime and estuarine food web, and reduced ocean productivity due
to sediment and nutrient-related changes in the estuary.

Additional limiting factors common to all three species that have been identified by the LCFRB
(2010) include competition and disease from other species; harvest-related and hatchery-related
adverse effects; contaminants affecting fish health and reproduction; predation; juvenile fish
stranding resulting from ship wakes, and climate change.
Status of LCR Chinook Salmon
Recovery plan targets for this species are tailored for each life history type, and within each type,
specific population targets are identified. For spring Chinook salmon, all populations are affected
by aspects of habitat loss and degradation. Four of the nine populations require significant
reductions in every threat category. Protection and improvement of tributary and estuarine
habitat are specifically noted.
For fall Chinook salmon, recovery requires restoration of the Coast and Cascade strata to high
probability of persistence, to be achieved primarily by ensuring habitat protection and
restoration. Very large improvements are needed for most fall Chinook salmon populations to
improve their probability of persistence.
For late fall Chinook salmon, recovery requires maintenance of the North Fork Lewis and Sandy
populations which are comparatively healthy, together with improving the probability of
persistence of the Sandy population from its current status of “high” to “very high.” Improving
the status of the Sandy population depends largely on harvest and hatchery changes. Habitat
improvements to the Columbia River estuary and tributary spawning areas are also necessary. Of
the 32 DIPs in this ESU, only the 2 late-fall run populations (Lewis River and Sandy River)
could be considered viable or nearly so (NWFSC 2015).
Spatial Structure and Diversity. The ESU includes all naturally-produced populations of
Chinook salmon from the Columbia River and its tributaries from its mouth at the Pacific Ocean
upstream to a transitional point between Washington and Oregon east of the Hood River and the
White Salmon River, and includes the Willamette River to Willamette Falls, Oregon, with the
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exception of spring-run Chinook salmon in the Clackamas River. On average, fall-run Chinook
salmon programs have released 50 million fish annually, with spring-run and upriver bright
(URB) programs releasing a total of 15 million fish annually. As a result of this high level of
hatchery production and low levels of natural production, many of the populations contain over
50% hatchery fish among their naturally spawning assemblages.
The ESU spans three distinct ecological regions: Coastal, Cascade, and Gorge. Distinct lifehistories (run and spawn timing) within ecological regions in this ESU were identified as major
population groups (MPGs). In total, 32 historical DIPs were identified in this ESU, 9 spring-run,
21 fall-run, and 2 late-fall run, organized in 6 MPGs (based on run timing and ecological region;
LCR Chinook populations exhibit three different life history types base on return timing and
other features: fall-run (or “tules”), late-fall-run (or “brights”), and spring-run.
Abundance and Productivity. Of the seven spring-run DIPs in this MPG only the Sandy River
spring-run population appears to be a currently self-sustaining population. Both of the two
spring-run historical DIPs in the Spring-run Gorge MPG are extirpated or nearly so. In general,
the DIPs in the Coastal Fall-run MPG are dominated by hatchery-origin spawners. In surveys
conduct in both 2012 and 2013, no Chinook salmon were observed in Scappoose Creek. Overall,
the Fall-run Cascade MPG exhibits stable population trends, but at low abundance levels, and
most populations have hatchery contribution exceeding the target of 10% identified in the NMFS
Lower Columbia River recovery plan (Dornbush and Sihler 2013). Many of the populations in
the Fall-run Gorge MPG have limited spawning habitat available. Additionally, the prevalence of
returning hatchery-origin fish to spawning grounds presents a considerable threat to diversity.
Natural-origin returns for most populations are in the hundreds of fish. The two populations in
the Late-Fall-run MPG the most viable of the ESU. The Lewis River late-fall DIP has the largest
natural abundance in the ESU and has a strong short-term positive trend and a stable long term
trend, suggesting a population near capacity. The Sandy River late-fall run has not been directly
monitored in a number of years; the most recent estimate was 373 spawners in 2010 (Takata
2011).
Recovery Requirements. This species is included in the Lower Columbia Domain Recovery
Plan. Recovery plan targets for this species are tailored for each life history type, and within each
type, specific population targets are identified (NMFS 2013). For spring-run LCR Chinook
salmon, all populations are affected by aspects of habitat loss and degradation. Four of the nine
populations require significant reductions in every threat category. Protection and improvement
of tributary and estuarine habitat are specifically noted.
For fall-run Chinook salmon, recovery requires restoration of the Coast and Cascade strata to
high probability of persistence, to be achieved primarily by ensuring habitat protection and
restoration; very large improvements are needed for most fall-run Chinook salmon populations to
improve their probability of persistence.
For late fall-run Chinook salmon, recovery requires maintenance of the North Fork Lewis and
Sandy populations, which are comparatively healthy, together with improving the probability of
persistence of the Sandy population from its current status of “high” to “very high.” Improving
the status of the Sandy population is largely dependent upon harvest and hatchery changes, as
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well as habitat improvements to estuarine and tributary conditions designed for the fall life
history will benefit the late fall life history as well.
Based on the information provided by the WLC-TRT and the management unit recovery
planners, we concluded that the recovery scenario in Table 6 represents one of multiple possible
scenarios that will meet biological criteria for delisting.
Summary. The LCR Chinook salmon ESU is at high risk of extinction, and reestablishing these
fish in the action area is necessary for recovery. See Table 6.
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Table 6.

Current status for Lower Columbia River Chinook salmon populations and
recommended status under the recovery scenario (NMFS 2013).
Status Assessment
Baseline Persistence Probability1

Population2
Cascade Spring
Upper Cowlitz (WA)C,G
Cispus (WA)C
Tilton (WA)
Toutle (WA)
Kalama (WA)
North Fork Lewis (WA)C
Sandy (OR)C,G
Gorge Spring
White Salmon (WA)C
Hood (OR)
Coastal Fall
Youngs Bay (OR)
Grays/Chinook (WA)
Big Creek (OR)C
Elochoman/Skamokawa (WA)C
Clatskanie (OR)
Mill/Abernathy/Germany (WA)
Scappoose (OR)
Cascade Fall
Lower Cowlitz (WA)C
Upper Cowlitz (WA)
Toutle (WA)C
Coweeman (WA)G
Kalama (WA)
Lewis (WA)G
Salmon (WA)
Clackamas (OR)C
Sandy (OR)
Washougal (WA)
Gorge Fall
Lower Gorge (WA/OR)
Upper Gorge (WA/OR)C
White Salmon (WA)C
Hood (OR)
Cascade Late Fall
North Fork Lewis (WA)C,G
Sandy (OR)C,G

Recovery Scenario

A/P

S

D

Net

Contribution3

Target
Persistence
Probability

Abundance
Target4

VL
VL
VL
VL
VL
VL
M

L
L
VL
H
H
L
M

M
M
VL
L
L
M
M

VL
VL
VL
VL
VL
VL
M

Primary
Primary
Stabilizing
Contributing
Contributing
Primary
Primary

H+
H+
VL
M
L
H
H

1,800
1,800
100
1,100
300
1,500
1,230

VL
VL

VL
VH

VL
VL

VL
VL

Contributing
Primary5

L+
VH5

500
1,493

L
VL
VL
VL
VL
VL
L

VH
H
H
H
VH
H
H

L
VL
L
L
L
L
L

L
VL
VL
VL
VL
VL
L

Stabilizing
Contributing
Contributing
Primary
Primary
Primary
Primary

L
M+
L
H
H
H
H

505
1,000
577
1,500
1,277
900
1,222

VL
VL
VL
L
VL
VL
VL
VL
VL
VL

H
VL
H
H
H
H
H
VH
M
H

M
M
M
H
M
H
M
L
L
M

VL
VL
VL
L
VL
VL
VL
VL
VL
VL

Contributing
Stabilizing
Primary
Primary
Contributing
Primary
Stabilizing
Contributing
Contributing
Primary

M+
VL
H+
H+
M
H+
VL
M
M
H+

3,100
-4,000
900
500
1,500
-1,551
1,031
1,200

VL
VL
VL
VL

M
M
L
VH

L
L
L
L

VL
VL
VL
VL

Contributing
Contributing
Contributing
Primary5

M
M
M
H5

1,200
1,200
500
1,245

VH
VH

H
M

H
M

VH
H

Primary
Primary

VH
VH

7,300
3,747

1

A/P=abundance and productivity, S=spatial structure, D=genetic and life history diversity, Net=overall persistence probability of the population,
VL= very low, L=low, M=moderate, H=high, and VH=very high. LCFRB (2010) used the late 1990s as a baseline period for evaluating status;
ODFW (2010) assume average environmental conditions of the period 1974-2004. These are adopted in the roll-up recovery plan (NMFS 2013).
2
C=core populations, meaning those that historically were the most productive; G=genetic legacy populations, which best represent historical
genetic diversity (Ford et al. 2011; Jones 2011; Appendix B in WLC-TRT 2003 (Myers et al. 2003).
3
Primary, contributing, and stabilizing designations reflect the relative contribution of a population to recovery goals and delisting criteria.
Primary populations are targeted for restoration to a high or very high persistence probability. Contributing populations are targeted for medium
or medium-plus viability. Stabilizing populations are those that will be maintained at current levels (generally low to very low viability), which is
likely to require substantive recovery actions to avoid further degradation.
4
Abundance objectives account for related goals for productivity (NMFS 2013) .
5
Oregon analysis indicates a low probability of meeting the delisting objectives for these populations (LCFRB 2010; ODFW 2010).
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Status of LCR Coho Salmon
This species is included in the Lower Columbia River recovery plan (NMFS 2013a). Specific
recovery goals are to improve all four viability parameters to the point that the Coast, Cascade,
and Gorge strata achieve high probability of persistence. Protection of existing high functioning
habitat and restoration of tributary habitat are noted needs, along with reduction of hatchery and
harvest impacts. Large improvements are needed in the persistence probability of most
populations of this ESU.
Spatial Structure and Diversity. This ESU includes all naturally spawned populations of coho
salmon in the Columbia River and its tributaries in Washington and Oregon, from the mouth of
the Columbia River up to and including the Big White Salmon and Hood Rivers, and includes
the Willamette River to Willamette Falls, Oregon, as well as multiple artificial propagation
programs. Most of the populations in the ESU contain a substantial number of hatchery-origin
spawners. Myers et al (Myers et al. 2006) identified three MPGs (Coastal, Cascade, and Gorge),
containing a total of 24 DIPs in the Lower Columbia River coho salmon ESU (NWFSC 2015).
There have been a number of large-scale efforts to improve accessibility, one of the primary
metrics for spatial structure, in this ESU. On the Hood River, Powerdale Dam was removed in
2010 and while this dam previously provided fish passage removal of the dam is thought to
eliminate passage delays and injuries. Condit Dam, on the White Salmon River, was removed in
2011 and this provided access to previously inaccessible habitat. Fish passage operations (trap
and haul) were begun on the Lewis River in 2012, reestablishing access to historically-occupied
habitat above Swift Dam though, juvenile passage efficiencies are still relatively poor. Presently,
the trap and haul program for the Upper Cowlitz, Cispus, and Tilton River populations are the
only means by which coho salmon can access spawning habitat for these populations. A trap and
haul program also currently maintains access to the North Toutle River above the sediment
retention structure with a coho salmon and steelhead being passed above the dam (NWFSC
2015).
Abundance and Productivity. Long-term abundances in the Coast Range Cascade MPG were
generally stable. Scappoose Creek is exhibiting a positive abundance trend. Clatskanie River
coho salmon population maintains moderate numbers of naturally produced spawners.
Washington tributaries indicate the presence of moderate numbers of coho salmon, with total
abundances in the hundreds to low thousands of fish. Oregon tributaries have abundances in the
hundreds of fish. In the Western Cascade MPG, the Sandy and Clackamas Rivers were the only
two populations identified in the original 1996 Status Review that appeared to be self-sustaining
natural populations. Natural origin abundances in the Columbia Gorge MPG are low, with
hatchery-origin fish contributing a large proportion of the total number of spawners, most
notably in the Hood River. With the exception of the Hood and Big White Salmon Rivers, much
of the spawning habitat accessibility is relatively poor. There was no clear trend in the abundance
data.
Recovery Requirements. This species is included in the Lower Columbia Domain Recovery
Plan. Specific recovery goals are to improve all four viability parameters to the point that the
Coast, Cascade, and Gorge strata achieve high probability of persistence. Protection of existing
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high functioning habitat and restoration of tributary habitat are noted needs, along with reduction
of hatchery and harvest impacts. Large improvements are needed in the persistence probability of
most populations of this ESU.
Summary. The LCR coho salmon ESA is at moderate to high risk of extinction, and
reestablishing these fish in the action area are necessary for recovery. See Table 7.
Table 7.

Current status for Lower Columbia River coho salmon populations and
recommended status under the recovery scenario (NMFS 2013).
Status Assessment
Baseline Persistence Probability1
Population2

Coast Range
Youngs Bay (OR)N
Grays/Chinook (WA)N
Big Creek (OR)N
Elochoman/Skamokawa (WA)N
Clatskanie (OR)N
Mill/Abernathy/Germany (WA)N
Scappoose (OR)N
Cascade Range
Lower Cowlitz (WA)N
Upper Cowlitz (WA)N,S
Cispus (WA)N,S
Tilton (WA)N,S
South Fork Toutle (WA)N,S
North Fork Toutle (WA)N,S
Coweeman (WA)N
Kalama (WA)N,S
North Fork Lewis (WA)N,S
East Fork Lewis (WA)N,S
Salmon Creek (WA)N
Clackamas (OR)N,S
Sandy (OR)N,S
Washougal (WA)N,S
Columbia Gorge
Lower Gorge (WA & OR)S
Upper Gorge/White Salmon
(WA)S
Upper Gorge/Hood (OR)S

Recovery Scenario

A/P

S

D

Net

Contribution3

Target
Persistence
Probability

Abundance
Target4

VL
VL
VL
VL
L
VL
M

VH
H
H
H
VH
H
H

VL
VL
L
VL
M
L
M

VL
VL
VL
VL
L
VL
M

Stabilizing
Primary
Stabilizing
Primary
Primary
Contributing
Primary

VL
H
VL
H
VH
M
VH

7
2,400
12
2,400
3,201
1,800
3,208

VL
VL
VL
VL
VL
VL
VL
VL
VL
VL
VL
M
VL
VL

M
M
M
M
H
M
H
H
L
H
M
VH
H
H

M
L
L
L
M
L
M
L
L
M
VL
H
M
L

VL
VL
VL
VL
VL
VL
VL
VL
VL
VL
VL
M
VL
VL

Primary
Primary
Primary
Stabilizing
Primary
Primary
Primary
Contributing
Contributing
Primary
Stabilizing
Primary
Primary
Contributing

H
H
H
VL
H
H
H
L
L
H
VL
VH
H
M+

3,700
2,000
2,000
-1,900
1,900
1,200
500
500
2,000
-11,232
5,685
1,500

VL
VL

M
M

VL
VL

VL

Primary

H

1,900

VL

Primary

H

1,900

Primary

5

5,162

VL

VH

L

1

VL

H

A/P=abundance and productivity, S=spatial structure, D=genetic and life history diversity, Net=overall persistence probability of the population, VL= very low,
L=low, M=moderate, H=high, and VH=very high. LCFRB (2010) used the late 1990s as a baseline period for evaluating status; ODFW (2010) assume average
environmental conditions of the period 1974-2004. These are adopted in the roll-up recovery plan (NMFS 2013).
2
N=late-run fish that tend to migrate to the north of the Columbia River; S=early-run fish that spawn in the upper reaches of larger rivers in the LCR and in most rivers
inland of the Cascade Crest that tend to migrate to the south of the Columbia River. Because NMFS had not yet listed the ESU in 2003 when the WLC-TRT
designated core and genetic legacy populations for other ESUs, there are no such designations for Lower Columbia River coho salmon. However, the Clackamas and
Sandy subbasins contain the only populations in the ESU that have clear records of continuous natural spawning (McElhany et al. 2007).
3
Primary, contributing, and stabilizing designations reflect the relative contribution of a population to recovery goals and delisting criteria. Primary populations are
targeted for restoration to a high or very high persistence probability. Contributing populations are targeted for medium or medium-plus viability. Stabilizing
populations are those that will be maintained at current levels (generally low to very low viability), which is likely to require substantive recovery actions to avoid
further degradation.
4
Abundance objectives account for related goals for productivity (NMFS 2013).
5
Oregon analysis indicates a low probability of meeting the delisting objective for this population (LCFRB 2010; ODFW 2010).
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Status of LCR Steelhead
This species is included in the Lower Columbia River recovery plan (NMFS 2013a). For this
species, threats in all categories must be reduced, but the most crucial elements are protecting
favorable tributary habitat and restoring habitat in the Upper Cowlitz, Cispus, North Fork Toutle,
Kalama and Sandy subbasins (for winter steelhead), and the East Fork Lewis, and Hood,
subbasins (for summer steelhead). Protection and improvement is also need among the South
Fork Toutle and Clackamas winter steelhead populations.
Spatial Structure and Diversity. The DPS includes all naturally spawned anadromous O. mykiss
(steelhead) populations below natural and manmade impassable barriers in streams and
tributaries to the Columbia River between the Cowlitz and Wind Rivers, Washington (inclusive),
and the Willamette and Hood Rivers, Oregon (inclusive), as well as multiple artificial
propagation programs. There are 4 MPGs comprised of 23 DIPs, including 6 summer-run
steelhead populations and 17 winter-run populations that comprise (NWFSC 2015). Summer
steelhead return to freshwater long before spawning. Winter steelhead, in contrast, return from
the ocean much closer to maturity and spawn within a few weeks. Summer steelhead spawning
areas in the Lower Columbia River are found above waterfalls and other features that create
seasonal barriers to migration. Where no temporal barriers exist, the winter-run life history
dominates.
There have been a number of large-scale efforts to improve accessibility (one of the primary
metrics for spatial structure) in this ESU. Trap and haul operations were begun on the Lewis
River in 2012 for winter-run steelhead, reestablishing access to historically-occupied habitat
above Swift Dam. In 2014, 1033 adult winter steelhead (integrated program fish) were
transported to the upper Lewis River; however, juvenile collection efficiency is still below target
levels. In addition, there have been a number of recovery actions throughout the ESU to remove
or improve culverts and other small-scale passage barriers. Many of these actions (including the
removal of Condit Dam on the White Salmon River) have occurred too recently to be fully
evaluated.
Total steelhead hatchery releases in the Lower Columbia River Steelhead DPS have decreased
since the last status review, declining from n total (summer and winter run) release of
approximately 3.5 million to 3 million from 2008 to 2014. Some populations continue to have
relatively high fractions of hatchery-origin spawners, whereas others (e.g., Wind River) have
relatively few hatchery origin spawners.
Abundance and Productivity. The Winter-run Western Cascade MPG includes native winter-run
steelhead in 14 DIPs from the Cowlitz River to the Washougal River. Abundances have
remained fairly stable and have remained low, averaging in the hundreds of fish. Notable
exceptions to this were the Clackamas and Sandy River winter-run steelhead populations, that
are exhibiting recent rises in NOR abundance and maintaining low levels of hatchery-origin
steelhead on the spawning grounds (Jacobsen et al. 2014). In the Summer-run Cascade MPG,
there are four summer-run steelhead populations. Absolute abundances have been in the
hundreds of fish. Long and short term trends for three DIPs (Kalama, East Fork Lewis and
Washougal) are positive; though the 2014 surveys indicate a drop in abundance for all three. The

NWR-2009-389

-21-

Winter-run Gorge MPG has three DIPs. In both the Lower and Upper Gorge population surveys
for winter steelhead are very limited. Abundance levels have been low, but relatively stable, in
the Hood River. In recent years, spawners from the integrated hatchery program have constituted
the majority of the naturally spawning fish. The Wind River and Hood River are the two DIPs in
the Summer-run Gorge MPG. Hood River summer-run steelhead have not been monitored since
the last status review. Adult abundance in the Wind River remains stable, but at a low level
(hundreds of fish). The overall status of the MPG is uncertain.
Recovery Requirements. This species is included in the Lower Columbia Domain Recovery
Plan. For this species, threats in all categories must be reduced, but the most crucial elements are
protecting favorable tributary habitat and restoring habitat in the Upper Cowlitz, Cispus, North
Fork Toutle, Kalama and Sandy subbasins (for winter-run steelhead), and the East Fork Lewis,
and Hood subbasins (for summer-run steelhead). Protection and improvement is also need
among the South Fork Toutle and Clackamas winter-run steelhead populations.
Summary. The LCR steelhead DPS is at moderate to high risk of extinction, and reestablishing
these fish in the action area are necessary for recovery. See Tables 5 and 8.
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Table 8.

Spring Chinook salmon, coho salmon, and steelhead periodicity in the Project area (Source: Energy Northwest 2009, as
modified by NMFS to reflect Fall Chinook information).

Species

Lifestage

Fall Chinook

Spawning

Oct

Nov

Dec

Incubation
Rearing
Spring Chinook

Spawning
Incubation
Rearing
Spawning
Incubation

Coho

Rearing
Spawning
Incubation

Steelhead

Rearing

Key:
Black indicates periods of heaviest use
Grey indicates periods of moderate use
Blank areas indicate periods of little or no use
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Jan

Feb

Mar

April

May

June

July

Aug

Sept

2.2.2 Status of Designated Critical Habitat
This section describes the range-wide status of designated critical habitat for LCR coho salmon,
LCR Chinook salmon, and LCR steelhead. The original designations of critical habitat for LCR
Chinook salmon and LCR steelhead used the term primary constituent element or essential
features. The new critical habitat regulations (81 FR 7214), applicable to all listed species,
replaces this term with physical or biological features (PBFs). The shift in terminology does not
change the approach used in conducting a ‘‘destruction or adverse modification’’ analysis, which
is the same regardless of whether the original designation identified primary constituent
elements, physical or biological features, or essential features. In this biological opinion, we use
the term PBF to mean PCE or essential feature, as appropriate for the specific critical habitat.
Lower Columbia River Coho Salmon, Lower Columbia River Chinook Salmon, and Lower
Columbia River Steelhead
The action area includes designated critical habitat for LCR Chinook and coho salmon and LCR
steelhead. The final rule designating critical habitat for LCR coho salmon became effective on
March 25, 2016 (81 FR 9252). The NMFS reviews the status of critical habitat affected by a
proposed action by examining the condition and trends of PBFs, or essential features, of critical
habitat throughout the designated area. The PBFs, or essential features, are physical or biological
features essential to the conservation of the ESU/DPS. The status of these designated critical
habitats are addressed below. The discussion also evaluates the conservation value of the various
watersheds that make up the designated or proposed area, and current function of the primary
constituent elements (PBFs) that help to form that conservation value. The essential features of
critical habitat for all three species are basically identical, so we can consider them together.
The PBFs and essential features for freshwater critical habitat in the action area include:
1.

Freshwater rearing sites with water quantity and floodplain connectivity to form and
maintain physical habitat conditions and support juvenile growth and mobility; water
quality and forage supporting juvenile development; and natural cover such as shade,
submerged and overhanging large wood, log jams and beaver dams, aquatic vegetation,
large rocks and boulders, side channels, and undercut banks. These features are essential
to conservation because without them, juveniles cannot access and use the areas needed
to forage, grow, and develop behaviors (e.g., predator avoidance, competition) that help
ensure their survival.

2.

Freshwater migration corridors free of obstruction with water quantity and quality
conditions and natural cover such as submerged and overhanging large wood, aquatic
vegetation, large rocks and boulders, side channels, and undercut banks supporting
juvenile and adult mobility and survival. These features are essential to conservation
because without them juveniles cannot use the variety of habitats that allow them to avoid
high flows, avoid predators, successfully compete, begin the behavioral and physiological
changes needed for life in the ocean, and reach the ocean in a timely manner. Similarly,
these features are essential for adults because they allow fish in a non-feeding condition

NWR-2009-389

-24-

to successfully swim upstream, avoid predators, and reach spawning areas on limited
energy stores.
The Critical Habitat Analytical Review Team (CHART) (NMFS 2005) rated the designated
critical habitat for LCR Chinook salmon and LCR steelhead in the action area (Fifth Field HUC
1708000402) as having high conservation value overall. This HUC received moderate to high
conservation value scores for Chinook salmon and for steelhead. The CHART stated that it was
important to emphasize the conservation value of upper Cowlitz/Cispus HUC5s due to their
historic importance and potential to promote conservation of the ESUs. The coho CHART
determined that four of the occupied HUC5 watersheds in this upper Cowlitz subbasin were of
high conservation value and one was of medium conservation value to the ESU.
2.3 Environmental Baseline
The “environmental baseline” includes the past and present impacts of all Federal, state, or
private actions and other human activities in the action area, the anticipated impacts of all
proposed Federal projects in the action area that have already undergone formal or early section
7 consultation, and the impact of state or private actions which are contemporaneous with the
consultation in process (50 CFR 402.02).
The Project area lies within the Southern Cascades Physiographic Province (Energy Northwest
2009), which is characterized by deeply dissected valleys and separate ridges that rise to more
than 6,000 feet. The Project is situated at elevations ranging from about 1,050 feet above mean
sea level (MSL) at the tailrace to about 2,857 feet MSL at Packwood Lake. Packwood Lake
existed as a natural lake prior to construction of the Project. Lower Lake Creek serves as the
outlet to Packwood Lake. The Project diverts water from Lake Creek at approximately 424 feet
downstream from the outlet of the lake and returns the diverted flow to the Cowlitz River about 4
miles downstream from the mouth of Lake Creek. Packwood Lake existed as a natural lake prior
to construction of the Project. Water that originates as rainfall and snowmelt in the Goat Rocks
Wilderness Area and the Cascade Mountains drains into Packwood Lake via several tributaries.
Packwood Lake does not contain any anadromous fish species.
The Project area is characterized by conifer forests dominated by Douglas-fir, western hemlock,
and western red cedar, with some areas of Pacific silver fir. Stand ages in areas mapped as
conifer forest range from less than 10 years old to almost 350 years old, with most of the older
forest occurring along Lake Creek and around Packwood Lake. Project features at lower
elevations (e.g., near the powerhouse and along the tailrace) pass through wetland areas near the
town of Packwood and developed areas along U.S. Highway 12.
Parts of the Project occupy 511.65 acres of Federal lands administered by the U.S. Department of
Agriculture, Forest Service (Forest Service). The Cowlitz Valley Ranger District of the Gifford
Pinchot National Forest manages the Forest Service lands.
Adult and juvenile coho and Chinook salmon and steelhead from several populations use the
action area for spawning, rearing, and migration. Fall Chinook were reintroduced into the action
area during August, 2010. Thus, the biological requirements are the habitat characteristics that
support successful completion of spawning, rearing, freshwater migration, and transition to and
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from freshwater for each of these species. Specifically, those habitat characteristics are clean,
cold water with appropriate volume and velocity, sufficient substrates for spawning and rearing,
adequate prey base, sufficient riparian vegetation, and habitat complexity. Environmental
baseline conditions in the action area are similar to and influenced by activities and land uses
those throughout the lower Cowlitz subbasin. These uses cause impaired hydraulic conditions
and sediment supply, degraded riparian conditions, loss of habitat complexity and diversity,
altered flow regimes, high summer temperature, increased abundance of pathogens, decreased
availability of food, and channel instability (Wade 2000; LCFRB 2010).
Water quality and quantity within the action area is influenced by activities that occur throughout
the watershed. Lower Lake Creek serves as the outlet to Packwood Lake. The Project diverts
water from Lake Creek at approximately 424 feet downstream from the outlet of the lake and
returns the diverted flow to the Cowlitz River about 4 miles downstream from the mouth of Lake
Creek, which enters the Cowlitz River at RM 129.2.
Reduced flows to lower Lake Creek from Project operations have reduced delivery of spawning
gravels and large wood to the lower reaches of Lake Creek, decreasing suitable and available
salmonid spawning and rearing habitats. Project operations reduce peak flows (flooding events),
altering the formation and maintenance of off-channel habitat. The riparian zone is narrow,
reflecting the steep gradients and narrow valley form. Energy Northwest (2009) studied gravel
transport and large wood debris (LWD) in lower Lake Creek in 2006. They found few pieces of
LWD or other large roughness elements needed to retain gravel and create pool habitat. Few
gravel sources exist downstream of the drop structure. The instream flow study (Energy
Northwest 2009) concluded that on average, less than 1 percent of the total habitat available was
suitable for spawning, and that the lack of LWD has also contributed to a lack of pool habitat in
lower Lake Creek.
Packwood Lake does not contain any anadromous fish species because anadromous barriers in
Lower Lake Creek preclude salmon above RM 1.03 and steelhead above RM 1.95. Snyder and
Hall creeks, however, support anadromous fish. Snyder Creek drains into Hall Creek, which
enters the Cowlitz River at RM 122.6. Snyder Creek originates from Snyder Lake and is
approximately 1.0 miles in length. An upstream migration barrier is located at the Forest Service
culvert at Forest Service Road 1260-013, approximately 1,800 feet (RM 0.36) above the culvert
that runs under the tailrace (EES Consulting 2007a). Under current operations, the configuration
of the Snyder Creek culvert does not meet NMFS criteria for fish passage because large amounts
of sediment can potentially block upstream and downstream fish migration to and from 1,700
feet of documented salmonid spawning and rearing habitat above the culvert (FERC 2009a;
Energy Northwest 2009).
Hall Creek is somewhat larger than Snyder Creek and drains much of the area to the northeast of
the powerhouse between the Snyder Creek and Lake Creek drainages. Hall Creek flows
southwest along the mountain front and eventually reaches Johnson Creek and the Cowlitz River
about 3 miles from the powerhouse. In the vicinity of the powerhouse, Hall Creek consists of a
large wetland area. The Project tailrace passes over this wetland area in an elevated 356-footlong flume. Anadromous fish utilize the lower portions of Hall Creek.
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Under the current license, Energy Northwest constructed 1 and currently maintains a fish barrier
(drum screens) at the downstream end of the Project tailrace. The design is based on two 14-feetlong by 4-feet-diameter drum screens fabricated by the WDFW Screen Shop in Yakima,
Washington. The overall purpose of the tailrace barrier is to prevent fish (both anadromous and
resident) from traveling up the Project tailrace to the stilling basin, where they will be subject to
potential mortality or delay in migration. On August 19, 2008, NMFS provided mandatory
fishway prescriptions that will require Energy Northwest to continue the measures for
maintenance, testing, and operation of the fish screen (post-construction), as described in the
incidental take statement (NMFS 2007).
Stressors currently affecting listed species within the Action Area include:
•
•
•
•
•
•
•

Lack of Large Woody Debris (LWD) and spawning gravel;
Limited pool frequency;
Lack of floodplain connectivity;
Snyder Creek fish passage;
Maintenance and operation of the tailrace drum screens;
Water quality, and
Water Quantity

Summary of Baseline Stressors within the Action Area
Several of the activities described in this Environmental Baseline have had significant and
adverse consequences for spawning salmonids that occur in the action area, and which
consequences will persist for the life of the project. These are detailed below.
Habitat conditions directly affect the survival and fecundity of individual salmon, which in turn
affects the viability of populations of salmonids. At one time, the State of Washington declared
the Cowlitz River a salmon and steelhead reserve due to its great productivity. However
Mayfield and Mossyrock dams, built in the 1960s, blocked access to a large percent of the
historical spawning and rearing habitat in the upper Cowlitz and Cispus rivers. The habitat
requirements of the Cowlitz spring- and fall-run Chinook salmon populations of the LCR
Chinook salmon ESU, LCR coho salmon, and the Cowlitz winter-run steelhead population of the
LCR steelhead ESU are not being met under the environmental baseline. Environmental baseline
conditions in the action area will have to improve to meet those biological requirements not
presently met. Any further degradation or delay in improving these conditions might increase the
amount of risk the listed ESUs presently face under the environmental baseline. Threats resulting
from stressors of the Project to the viability of listed salmonids in the upper Cowlitz basin under
the environmental baseline include:
•

The reduction in natural flows to lower Lake Creek affects the natural sediment,
spawning gravel and small woody debris transport characteristics of the stream channel
downstream of the drop structure, and in turn, affects the quality of aquatic and riparian
habitat (i.e., reduces habitat complexity) available to resident and anadromous fish and

1

Energy Northwest constructed the drum screens to exclude fish from the project tailrace and stilling basin in
October of 2007.
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benthic macro invertebrates. This reduction in flow also affects the 4 miles of the upper
Cowlitz River between the outlet of Lake Creek and the Project tailrace.
•

•

The Snyder Creek culvert does not meet NMFS fish passage criteria, and limits the
migration, rearing, and productivity of Chinook, coho, and steelhead in Snyder Creek.
The culvert creates a partial barrier to upstream migration of these listed anadromous
species due to its design and because it can become clogged with sediment. Even after
cleaning the culvert, it was determined that the culvert’s design did not meet NMFS
passage criteria (Energy Northwest 2009).
The placement of the tailrace barrier drum screens is to prevent fish (both anadromous
and resident) from traveling up the Project tailrace to the stilling basin, where they will be
subject to potential delay in migration or mortality. However, salmonids may still have
access to the tailrace and stilling basin during flood events when waters reach 1,044 feet
MSL and overtop the fish exclusion racks on the top of the drum screens. Juvenile
Chinook, coho and rainbow/steelhead trout have been found in the stilling basin during
fish salvage operations associated with the shutdown. If the drums screen were to become
damaged, salmonids might become trapped within the drum as indicated during the
October 2010 and 2011 salvage efforts (Energy Northwest 2010).

•

Another reason for the presence of listed species above the tailrace barrier is that on
several occasions, debris torrents and floods have occurred in Snyder Creek, blocking the
culvert that passes under the tailrace. As a result, Snyder Creek has spilled into the
project tailrace, giving those Snyder Creek fish access to both the stilling basin and the
tailrace.

•

The Project’s constant 3 cfs minimum instream flow release also has altered seasonal and
inter-annual hydrologic variation in lower Lake Creek (see Water Quantity section).
Altering the timing, frequency, magnitude, or duration of naturally occurring flow events
can reduce habitat diversity, cause river channels to degrade and disconnect from
floodplains, disrupt migration and spawning cues for fish, affect the breeding and
dispersal of amphibians, and alter the survival and distribution of juvenile fish and macro
invertebrates (ISG 2000; NRC 1996; Richter et al. 1996; as cited in FERC 2009).

•

High water temperatures may limit spring Chinook and steelhead spawning in lower Lake
Creek; however, fall Chinook, spring Chinook, coho, and steelhead experience optimal
temperatures in lower Lake Creek for embryo development, hatching, and rearing.
Temperatures in the tailrace slough may limit spawning for fall Chinook, spring Chinook,
and steelhead. In addition, embryo development and hatching may be limited for
steelhead in the tailrace slough, and all listed salmonid species have limited rearing in the
tailrace slough.

•

Low dissolved oxygen (DO) levels limit the development and productivity of all life
stages in listed Chinook, coho, and steelhead in the action area, particularly incubation
and fry emergence. The sensitive life stages of embryo development and emergence are
not being protected under current Project conditions in lower Lake Creek or the tailrace
slough. Although DO is sometimes higher in the tailrace than tailrace slough, indicating
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that Project operations may be benefitting DO in the tailrace slough. Moreover, in
extreme situations, such as with steelhead, low DO levels are limiting egg survival and
embryo development over nearly the entire spawning, incubation, and emergence
periods.
•

Planned and unplanned Project outages limit the development and productivity of the
reproductive life history phases of fertilization, embryo development, hatching, and
rearing in the tailrace slough unless those flows are maintained by the mainstem of the
Cowlitz River. Current Project conditions in the tailrace slough do not protect the
sensitive life stages of embryo development, emergence, and rearing. With potentially 12
days of dewatering, we would expect high mortalities in eleuthero-embryos 2, and we
would start to see some mortality in cleavage 3 eggs and embryos.

Further details are found in Appendix B, Packwood Lake Hydroelectric Project Baseline
Information.
Component Populations in the Action Area. The baseline conditions affect specific populations
of the listed species. For the purpose of this document the Upper Cowlitz refers to the entire
basin upstream of Cowlitz Falls Dam, which includes both the Upper Cowlitz and Cispus
subbasins. At the time of listing, NMFS identified a total of seven populations that exist
upstream of Cowlitz Falls Dam: Upper Cowlitz spring Chinook, Cispus spring Chinook, Upper
Cowlitz coho, Cispus coho, Upper Cowlitz winter steelhead, Cispus winter steelhead and Upper
Cowlitz (includes Cispus) fall Chinook. In this opinion Upper Cowlitz and Cispus populations
have been combined for spring Chinook, LCR coho and LCR winter steelhead; therefore, the
four populations are Upper Cowlitz spring Chinook, Upper Cowlitz coho, Upper Cowlitz winter
steelhead, and Upper Cowlitz fall Chinook. Table 8 shows salmon and steelhead periodicity in
the action area.
This section presents adult abundance numbers of each population in comparison to the
abundance targets in the Lower Columbia Salmon Recovery Plan (LCSRP). Low abundance is
indicative of limited productivity – influenced in part by carrying capacity of the action area.
Achieving abundance targets would represent progress towards recovery, but full recovery of an
individual population will also require significant improvements in the other three VSP
parameters: spatial structure, diversity and productivity. Actions taken to reduce impacts in three
major threat categories (hatchery, fisheries and dams) will also be presented and evaluated here.
Significant actions to improve habitat conditions have not occurred to date.
Upper Cowlitz Spring Chinook Population: Recovery Designation – Primary
Viability:
Pre-listing = Very Low
Minimum Viability for Recovery = High
Abundance: Pre-listing Abundance = 450 Minimum Viability Abundance = 3,600
• Since 2010 returning natural origin adults has averaged 240, including jacks.

2

an embryonic phase starting with hatching and ending when most or all of the yolk is absorbed and the fish starts
feeding
3
Cleavage refers to the early cell divisions that occur as a fertilized egg begins to develop into an embryo.
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Actions Taken:
• Hatchery - Both hatchery and natural origin spring chinook continue to be
transported to Upper Cowlitz with majority being hatchery origin (91-98 percent).
• Fisheries - Spring chinook fishing is limited to retention of marked only fish in
the Upper Cowlitz, Lower Cowlitz and mainstem Columbia River. Lower
Columbia River fisheries are managed to not exceed natural origin harvest rate
limits set by NMFS.
• Dams - Juvenile collection rates continue to be very poor and have not improved
during the last decade.
The overall status of this population has likely not changed since listing. Poor collection rate has
not allowed natural origin population to become established.
Upper Cowlitz Fall Chinook Population: Recovery Designation - Stabilizing
Viability:
Pre-listing = Very Low
Minimum Viability for Recovery = Very Low
Abundance: Pre-listing Abundance = NA Minimum Viability Abundance = NA
• Reintroduction program was initiated in 2010 and since 2010 returning natural
origin adults has ranged from 0-11, including jacks.
Actions Taken:
• Hatchery– Transportation of hatchery origin fall chinook to the Upper Cowlitz
was initiated in 2010 and since then number of hatchery fall chinook transported
has ranged from 3,300-8,100 and averaged 5,700.
• Fisheries - Spring chinook fishing is limited to retention of marked only fish in
the Upper Cowlitz, Lower Cowlitz and mainstem Columbia River. Lower
Columbia River fisheries are managed to not exceed natural origin harvest rate
limits set by NMFS.
• Dams - Juvenile collection rates are likely similar to past rates observed for spring
chinook. Fall chinook have a later timed outmigration and therefore may have an
increased number of smolts passing after collection is discontinued in midAugust, thereby further reducing juvenile collection rates from rates observed for
spring Chinook.
The overall status of this population has likely not changed since listing. Initiation of
reintroduction program is expected to benefit population in future years and success of
reintroduction will be largely dependent on effectiveness of the juvenile collection program.
Upper Cowlitz Coho Salmon Population: Recovery Designation - Primary
Viability:
Pre-listing = Very Low
Minimum Viability for Recovery = High+
Abundance: Pre-listing Abundance <100 Minimum Viability Abundance = 4,000
• Since 2010 returning natural origin adults has averaged 4,200, including jacks.
Adult abundance continues to include significant proportion of natural origin coho
that are progeny of hatchery coho spawning in natural environment.
Actions Taken:
• Hatchery -Number of hatchery origin adults transported to Upper Cowlitz has
been reduced from a peak of 60,000 in 2002 to less than 20,000 since 2007.
Current hatchery coho transported to the Upper Cowlitz are offspring from
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•

•

hatchery program that uses only natural origin brood. During 2007-2012 natural
origin coho comprised 10-50 percent (averaged 29 percent) of the total coho
transported to the Upper Cowlitz.
Fisheries – Sport fisheries in the Upper Cowlitz, Lower Cowlitz and mainstem
Columbia River are limited to retention of only adipose clipped fish. Lower
Columbia River fisheries are managed to not exceed natural origin harvest rate
limits set by NMFS.
Dams – Juvenile collection rates are low (generally less than 50 percent), but do
allow for some level of natural origin production.

The overall status of the upper Cowlitz coho salmon population has likely improved since listing.
Reduced number of hatchery origin coho transported to the Upper Cowlitz is allowing
establishment of a natural origin population and conversion to an integrated brood program will
improve genetic composition of natural origin coho population. Improved juvenile collection
rates will be necessary for this population to become self-sustaining. Natural population
continues to depend on hatchery supplementation to reduce demographic risks. Viability of the
natural origin population has improved, primarily due to changes in hatchery program, but
continued improvement from other threat categories will be required to achieve the Minimum
Viability Goal of High+.
Upper Cowlitz Winter Steelhead Population: Recovery Designation - Primary
Viability:
Pre-listing = Very Low
Minimum Viability for Recovery= High+
Abundance: Pre-listing Abundance = <100
Minimum Viability Abundance = 1,000
• During 2000-2012 returning natural origin adults ranged from 100-700, including
jacks. Adult abundance dropped significantly in 2013 (343) and 2014 (24) in
response to discontinuation of transportation of hatchery winter steelhead to
Upper Cowlitz beginning in 2010.
Actions Taken:
• Hatchery -Number of hatchery origin adults transported to Upper Cowlitz ranged
from 300-2,700 during 2003-2009. Transportation of hatchery winter steelhead to
the Upper Cowlitz was discontinued in 2010. The current hatchery program uses
only natural origin brood and 2014 was the first year that progeny from that
program were transported to the Upper Cowlitz. Winter steelhead transported to
the Upper Cowlitz in 2014 included 24 natural origin and 229 hatchery origin.
• Fisheries – Sport fisheries in the Upper Cowlitz, Lower Cowlitz and mainstem
Columbia River are limited to retention of only adipose clipped fish. Lower
Columbia River fisheries are managed to not exceed natural origin harvest rate
limits set by NMFS.
• Dams – Juvenile collection rates are low (generally less than 60 percent), but do
allow for some level of natural origin production.
The overall status of this population has likely improved somewhat since listing. Conversion to
integrated brood hatchery program will reduce number of hatchery winter steelhead transported
to the Upper Cowlitz and will improve genetic composition of natural origin winter steelhead
population. The natural origin population depends on hatchery supplementation to reduce
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demographic risks and provide adequate number of adults to allow a natural origin population to
establish itself. Viability of the population is expected to improve as changes in hatchery
program take effect, but continued improvement from other threat categories will be required to
achieve the Minimum Viability Goal of “High+.”
2.4 Effects of the Action
Under the ESA, “effects of the action” means the direct and indirect effects of an action on the
species or critical habitat, together with the effects of other activities that are interrelated or
interdependent with that action, that will be added to the environmental baseline (50 CFR
402.02). Indirect effects are those that are caused by the proposed action and are later in time, but
still are reasonably certain to occur.
Effects of the action that reduce the ability of a listed species to meet its biological requirements
or that reduce the conservation value of designated critical habitat increase the likelihood that the
proposed action will result in jeopardy to that listed species or in destruction or adverse
modification of designated critical habitat.
The direct, indirect, and cumulative effects of historical Project operations on listed species and
on their designated critical habitat are described in the preceding section under environmental
baseline conditions. Some of those activities and their effects will continue into the future as part
of the proposed action.
NMFS has identified several aspects of the proposed Project licensing that are likely during
project operation, maintenance, restoration, and monitoring that are likely to affect to listed
species or their designated critical habitat. The first two are habitat related effects (with indirect
effects to fish), while the last two result in direct effects to fish:
1)
2)
3)
4)

Lake Creek and Snyder Creek stream restoration and enhancement effects on habitat;
Operational changes resulting dewatering of habitat, and in changes in water quality
Use of temporary weir, and permanent barrier screens, and
Fish handling mortality from fish salvage scenarios.

We analyze these by evaluating the available evidence to determine estimate the intensity,
duration, and frequency of the effects to determine the nature exposure (for other examples of
exposure assessments, see Wu and Schaum 2000), and then evaluate the response to such
exposure. Exposure analyses are designed to identify the listed species that are likely to co-occur
with the project effects in space and time and the nature of that co-occurrence. In this step of our
analyses, we try to identify the number, age (or life stage), and gender of the individuals that are
likely to be exposed to an action’s effects and the populations or subpopulations those
individuals represent. Response analyses determine how listed resources are likely to respond
after being exposed to an action’s effects on the environment or directly on listed species
themselves. For the purposes of consultations on Project activities, our assessments try to detect
the probability of lethal responses, physical damage, physiological responses (particular stress
responses), behavioral responses, and social responses that might result in reducing the fitness of
listed individuals.
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We conclude our analysis section with an Integration and Synthesis of Effects that integrates
information presented in the Status of the Species, Environmental Baseline, and Cumulative
Effects sections of this opinion with the results of our exposure and response analyses to estimate
the probable risks the proposed action poses to endangered and threatened species
The text that follows separately describes each of the four habitat impacting actions associated
with the new license in detail as effects to features of critical habitat, then because when exposed
to changes in habitat fish will have a range or responses based on the intensity and duration of
exposure, and the life stage exposed, the subsequent section describes the effects to species as
the probability of listed species being exposed to these stressors. Our analysis is based on the
best scientific and commercial evidence available, and it describes the likely responses of listed
species given probable exposures.
2.4.1 Effects to Designated Critical Habitat
The Cowlitz River is designated critical habitat for LCR Chinook and coho salmon, and LCR
steelhead in the action area. In the Cowlitz River watershed, NMFS designated the mainstem
Cowlitz River from Mayfield Dam upstream to (46.6580, –121.6032) the Muddy Fork Cowlitz
River (46.6994, –121.6169) as Chinook salmon critical habitat. Historically, spring and fall
Chinook salmon used this area for adult migration and holding, spawning, rearing, and juvenile
migration. Within these three watersheds, NMFS designated the mainstem Cowlitz River as well
as Lake and Hall creeks area as LCR steelhead and coho critical habitat. These areas are used for
adult migration and holding, spawning, rearing, and juvenile migration by both species.
NMFS’ analysis of the proposed actions effects on designated critical habitat in the action area is
focused at the scale of the fifth field watershed (HUC-5). If the features of critical habitat in the
action area have limited current value or potential value for the conservation of listed species as a
baseline condition, that limited value is our point of reference for our assessment. The PBFs in
the action area are those that support spawning, rearing, and migration, so include good water
quality, adequate water quantity, appropriate substrate, sufficient riparian vegetation, adequate
cover, available floodplain connectivity, and suitable passage. Many of these are generally in
poor condition as the PBFs have been negatively affected by current project operations and other
anthropogenic conditions. PBFs are currently impaired by high water temperatures, low DO, lack
of LWD and spawning gravel, and a decrease in peak and base flow.
The likely effects to critical habitat associated with relicensing the Project include both positive
and negative effects to PBFs for each of the listed species/populations.
2.4.1.1 Effects of Stream Restoration and Enhancement in Lake and Snyder Creeks
Lake Creek. The proposed Project relicensing includes three aquatic habitat enhancement
measures in lower Lake Creek: (1) increasing minimum instream flow release in lower Lake
Creek; (2) providing habitat forming flows; and (3) enhancing aquatic habitat, such as placement
of wood and boulder stream structures, importing gravel, and establishing gravel recruitment
stations, and other beneficial habitat features. These each would primarily improve PBFs for
spawning, rearing and migrating lifestages for each of the three species as detailed below.
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Increasing Instream Flows
This proposed measure would increase minimum instream flow released from Packwood Lake
into lower Lake Creek to levels ranging from 4 to 20 cfs, depending on the season (Table 1).
This measure is likely to substantially increase the amount of available spawning and rearing
habitat areas in lower Lake Creek. Implementing this flow regime would likely have negligible
negative effects, but could result in increased turbidity in lower Lake Creek since turbidity levels
have been known to exceed state water-quality standards during periods of high inflow (FERC
2009a). During the summer period, this may also result in an increase in water temperatures in
Lower Lake Creek (see Section 2.4.3, below).
Aquatic Habitat Forming Flows
The proposed action would provide aquatic habitat forming flows in lower Lake Creek greater
than or equal to 285 cfs for as long as lake inflows can sustain the flow, or a maximum of 24
hours, every other water year or three out of six water years (FERC 2009a; Energy Northwest
2009). The overall objective of these aquatic habitat forming flows is to provide flows of
sufficient magnitude, duration, and frequency to sustain habitat forming and channel
maintenance processes in lower Lake Creek. Based on the results of relicensing studies, the
frequency of flow events required to transport gravel would range from 200 to 500 cfs; these
flow events have been significantly reduced by current Project operations (FERC 2009a).
The magnitude, frequency, and duration of the proposed aquatic habitat forming flows would
likely meet the flow requirements needed for spawning gravel mobilization; would contribute to
the formation of physical habitat features such as riffles, pools, and runs, and would support
dynamic geomorphic processes over time as needed to sustain and enhance the habitat for
anadromous fish in lower Lake Creek. The increased flows may also increase water temperature
levels in Lower Lake Creek during the summer period (see Section 2.4.3, below).
Aquatic Habitat Enhancements – Gravel and Wood Supplementation
Under the new license, Energy Northwest proposes to increase the amount and quality of
anadromous fish spawning and rearing habitat in lower Lake Creek (RM 0 to 1.0) by installing
wood-and-boulder stream structures to provide additional pools, gravel retention, and other
beneficial habitat; by adding gravel to these structures to immediately improve habitat, and by
supplementing the stream structures with gravel recruitment stations to provide adequate
movement of gravel into the anadromous reach. The proposed stream structures and associated
gravel placement in the lower mile of Lake Creek would likely compensate for both the lack of
LWD caused by forest management practices, and for the lack of overall habitat complexity
resulting from nearly 50 years of altered flows in lower Lake Creek. The placement of gravelretaining structures would also help retain needed spawning gravel and aid the formation of
desired features such as scour pools.
In order to transport LWD from Packwood Lake into Lake Creek, Energy Northwest determined
that manual means of transport was the most viable method for smaller pieces of wood, and that
helicopter transport is the next best method for infrequently moving the small number of logs
that arrive at the log boom (Watershed GeoDynamics 2007). Woody material in excess of 6-feet
in length and 4 inches in diameter would be placed in the lowest 1.0-mile reach of Lake Creek.
Energy Northwest would also place 10 cubic yards of variable diameter gravel (between 0.5 and
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3.0 inches diameter) onto an exposed bank within the bankfull channel within the first year of
license issuance.
As part of the habitat enhancement plan, Energy Northwest proposes the following objectives:
• Increase the residual pool depth as represented by two transects each in Reaches 1 and 2
(RM 0 to 1.03);
• Decrease the wetted width and increase the depth of runs as represented by transects in
Reaches 1 and 2 (RM 0 to 1.03);
• Improve the cover components of the pools and runs to increase rearing habitat;
• Improve the substrate component of pool tailouts to reflect improved spawning habitat;
and
• Adjust the transect weighting in these reaches to reflect decreased runs and glides and
increased pool and pool tailout habitat.
The plan would be prepared within two years of license issuance, in coordination and
consultation with the Forest Service, USFWS, NMFS, WDFW, WDOE, and the tribes (Cowlitz
Indian Tribe and the Confederated Bands and Tribes of the Yakama Nation). The plan would be
approved by the Forest Service and FERC, and would include monitoring of the enhancement
measures. The proposed habitat enhancement measures in lower Lake Creek are designed to
improve substantially the productivity and carrying capacity of lower Lake Creek, and are likely
to increase the distribution and abundance of ESA-listed Chinook and coho salmon and
steelhead. In lower Lake Creek (from its mouth to the drop structure), Energy Northwest
estimates that enhanced spawning habitat area (weighted useable area) would increase by 264
percent and 290 percent for steelhead and coho spawning, respectively, based on these aquatic
enhancement measures.
However, restoration and enhancement activities could result in some short-term environmental
effects such as sediment discharge, which may temporarily increase turbidity in lower Lake
Creek. NMFS anticipates that these short-term negative water quality effects to LCR Chinook,
coho, and steelhead will occur within an area that extends no more than 300 feet upstream and
300 feet downstream from the restoration action’s footprint (5,280 linear feet) for the duration of
the construction period (commonly hours to days). 4 This would encompass 5,880 linear feet of
lower Lake Creek.
Snyder Creek. Energy Northwest proposes to reroute Snyder Creek into the existing backwater
channel of Hall Creek downstream of the Project flume (see Figure 3) rather than replace or
modify the existing culvert to meet current agency fish-passage criteria. The proposed diversion
project would shift Snyder Creek into a drainage path that runs parallel to the tailrace, entering
Hall Creek just downstream of the flume. This reach is approximately 800 feet in length. NMFS
anticipates that impacts to fish will occur within an area that extends no more than 300 feet
upstream and 300 feet downstream from the diversion action’s footprint for the duration of the
construction period (commonly hours to days). This would encompass 1,400 feet of Snyder
Creek. Rerouting of Snyder Creek may ultimately benefit any anadromous species that are
4

This is based on the analysis done by NMFS (2008c) for restoration and fish-passage improvement actions
authorized or carried out by the U.S. Army Corps of Engineers in Oregon (SLOPES IV Restoration).
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present by facilitating unimpeded migration to 1700 feet of anadromous habitat above the
existing culvert and creating an additional 800 feet of useable spawning and rearing habitat
below the existing culvert.
Water quality may be affected on a short-term basis due to an increase in total suspended solids,
DO demand, and temperature because of riparian disturbance. However, longer-term
improvement due to improved riparian function should counteract short-term impacts. For
substrate, there may be short-term reduction in quality due to sedimentation, but a long-term
increase in quality due to gravel placement, and increased sediment storage from boulders and
large wood. Steelhead rearing may have short-term impacts due to temporary decreases in
foraging from riparian disturbance, and water quality impairments. However, long-term
improvements due to improved habitat diversity and complexity, and improved riparian function
should outweigh temporary impacts. Natural cover for rearing steelhead and coho may also be
temporarily affected due to riparian disturbance, but again, long-term increases due to improved
habitat diversity and complexity and improved riparian function should outweigh temporary
impacts. Freshwater migration corridors may be affected due to short-term decreases in free
passage from decreased water quality and in-water work. However, long-term increases to fish
passage due to overall improved water quantity and quality, habitat diversity and complexity,
forage to support juvenile migration, and natural cover should outweigh potential short-term
impacts.
Summary of habitat effects from Restoration and Enhancement Activities. Based on our
analyses of the evidence available, the quantity, quality, and availability of the constituent
elements or other physical, chemical, or biotic resources is likely to experience a short-term
decline as a result of being exposed to habitat restoration and enhancement measures associated
with the relicensing of Packwood Lake Hydroelectric Project. However, long-term increases in
the quantity, quality, and availability of the constituent elements due to improved habitat
diversity, complexity, and improved riparian function is anticipated to outweigh any negative
impacts. Restoration and enhancement measures are likely to exclude LCR steelhead from
portions of designated critical habitat within the action area, but this would be temporary. We do
not anticipate that the reduction in the quantity, quality, and availability of PBFs from this
stressor is likely to be sufficient to reduce the conservation value of the designated critical
habitat for LCR steelhead and LCR coho in the action area. In fact, the overall improvement to
PBFs is likely to improve the conservation value of designated critical habitat in lower Lake
Creek. This stressor may affect, but is not likely to adversely affect the designated critical habitat
for LCR steelhead and coho salmon.
2.4.1.2 Effects from Operational Changes
2.4.1.2.1 Dewatering in Lake Creek, Cowlitz River side channel, and tailrace slough. The
proposed action affects the flow entering into lower Lake Creek, the Cowlitz River side channel,
and the tailrace slough. The amount of flow entering these areas greatly affects the quality and
quantity of available spawning, rearing, and incubation habitat for LCR Chinook, coho, and
steelhead known to reside in these areas at various life stages (FERC 2009a; Energy Northwest
2009). Factors affecting flow in the Project area include ramping rates, annual Project
maintenance outage, and unexpected Project shutdowns. The tailrace barrier occurs at the
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terminus of the tailrace blocking access to the tailrace and stilling basin. The tailrace barrier
prevents fish from spawning in areas outside of critical habitat and avoids delayed migration.
Because of this, we conclude that designated critical habitat for LCR Chinook, steelhead, and
coho within the tailrace are not likely to be affected by this stressor.
The proposed action affects the flow entering into lower Lake Creek, the Cowlitz River side
channel, and the tailrace slough. The amount of flow entering these areas greatly affects the
quality and quantity of available spawning, rearing, and incubation habitat for LCR Chinook,
coho, and steelhead known to reside in these areas at various life stages (FERC 2009a; Energy
Northwest 2009). Factors affecting flow in the Project area include ramping rates, annual Project
maintenance outage, and unexpected Project shutdowns. Fish handling and salvage efforts were
established to mitigate impacts from planned outages.
Ramping Rates
Although the proposed instream flows and aquatic habitat-forming flows described above would
likely benefit aquatic resources in lower Lake Creek, rapid changes in streamflow have the
potential to adversely affect aquatic resources. The principal concern for anadromous fish
regarding rapid discharge fluctuations is the potential for entrapment and stranding of rearing
juveniles during down-ramping (Hunter 1992). Stranding is defined as the separation of fish
from flowing water because of declining river stage due to rapid decreases in flow (“downramping”). Other concerns include during rapid up-ramping, as well as increased bank erosion
caused by rapid flow fluctuations in both directions.
Because rapid decreases in stream flow associated with minimum instream flow releases or
aquatic habitat forming flows included in a new license for the Project would have the potential
to adversely other aquatic biota, Energy Northwest filed the “Lake Creek Ramping Rate Plan for
Reach 5 below the Drop Structure” (Energy Northwest 2009). In this ramping rate plan, Energy
Northwest proposes to limit all instream flow reductions described above to a maximum of 2.5
cfs per hour (during both process flows and downward adjustments in minimum instream flows).
The one exception is the June 1 reduction in flow (i.e., from 15 cfs to 10 cfs), which could be
completed in one hour during night-time to comply with the WDFW’s seasonal down-ramping
rate criteria.
Planned Outages for Annual Project Shutdown –
The proposed Project relicensing will involve shifting Project shut down for maintenance to
August 15 through September 14, rather than the current outage timing of October 1 through
October 30 (FERC 2009a; Energy Northwest). During an outage, generation ceases and water
from the Project is not added to the tailrace slough. This loss of flow has the potential to dewater
habitat known to support redds, so will adversely affect the quality and quantity of available
spawning and rearing habitat.
The timing of the current shutdown coincides with the latter portion of the Chinook salmon
spawning period (when eggs have already been deposited in the gravel), the migration of adult
coho into the Action area is occurring, and is within the year-round coho salmon and steelhead
rearing period. The mitigation measure Energy Northwest proposes to employ by shifting annual
outage is likely to minimize potential adverse effects on Chinook and coho salmon spawning due
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to the change in timing and the loss of attraction flows that would draw adult Chinook and coho
salmon into the tailrace slough to spawn in the latter part of August. Outages in this earlier
period would also help avoid the discharge of naturally-warmed Packwood Lake surface water
into the Cowlitz River, when summer temperatures are at their highest, and would ensure
adequate water is available in Packwood Lake to provide the proposed minimum flows for lower
Lake Creek (FERC 2009a; Energy Northwest 2009). Also, Energy Northwest will be including
the use of a temporary weir, when needed, to reduce impacts to potentially spawning spring
Chinook. This temporary weir is described more below.
The shift in scheduled project outage may, however, improve water temperature conditions by
avoiding discharge of naturally-warmed Packwood Lake water into the tailrace slough during the
first half of September. Considering that this period overlaps with fall Chinook fertilization and
embryo development, we can anticipate an improved condition in freshwater spawning for the
month of September. This shift in the timing of the annual outage also overlaps with much of the
spring Chinook spawning period, thus reducing impacts; however, spawning in late September
may still be limited by Project-induced water temperatures.
Unplanned Outages –
Unplanned outages have occurred on multiple occasions, in 2002, 2003, and 2008. Accordingly,
we anticipate that future unplanned outages could causing extreme down-ramping of flow, in the
tailrace slough degrading habitat conditions necessary for spawning. Unplanned outages and
their associated effects are expected to continue into the future as part of the proposed action,
adversely affecting water volume in spawning and rearing habitat.
Analysis by Energy Northwest indicates the highest likelihood for dewatering of spawning
habitat in the slough from an unplanned outage occurs between October and February. This
directly coincides with Chinook and coho salmon spawning and incubation in the Cowlitz River,
meaning that the conservation values for which this area is designated will be degraded at
multiple unforeseen intervals.
Our analyses concluded that we would expect up to six instances per year in which Chinook,
steelhead and coho spawning, rearing, and migration habitat might be exposed to dewatering
associated with unplanned Project outages in the tailrace slough. Although the information
available did not allow us to estimate the extent of critical and proposed habitat that might be
exposed to unplanned outages, we assume portions (if not all) of the spawning, rearing, and
migration habitats located in the tailrace slough, are likely to be exposed to potential dewatering
associated with the unplanned outages. Based on our analyses of the evidence available, the
quantity, quality, and availability of the constituent elements or other physical, chemical, or
biotic resources are likely to decline as a result of being exposed to unplanned outages associated
with the operation of Packwood Lake Hydroelectric Project activities.
Unplanned outages are likely to exclude LCR Chinook, steelhead, and coho from portions of
designated critical habitat within the action area, but this would only occur during those times
when the slough is dependent on flows from the Project, so we do not expect them to occur so
frequently as to preclude the area from providing most of the habitat values for which it was
designated.
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2.4.1.2.2 Water quality effects in lower Lake Creek, and Cowlitz River side channel slough Implementing Energy Northwest’s proposed instream flow regime would likely increase summer
water temperatures in lower Lake Creek due to the diversion of an increased volume of water
from the surface of Packwood Lake. The diversion of surficial lake water with elevated
temperature over the baseline is anticipated to cause a decrease in the already low levels of DO
under the baseline because warmer water waters contain less DO (Fisher 2000). This effect of the
action is reasonably certain to occur, at least during the warmer months when lake waters are
temperature stratified and warmer waters are concentrated above a thermocline that separates
colder, denser waters below. Warm water and low DO are both water quality conditions that are
detrimental, most notably to water as a PBF of spawning and rearing habitat.
Temperature –
Implementing Energy Northwest’s proposed instream flow regime would likely increase water
temperatures in lower Lake Creek due to an increased volume of water being diverted from the
surface of Packwood Lake. Energy Northwest does not propose to mitigate for high water
temperatures released into the tailrace slough through the Project’s tailrace, so this stressor is
anticipated to continue into the future for the duration of the license. As mentioned above,
temperature is a factor in water quality, and warmer waters created poorer aquatic conditions,
degrading conditions for spawning rearing and migrating habitats.
Although the information available did not allow us to estimate the extent of designated LCR
Chinook and steelhead and proposed LCR coho critical habitat that might be exposed to
increased water temperatures associated with Project operation in the tailrace slough, we assume
portions (if not all) of the spawning, rearing, and migration habitat located in the tailrace slough
are likely to be exposed to increased water temperatures associated with project releases into the
tailrace slough.
Cold water refugia would be present in the mainstem Cowlitz River throughout the summer
rearing period and may also be present in lower Lake and Hall creeks in the form of groundwater
inflow. However, increased project temperatures associated with the proposed flow regime in
Lake Creek may further limit these refugia locations. While portions (if not all) of the spawning
and rearing habitat in the tailrace slough might be impacted by increased water temperatures
associated with Project flows, there should still be areas that retain sufficiently cool water
temperatures so that this feature of habitat retains function to support migration, spawning, and
rearing conditions.
Based on our analyses of the evidence available, the quantity, quality, and availability of the
constituent elements or other physical, chemical, or biotic resources is likely to decline as a
result of being exposed to water temperature increases associated with the relicensing Packwood
Lake Hydroelectric Project activities. We do not anticipate that the reduction in the quantity,
quality, and availability of PBFs from this stressor is likely to be sufficient to reduce the
conservation value of the designated critical habitat for LCR Chinook, steelhead and coho in the
action area because increased water temperatures are not likely to exclude LCR Chinook,
steelhead and coho from using the designated critical habitat.
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Lower Lake Creek Temperatures - The instream flows released to lower Lake Creek have a
temperature equal to the water temperature of Packwood Lake, which has relatively warm
surface water in the summer. Any increase in flow released below the drop structure during the
summer will result in warmer temperatures throughout lower Lake Creek when compared to the
existing release of 3 cfs (Table 9). The proposed measure would increase minimum instream
flow released from Packwood Lake into lower Lake Creek to levels ranging from 4 to 20 cfs,
depending on the season (Table 1). This increase in warm surface waters from Packwood Lake
would reduce the beneficial cooling effects of shading and cold groundwater contributions.
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Table 9.

Summary of effects of proposed action resulting in incidental take for LCR
Chinook, LCR coho, and LCR steelhead.

Element of
Proposed Action

Affected Species

LCR Chinook
(Spring run and
Fall run)
Unplanned outages
for annual
maintenance
(tailrace slough)

LCR coho

LCR steelhead

LCR Chinook
Planned outages for
annual maintenance
(tailrace slough –
includes fish
handling and
salvage)
LCR coho

LCR steelhead

NWR-2009-389

Affected life stages

Amount of Take

incubating eggs

24 redds (12 for each
population)

Juveniles

1,260 (420 fall-run
Chinook, 840 springrun Chinook)

Adults

4 adults (2 fall-run
Chinook, and 2
spring-run Chinook)

incubating eggs

57 redds

Juveniles

7,530

Adults

33 adults

incubating eggs

12 redds

Juveniles

840

Adults

2 adults

incubating eggs

0 redds

Juveniles

140 (spring-run only)

Adults

0 adults

incubating eggs

0 redds

Juveniles

1,255

Adults

0 adults

incubating eggs

0 redds

Juveniles

140

Adults

0 adults
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Anticipated Temporal
Extent of Take

Annually for life of
license

Annually for life of
license

Element of
Proposed Action

Affected Species

Affected life stages

Amount of Take

Juveniles

140 (spring-run only)

Adults

0 adults

Anticipated Temporal
Extent of Take

LCR Chinook
Fish handling and
salvage
(tailrace and stilling
basin)

Annually for life of
license
LCR coho

LCR steelhead
LCR Chinook
Diversion of
Snyder Creek

Restoration and
enhancement of
lower Lake Creek
Temperature
Increases in lower
Lake Creek
Dissolved oxygen
decreases in lower
Lake Creek

Juveniles

924

Adults

0 adults

Juveniles

286

Adults

0 adults

incubating eggs

LCR coho

Juveniles

LCR steelhead

Adults

LCR Chinook

incubating eggs

LCR coho

Juveniles

LCR steelhead

Adults

LCR Chinook

incubating eggs

LCR coho

Juveniles

LCR steelhead

Adults

LCR Chinook

incubating eggs

LCR coho

Juveniles

LCR steelhead

Adults

1,400 linear feet of
Snyder Creek

Occurring one time, for a
duration of weeks to
months, within two years
of license issuance

5,880 linear feet of
lower Lake Creek

Occurring one time, for a
duration of weeks to
months, within five years
of license issuance

sublethal stress

Annually for life of
license

sublethal stress

Annually for life of
license

Cowlitz River Side Channel and Tailrace Slough Temperatures - The Cowlitz River in the
Project area, including the water delivered to the Cowlitz River via the tailrace, is considered
core summer habitat for salmonid holding, spawning, and incubation. NMFS (2008b) determined
that core summer salmonid habitat should not exceed a Seven-Day Average of daily maximum
(7-DADMax) water temperature of 16°C (see Table 10). In addition, the Cowlitz River and
tailrace slough require supplemental spawning and incubation temperature protection of 13°C
from mid-July through September 15.
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Table 10.

Monthly Dissolved Oxygen data for lower Packwood Lake, Lake Creek, Cowlitz
River upstream of Lake Creek, the lower end of the tailrace, and the tailrace slough
side channel of the Cowlitz River for 2004 (modified: EES Consulting 2006).
DO mg/L
April
2004

May
2004

June
2004

July
2004

Aug1
2004

Sept
2004

Oct
2004

PLB (PH)2

10.8

9.6

10.2

9.0

9.43

8.5

8.4

LCMH4

11.5

9.7

10.2

9.4

11.3

9.4

CRULC5

12.3

10.0

10.5

9.0

11.4

10.4

POWT26

10.8

14.5

10.3

9.3

10.3

10.6

CRTRSC7

10.7

10.2

9.6

8.3

10.3

9.4

Nov
2004

Dec
2004

Jan
2005

Feb
2005

Mar
2005

10.5

11.0

13.2

14.1

9.9

10.2

11.5

12.1

13.5

13.8

9.5

11.3

12.4

13.7

15.0

10.5

9.4

11.6

13.1

14.4

9.3

9.1

8.8

1

Information in August was only collected for part of the month.
Photic zone, reported at a depth of 1m
3
Two measurements were taken in August, early (10.18), and late (8.61). These results were averaged to arrive at
a value of9.4 mg/L.
4
Lake Creek near mouth of Cowlitz River (LCMH)
5
Cowlitz River upstream of Lake Creek (CRULC)
6
Powerhouse tailrace lower end (POWT2)
7
Cowlitz River side-channel tailrace slough (CRTSC)
2

The proposed Project relicensing will involve a temperature-monitoring plan as well as a forward
shift in the timing of the annual Project shutdown to August 15 through September 14 from
October 1 through October 30. This shift will avoid discharge of warm surface water to the
Project tailrace during part of the fall and spring Chinook salmon spawning period; however,
water temperatures in the tailrace and tailrace slough would remain similar to existing conditions
for all other periods.
Dissolved Oxygen –
Although the information available did not allow us to estimate the extent of designated (LCR
Chinook and steelhead) and proposed (LCR steelhead) critical habitat that might be exposed to
decreased DO levels associated with Project flows released into the tailrace slough, we assume
portions (if not all) of the spawning, rearing, and migration habitat located in the slough are
likely to be exposed to decreased DO levels associated with project releases.
Flows released from the Project tailrace have low DO levels. However, in the action area,
recorded DO levels are also naturally depleted in the Cowlitz River. During several months,
recorded DO levels in the Cowlitz River side channel were below those recorded at the terminus
of the tailrace. This indicates that while DO levels released by the project may limit spawning,
rearing, and migration—naturally occurring conditions already limit these life stages in the
action area. During most months, flows released from the tailrace provide increased DO (albeit
less than LCR Chinook, steelhead, and coho spawning, rearing, and migration requirements)
levels into the tailrace slough.
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Lower Lake Creek does not meet the water quality criteria for DO (Table 10) during portions of
Chinook and coho salmon and steelhead spawning-through-emergence periods, rearing periods,
and during portions of their migration periods (Table 8). Dissolved oxygen levels in the tailrace
slough are anticipated to remain similar to current conditions and will not be analyzed further in
this section. Instream flows generally increase in lower Lake Creek for every month through
mid-September, and then decrease through December under the proposed instream flow regime.
The largest increases in flow to lower Lake Creek would occur during the summer months (June
through September). In lower Lake Creek our analyses concluded that we would expect the full
accessible reach of lower Lake Creek to be experience depleted DO levels associated with
increased Project flows released into the creek. We estimate that this area will be affected during
portions of steelhead spawning, incubation, rearing, and migrations periods. We estimate that
this area will also be affected during portions of LCR coho spawning, rearing, and migrations
periods.
Based on our analyses of the evidence available, the quantity, quality, and availability of the
constituent elements or other physical, chemical, or biotic resources are likely to decline as a
result of being exposed to decreased DO levels associated with Project flows released into the
tailrace slough. We do not anticipate that the reduction in the quantity, quality, and availability of
PBFs from this stressor is likely to be sufficient severe or frequent to reduce the conservation
value of the designated critical habitat for LCR Chinook in the action area as the decreased DO
levels are not severe enough or frequent enough to permanently exclude LCR Chinook from
designated critical habitat.
This means that occasionally, for multiple species and life stages, the habitat will not provide the
habitat for value for which it was designated. Based on our analyses of the evidence available,
the quantity, quality, and availability of the constituent elements or other physical, chemical, or
biotic resources is likely to decline as a result of decreased DO levels associated with Project
flows released into the tailrace slough. We do not anticipate that the reduction in the quantity,
quality, and availability of PBFs from this stressor is likely to be sufficient to reduce the
conservation value of the designated critical habitat for LCR Chinook, LCR steelhead, and LCR
coho in the action area because natural conditions show a system already depleted in DO.
Decreased DO levels are not likely to exclude LCR Chinook, steelhead or coho from designated
critical habitat - this is indicated by listed species spawning and rearing continuing to occur in
the Project area under conditions of depleted DO levels.
2.4.1.3 Installation and Use of Tailrace Structures to prevent fish presence
Temporary Tailrace Weir - placement of a temporary weir is a measure to preclude spawning
Chinook salmon from the entering the tailrace slough during the annual outage period (August
15 – September 14). Its goal is to prevent Chinook from spawning in the tailrace slough when
future water conditions within the slough may impact and desiccate redds. It will block spawning
salmon that attempt to enter the tailrace slough from the mainstem Cowlitz River. The placement
and removal are likely to create minor pulses of suspended sediment as disturbance to the
substrate is likely. This water quality impairment may create a small plume, but the duration is
expected to be minor, persisting for the duration of the installation and removal work, and for
minutes to hours after installation or removal work ceases.
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Permanent Tailrace Barrier Screens – these screens were previously installed for the purpose of
excluding pre-spawn fish from the tailrace. The screens will be maintained so that they continue
to function as fish exclusion, but the maintenance is not expected to result in any new impacts to
features of habitat.
2.4.1.4 Summary of changes in Critical Habitat, Presented by Species’ Designation
LCR Chinook Salmon Critical HabitatThe PBFs in the tailrace slough currently have limited function. Energy Northwest will be
installing a temporary weir in the tailrace slough by July 15 when the tailrace slough is fully
dependent upon the tailrace for flow. Under the proposed relicensing, the one stressor that will
be partially alleviated will be increased temperatures in the tailrace slough with implementation
of Energy Northwest’s shift in the scheduled project outage. We can anticipate an improved
condition in freshwater spawning for the latter part of September for both spring and fall
Chinook. The shift in timing will not completely alleviate temperature effects on spawning for
late September, which would continue to be limited for spring Chinook spawning. Dissolved
oxygen levels and Project outages are anticipated to continue to limit spawning for the duration
of Project operation.
LCR Steelhead Critical HabitatThe PBFs in lower Lake Creek, Hall Creek, and the tailrace slough currently have limited
function. Steelhead spawning and rearing habitat area would be substantially increased with
Energy Northwest’s proposed flow regime and habitat enhancements when compared to current
conditions in lower Lake Creek. The 2.0 miles of accessible steelhead spawning habitat in Hall
Creek is anticipated to remain similar to current conditions, since Energy Northwest is not
proposing to enhance Hall Creek habitat.
Temperature conditions in lower Lake Creek are anticipated to increase under the proposed flow
regime. It is anticipated that steelhead spawning will be further limited in lower Lake Creek
during May and June as will juvenile over the summer months, and in-migration from May
through October. DO levels are anticipated to become further depleted under the proposed flow
regime in lower Lake Creek. These conditions with further limit steelhead spawning in June,
further limit rearing in September, and further limit in-migration in February, March, and April.
Temperature conditions in the tailrace slough will be the same as current conditions, which
means spawning will continue to be limited in June. Implementing Energy Northwest’s shift in
the scheduled project outage is anticipated to improve temperature conditions for freshwater
rearing for the first half of August, but would not affect the limited rearing in July. Dissolved
Oxygen conditions in the tailrace slough are anticipated to remain the same as current conditions,
limiting steelhead spawning in February, March, April, May, June, July, and August, and
limiting steelhead rearing in February, March, September, and October.
LCR Coho Salmon Critical HabitatThe PBFs in lower Lake Creek, Hall Creek, and the tailrace slough currently have limited
function. Coho spawning and rearing habitat area would be substantially increased with Energy
Northwest’s proposed flow regime and habitat enhancements when compared to current

NWR-2009-389

-45-

conditions in lower Lake Creek in most months. However, temperature conditions in lower Lake
Creek are anticipated to increase under the proposed flow regime. Coho rearing habitat will be
further limited over the summer months as a result, and adult in-migration may be further limited
from September through October.
Implementing Energy Northwest’s shift in the scheduled project outage is anticipated to improve
temperature conditions for freshwater rearing for the first half of August, but would not affect the
limited rearing in July. DO conditions in the tailrace slough are anticipated to remain the same as
current conditions, limiting coho spawning, incubation and emergence in February, March,
April, May and October, and limiting coho rearing in July, August, and September.
Dissolved oxygen levels are anticipated to become further depleted under the proposed flow
regime in lower Lake Creek. These conditions may further limit coho, incubation, and
emergence in February, March, April, May, and October, and may further limit juvenile rearing
in July and September, meaning that habitat values of spawning and rearing, for which the
habitat was designated, will be impaired.
2.4.2 Effects to Species
2.4.2.1 Stream Restoration and Enhancement
Lake Creek Fish Exposure Analysis. In lower Lake Creek (from its mouth to the drop
structure), Energy Northwest proposes that enhanced spawning habitat area (weighted useable
area) would be on average 473 percent of existing conditions. For listed species, the overall
increase in spawning is 332 percent of current conditions, resulting in increases of 264 percent,
290 percent and 4,713 percent of current habitat for steelhead, coho salmon, and Chinook
salmon, respectively (Table 11).
The proposed habitat enhancement measures of gravel and wood supplementation in lower Lake
Creek are designed to substantially improve the productivity and carrying capacity of lower Lake
Creek, and are likely to increase the distribution and abundance of Chinook and coho salmon and
steelhead. Ten cubic yards of gravel between 0.5 and 3.0 inches in diameter will be placed in
Lake Creek, which is within the range of gravel size preferred by the listed species for spawning
(WDFW/WDOE 2013).
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Table 11.

Summary of spawning weighted useable area by month for lower Lake Creek (current conditions and proposed flows
with enhancements) (Source: Energy Northwest 2008).

Month
Jan

Treatment
Current Cond.
Proposed
Feb
Current Cond.
Proposed
Mar
Current Cond.
Proposed
April
Current Cond.
Proposed
May
Current Cond.
Proposed
June
Current Cond.
Proposed
July
Current Cond.
Proposed
Aug
Current Cond.
Proposed
Sept
Current Cond.
Proposed
Oct
Current Cond.
Proposed
Nov
Current Cond.
Proposed
Dec
Current Cond.
Proposed
Mean
Current Cond.
Proposed
Percent Increase
a
Based upon 50 percent exceedance values.
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Spawning Weighted Useable Area (feet2/1,000 linear feet)a
Chinook
Coho
Steelhead
Cutthroat
Rainbow
199
17
567
309
207
17
558
318
91
19
187
354
98
206
63
72
218
212
51
68
181
163
51
192
9
341
7
412
103
398
175
40
441
365
212
19
530
354
8
166
75
22
64
377
482
198
340
189
4,713
290
264
1,545
295
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Mean
108
438
112
438
55
270
98
206
67
215
59
172
51
192
9
341
7
412
103
398
107
403
116
442
67
317
473

Percent Increase
406
391
491
210
321
292
376
3,789
5,886
386
377
381
-

Within two years of License issuance, Energy Northwest shall, in coordination and consultation
with the USDA Forest Service, U.S. Fish and Wildlife Service, National Marine Fisheries
Service and the Washington Department of Fish and Wildlife, Washington Department of
Ecology, and Tribes, and with approval by the USDA Forest Service, prepare a Lower Lake
Creek Stream Restoration, Enhancement and Monitoring Plan for the portion of the Anadromous
reach up to RM 1.0. This Plan will provide the schedule and timeline for restoration activities in
lower Lake Creek. Restoration will occur during approved work windows. Implementing these
activities could result in some short-term environmental impacts such as sediment discharge,
temporarily increasing turbidity in lower Lake Creek. Restricting activities to approved work
windows, however, will minimize exposure to juveniles, and likely eliminate exposure to adults.
Given the increase in spawning and rearing habitat, the effects of the construction are
insignificant.
Snyder Creek Fish Exposure Analysis. The current configuration of Snyder Creek culvert can
prevent LCR Chinook, coho and steelhead from accessing documented salmonid spawning and
rearing habitat that extends about 1,700 feet in Snyder Creek upstream from the tailrace crossing.
In addition, if the Snyder Creek culvert becomes blocked with sediment prior to downstream
migration, juvenile Chinook, coho and steelhead can become stranded in upper Snyder Creek or
displaced into the Project tailrace. Since the tailrace barrier at the terminus of the tailrace
precludes downstream passage, any displaced fish will reside in the Project stilling basin or
tailrace. Neither Chinook nor steelhead have been observed in Snyder Creek; coho adults and
juveniles are known to occur above and immediately below the culvert on Snyder Creek (Energy
Northwest 2007).
Under existing conditions, potential impacts to juvenile rearing would occur between March and
July for fall Chinook, and year-round for spring Chinook, coho and steelhead (EES Consulting
2007b). As part of relicensing studies, Snyder Creek was surveyed twice in 2006 from the
Packwood tailrace upstream 0.8 miles to the barrier falls. Twenty four coho juveniles were
observed during these surveys (EES Consulting 2007b). Since juveniles are in the Project area
year-round, current Project conditions may affect up to 129 5 juveniles a year.
Diverting Snyder Creek would provide access to a greater range of habitat types by removing
culvert obstructions. This would benefit Chinook, coho and steelhead populations by enabling
recolonization of unoccupied or underused habitats. We assume that some adult and juvenile
Chinook, coho and/or steelhead exposure to the sediment discharge associated with the proposed
restoration, enhancement, and diversion efforts is likely.
Within two years of License issuance, the Licensee shall, in coordination and consultation with
the USDA Forest Service, U.S. Fish and Wildlife Service, National Marine Fisheries Service and
the Washington Department of Fish and Wildlife, Washington Department of Ecology, and
Tribes, and approval by the USDA Forest Service survey, engineer, and prepare a Snyder Creek
Restoration, Enhancement and Monitoring Plan for the re-routing of Snyder Creek and file the
plan with the Commission for approval.
5

24 fish were observed in four, 60 meter reaches of Snyder Creek, or 1 fish/10 linear meters of stream. Snyder
Creek, from the tailrace upstream to the anadromous barrier, is 1,287 meters in length. At 1 coho juvenile/10 meters
of linear stream, estimated total is 129 coho juveniles.
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Energy Northwest will apply for permits by the end of the fourth year after license issuance. It is
assumed that Energy Northwest, after consultation, will have an approved work window in
which to do restoration activities. Considering, however, that spring Chinook, coho and steelhead
rear year-round, it is anticipated that whenever restoration activities occur, they will overlap with
a portion of these species’ rearing period, and may limit rearing at that time. If restoration occurs
over late spring to early summer, it may also overlap with fall Chinook rearing.
Lake and Snyder Creeks Restoration Response Analysis - The physical and chemical changes
in the environment associated with restoration and enhancement projects, especially decreased
water quality (e.g., total suspended solids, temperature, DO) are likely to affect a larger area than
direct interactions between fish and restoration personnel.
Sediments in the water column reduce light penetration, and can increase water temperature and
modify water chemistry. Redeposited sediments can fill pools, reduce the width to depth ratio of
streams, and change the distribution of pools, riffles, and glides. Increased fine sediments in
substrate also can reduce survival of eggs and fry, reducing spawning success of salmon and
steelhead (NMFS 2008c).
The addition of fine sediment to channels and the mechanical disturbance of shallow-water
habitats are likely to lead to under-use of stream habitats, displacement from or avoidance of
preferred rearing areas, or abandonment of preferred spawning grounds. This may increase losses
due to competition, disease, predation, or, for juvenile fish, reduce the ability to obtain food that
is necessary for growth and maintenance (Sprague and Drury 1969; Newcombe and Jenson
1996; Moberg 2000). Some of these adverse effects will abate almost immediately, such as
increased total suspended solids caused by boulder or large wood restoration.
Any adult salmon migrating in an action area during any phase of project restoration will be able
to successfully avoid construction disturbances by moving laterally, or by stopping briefly during
migration, particularly if there are visual cues that alert them. Spawning itself would then be
delayed until the placement of LWD and gravel was complete (Gregory 1988; Sigler 1988;
Servizi and Martens 1991; Feist et al.1996). Assumed work windows will likely preclude
construction activity during adult salmon and steelhead migration.
The indirect effects of placing boulders and large wood for restoration purposes in areas where
these natural features have been reduced or removed will likely include increased habitat
diversity and complexity; greater flow heterogeneity; increased coarse sediment storage; gravel
retention for spawning habitat; more long-term nutrient storage and substrate for aquatic
vertebrates; moderation of flow disturbances, and refugia for fish during high flow events
(Negeshi and Richardson 2003; WDFW et al. 2004; Roni et al. 2006, 2006a; WDFW and InterFluve 2006). The indirect effects of gravel placement will likely compensate for an identified
loss of the natural gravel supply, thus increasing the quantity and quality of spawning habitat
(WDFW et al. 2004).
To the extent that the proposed actions are successful at improving flow conditions and LWD
and gravel placement, future spawning and embryo survival in the action area will be enhanced.
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2.4.2.2 Fish Exposure and Response to Operational Changes
2.4.2.2.1 Dewatering of Fish and Redds in Lake Creek, Cowlitz River and Tailrace Slough
Exposure and Response Analysis
Exposure and Response to Ramping Rates - The principal concern for anadromous fish
regarding rapid discharge fluctuations is the potential for entrapment and stranding of rearing
juveniles during down-ramping (Hunter 1992). Stranding is defined as the separation of fish
from flowing water because of declining river stage due to rapid decreases in flow (“downramping”). The proposed action includes down-ramping rate restrictions to help mitigate these
potential effects. Displacement of juveniles and disruption of normal behavior is likely during
rapid up-ramping, as well.
Exposure and Response to Planned Outages for Annual Project Shutdown - During an outage,
generation ceases and water from the Project is not added to the tailrace slough. This loss of flow
has the potential to dewater salmon eggs previously deposited in redds reducing egg to
emergence survival. Our exposure analyses concluded that we would expect up to one instance
per year in which Chinook, steelhead, and coho rearing and migration habitat might be exposed
to dewatering associated with planned Project outages in the tailrace slough. Although the
information available did not allow us to estimate the extent of designated LCR Chinook and
steelhead and proposed LCR coho critical habitat that might be exposed during planned outages,
we assume portions (if not all), of the spawning habitat, rearing, and migration habitats located in
the tailrace slough, are likely to be exposed to potential dewatering associated with the proposed
annual maintenance outage.
Steelhead spawning is not anticipated to overlap with the proposed annual outages, though
planned outages have the potential to strand Chinook, steelhead and coho juveniles in the tailrace
slough, if the area is dependent on Project flows at the time of shutdown. Based on our analyses
of the evidence available, the quantity, quality, and availability of the constituent elements or
other physical, chemical, or biotic resources is likely to decline as a result of being exposed to
planned outages associated with annual Project maintenance. Planned outages are likely to
exclude LCR Chinook, steelhead and coho from portions of designated critical habitat within the
action area, impairing their typical feeding and rearing behavior, but this would only occur
during those times when the slough is dependent on flows from the Project.
Exposure and Response to Unplanned Outages - Unplanned outages have occurred on multiple
occasions, in 2002, 2003, and 2008, affecting various life-stages of the multiple populations
based on the timing of each occurrence. Accordingly we anticipate that future unplanned outages
will occur. Analysis by Energy Northwest indicates the highest likelihood for loss of spawning
habitat and dewatering of redds in the slough from an unplanned outage occurs between October
and February. This directly coincides with Chinook and coho salmon spawning and incubation in
the Cowlitz River, so these events are likely to strand juvenile and adult fish and dewater salmon
redds located in the tailrace slough, resulting in stress, injury, and death among all freshwater life
stages.
Our exposure analyses concluded that we would expect up to six instances per year in which
Chinook, steelhead and coho spawning, rearing, and migration habitat might be exposed to
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dewatering associated with unplanned Project outages in the tailrace slough. Although the
information available did not allow us to estimate the extent of critical and proposed habitat that
might be exposed to unplanned outages, we assume portions (if not all) of the spawning, rearing,
and migration habitats located in the tailrace slough, are likely to be exposed to potential
dewatering associated with the unplanned outages.
Unplanned outages have the potential to strand juveniles and adults, and dewater any Chinook,
steelhead or coho eggs previously deposited in redds in the tailrace slough, if the area is
dependent on Project flows at the time of shutdown. Based on our analyses of the evidence
available, the quantity, quality, and availability of the constituent elements or other physical,
chemical, or biotic resources are likely to decline as a result of being exposed to unplanned
outages associated with the operation of Packwood Lake Hydroelectric Project activities.
Unplanned outages are likely to exclude LCR Chinook and steelhead from portions of designated
critical habitat and LCR coho from portions of habitat within the action area, but this would only
occur during those times when the slough is dependent on flows from the Project. We do not
anticipate that the reduction in the quantity, quality, and availability of PBFs from this stressor is
likely to be sufficient to reduce the conservation value of the designated critical habitat for LCR
Chinook, steelhead, and coho in the action area. In addition, the action area represents a small
portion of the designated critical habitat for these species, so this stressor may affect, but is not
likely to adversely affect designated critical habitat for LCR Chinook, steelhead, and coho.
During low-flow years when the tailrace slough is not connected to the Cowlitz River, unplanned
outages could cause the tailrace slough to dewater and strand fish and dewater redds killing
juvenile and adult salmonids by desiccation or hypoxia or both.
2.4.2.2.2 Water Quality effects of proposed instream flow control on listed fish in lower Lake
Creek, Cowlitz River side channel slough
Temperature Exceedance Exposure Analysis - Under the proposed flow regime, increased
water temperatures in lower Lake Creek may limit spring Chinook spawning but are not
anticipated to be above the natural condition criterion. Despite increases to water temperature for
fall and spring Chinook development periods, temperatures are still anticipated to be within the
optimal range for embryo development and hatching. Fall Chinook face optimal temperatures for
spawning in lower Lake Creek. Increased water temperatures in lower Lake Creek may limit
coho spawning in the initial portion of the spawning period (October through February). Embryo
development and hatching are anticipated to be limited by increased water temperatures in lower
Lake Creek. For steelhead spawning, increased water temperatures in lower Lake Creek are still
within the optimal temperature range. Steelhead embryo development and hatching are still
anticipated to be limited by temperature increases in lower Lake Creek in August, but are well
below the natural condition criterion; temperatures during spawning are also below the natural
condition criterion.
Although spring Chinook, coho and steelhead juveniles may face limited rearing due to increased
water temperatures in the summertime, temperatures are within the natural condition criterion.
Temperatures in the tailrace slough may continue to limit spawning for spring Chinook if current
temperatures continue into the future. However, implementation of Energy Northwest’s proposed
shift in the scheduled Project outage may help in avoiding discharge of naturally-warmed
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Packwood Lake water into the tailrace slough over much of the spring Chinook spawning period.
This should result in optimal water temperatures for spawning fall Chinook if natural
temperature declines result in sufficiently cool water temperatures for embryo development in
the latter half of September. Embryo development and hatching will have optimal water
temperatures if current conditions continue. Temperatures in the tailrace slough are considered
optimal for coho spawning (October through February), and embryo development and hatching,
which occur through May. The proposed outage would not alleviate elevated water temperatures
in early August during the steelhead embryo development and hatching phases.
In the tailrace slough, rearing during July for both fall and spring juvenile Chinook, coho and
steelhead would be limited if temperatures continue to reach current levels. In addition, spring
Chinook, coho and steelhead may face limited rearing in early August if temperatures continue
to be above 16°C; however, temperatures are expected to be below the natural condition
criterion.
Temperature Exceedance Response Analysis - Implementing Energy Northwest’s proposed
instream flow regime would likely increase summer water temperatures in lower Lake Creek due
to an increased volume of water being diverted from the surface of Packwood Lake.
Salmon and steelhead can respond to increased water temperatures in a variety of ways, ranging
from physiological stress, to avoidance, to direct mortality, depending on the severity of
temperature changes and various other factors. Increased temperatures elevate the risk of disease
for some adult and juvenile salmon and steelhead, and can slightly reduce the growth and
survival of some juveniles, particularly within temperature mixing zones (NMFS 2008c).
Rearing anadromous salmonids are known to seek areas of cold-water refugia (i.e., groundwater
inflow locations, cold-water tributaries, and in some cases mainstem river reaches) when water
temperatures begin approaching the upper end of their preferred range. Cold-water refugia would
be present in the mainstem Cowlitz River throughout the summer rearing period and may also be
present in lower Lake Creek in the form of groundwater inflow. These areas would be easily
accessible to rearing Chinook, coho, and steelhead under the proposed flow regime and would
allow salmon and steelhead to minimize their exposure to temperatures that might adversely
affect their survival.
The information available did not allow us to estimate the number of times LCR coho and
steelhead might be exposed to increased water temperatures associated with Project operations.
We assume, however, that some LCR coho and steelhead are likely to be exposed to the
increased temperatures associated with the proposed flow regime in lower Lake Creek and
continued high water temperatures in the tailrace slough. They would be exposed at intervals
throughout their rearing periods, during the times at which elevated temperatures from increased
discharge from the lake overlap their rearing periods.
Based on the evidence available, we conclude that under the proposed flow regime, increased
water temperatures in lower Lake Creek may limit spring Chinook spawning.

NWR-2009-389

-52-

Spring Chinook may also face limited rearing over the summer months in Lake Creek due to
increased water temperatures. Coho and steelhead juvenile rearing is also anticipated to be
limited in August; however, temperatures are not anticipated to exceed the natural condition
criterion.
Temperatures in the tailrace slough may continue to limit spawning for spring Chinook if current
temperatures continue into the future. Project water temperatures in the tailrace slough reach an
excess of 13°C during June, July and August, and steelhead embryo development and hatching
may be impacted by these temperatures (Energy Northwest 2007), and the annual shutdown for
maintenance will start in mid-August. However, water temperatures in the tailrace slough were
only above the natural condition criterion during the months of July and August (Energy
Northwest 2007). This shift, however, will not alleviate elevated water temperatures in June,
July, and the beginning of August during the steelhead embryo development and hatching
phases.
Even with the shift in the planned outage, temperatures in the tailrace slough may continue to
limit rearing during July and August for juvenile spring Chinook, coho and steelhead if
temperatures continue to reach current levels. Temperatures are anticipated to be below the
natural condition criterion, but summer rearing would still be limited in July and early August.
Due to the temperature sensitivity of Chinook, coho, and steelhead during spawning and rearing,
the warm water temperatures in lower Lake Creek, Cowlitz River side channel, and tailrace
slough during the summer period would likely continue to limit salmonid spawning and rearing
success. However, NMFS believes that while allowing an increase in water temperatures to no
more than 0.3°C above natural conditions may adversely affect subjected salmonids, it does not
undermine the protection of uses provided by natural conditions (NMFS 2008b).
Because Energy Northwest proposes to implement a Water Temperature Monitoring Plan, the
effectiveness of project operations in meeting applicable temperature standards will be evaluated
to allow for adaptive management. If monitoring indicates the temperature standards are not met,
and Energy Northwest has employed all reasonable methods, then after ten years of monitoring
Energy Northwest will consult with WDOE to determine the next appropriate steps to be taken
(FERC 2009a). However, this means temperatures could continue to be in violation of state
water quality standards for up to 10 years after the project is relicensed. These increases in
temperature are anticipated to further deplete DO levels in lower Lake Creek during the critical
rearing periods for coho, spring Chinook and steelhead.
Dissolved Oxygen Exposure Analysis - We assume that some adult and juvenile Chinook, coho
and steelhead are likely to be exposed to the decreased DO levels associated with the proposed
flow regime in lower Lake Creek, and continued high water temperatures in the lower Lake
Creek and the tailrace slough (Tables 7 and 8). Fall chinook adults would only be exposed in
September. Spring Chinook, coho and steelhead juvenile rearing (which occurs year-round)
would also overlap with the increased summer flows, increased water temperatures, and
declining DO in July and September (when DO levels are already below 9.5 mg/L) and are
anticipated to further decline under the proposed flow regime. “Increased susceptibility of fishes
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to oxygen deficiency at high temperatures has been demonstrated by experiments with coho
salmon (Davison et al. 1959), trout and smallmouth bass (Burdick et al 1954) and other forms.”
In the tailrace slough, depleted DO levels may continue to limit egg survival for the months of
February, March, August, September, and October. These conditions are anticipated to continue
into the future for the duration of the new license.
If fall- and spring-run Chinook salmon, coho salmon and steelhead were exposed to these
decreases in DO levels, we would expect them to respond in a variety of ways ranging from
physiological stress, to avoidance, to direct mortality if concentrations are low enough and
exposure is long enough to impair essential physiological functions. In addition to the responses
listed above, fall- and spring-run Chinook may also exhibit a variety of behavioral responses
including: (1) changes in activity; (2) increased use of air breathing; (3) increased use of aquatic
surface respiration; and (4) vertical or horizontal habitat changes. Fish may respond with
whichever combination of responses will minimize the costs of meeting their oxygen demands
(Kramer 1987 as cited in Ruggerone 2005). Low DO concentrations can reduce fecundity by
limiting the amount of metabolic energy available for gamete production through direct effects
(reducing the amount of available oxygen for gamete production) or indirect effects (delaying or
disrupting migration and increasing energy expenditures during migration). Early Chinook life
stages, specifically the developing embryo, are very sensitive to reduced oxygen levels and the
scientific literature suggests embryo survival drops markedly as inter-gravel dissolved oxygen
(IGDO) concentrations fall below 8mg/L (NMFS 2008b). DO levels lower than the saturation
potential during incubation would likely result in some level on impairment/take (some embryos
and fry that might not develop and smaller fry that are less competitive) (NMFS 2008b).
Chinook have the largest eggs (Rounsefell 1957), and thus their eggs have a small surface-tovolume ratio compared with other species of Pacific salmon (Groot and Margolis 1991). Their
eggs should, therefore be more sensitive to reduced oxygen levels and require a more certain rate
of irrigation (Groot and Margolis 1991). Silver et al. (1963) observed that the size of Chinook at
hatching was dependent on water velocity and on oxygen concentrations even near saturation
levels. Gangmark and Bakkala (1960) recorded both percolation and oxygen concentrations were
related to Chinook egg survival.
Lower Lake Creek did not meet the water quality criteria for DO (see Table 15) for fall and
spring Chinook the spawning-through-emergence period, and summer rearing period, portions of
coho spawning-through-emergence periods and rearing periods, and during portions of steelhead
spawning-through-emergence periods, and rearing and migration periods.
Under the proposed instream flow regime, the largest instream flow increases to lower Lake
Creek would occur during the summer months (June through September). Spring Chinook, coho
and steelhead will be exposed to these particular flow releases and associated temperature
increases in August and September when DO levels are already limiting spring Chinook
spawning, development, and emergence. Fall Chinook would only be exposed in September.
This increase in temperature is anticipated to further deplete DO levels in lower Lake Creek life
history stages of LCR Chinook, coho and steelhead.
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Finally, spring Chinook rearing (which occurs year-round) would also overlap with the increased
summer flows, increased water temperatures, and declining DO in July and September when DO
levels are already below 9.5 mg/L and are anticipated to further decline under the proposed flow
regime.
For steelhead spawning, incubation, and emergence periods, DO levels dropped below 11.0
mg/L in the tailrace slough for the months of February through August, limiting egg survival and
embryo development over nearly the entire spawning, incubation, and emergence periods.
In the tailrace slough, DO levels dropped below 11.0 mg/L during the coho spawning-toemergence period (October through May) for coho for the months of October, February, March,
April and May. Egg survival and embryo development may continue to be limited during those
months. These conditions are anticipated to continue into the future for the duration of the new
license.
The potential for population-level effects associated with exposure to low DO concentrations
increases with the severity and duration of exposure and the number of fish exposed to such
conditions. As discussed above, very few individual fall- or spring-run Chinook, coho, or
steelhead are likely to be injured or killed by decreased DO levels associated with Project actions
authorized or completed under this opinion.
2.4.2.3 Use of Temporary and Permanent Tailrace Barriers
Energy Northwest and the resource agencies developed a plan for a temporary weir as a
mitigation measure to prevent Chinook salmon from spawning in the tailrace slough during the
annual outage period when water conditions within the slough may impact and desiccate redds.
The temporary weir will serve as a passage barrier to the tailrace slough from the mainstem
Cowlitz River.
Energy Northwest obtained authorization to install a permanent fish barrier drum screen near the
downstream end of the lined tailrace in October 2007 and began operation of the screen in
November 2007 (Energy Northwest 2009).
The fish barrier was constructed within the bounds of the original canal and consists of a 50 by
30 feet rectangular concrete weir to control water velocity with two 4 feet by 14 feet drum
screens to prevent fish passage. The drum screens rotate mechanically to pass debris downstream
and are covered with a steel mesh with ¼-inch openings to prevent fish from passing upstream
into the tailrace. Two vertical perforated panels are located directly above the drums to prevent
upstream fish passage during flood events on the Cowlitz River that may cause water surface
elevations to rise above the top of the drum screens.
During high flow situations in the Cowlitz River, when water is above the top of the drum
screens, fish may be able to access the Project tailrace if the top screen panels are not locked into
place. If a high flow event of this nature were to occur, the Project Manager must be notified to
initiate a fish rescue in the stilling basin and tailrace, as appropriate.
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To ensure that the drum screen remains functional for the duration of the proposed license,
Energy Northwest will continue the measures for maintaining, testing, and operating the screens.
Monitoring and maintaining the effectiveness of this screen, and reporting the results of
monitoring in an annual report as prescribed by NMFS, would identify the need for corrective
actions to ensure drum screen operation continues to prevent the upstream migration of resident
and anadromous fish into the Project tailrace and stilling basin; thus minimizing any potential
adverse effects on these species associated with Project operations and maintenance. If annual
monitoring shows that the goal of the barrier is not being met, Energy Northwest would make
necessary adjustments or modifications to the facility following FERC’s approval.
Currently, Energy Northwest and the resource agencies are using an adaptive approach to
determine the efficacy of the new tailrace barrier. The stilling basin is seined following the
Project’s annual maintenance shutdown period to determine if fish are bypassing the barrier. If
two consecutive years of seining during this period document few (less than 50) salmonids are
captured (total of all species and life stages), then the program would go to every third year and
termination of the program would occur in Year 8. If adult salmonids are captured during this
annual seining program, or more than 50 salmonids (total of all species and life stages) are
captured, then seining would be conducted again the following year. The tailrace would also be
checked at these times and any fish would be rescued.
If Energy Northwest’s adaptive monitoring program indicates that the goal of the barrier is not
being met, then Energy Northwest would make the necessary adjustments or modifications to the
facility as directed by NMFS and WDFW in an effort to achieve the goal (FERC 2009a). Fish
rescue would no longer be necessary after successful completion of the screen efficiency tests.
Exposure to Entrainment
Details of previous fish salvage efforts are found in Appendix B. Based on the information
presented in Appendix B, NMFS makes the following estimate of fish, by species, likely to be
captured, handled, and released during salvage of the individuals that become entrained, and
these estimates include the likely response to salvage, such as injury and death.
Response to Entrainment Analysis
One of the basic objectives of the drum screen operation is to exclude fish from the project
tailrace and stilling basin without causing delay, injury, or mortality to listed salmonids. The
numbers of fish expected to be entrained per year is presented above, by species. Despite the
protective purpose of the screening, improper operation, screen blockage from trash or algae,
increased predation, and screen seal failure can contribute to injury, mortality, or delays in
migration. When fish enter the stilling basin or project tailrace despite screening, salvage efforts
are undertaken. Of the estimated numbers of fish presented above, the response to salvage
handling will range from stress that can inhibit normal feeding, sheltering, and predator
avoidance behaviors for a period of time, to injury, to death. Additionally, exposure to the
screening itself presents an array of potential responses.
Neitzel et al. (1990) reported that screening facilities could affect the predator/prey relationship
if the screens concentrate predators or prey, or increase the exposure of prey to predators because
of stress, injury, or delay in migration. The Pacific Northwest Laboratory (PNL) evaluated the
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effectiveness of new fish screening facilities in the Westside Ditch and Town Canal, near
Ellensburg, WA. The authors also reported that even screens with mesh openings (3.2 mm, 1/8
inch) still allowed Chinook salmon fry to get caught behind all four drum screens which were
tested. No rollover was observed; therefore, fish caught in the nets presumably passed around or
through the drum screens. If spawning occurs near a screen site, some emergent Chinook salmon
fry, as well as fry of other species, can pass through drum screens constructed from 3.2-mm
mesh. Mesh openings at the Project drum screen are ¼ in, and would presumably allow more
fish through than the screens tested at the Westside Screens. The estimated passage efficiency for
the Westside Screens was 83.2 percent (Neitzel et al. 1990).
Neitzel et al. (1990) estimated based on capture efficiencies that 8.5 percent (± 5.5) of the
Chinook salmon fry entering the Town Canal passed over, around, or through the drum screens.
In comparison to the Westside and Town screens, drum screens at the Feed Canal (Feed Canal
Dam) on the Umatilla River were highly efficient at preventing fall Chinook salmon fingerlings
from entering the canal (Knapp 1994). This could be due to improved drum screen bottom seal
designs (Knapp 1994). However, some fish leakage was observed. Screen efficiencies ranged
from 99.85 to 100 percent (Knapp 1994). Overall screening efficiency was 99.95 percent. Mean
fork length of fish that leaked through the screens (mean 63 mm, SD 5.6) was not significantly
smaller than the mean size of treatment fish released upstream of the screens. No impingement or
rollover was observed during the testing. Most fish moved past the screens in the afternoon and
early evening when water temperatures were near the daily maximum.
Drum screens at Furnish Canal (Stanfield Dam on the Umatilla River) almost completely
prevented fall Chinook salmon from entering the canal when canal withdrawals were near
maximum nominal flow (107 cfs to 117 cfs). Leakage was only observed at one screen with one
fish (fork length of 60 mm). Overall screening efficiency of the seven screens combined was
99.99 percent (Knapp 1994).
Test fish that leaked through the screens most likely accessed the canal through the bottom seals.
Side seals and spray foam filler between the screen frames and concrete foundations were in
good condition before and after testing. Substantial silt and debris deposits at the base of the
screens potentially create an area of lower water velocity in front of the bottom seals, where
small fish are able to hide and hold. Silt also contributes to the wear on the seals. Leaf debris on
drum screens and large debris on trash racks can impact screen operation and harm fish. Algae
accumulation can cause screen to malfunction, prevent proper rotation, and impede flow.
Design of drum screen bottom seals, including the angle of the seal mount and seal placement on
the mount, has improved since the screen facility at Feed Canal was reconstructed. Another
improvement not incorporated at Feed Canal was the use of screen footings at the base of screens
for wedging the screen forward and against the guide walls to eliminate gaps (Knapp 1994).
At Stanfield Dam and the Furnish Canal drum screens, the seals included screen sidebands to
minimize side seal wear and the use of screen fasteners compatible with screening material.
However, electrolysis and corrosion of screen fasteners has been evident and contributes to
bottom seal wear with contact during screen rotation (Knapp 1994).
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As indicated by the studies conducted by Neitzel et al. (1990), if spawning occurs near a screen
site, some emergent Chinook salmon fry, as well as fry of other species, can pass through drum
screens constructed from 1/8-inch mesh screens. Energy Northwest (2009) Fish Salvage Report
showed that 13 salmonids were captured in the stilling basin above the drums screens. Of these,
four were coho salmon, six were steelhead juveniles and three were coastal cutthroat trout.
In addition to this, 30 juvenile salmonids were discovered inside the drums during fish salvage in
2010 (Energy Northwest 2010). It is assumed that these fish may have entered the drums at
locations where dents occurred (from vandalism), creating small openings that allowed fish to
enter between the rubber seals and the drum when the drum rotated. In 2011, 20 juvenile
salmonids were found in the drum as a result of debris damage when the Snyder Creek
overflowed into the tailrace when the beaver dams were breached (Energy Northwest 2011).
Although listed salmonids were found in the tailrace and stilling basin in from 2012 – 2014,
these fish were likely displaced when Snyder Creek overflowed into the tailrace. Once the fish
were there, they could not exit to the Cowlitz River due to the presence of the tailrace barrier
(Energy Northwest 2012, 2013, 2014).
Debris such as trash, yard waste, limbs, and sticks occasionally builds up on the screens. The
extra pressure exerted by the debris sometimes results in shear pin failure causing the drum
screens to stop rotating. Operations are restored by removing the debris and replacing the shear
pins (Energy Northwest 2010). The screen integrity tests indicated that screen seals play a vital
role in preventing fish from entering the canal.
Improper maintenance or operation of the drums may allow fish to have access to the tailrace and
stilling basin, or cause delay, injury, or mortality of listed salmonids. Annual inspection and
replacement of screen seals might reduce losses, and a new seal design may be necessary if the
present loss rate is not acceptable. The screen integrity tests indicated that screen seals play a
vital role in preventing fish from entering the canal. Annual inspection and replacement of screen
seals might reduce losses, and a new seal design may be necessary if the present loss rate is not
acceptable (Neitzel et al. 1990).
NMFS estimates that the following number of fish and redds will be potentially impacted by
entrainment during planned outages in the stilling basin and project tailrace:
Chinook:
0 redds, 140 juveniles, and 0 adults
Coho:
0 redds, 924 juveniles, and 0 adults
Steelhead:
0 redds, 286 juveniles, and 0 adults
2.4.2.4 Fish Salvage Exposure and Response
Energy Northwest will monitor the tailrace slough once a week starting the first week of July of
each year to determine whether the Cowlitz River side channel is flowing into the tailrace
slough. If the Cowlitz River side channel is flowing into the tailrace slough, then Energy
Northwest is not required to install the temporary weir to protect salmon redds because the
Cowlitz River side channel backwater flows keep the redds covered in the tailrace slough during
the outage period.
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If the Cowlitz River side channel is not flowing into the tailrace slough, then Energy Northwest
shall construct a temporary weir by July 15th close to the confluence of the tailrace slough and
the mainstem Cowlitz River to exclude salmon from spawning in the tailrace slough until 1)
tailrace flows are returned to the slough after the outage period or until 2) the tailrace slough
discharge no longer provides attractant flows into the mainstem Cowlitz River. Energy
Northwest will use the temporary weir to prevent fish from entering the tailrace slough. Fish will
be salvaged if they enter the tailrace:
Chinook salmon - The maximum number of Chinook juveniles removed from the stilling basin
or project tailrace was 4, in 2014. NMFS estimates 6 that a maximum of 140 7 chinook juveniles
per year will be handled/salvaged to remove them from above the tailrace barrier. Once Snyder
Creek is rerouted, as required under the new license, fish will be precluded from the area above
the tailrace barrier, provided the barrier is not vandalized or damaged, and high flows from the
Cowlitz River do not spill into the tailrace.
Coho salmon - The maximum number of coho juveniles removed from the stilling basin or
project tailrace was 462, in 2012. NMFS estimates that a maximum of 9248 coho juveniles per
year will be experience fish handling and salvage efforts above the tailrace barrier. Once Snyder
Creek is rerouted, as required under the new license, fish will be precluded from the area above
the tailrace barrier, provided the barrier is not vandalized or damaged, and high flows from the
Cowlitz River do not spill into the tailrace.
Steelhead - The maximum number of steelhead juveniles removed from the stilling basin or
project tailrace was 143, in 2012. NMFS estimates that a maximum of 2869 steelhead juveniles
per year will experience fish handling and salvage efforts above the tailrace barrier. Once Snyder
Creek is rerouted, as required under the new license, fish will be precluded from the area above
the tailrace barrier, provided the barrier is not vandalized or damaged, and high flows from the
Cowlitz River do not spill into the tailrace.
Energy Northwest only proposes to conduct fish salvage efforts for planned outages but not for
unplanned outages. During planned outages, depending upon initial flow and the length of the
outage, there is the potential for fish to be stranded in the stilling basin and tailrace (if fish get
past the fish barrier), and in the tailrace slough. Energy Northwest instituted a Fish Rescue Plan
as part of their monitoring for fish barrier effectiveness (EES Consulting 2006a).This plan
includes inspection of the Cowlitz River side channel that flows into the tailrace slough and
verification that the river is providing flow, take appropriate actions to rescue fish if needed,
within 12 hours of cessation of flows through the Project tailrace. Energy Northwest will also
6

These conservative estimates are based on the following assumptions: (1) the maximum number of planned
outages occurring per year is anticipated to be one – though not every annual maintenance outage would result in the
dewatering of the tailrace slough; (2) the installation of the weir would preclude adult spring Chinook from entering
the tailrace slough and spawning; (3) fall-run Chinook juveniles are not anticipated to overlap in time and space with
planned outage events.
7
To be conservative (overestimating), we used the number that was found in the tailrace slough.
8
To be conservative (i.e., account for possible variation in numbers in the future), this is double the maximum
number removed from the stilling basin or project tailrace.
9
To be conservative (i.e., account for possible variation in numbers in the future), this is double the maximum
number removed from the stilling basin or project tailrace.
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inspect and electrofish the section of the tailrace upstream of the fish barrier within 12 hours of
the Project’s shutdown, and seine the Project’s stilling basin within 72 hours of the outage, when
required (FERC 2009a; Energy Northwest 2009). All captured fish will be recorded and the
information will be provided in the annual report. This has been a requirement of the September
25, 2007 Biological Opinion (NMFS 2007). Fish salvage efforts began in 2008 and have
continued annually since then.
In order to accomplish this task during planned outages, biologists work down the entirety of the
concrete-lined tailrace using a backpack electrofisher and dip nets to collect any stranded fish. A
blocking net is placed at the upstream entrance to the stilling basin. This effort continues into the
tailrace slough during those times when the slough is dependent on flows from the Project. Fish
are collected in dip nets, transferred to water-filled buckets, and provided with aeration from a
portable aquarium pump if necessary. Fish are handled as little as possible in order to minimize
chance of injury or descaling (EES Consulting 2006a). Following salvage in the tailrace and
tailrace slough, a large seine is used to collect stranded fish from the stilling basin. A minimum
of two seining passes are made during each rescue effort.
While salvage efforts are intended to prevent the mortality of juvenile fish that would otherwise
be stranded and potentially die from desiccation during Project shutdowns, handling during
salvage operations can stress or injure fish, leading to incidental losses. Although only a small
percentage of fish are estimated to have died as a result of handling from fish salvage efforts,
sublethal stress can be expected for most juveniles, with mortalities occurring no more than 5
percent of the time for handled juveniles (NMFS 2008c). 10
Fish salvage efforts will help mitigate the potential effect on stranded adults and juveniles, but
will not be 100 percent effective; salvage efforts may occur too late to prevent the mortality of
some individuals and may leave juveniles in residual pools. NMFS assumes that the maximum
number of Chinook juveniles captured and rescued would be 100 for the spring-run population. 11
Based on the 2009 and 2011 fish salvage reports, NMFS anticipates that out of the fish captured
during a fish rescue event, 1.6 percent to 40 percent may face mortality from delayed salvage or
stress from desiccation. If NMFS assumes that 100 spring-run juvenile Chinook would
potentially be captured during a fish salvage event, that presumes that 2 – 40 juveniles would not
be rescued, or—out of a potential 140 juveniles exposed—71 percent would be salvaged, and 29
percent would face mortality from delayed salvage or from being left in residual pools.
Probable Risk to Listed Species from Fish Handling and Salvage
The critical question is how Chinook, coho, and steelhead are likely to respond to fish handling
and salvage activities. Fish handling during a salvage event could result in the protective mucus
10

NMFS anticipates that out of the ESA-listed fish that are captured and handled during fish salvage events, 2
percent are likely to be injured or killed, including delayed mortality, while the remainder are likely to survive with
no long-term adverse effects. Nonetheless, an estimate of 5 percent lethal take is used to allow for variations in
environment and work conditions during the capture and release operations (NMFS 2008c).
11
This estimate is based on NMFS 2008c biological opinion take estimate for stream restoration and fish passage
improvement actions authorized or carried out by the U.S. Army Corps of Engineers. This estimate assumes that
each fish handling action is likely to capture fewer than 100 listed juvenile salmon. Fall-run Chinook juveniles are
not anticipated to be present during annual shutdown in August, and should not be captured during fish salvage
efforts at that time.
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coating around the fish being physically removed. This results in decreased chemical protection,
osmoregulatory function, and lubrication, thereby causing the fish to use more energy to swim
(at a time when its energy reserves are already being used up metabolically) and disruption of the
physical barrier against invading organisms. Handling can damage scales and skin, which can
create an opening for invasion by pathogenic organisms. Physiological responses can include
disruption of osmoregulation; increased respiration; and changes in blood pressure, blood sugar,
and reserve of red blood cells (Francis-Floyd 1990), in addition to direct and delayed mortality.
Our exposure analyses concluded that we would expect up to one instance per year in which falland spring-run Chinook might be exposed to fish handling and salvage efforts in the tailrace and
stilling basin. Salvage efforts associated with planned outages are addressed in Section 2.6.14
and will not be addressed further here. We estimated that up to 140 juvenile Chinook might be
exposed per year in the stilling basin. We estimated up to 924 coho juveniles may be
encountered in the stilling basin, while we estimated up to 286 juvenile steelhead might be
exposed per year in the stilling basin.
The majority of fish captured and handled are anticipated to survive with no long-term adverse
effects. Nonetheless, of the fish captured and handled during fish rescue events, an estimate of 5
percent lethal take is used to allow for variations in environment and work conditions during the
capture and release operations (NMFS 2008c). Out of the 140 juvenile spring-run Chinook
potentially captured and handled per year, NMFS anticipates seven juveniles are likely to be
injured or killed. We estimate that 46 of the 924 coho and 14 of the 286 steelhead are likely to be
injured or killed during salvage efforts in the tailrace and stilling basin.
2.5 Cumulative Effects
“Cumulative effects” are those effects of future state or private activities, not involving Federal
activities, that are reasonably certain to occur within the action area of the Federal action subject
to consultation (50 CFR 402.02). Future Federal actions that are unrelated to the proposed action
are not considered in this section because they require separate consultation pursuant to section 7
of the ESA.
As part of the Court-ordered collaboration process for the 2008 Federal Columbia River Power
System Biological Opinion (NMFS 2008a), the State of Washington provided information on
various ongoing and future or expected projects that NMFS has determined are reasonably
certain to occur and to affect recovery efforts in the Lower Columbia basin (see list of projects in
Chapter 17 in Corps et al. 2007). These include tributary actions that will benefit specific
populations of LCR Chinook salmon, steelhead, and coho salmon, as well as actions that should
be generally beneficial throughout each ESU/DPS. All of these actions are either completed or
ongoing and are thus part of the environmental baseline, or are reasonably certain to occur. They
address protection and/or restoration of existing or degraded fish habitat, instream flows, water
quality, fish passage and access, and watershed or floodplain conditions that affect stream
habitat. Significant actions and programs include growth management programs (planning and
regulation), a variety of stream and riparian habitat projects, watershed planning and
implementation, acquisition of water rights and sensitive areas, instream flow rules, stormwater
and discharge regulation, Total Maximum Daily Load (TMDL) implementation, and hydraulic
project permitting. Responsible entities include cities, counties, and various state agencies. Many
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of these actions will have positive effects on the viability (abundance, productivity, spatial
structure, and/or diversity) of salmon and steelhead populations and the functioning of PBFs in
critical habitat designated for LCR Chinook salmon and steelhead and that proposed for coho
salmon. Therefore these activities are likely to have cumulative effects that will significantly
improve conditions for the three species that occur within the action area.
Some types of human activities that contribute to cumulative effects are expected to have adverse
impacts on populations and PBFs, many of which are activities that have occurred in the recent
past and have been an effect of the environmental baseline. These can also be considered
reasonably certain to occur in the future because they are currently ongoing or occurred
frequently in the recent past, especially if authorizations or permits have not yet expired.
Within the action area, non-Federal actions are likely to include urban development and other
land use practices. Although state, tribal, and private actions that provide infrastructure and
services for population growth, including water supply and runoff from impermeable surfaces,
are likely to continue within the action area, past effects on listed salmonids and their habitat are
not a guarantee of a continuing level of effect. That depends on whether there are economic,
administrative, and legal impediments (or, in the case of contaminants, safeguards), as described
above. NMFS finds it likely that the cumulative effects of these activities will have adverse
effects commensurate to those of similar past activities.
2.6 Integration and Synthesis
The Integration and Synthesis section is the final step in our assessment of the risk posed to
species and critical habitat as a result of implementing the proposed action. In this section, we
add the effects of the action (Section 2.4) to the environmental baseline (Section 2.3) and the
cumulative effects (Section 2.5), taking into account the status of the species and critical habitat
(Section 2.2), to formulate the agency’s biological opinion as to whether the proposed action is
likely to: (1) reduce appreciably the likelihood of both the survival and recovery of a listed
species in the wild by reducing its numbers, reproduction, or distribution; or (2) reduce the value
of designated critical habitat for the conservation of the species.
Each species considered in this biological opinion is listed as threatened, based on declines in
abundance, productivity, spatial structure, and phenotypic/genotypic diversity reductions. The
component populations from the species also at abundance and productivity levels that are below
recovery targets. Habitat conditions at the designation scale are systemically degraded by an
extensive suite of anthropogenic changes, though some watersheds and locations are more intact
than others. Within the baseline, habitat conditions are highly modified by the presence and
operation of the existing facilities, and individual fish from the populations are negatively
affected by both the habitat conditions, and by specific direct effects of the operations. To this
context of conditions of habitat and species we consider the addition of effects from the proposed
action to habitat and species, to determine the influence on survival, recovery, and conservation.
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2.6.1 Addition of Critical Habitat Effects
As described in detail above, multiple elements of the proposed project will affect several PBFs
of designated critical habitat. The features affected serve several habitat functions, and these
functions provide the conservation values for which the designation was made. While
conservation value can be high in locations with degraded habitat features, when degradation of
features prevents the habitat areas from serving the function for species that are needed by
various life-stages, then the loss of that function can, depending on the population characteristics
relative to viability, reduce the conservation potential of the action area, the watershed, or the
entire designated area. The anticipated effects to PBFs for all life history stages are presented
here.
•

Water quantity: Long-term reduction in flow to the tailrace slough due to planned and
unplanned Project outages, temporary dewatering of eggs previously deposited in redds
for LCR Chinook, steelhead and coho; long-term increase in lower Lake Creek under the
proposed flow regime, and improved riparian function from restoration and enhancement
activities for LCR steelhead and coho. For each of these species, diminishment of water
quantity decreases the value for spawning sites, rearing sites, and migration corridors.

•

Water quality: Short-term increase in total suspended solids, and DO demand due to
riparian disturbance from restoration and enhancement measures in Lake Creek for LCR
steelhead and coho; long-term increase in DO demand and temperature due to the release
of warm water from the Project into the tailrace slough side channel and lower Lake
Creek for LCR Chinook, steelhead and coho. For each of these species, diminishment of
water quantity decreases the value for spawning sites, rearing sites, and migration
corridors.

•

Substrate: In lower Lake Creek, short-term reduction in quality due to increased
compaction and sedimentation from restoration and enhancement activities, along with
long-term increase in quality due to gravel placement, and increased sediment storage
from boulders and large wood in lower Lake Creek for LCR steelhead and coho. Shortterm reduction in quality due to dewatering from planned and unplanned outages in the
tailrace slough for LCR Chinook, steelhead and coho. For each of these species, the
detriment to substrate diminishes spawning habitat.

•

Floodplain connectivity: Short-term decrease due to increased compaction and riparian
disturbance; long-term improvement due to off- and side-channel habitat. These positive
and negative effects on the whole are positive for freshwater rearing habitat, particularly
for steelhead, and spring chinook.

•

Forage: Short-term decrease due to riparian and channel disturbance, and water quality
impairments; long-term improvement due to improved habitat diversity and complexity,
and improved riparian function and floodplain connectivity, and increased litter retention.
Forage is a feature of freshwater rearing habitat for each of these species.

•

Natural cover: Short-term decrease due to riparian and channel disturbance; long-term
increase due to improved habitat diversity and complexity. Cover is a feature of
freshwater rearing and migration habitat for each of these species.
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•

Free passage: Migration habitat will be briefly diminished by short-term decreases in
water quality.

Based on our analyses of the evidence available, the quantity, quality, or availability of the
constituent elements or other physical, chemical, or biotic resources are likely to decline as a
result of being exposed to stressors associated with Packwood Lake Hydroelectric Project
relicensing activities. Most of these stressors are not likely to exclude LCR Chinook, steelhead or
coho from designated critical habitat, and for those stressors that do exclude LCR Chinook,
steelhead or coho (restoration, planned and unplanned outages, and fish salvage), exclusion
would be for a temporary period of time. We do not anticipate that the reduction in the quantity,
quality, and availability of PBFs from stressors is likely to be sufficient to reduce the
conservation value of the designated critical habitat for LCR Chinook, steelhead or coho in the
action area. In fact, some conditions (temperature and riparian function) would improve when
compared to current design and operation, by shifting the planned outages to August for the
tailrace slough, and enhancement measures in lower Lake Creek. Even when considered in the
context of negative cumulative effects that will accrue over time, because the effects of the
proposed action include both negative and positive effects to critical habitat, and when
considered at the action area scale, where the land is primarily not likely to become converted to
private or commercial uses, conservation values of the habitat are likely to remain at or near their
current level of function for species.
2.6.2 Addition of Effects to Listed Species
Our exposure analyses concluded that some LCR Chinook and coho salmon, and LCR steelhead
are likely to be exposed to restoration and enhancement, water temperature increases, decreasing
DO levels, fish handling from salvage efforts, drum screen operation, and dewatering stressors
associated with the continued operation, maintenance, restoration, and monitoring of the
Packwood Lake Hydroelectric Project. Due to the timing of their migration and their population
numbers, spring-run LCR Chinook are likely to have higher exposure rates than fall-run LCR
Chinook. We also anticipate that coho are more likely to be exposed to Project stressors than
Chinook or steelhead due to the far greater numbers of coho that are released into the Project
area. The figures below indicate the numbers, by species and life stages, expected to experience
direct or indirect effects from the project:
Chinook
Unplanned Outages:
Tailrace Slough:
Tailrace Slough:
Planned Outages:
Tailrace Slough:
Tailrace Slough:

12 fall Chinook redds, 420 juveniles, and 2 adults
12 spring Chinook redds, 840 juveniles, and 2 adults
0 fall Chinook redds, 0 juveniles, and 0 adults
0 spring Chinook, 140 juveniles, and 0 adults

Tailrace Slough Total: 24 redds, 1,400 juveniles, and 4 adults
Stilling Basin and Project Tailrace:
0 redds, 140 juveniles, and 0 redds
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Chinook Total: 24 redds, 1,540 juveniles, and 4 adults
Coho
Unplanned Outages:
Tailrace Slough: 57 coho redds, 7,530 juveniles, and 33 adults
Planned Outages:
Tailrace Slough: 0 coho redds, 1,255 juveniles, and 0 adults
Total: Tailrace Slough: 57 redds, 8,785 juveniles, and 33 adults
Stilling Basin and Project Tailrace: 0 redds, 924 juveniles, and 0 adults
Coho Total Impact: 57 redds, 9,709 juveniles, and 33 adults
Steelhead
Unplanned Outages:
Tailrace Slough: 12 steelhead redds, 840 juveniles, and 2 adults
Planned Outages:
Tailrace Slough: 0 steelhead redds, 140 juveniles, and 0 adults
Total: Tailrace Slough: 12 redds, 980 juveniles, and 2 adults
Stilling Basin and Project Tailrace:
0 redds, 286 juveniles, and 0 redds
Steelhead Total Impact: 12 redds, 1,266 juveniles, and 2 adults
Probable Risk to Listed Species from Operational Changes
Although the information available did not allow us to estimate the number of instances LCR
Chinook, coho, and steelhead might be exposed to tailrace barrier operations associated with
Project operations, we assume that some adult and juvenile Chinook, coho and steelhead are
likely to be exposed to the potential entrainment associated with the operation of the tailrace
barrier at the terminus of the tailrace in the slough.
The basic objective of operating the drum screens is to exclude fish from the project tailrace and
stilling basin without causing delay, injury, or mortality to listed salmonids. Conversely,
improper operation, screen blockage from trash or algae, increased predation, screen seal failure,
and flooding in the tailrace slough that overtops the tailrace barrier or flooding in Snyder Creek
which then allows fish to enter the Project tailrace can contribute to delays in migration, injury,
or mortality to listed species.
Past seining operations have captured salmonids above the tailrace barrier. However, there were
only five Chinook juveniles captured in the number of years of seining. Most of the salmonids
may have come from Snyder Creek over topping the tailrace. Once Snyder Creek is rerouted, this
recruitment of fish will likely cease. There were two consecutive years (2008-2009) of seining
that documented fewer than 50 fish in the stilling basin above the tailrace barrier (Energy
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Northwest 2010). This indicates that the barrier may be meeting criteria and would be considered
successful for precluding salmonids from the tailrace and stilling basin. However, just because
barrier operation is meeting criteria, it does not mean that salmonids are not potentially being
affected.
Monitoring and maintaining the effectiveness of the tailrace barrier screen and reporting the
results of monitoring in an annual report, as required by NMFS in its Biological Opinion (NMFS
2007), would likely continue to prevent the upstream migration of resident and anadromous fish
into the project tailrace and stilling basin and thus, minimize any potential adverse effects on
these species associated with project operations and maintenance.
If Energy Northwest’s adaptive monitoring program indicates that the goal of the barrier is not
being met, then Energy Northwest would make the necessary adjustments or modifications to the
facility as directed by NMFS and WDFW in an effort to achieve the goal (FERC 2009a).
Following the successful termination of the screen efficiency tests, fish rescue above the fish
barrier would not be necessary.
Species Risk Summary
After we consider the effects to individuals of species that were presented above, our analyses
must evaluate if exposure and response among threatened individuals associated with relicensing
the Project are likely to experience to affect the viability of the populations, and then to the
species. Population level responses to the effects of the proposed action (i.e., habitat alterations,
increased temperatures, decreased DO, and dewatering) can be thought of as the integrated
response of individual organisms to environmental change. Thus, instantaneous measures of
population characteristics, such as population abundance, population spatial structure and
population diversity, are the sum of individual characteristics within a particular area, while
measures of population change, such as population growth rate, are measured as the productivity
of individuals over the entire life cycle (McElhany et al. 2000).
Based on the evidence available, we conclude that the activities associated with the continued
operation, maintenance, and restoration of the Packwood Lake Hydroelectric Project for the 50year license term is likely to adversely affect the population dynamics, behavioral ecology, and
social dynamics of individual Chinook in ways or to a degree that would reduce their fitness.
However, the number of individuals that are likely to be affected relative to the size of the
populations they represent are not likely to reduce the viability of the LCR fall- and spring-run
Chinook, coho, and steelhead populations those fish represent (i.e., we would not expect
reductions in the reproduction, numbers or distribution of those populations). Since some of the
changes are made with the intention of improving conditions so that survival (abundance which
can translate to productivity) improves, we can factor that with our analysis to determine that the
number of fish adversely affected by the proposed action will be far too small to have a
meaningful effect on abundance, distribution, productivity, or genetic diversity of any affected
population.
Because the likely negative effects of this action on listed fish among LCR Chinook, coho and
steelhead populations are balanced by the positive effects of the planned habitat improvements
and some reduction of impacts associated with planned operational changes, we expect that the
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numeric losses identified above will not have any effects at the population level in a manner that
further diminishes current levels of abundance or productivity. We also thing that spatial
structure and diversity will not be diminished by the proposed action. As a result, the activities
the Energy Northwest plans to conduct at the Packwood Lake Hydroelectric Project each year for
the next 50 years would not be expected, even in the context of cumulative effects, likely to
appreciably reduce LCR Chinook, coho, or steelhead’s likelihood of surviving and recovering in
the wild at the species scale.
2.7 Conclusion
After reviewing the current status of the listed species and critical habitat, the environmental
baseline within the action area, the effects of the proposed action, any effects of interrelated and
interdependent activities, and cumulative effects, it is NMFS’ biological opinion that the
proposed action is not likely to jeopardize the continued existence of LCR Chinook salmon, LCR
coho salmon, or LCR steelhead or to destroy or adversely modify LCR Chinook or LCR
steelhead or LCR coho designated critical habitat.
2.8 Incidental Take Statement
Section 9 of the ESA and Federal regulations pursuant to section 4(d) of the ESA prohibit the
take of endangered and threatened species, respectively, without a special exemption. “Take” is
defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt
to engage in any such conduct. “Harm” is further defined by regulation to include significant
habitat modification or degradation that actually kills or injures fish or wildlife by significantly
impairing essential behavioral patterns, including breeding, spawning, rearing, migrating,
feeding, or sheltering (50 CFR 222.102). “Incidental take” is defined by regulation as takings
that result from, but are not the purpose of, carrying out an otherwise lawful activity conducted
by the Federal agency or applicant (50 CFR 402.02). Section 7(b)(4) and section 7(o)(2) provide
that taking that is incidental to an otherwise lawful agency action is not considered to be
prohibited taking under the ESA if that action is performed in compliance with the terms and
conditions of this incidental take statement.
2.8.1 Amount or Extent of Take
In the biological opinion, NMFS determined that incidental take would occur as follows.
FERC’s Proposed Action is designed to minimize incidental take of LCR Chinook, LCR coho,
and LCR steelhead. In Section 2.4, NMFS described the mechanisms by which ESA-listed
anadromous fish would likely be affected (taken) by Project operation, maintenance, restoration
and salvage. The following sections describe the amount or extent of take that NMFS expects
would result based on the anticipated effects of the Proposed Action.
Extent of Harm (Unquantifiable Take Associated with Habitat Effects)
Take caused by the habitat-related effects of this action cannot be accurately quantified as a
number of fish because the distribution and abundance of fish that occur within an action area are
affected by habitat quality, competition, predation, and the interaction of processes that influence
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genetic, population, and environmental characteristics. These biotic and environmental processes
interact in ways that may be random or directional, and may operate across far broader temporal and
spatial scales than are affected by the proposed action. Thus, the distribution and abundance of fish
within the action area cannot be attributed entirely to habitat conditions, nor can NMFS precisely
predict the number of fish that are reasonably certain to be injured or killed if their habitat is
modified or degraded by the proposed action. In such circumstances, NMFS uses the causal link
established between the activity and the likely changes in habitat conditions affecting the listed
species to describe the extent of take as a numerical level of habitat disturbance.

Energy Northwest has not provided anticipated time and duration for the restoration activities,
which may incidentally result in harm, and therefore potential exposure for listed species at
various life stages is impossible to determine.
Here, the best available indicator for the extent of take is the total length of stream reach that will
be modified during enhancement and restoration authorized or carried out under the proposed
action because that variable is directly proportional to harm and harassment attributable to this
action. Because each action may modify up to 600 linear feet of riparian and shallow-water
habitat in addition to the action’s footprint, and two actions are anticipated to occur (diversion of
Snyder Creek 12 and restoration and enhancement in lower Lake Creek), 13 the extent of take for
the proposed enhancement and restoration projects is 7,280 linear stream feet. In the
accompanying biological opinion, NMFS determined that this level of incidental take is not
likely to result in jeopardy to the listed species.
Similarly, the numbers of fish that will affected by temperature increases and DO decreases that
would result from proposed flow regime in lower Lake Creek is likely to cause sublethal or lethal
harm (take in the form of physiological stress, avoidance, increased risk of disease or
interference with smoltification of a small number of juveniles) cannot be quantified. The extent
of take, that area where harm will occur, however can be anticipated.
This take will occur within the 250 - 3,000 feet of the tailrace slough, the 1,400 feet for the
Snyder Creek diversion, and the 1 mile accessible reach of lower Lake Creek
Quantifiable Amount of Take
Incidental take in the form of injury or death caused by the adverse effects of the proposed action
that can be quantified includes (a) dewatering of redds and desiccation and stranding of
juveniles and adults during unplanned and planned project outages; (b) capture of juvenile fish,
some of which will be injured or killed during fish salvage and handling efforts:
12

Energy Northwest is proposing to divert Snyder Creek into Hall Creek upstream of the tailrace. This diversion
project would shift Snyder Creek into a drainage path that runs parallel to the tailrace, entering Hall Creek just
downstream of the flume. This reach is approximately 800 feet in length. NMFS anticipates that take will occur
within an area that extends not more than 300 feet upstream and 300 feet downstream from the diversion action’s
footprint for the duration of the construction period (commonly hours to days). In total this would encompass 1,400
feet of Snyder Creek.
13
Lower Lake Creek stream restoration and enhancement (placement of gravel and LWD) would occur in the lower
1.0 mile reach of lower Lake Creek. NMFS anticipates that take will occur within an area that extends no more than
300 feet upstream and 300 feet downstream from the restoration action’s footprint for the duration of the
construction period (commonly hours to days). In total this would encompass 5,880 feet of lower Lake Creek. This
is based on the analysis done by NMFS (2008c) for restoration and fish passage improvement actions authorized or
carried out by the U.S. Army Corps of Engineers in Oregon (NMFS 2008c).
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•

Amount of Take for Planned Outages
NMFS anticipates that a maximum of 140 juvenile spring-run Chinook; 1,255 juvenile
coho; and 140 juvenile steelhead individuals, per year, will be stressed, injured, or killed
as a result of planned outages.
Out of the juveniles exposed to planned outages, many will be rescued through fish
salvage efforts (as described below). However, salvage will not be 100 percent effective,
and is anticipated to leave juveniles in residual pools, or be too late to prevent the
mortality of some individuals. NMFS anticipates 29 percent would face mortality from
delayed salvage or being left in residual pools.

•

Amount of Take for Unplanned Outages
NMFS anticipates that a maximum of 12 fall-run Chinook redds, 14 420 juvenile fall-run
Chinook, and 2 adult fall-run Chinook; 12 spring-run Chinook redds, 15 840 juvenile
spring-run Chinook, and 2 adult spring-run Chinook; 57 coho redds, 7530 juvenile coho,
and 33 adult coho; 12 steelhead redds, 840 juvenile steelhead, and 2 adult steelhead
individuals, per year, will be stressed, injured, or killed as a result of unplanned outages.
NMFS anticipates that mortalities will be less than this, but this estimate is intended to be
precautionary and allow for variations in the environment and operation of the Project.

•

Amount of Take for Fish Salvage
Energy Northwest proposes to conduct fish salvage efforts during planned outages when
the tailrace slough is dependent on flows from the Project. For fish handling and salvage
efforts in the tailrace slough, NMFS estimates that out of the maximum of one adult fallrun Chinook; 140 juvenile spring-run Chinook and one adult spring-run Chinook; 1,255
juvenile coho; and 140 juvenile steelhead individuals, per year, exposed to dewatering
from planned outages per year, the majority will be captured through fish handling and
salvage efforts.
The majority of fish captured and handled are anticipated to survive with no long-term
adverse effects. Nonetheless, of the fish captured and handled during fish rescue events,
an estimate of 5 percent lethal take is used to allow for variations in environment and
work conditions during the capture and release operations (NMFS 2008c). Out of the one
adult fall-run Chinook; 100 juvenile spring-run Chinook, and one adult spring-run
Chinook; 890 juvenile coho; and 100 juvenile steelhead individuals potentially captured
and handled per year, NMFS anticipates 5 juvenile spring-run Chinook; 45 coho
juveniles, and 5 juvenile steelhead individuals, per year, are likely to be injured or killed.
Adults are not anticipated to die as a result of handling activities, but are expected to
experience sublethal stress.

Each element of the proposed action expected to have an incidental take of LCR Chinook, LCR
coho, and LCR steelhead.
14

12 is the maximum redds anticipated to be taken per year for both planned and unplanned outages.
12 redds are the maximum number of redds anticipated to be taken per year for both planned and unplanned
outages.
15
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2.8.2 Effect of the Take
In the biological opinion, NMFS has determined that the amount or extent of anticipated take
from the Proposed Action is not likely to jeopardize the survival and recovery of LCR Chinook
salmon, LCR coho salmon, or LCR steelhead in the action area. Further, NMFS determined that
the Proposed Action is not likely to result in destruction or adverse modification of critical
habitat for LCR Chinook salmon, LCR steelhead, or LCR coho.
2.8.3 Reasonable and Prudent Measures and Terms and Conditions
“Reasonable and prudent measures” (RPMs) are nondiscretionary measures that are necessary or
appropriate to minimize the impact of the amount or extent of incidental take (50 CFR 402.02).
“Terms and conditions” implement the reasonable and prudent measures (50 CFR 402.14). These
must be carried out for the exemption in section 7(o)(2) to apply.
FERC has the continuing duty to regulate the activities covered in this ITS. If FERC fails to
require the Licensee to adhere to the terms and conditions of the ITS through enforceable terms
that are in the license, or fails to retain the oversight to ensure compliance with these Terms and
Conditions, the protective coverage of Section 7(o)(2) may lapse. Activities carried out in a
manner required by these RPMs, except those otherwise identified, will not necessitate further
site-specific consultation.
Reasonable and Prudent Measures
NMFS believes that the following reasonable and prudent measures are necessary and
appropriate to minimize or to monitor the incidental take of the LCR Chinook salmon, LCR coho
salmon, or LCR steelhead species resulting from the Proposed Action. In order to be exempt
from the prohibitions of Section 9 of the ESA, FERC must comply with all of the reasonable and
prudent measures and terms and conditions set forth below.
1.

Conduct ongoing monitoring and reporting program to confirm the incidental take
estimated in this statement, and that the Terms and Conditions of this Incidental Take
Statement are effective in avoiding and minimizing incidental take from permitted
activities. Conduct required biological monitoring to evaluate post-restoration and
enhancement conditions and operational changes.

2.

Minimize the likelihood of incidental take from restoration and enhancement measures
by applying terms and conditions and the project specifications that avoid or minimize
adverse effects to riparian and aquatic habitats during these activities.

3.

Minimize the number of mortalities caused by stranding fish from planned and unplanned
Project outages.

4.

Minimize take from fish handling during monitoring/evaluation studies and fish salvage
operations by applying permit conditions that avoid or minimize adverse effects.

5.

Continue the measures for maintenance, testing, and operation of the screen to ensure the
continued efficacy and minimize risk of water quality impairment and disturbance of listed
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fish within the tailrace. Conduct monitoring and report the results in an annual report to
NMFS (NMFS’ section 18 article 1).

6.

Ensure continued protection from prior agreed-upon measures during relicensing discussions
(FERC 2009a) for listed salmonids.

7.

Ensure that recent reintroduction of fall-run Chinook does not create additional impacts
that were not considered in the biological opinion associated with this ITS.

8.

Implement the Water Temperature Monitoring and Enhancement Plan as required by the
WDOE in the 401 Water Quality Certification.

9.

Prepare and provide NMFS with plan(s) and report(s) describing how listed species in the
action area would be protected and/or monitored and to document the effects of the action
on listed species in the action area.

Terms and Conditions
The terms and conditions described below are non-discretionary, and FERC or any applicant
must comply with them in order to implement the reasonable and prudent measures (50 CFR
402.14). FERC or any applicant has a continuing duty to monitor the impacts of incidental take
and must report the progress of the action and its impact on the species as specified in this
incidental take statement (50 CFR 402.14). If the entity to whom a term and condition is directed
does not comply with the following terms and conditions, protective coverage for the proposed
action would likely lapse. To be exempt from the prohibitions of Section 9 of the ESA, FERC
must ensure that Energy Northwest fully carries out the conservation measures in their new
license to be issued by FERC.
FERC must include in the license the following terms and conditions that carry out the RPMs
listed above. Partial compliance with these terms and conditions may result in more take than
anticipated, and invalidate this take exemption. These terms and conditions constitute no more
than a minor change to the proposed action because they are consistent with the basic design of
the proposed action.
To carry out RPM #1, FERC or its Licensee must undertake the following Term and
Condition 1:
1. Prepare, in consultation with NMFS and consistent with NMFS’ terms and conditions
and recommendations (NMFS 2008), all design, monitoring and evaluation plans
required by FERC or by this opinion to protect ESA-listed Chinook and coho salmon,
and steelhead, and Chinook and steelhead and coho critical habitat.
2. Ensure completion of a comprehensive monitoring and reporting program regarding all
actions authorized or completed under the restoration and enhancement measures.
3. Conduct monitoring to determine if tailrace fish screen is effectively excluding fish from
Project tailrace and stilling basin without causing delay, injury, or mortality of listed species.
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4. All Chinook, coho, and steelhead fish handling must be conducted by qualified
biologists, and all staff participating in fish and aquatic studies must have the necessary
knowledge, skills, and abilities to ensure safe handling of Chinook and coho salmon and
steelhead. Carry out each study using Best Management Practices (BMPs) for the
collection, handling, and transfer of LCR Chinook and LCR coho salmon, and LCR
steelhead, as appropriate.
5. Prepare an annual report that summarizes actions carried out during the previous calendar
year. These reports will fulfill the FERC’s requirements for notifying NMFS when the
amount or extent of incidental take is approached or exceeded (50 CFR §402.14(i)(1)(iv)
and (i)(3)).
To carry out RPM #2, FERC or its Licensee must undertake the following Term and
Condition 2 as part of Project related construction activities:
Design criteria related to in-water work timing, sensitive area protection, fish passage, erosion
and pollution control, choice of equipment, in-water use of equipment, and work area isolation
can avoid or reduce these adverse effects. Those measures will ensure that actions are not
completed at sites occupied by adult fish congregating for spawning or where redds are occupied
by eggs or pre-emergent alevins, defer construction until the fewest number of fish are present,
and otherwise ensure that the adverse environmental consequences of construction are avoided or
minimized (NMFS 2008c).
1. Develop and implement a stream restoration and enhancement plan (SREP) for the lowest
1.0 mile (RM 0.0 to 1.0) of Lake Creek in the anadromous zone, including the placement
of wood and gravel, after consultation with the natural resource agencies and tribes
within 2 years of license issuance, and monitor effectiveness.
2. Develop and implement a plan to improve fish passage on Snyder Creek where its culvert
crosses under the tailrace canal by rerouting Snyder Creek into Hall Creek on the
downstream side (south) of the tailrace canal within 2 years of license issuance, and
monitor effectiveness.
3. Continue maintenance of culvert until rerouting of Snyder Creek into Hall Creek is
complete.
4. Develop SREP and Snyder Creek passage plan and in consultation with NMFS. Include
in the SREP and Snyder Creek passage plan all necessary BMPs to minimize detrimental
effects to Chinook and coho salmon, steelhead, and Chinook, steelhead, and coho critical
habitat from turbidity and sedimentation, interim operations, and handling effects
associated with salvage and restoration and enhancement activities.
a. Inspection of erosion controls. During construction, the operator must monitor
instream turbidity and inspect all erosion controls daily during the rainy season
(October through May) and weekly during the dry season (June through
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September), or more often as necessary, to ensure the erosion controls are
working adequately. 16
i. If monitoring or inspection shows that the erosion controls are ineffective,
mobilize work crews immediately to make repairs, install replacements, or
install additional controls as necessary.
ii. Remove sediment from erosion controls once it has reached one-third of
the exposed height or capacity of the control.
b. Construction discharge water. Treat all discharge water created by construction
(e.g., concrete washout, pumping for work area isolation, vehicle wash water,
drilling fluids) as follows:
i. Water quality. Design, build, and maintain facilities to collect and treat all
construction discharge water, including any contaminated water produced
by drilling, using the best available technology applicable to site
conditions. Provide treatment to remove debris, nutrients, sediment,
petroleum hydrocarbons, metals, and other pollutants likely to be present.
ii. Discharge velocity. If construction discharge water is released using an
outfall or diffuser port, velocities will not exceed 4 feet per second, and
the maximum size of any aperture will not exceed one inch.
iii. Spawning areas. Do not release construction discharge water within 300
feet upstream of spawning areas unless it is clean construction discharge
water.
iv. Pollutants. Do not allow pollutants, including green concrete,
contaminated water, silt, welding slag, sandblasting abrasive, or grout
cured less than 24 hours to contact any wetland or the 2-year floodplain,
except cement or grout when abandoning a drill boring or installing
instrumentation in the boring.
c. During completion of habitat enhancement activities, no pollutants of any kind
(sewage, waste spoils, petroleum products, etc.) should come in contact with the
water body or wetlands or their substrate below the mean high-high water
elevation or 10-year flood elevation, whichever is greater.
d. Treated wood.
i. Construction or habitat enhancement activities will not use treated wood if
it may come in contact with flowing water or if it will be placed over
water, except for pilings installed following NMFS' guidelines.
ii. Visually inspect treated wood before final placement to detect and replace
wood with surface residues and/or bleeding of preservative.
16

“Working adequately” means that project activities do not increase ambient stream turbidity by more than 10
percent above background 100 feet below the discharge, when measured relative to a control point immediately
upstream of the turbidity-causing activity. The Licensee may request that this standard be adjusted by NMFS based
on review of the WDEQ 401 Water Quality Certification for construction, and in coordination with WDEQ.

NWR-2009-389

-73-

iii. Construction or habitat enhancement activities that require removal of
treated wood will use the following precautions:
1. Treated wood debris. Take steps designed to insure that no treated
wood debris falls into the water. If treated wood debris does fall
into the water, remove it immediately.
2. Disposal of treated wood debris. Dispose of all treated wood
debris removed during a project, including treated wood pilings, at
an upland facility approved for hazardous materials of this
classification or recycle or reuse the treated wood outside of
aquatic and riparian habitat. Do not leave treated wood pilings in
the water or stacked on the streambank.
e. Preconstruction activity. Complete the following actions before significant
alteration of the construction area:
i. Marking. Flag the boundaries of clearing limits associated with site access
and construction to prevent ground disturbance of critical riparian
vegetation, wetlands, and other sensitive sites beyond the flagged
boundary. Construction activity or movement of equipment into existing
vegetated areas must not begin until clearing limits are marked.
ii. Minimize areas impacted by construction. Construction impacts will be
confined to the minimum area necessary to complete the construction.
iii. Emergency erosion controls. Ensure that the following materials for
emergency erosion control are on site:
1. A supply of sediment control materials (e.g., silt fence, straw
bales).
2. An oil-absorbing, floating boom whenever surface water is present.
3. Temporary erosion controls. All temporary erosion controls will be
in place and appropriately installed downslope of construction
activity within the riparian buffer area until site rehabilitation is
complete.
f. Temporary access roads.
i. Steep slopes. Do not build temporary roads mid-slope or on slopes steeper
than 30 percent.
ii. Minimizing soil disturbance and compaction. Low-impact, tracked drills
will be walked to a survey site without the need for an access road.
Minimize soil disturbance and compaction for other types of access
whenever a new temporary road is necessary within 150 feet of a stream,
water body, or wetland by clearing vegetation to ground level and placing
clean gravel over geotextile fabric, unless otherwise approved in writing
by NMFS.
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g. Temporary stream crossings.
i. Do not allow equipment in the flowing water portion of the stream channel
where equipment activity could release sediment downstream, except at
designated stream crossings unless otherwise approved by NMFS.
ii. Minimize the number of temporary stream crossings.
iii. Design new temporary stream crossings as follows:
1. Survey and map any potential spawning habitat within 300 feet
downstream of a proposed crossing.
2. Do not place stream crossings at known or suspected spawning
areas or within 300 feet upstream of such areas if spawning areas
may be affected.
3. Design the crossing to provide for foreseeable risks (e.g., flooding
and associated bedload and debris) to prevent the diversion of
stream flow out of the channel and down the road if the crossing
fails.
4. Vehicles and machinery will cross riparian buffer areas and
streams at right angles to the main channel wherever reasonably
possible.
iv. Obliteration. When the project is completed, obliterate all temporary
access roads, stabilize the soil, and revegetate the site. Abandon and
restore temporary roads in wet or flooded areas by the end of the inwater
work period.
h. Vehicles and heavy equipment. Restrict use of heavy equipment as follows:
i. Choice of equipment. When heavy equipment will be used, the equipment
selected will have the least adverse effects on the environment (e.g.,
minimally sized, low ground pressure equipment).
ii. Vehicle and material staging. Store construction materials and fuel, and
operate, maintain, and store vehicles as follows:
1. To reduce the staging area and potential for contamination, ensure
that only enough supplies and equipment to complete a specific job
will be stored on-site.
2. Complete vehicle staging, cleaning, maintenance, refueling, and
fuel storage, except for that needed to service boats, in a vehicle
staging area placed 150 feet or more from any stream, water body,
or wetland, unless otherwise approved in writing by NMFS.
3. Inspect all vehicles operated within 150 feet of any stream, water
body, or wetland daily for fluid leaks before leaving the vehicle
staging area. Repair any leaks detected in the vehicle staging area
before the vehicle resumes operation. Document inspections in a
record that is available for review on request by NMFS.
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4. Before activities begin and as often as necessary during
construction activities, steam clean all equipment that will be used
below the bankfull elevation until all visible external oil, grease,
mud, and other visible contaminants are removed. Any washing of
equipment must be conducted in a location that will not contribute
untreated wastewater to any flowing stream or area that drains to a
stream.
5. Diaper all stationary power equipment (e.g., generators, cranes,
stationary drilling equipment) operated within 150 feet of any
stream, waterbody, or wetland to prevent leaks, unless suitable
containment is provided to prevent potential spills from entering
any stream or water body.
6. At the end of each work shift, vehicles must not be stored within or
over the waterway.
i. Site preparation. Conserve native materials for site rehabilitation.
i. Minimize alteration or disturbance of the streambanks and existing
riparian vegetation to the greatest extent reasonably possible.
ii. Except within the exact footprint of the construction zone, all existing
native vegetation within 150 feet of the edge of bank should be retained, to
the greatest extent reasonably possible.
iii. If possible, leave native materials where they are found.
iv. If native materials are moved, damaged, or destroyed, replace them with a
functional equivalent during site rehabilitation.
v. Stockpile any large wood, native vegetation, weed-free topsoil, and native
channel material displaced by construction for use during site
rehabilitation.
vi. Mechanical removal of undesired vegetation and root nodes is permitted.
Herbicides may be used as part of habitat restoration work, provided no
herbicide will be applied within 100 feet of the edge of the bank.
j. Isolation of in-water work area. If adult or juvenile Chinook, coho or steelhead
are reasonably certain to be present, or if the work area is less than 300 feet
upstream of salmonid spawning habitats, completely isolate the work area from
the active flowing stream using inflatable bags, sandbags, sheet pilings, or similar
materials, unless otherwise approved in writing by NMFS.
k. Earthwork. Complete earthwork (including drilling, excavation, dredging, filling,
and compacting) as quickly as reasonably possible.
i. Excavation. Material removed during excavation will only be placed in
locations where it cannot enter sensitive aquatic resources. Whenever
topsoil is removed, it must be stored in an upland location and secured to
prevent sediment-laden runoff from reentering streams or wetlands.
Topsoil must be reused on site to the greatest extent reasonably possible.
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If riprap is used for protecting a culvert inlet or outlet, it will be class 350
metric or larger, and topsoil will be placed over the rock and planted with
native woody vegetation.
ii. Site stabilization. Stabilize all disturbed areas, including obliteration of
temporary roads, following any break in work, unless construction will
resume within 4 days.
iii. Source of materials. Obtain boulders, rock, woody materials, and other
natural construction materials used for the project outside the riparian
buffer area. Spawning gravel for augmentation of spawning habitats must
be washed (i.e. cleaned, rinsed rock) river rock, of suitable size for LCR
Chinook, LCR coho, and LCR steelhead (as appropriate by location), and
if possible, from a source within the local watershed.
l. Boulder placement.
i. Site selection. Boulder placement will be limited to stream reaches with the
following features:
1. An intact, well-vegetated riparian area, including trees and shrubs
where those species would naturally occur, or that are part of
riparian area restoration action.
2. A stream bed that consists predominantly of coarse gravel or larger
sediments.
ii. Installation. Boulders will be installed as follows:
1. The cross-sectional area of boulders may not exceed 25 percent of
the cross-sectional area of the low flow channel, or be installed to
shift the stream flow to a single flow pattern in the middle or to the
side of the stream.
2. Boulders will be machine-placed (no end dumping allowed).
3. Permanent anchoring, including rebar or cabling, may not be used.
m. Large wood restoration. Stabilizing or key pieces of large wood that will be relied
on to provide streambank stability or redirect flows must be intact, hard, and
undecayed to partly decaying, and should have untrimmed root wads to provide
functional refugia habitat for fish. Use of decayed or fragmented wood found
lying on the ground or partially sunken in the ground is not acceptable.
n. Spawning gravel restoration.
i. Gravel placement. Gravel augmentation is limited to areas where the
natural supply has been eliminated or significantly reduced through
anthropogenic means.
ii. Gravel source. Gravel to be placed in streams must be obtained from an
upland source outside of the channel and riparian area (gravel from any
instream source is prohibited) size such that 50 percent of the gradation
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becomes mobile at the dominant discharge event, rounded and uncrushed
(less than 25 percent fractured face), and washed before instream
placement.
o. Site restoration. Any large wood, native vegetation, topsoil, and native channel
material displaced by construction will be stockpiled for use during site
restoration. When construction is finished, all streambanks, soils, and vegetation
will be cleaned up and restored as necessary to renew ecosystem processes that
form and maintain productive fish habitats. Fencing will be installed as necessary
to prevent access to revegetated sites by livestock or unauthorized persons.
p. Stormwater management: Prepare and carry out stormwater management
practices for construction of any new or refurbished Project-related facility or
habitat enhancement project that will produce a new impervious surface or a land
cover conversion that slows the entry of water into the soil.
i. The goal is to avoid and minimize adverse effects due to the quantity and
quality of stormwater runoff for initial construction, and throughout the
life of the newly completed facility (e.g., fish ladder, new road, culvert, or
habitat enhancement project that requires extensive land clearing) by
maintaining or restoring natural runoff conditions. The following criteria
and pertinent elements listed in this section “p” must be met to achieve the
following functions:
1. Minimize, disperse and infiltrate stormwater runoff onsite using
sheet flow across permeable vegetated areas to the maximum
extent reasonably possible without causing flooding, erosion
impacts, or long-term adverse effects to groundwater.
2. Pretreat stormwater from pollution generating surfaces, including
bridge decks, to the extent reasonably possible, before infiltration
or discharge into a freshwater system, as necessary to minimize
any nonpoint source pollutant (e.g., debris, sediment, nutrients,
petroleum hydrocarbons, metals) likely to be present in the volume
of runoff predicted from a 6-month, 24-hour storm.
ii. Runoffs/discharge into a freshwater system. When stormwater runoff will
be discharged directly into fresh surface water or a wetland, or indirectly
through a conveyance system, the following requirements apply.
1. Maintain natural drainage patterns and, whenever reasonably
possible, ensure that discharges from the work site occur at the
natural location.
2. Use a conveyance system comprised entirely of manufactured
elements (e.g., pipes, ditches, outfall protection) that extends to the
ordinary high water line of the receiving water.
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3. Stabilize any erodible elements of this conveyance system as
necessary to prevent erosion. Do not divert surface water from, or
increase discharge to, an existing wetland if that will cause a
significant adverse effect to wetland hydrology, soils or vegetation.
4. The velocity of discharge water released from an outfall or diffuser
port may not exceed 4 feet per second.
5. Waste anesthetic-laden water must be disposed of in accordance
with applicable laws.
q. Construction activities associated with habitat enhancement and erosion control
measures must meet or exceed BMPs and other performance standards contained
in the applicable state and Federal permits.
r. Construction monitoring and reporting. FERC will ensure that the Licensee
submits an annual report to NMFS describing the status of restoration and
enhancement activities, and if completed, the success in meeting the RPMs and
associated terms and conditions of this incidental take statement. The report will
include the following:
i. Construction activities identification.
1. Name of Licensee staff person responsible for construction
activities, construction activities names, and detailed description of
the activities.
2. Construction activities’ location by 5th or 6th field HUC and by
latitude and longitude as determined from the appropriate USGS 7minute quadrangle map.
3. Starting and ending dates for the work completed, or expected
completion date for ongoing construction activities.
ii. Photo documentation. Photo documentation of habitat conditions at the
construction site before, during, and after completion.
1. Include general views and close-ups showing details of the
construction activities and affected site, including pre- and postconstruction.
2. Label each photo with date, time, construction activity name,
photographer's name, and documentation of the subject activity.
iii. Project data:
1. Work cessation. Dates work ceased because of high flows, if any.
2. Pollution and erosion control. A summary of pollution and erosion
control inspections, including any erosion control failures,
contaminant releases, and correction efforts.
3. Description of site preparation.
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4. Isolation of inwater work area, capture, and release of Chinook and
coho salmon, and steelhead.
a. Supervisory fish biologist’s name and address.
b. Methods of work area isolation and take minimization.
c. Stream conditions before, during, and within 1 week after
completion of work area isolation.
d. Means of fish capture.
e. Number of Chinook and coho salmon, and steelhead
captured.
f. Location and condition of all Chinook and coho salmon,
and steelhead released.
g. Any incidence of observed injury or mortality of Chinook
and coho salmon, and steelhead.
5. Stream protection
a. Type and amount of materials used.
b. Project size - one bank or two, width, and linear feet.
6. Site rehabilitation. Photo or other documentation that site
rehabilitation performance standards were met.
NMFS will be reviewing the detailed construction plans submitted to advise
FERC regarding whether or not those plans are likely to meet the BMPs
articulated in this incidental take statement’s terms and conditions, or such
additional BMPs that NMFS deems appropriate.
NMFS will be reviewing the detailed construction plans submitted to advise FERC
regarding whether or not those plans are likely to meet the BMPs articulated in this
incidental take statement’s terms and conditions, or such additional BMPs that NMFS
deems appropriate.
To carry out RPM #3, FERC or its Licensee must undertake the following Term and
Condition 3:
1. Minimize incidental take from annual outage for Project maintenance by beginning
outage on August 15 of each operating year, and resuming operation by September 15 or
earlier if all necessary work has been completed.
2. Use a temporary weir to restrict spawning Chinook salmon in the Packwood Lake
Hydroelectric Project Tailrace slough during the annual outage period (August 15 –
September 14). Its goal is to prevent Chinook from spawning in the tailrace slough when
future water conditions within the slough may impact and desiccate redds. The temporary
weir will serve as a passage barrier to spawning salmon that attempt to enter the tailrace
slough from the mainstem Cowlitz River. The tailrace slough is defined as that section of
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water between the discharge point of Packwood Lake Hydroelectric Project’s tailrace,
downstream to the point at which that discharge water enters the main stem of the
Cowlitz River.
Energy Northwest will monitor the tailrace slough once a week starting the first week of
July of each year to determine whether the Cowlitz River side channel is flowing into the
tailrace slough:
a. If the Cowlitz River side channel is flowing into the tailrace slough then Energy
Northwest is not required to install the temporary weir to protect salmon redds
because the Cowlitz River side channel backwater flows keep the redds covered
in the tailrace slough during the outage period
b. If the Cowlitz River side channel is not flowing into the tailrace slough then
Energy Northwest shall construct a temporary weir by July 15th close to the
confluence of the tailrace slough and the mainstem Cowlitz River to exclude
salmon from spawning in the tailrace slough until tailrace flows are returned to
the slough after the outage period or until the tailrace slough discharge no longer
provides attractant flows into the mainstem Cowlitz River.
Temporary Weir Design, Installation, Monitoring and Reporting:
a. The temporary weir will be designed and constructed to minimize harm, prevent
adult salmon from passing over or around the weir and will be approved by the
WDFW and NMFS.
b. Construction and installation of the weir will be permitted by WDFW as per
WAC 220-110 Hydraulic code rules which establishes regulations for the
construction of hydraulic project(s) or performance of other work that will use,
divert, obstruct, or change the natural flow or bed of any of the salt or fresh waters
of the state, and sets forth procedures for obtaining a hydraulic project approval.
c. The weir will be designed and constructed of quality materials to assure it will
provide a non-passable barrier and to remain in the water for approximately 3-6
weeks each year.
d. The weir will be installed as near as practicable to the confluence of the tailrace
slough and the mainstem Cowlitz River, in an area with the lowest channel flow
and least water depth. The lower the depth of water at the weir site the less likely
fish would have an opportunity bypass the weir.
e. The weir will also extend a minimum of two feet (2’) on either side of the wetted
channel at the point of installation.
f. The weir will be installed no later than July 15th and shall be monitored a
minimum of once per week. Additionally, any upstream water in the tailrace
slough will be monitored at the same time for any salmon redds to determine the
effectiveness of the weir. Weekly monitoring results will be documented in the
tailrace fish barrier logs.
g. The weir will be removed by September 15 or when the tailrace slough discharge
no longer provides attractant flows into the mainstem Cowlitz River.
h. The weir shall be transported back to the Project and stored for future use.
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i. Energy Northwest shall provide NMFS and all stakeholders an annual report of
findings 30 days after the weir is removed or when it is determined by the above
criteria that no weir installation is required for that year.
3. Inspect the tailrace slough prior to the annual outage, and immediately after an unplanned
outage for adequate flows, and conduct fish rescue, if necessary, as well as record
observed mortalities and dewatering of redds, when outages are anticipated to be greater
than 24 hours.
4. Inspect the tailrace slough immediately after planned and unplanned outages for redds. If
adequate flows are not present, provide supplemental flows to the tailrace slough, if
necessary, until project flows are returned, when technically feasible.
To carry out RPM #4, FERC or its Licensee must implement Term and Condition 4 to ensure
that any listed salmonids trapped or captured during restoration, maintenance, monitoring, or
salvage operations are protected by undertaking the following:
1. Conduct fish rescue within 12 hours of planned or unplanned outages in the tailrace
slough if the slough is dependent on Project flows.
2. Take all appropriate steps to minimize the amount and duration of handling during
Chinook and coho salmon, and steelhead capture and release operations. The operations
must maintain captured fish in water to the maximum extent possible during
seining/netting, handling, and transfer for release to prevent and minimize stress.
a. Intermittently during isolation of an in-water work area, fish trapped in the area
must be captured using a trap, seine, electrofishing, or other methods as are
prudent to minimize risk of injury, then released at a safe release site. The fish
biologists for Energy Northwest or WDFW, or their subordinate staff, must
conduct all fish salvage operations, unless otherwise approved in writing by
NMFS.
b. Electrofishing- If electrofishing will be used to capture fish for salvage, NMFS’
electrofishing guidelines will be followed (NMFS 2000). Those guidelines are
available from the NMFS West Coast Region, Protected Resources Division,
Portland, Oregon.
i. Do no electrofish near listed adult salmonids in spawning condition or
near redds containing eggs.
ii. Keep equipment in good working condition. Complete manufacturer’s
preseason checks, follow all provisions, and record major maintenance
work in a log.
iii. Train the crew by a crew leader with at least 100 hours of electrofishing
experience in the field using similar equipment. Document the crew
leader’s experience in a logbook. Complete training in waters that do not
contain listed fish before an inexperienced crew begins any electrofishing.
iv. Measure conductivity and set voltage as follows:
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Conductivity (µS/cm)

Voltage

Less than 100

900 to 1100

100 to 300

500 to 800

Greater than 300

150 to 400

vi. Use direct current (DC) at all times.
vii. Begin each session with pulse width and rate set to the minimum needed
to capture fish. These settings should be gradually increased only to the
point where fish are immobilized and captured. Start with a pulse width
of 500 μs and do not exceed 5 milliseconds. Pulse rate should start at 30
Hz and work carefully upward. In general, pulse rate should not exceed
40 Hz, to avoid unnecessary injury to the fish.
viii. The zone of potential fish injury is 0.5 meters from the anode. Care should
be taken in shallow waters, undercut banks, or where fish can be
concentrated, because in such areas the fish are more likely to come into
close contact with the anode.
ix. Work the monitoring area systematically, moving the anode continuously
in a herringbone pattern through the water. Do not electrofish one area
for an extended period.
x. Have crew members carefully observe the condition of the sampled fish.
Dark bands on the body and longer recovery times are signs of injury or
handling stress. When such signs are noted, the settings for the
electrofishing unit may need adjusting. End sampling if injuries occur or
abnormally long recovery times persist.
xi. Whenever possible, place a block net below the area being sampled to
capture stunned fish that may drift downstream.
xii. Record the electrofishing settings in a logbook along with conductivity,
temperature, and other variables affecting efficiency. These notes, with
observations on fish condition, will improve technique and form the
basis for training new operators.
c. Do not use seining or electrofishing if water temperatures exceed 18°C, or are
expected to rise above 18°C, unless no other method of capture is available.
d. ESA-listed fish must be handled with extreme care, keeping fish in water to the
maximum extent possible during seining and transfer procedures to prevent the
added stress of out-of-water handling.
e. Water quality conditions must be adequate in tanks, buckets, or in sanctuary nets
that hold water to transport fish by providing circulation of clean, cold water,
using aerators to provide DO, and minimizing holding times.
f. Fish must be released into a safe release site as quickly as possible, and as near as
possible to capture sites. In general, any fish removed from the work area must be
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g.

h.
i.

j.

released back into the Cowlitz River immediately downstream of the work area,
unless otherwise directed by NMFS or WDFW.
ESA-listed fish must not be transferred to anyone except the fish biologists for the
Energy Northwest or WDFW, or their designated subordinate staff, unless
otherwise approved in writing by NMFS.
All other Federal, state, and local permits necessary must be obtained to conduct
the capture and release activity.
NMFS or its designated representative must be allowed to accompany the capture
team during the capture and release activity, and to inspect the team's capture and
release records and facilities.
An electronic copy of the Salvage Report Form must be submitted to NMFS
within 10 calendar days of completion of the salvage operations, noting the
quantities and species of fish salvaged, and mortalities observed.

3. Require a special seining operation be conducted when the Cowlitz River exceeds
elevation of 1044 feet MSL, meeting or exceeding the height of the fish exclusion racks
on the barrier (l044 feet MSL) or water is observed flowing into the tailrace canal
upstream of the barrier, a seining operation will be conducted in the Project stilling basin
as soon as waters recede to a level where fish salvage can be safely conducted.
To carry out RPM #5, FERC or its Licensee must undertake the following Term and
Condition 5:
1. Complete tailrace and stilling basin sampling as described in (Energy Northwest 2009,
FERC 2009a).
2. Maintain and monitor effectiveness of the tailrace fish barrier as required by NMFS
(2007), and detailed in Tailrace Fish Barrier Facility Maintenance Plan (Energy
Northwest 2009).
a. Ensure the Tailrace Fish Barrier Facility is monitored for fish or other wildlife
mortalities and that the information is archived so it may be provided to FERC
and NMFS in annual reports.
b. Notify NMFS of damage or other factors that may interrupt screen operations.
c. Respond to NMFS or WDFW requests for screen repair or maintenance within 48
hours.
d. Facilitate access to the fish barrier upon request by NMFS or WDFW.
e. Fish Screens: Have the fish screen operated and maintained according to the
NMFS’ fish screen criteria (NMFS 2011b).
f. Implement the station stormwater management plan if excessive runoff is
observed entering the Cowlitz or tailrace adjacent to the fish barrier. Straw bales
or silt fence will be deployed to filter sediment.
g. Prepare an annual monitoring report to summarize the results of biological
monitoring and evaluations and summarize the upcoming year's activities,
including all biological monitoring and evaluations. This report must be submitted
to NMFS for review and comment by January of each year.
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To carry out RPM #6, FERC or its Licensee must undertake the following Term and
Condition 6:
1. Provide increased instream flows in Lake Creek in accordance with the schedule below.
Proposed minimum instream flows (cfs) for Lake Creek, as measured at the drop structure.
(Source: Energy Northwest 2008).
Month
January
February
March
April
May
June
July
August 1–15
August 16–September 15
September 16–30
October
November
December

Instream Flow Release (cfs)
4
4
4
7
15
10
15
15
20
15
10
7
4

2. Implement the Lake Creek Ramping Rate Plan for Reach 5 below the drop structure
(Energy Northwest 2009). With this plan, Energy Northwest would limit all instream
flow reductions associated with the minimum instream flows to a maximum of 2.5 cfs per
hour. One exception to this procedure is the June 1 reduction in flow (from 15 cfs to 10
cfs), which would be completed in one hour during night-time hours.
Interim ramping rate guidelines for water diversions in Washington state 17 (Source: Hunter
1992).
Season
Feb 16–June 15 (salmon fry)
June 16–Oct 31 (steelhead and trout fry)
Nov 1–Feb 15

Daylight Rates
No ramping
1 inch/hour
2 inches/hour

Night rates
2 inches/hour
1 inch/hour
2 inches/hour

3. Provide a spill event of greater than or equal to 285 cfs for as long as lake inflows can
sustain that flow for a target of 24 hours, every other water year or 3 out of 6 water years.
Provide documentation and reporting of the spill events and, if the frequencies of the spill
events cannot be achieved, the agencies (including NMFS, Forest Service, and WDFW)
will be consulted for an alternate plan.

17

Washington Department of Fish and Wildlife did not make a specific recommendation for ramping rates at the
Packwood Project.
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4. Provide gravel and wood recruitment stations in Reach 5 below the drop structure. Wood
and gravel located at these structures would be carried downstream during the channelforming flows provided as part of the aquatic habitat spill events described above.
5. Install flow measurement equipment at the Lake Creek Road Bridge and begin recording
data within the first year of the issuance of any new license.
6. Develop and implement a threatened, endangered, and sensitive species management
plan.
7. Develop and implement a resource coordination plan to coordinate the recommended
management plans and associated requirements for the project with various agencies and
include provisions for an annual coordination meeting.
To carry out RPM #7, FERC or its Licensee must undertake the following Term and
Condition 7:
Considering that fall-run Chinook were recently introduced in the upper Cowlitz in 2010, it is
important to assess that considerations for other species are consistent with fall-run Chinook.
1. Within a year after license issuance, the Licensee shall develop a fall-run Chinook
monitoring plan in consultation with NMFS to provide baseline information on fall-run
Chinook population density in areas associated with, and potentially affected by, the
Packwood Lake Hydroelectric Project. NMFS must approve the final plan. These
investigations are intended to fill in data gaps related to distribution, life history
strategies, and density of fall-run Chinook presence in the Project area.
To carry out RPM #8, FERC or its Licensee must undertake the following Term and
Condition 8:
1. Implement the Tailrace Water Temperature Monitoring and Enhancement Plan filed with
the Commission on June 6, 2008. The Tailrace Water Temperature Monitoring and
Enhancement Plan calls for Energy Northwest to monitor water temperatures in the
Project’s lined tailrace, at the Packwood Lake outlet, the Cowlitz River, and the mouth of
Lake Creek to determine the effect of the tailrace water on the Cowlitz River water
temperature. Conduct the monitoring during the first 10 years following license issuance,
unless the temperature criteria is met for 3 consecutive years, at which time Energy
Northwest would consult with WDOE to suspend or modify the monitoring activities
upon Commission approval. One exception for the previously stated monitoring would be
to conduct monitoring associated with the project outage between August 15 and
September 14 annually for the duration of the new license. If the tailrace temperature
under the proposed operating regime does not meet applicable standards, Energy
Northwest would consult with the WDOE, NMFS, and other agencies on additional ways
to address this issue.
2. Ensure Project modification and operations comply with the water quality DO criterion,
and maintain an IGDO minimum of 8mg/L for the duration of the spawning, incubation
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and fry emergence periods, unless this concentration is unattainable due to atmospheric
and temperature conditions.
To carry out RPM #9, FERC or its Licensee must undertake the following Term and
Condition 9:
1. Within one year of the issuance of the new license, prepare, in consultation with NMFS,
and overall approach to development of plan(s) and report(s) describing how listed
species in the action area would be protected and/or monitored and to document the
effects of the action on listed species in the action area annual. NMFS must approve the
approach.
2.9 Conservation Recommendations
Section 7(a)(1) of the ESA directs Federal agencies to use their authorities to further the
purposes of the ESA by carrying out conservation programs for the benefit of the threatened and
endangered species. Specifically, conservation recommendations are suggestions regarding
discretionary measures to minimize or avoid adverse effects of a proposed action on listed
species or critical habitat or regarding the development of information (50 CFR 402.02).
NMFS has no conservation recommendations to make at this time.
2.10 Not Likely to Adversely Affect conclusion
Southern Resident (SR) Killer Whale. Southern Resident killer whales spend considerable time
in the Georgia Basin from late spring to early autumn, with concentrated activity in the inland
waters of Washington State around the San Juan Islands, and typically move south into Puget
Sound in early autumn (NMFS 2008d). Pods make frequent trips to the outer coast during this
season. In the winter and early spring, SR killer whales move into the coastal waters along the
outer coast from the Queen Charlotte Islands south to central California, including coastal
Oregon and off the Columbia River although they do not have critical habitat designated in
Oregon (NMFS 2008d).
SR killer whales have been documented in the Columbia River plume (Zamon et al. 2007). SR
killer whales primarily eat salmon and prefer Chinook salmon (Hanson et al 2010; NMFS 2008).
The proposed program may affect the quantity of their preferred prey, Chinook salmon. Any
salmonid take including Chinook salmon up to the aforementioned amount and extent of take
would result in an insignificant reduction in adult equivalent prey resources for SR killer whales
that may intercept these species within their range.
The NMFS finds that any affect the proposed program may have on SR killer whales, including
indirect effects on their prey, is likely to be discountable, insignificant or beneficial. Therefore,
NMFS finds that the proposed program is not likely to adversely affect SR killer whales.
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2.11 Reinitiation of Consultation
This concludes formal consultation for relicensing of the Packwood Lake Hydroelectric Project.
As 50 CFR 402.16 states, reinitiation of formal consultation is required where discretionary
Federal agency involvement or control over the action has been retained or is authorized by law
and if: (1) the amount or extent of incidental taking specified in the incidental take statement is
exceeded, (2) new information reveals effects of the agency action that may affect listed species
or critical habitat in a manner or to an extent not considered in this opinion, (3) the agency action
is subsequently modified in a manner that causes an effect to the listed species or critical habitat
that was not considered in this opinion, or (4) a new species is listed or critical habitat designated
that may be affected by the action.

3. MAGNUSON-STEVENS FISHERY CONSERVATION AND MANAGEMENT ACT
ESSENTIAL FISH HABITAT CONSULTATION
Section 305(b) of the MSA directs Federal agencies to consult with NMFS on all actions or
proposed actions that may adversely affect EFH. The MSA (section 3) defines EFH as “those
waters and substrate necessary to fish for spawning, breeding, feeding, or growth to maturity.”
Adverse effect means any impact that reduces quality or quantity of EFH, and may include direct
or indirect physical, chemical, or biological alteration of the waters or substrate and loss of (or
injury to) benthic organisms, prey species and their habitat, and other ecosystem components, if
such modifications reduce the quality or quantity of EFH. Adverse effects on EFH may result
from actions occurring within EFH or outside of it and may include site-specific or EFH-wide
impacts, including individual, cumulative, or synergistic consequences of actions (50 CFR
600.810). Section 305(b) also requires NMFS to recommend measures that can be taken by the
action agency to conserve EFH.
This analysis is based, in part, on the EFH assessment provided by the FERC and descriptions of
EFH for Pacific coast salmon (PFMC 1999) contained in the fishery management plans
developed by the Pacific Fishery Management Council and approved by the Secretary of
Commerce.
3.1 Essential Fish Habitat Affected by the Project
The PFMC designated EFH for Chinook salmon, coho salmon, and Puget Sound pink salmon
(PFMC 1999). Freshwater EFH for Pacific salmon includes all those streams, lakes, ponds,
wetlands, and other water bodies currently or historically accessible to salmon in Washington,
Oregon, Idaho, and California, except areas upstream of certain impassable man-made barriers,
and longstanding, naturally-impassable barriers (i.e., natural waterfalls in existence for several
hundred years). The Cowlitz River basin, including lower Lake Creek, is EFH for Chinook
(Oncorhynchus tshawytscha), and coho salmon (O. kisutch). The action area (see section 1.4)
includes areas designated as EFH for adult, fry, juvenile and smolt life history stages of Chinook
salmon and coho salmon.
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3.2 Adverse Effects on Essential Fish Habitat
Based on information provided in the Biological Assessment (Energy Northwest 2009) and the
analysis of effects presented in the ESA portion of this document, NMFS concludes that the
proposed action will have the adverse effects on EFH designated for Pacific Coast salmon
described in Section 2.4 (Effects of the Action). To summarize, these include temperature effects
to aquatic habitat, occasional dewatering of riverine habitat areas, and occasions of suspended
sediment/turbidity.
3.3 Essential Fish Habitat Conservation Recommendations
NMFS recommends several conservation measures, which are drawn from ESA terms and
conditions, above:
1. Develop and implement a stream restoration and enhancement plan (SREP) for the lowest
1.0 mile (RM 0.0 to 1.0) of Lake Creek in the anadromous zone, including the placement
of wood and gravel, after consultation with the natural resource agencies and tribes
within 2 years of license issuance, and monitor effectiveness.
2. Develop and implement a plan to improve fish passage on Snyder Creek where its culvert
crosses under the tailrace canal by rerouting Snyder Creek into Hall Creek on the
downstream side (south) of the tailrace canal within 2 years of license issuance, and
monitor effectiveness.
3. Continue maintenance of culvert until rerouting of Snyder Creek into Hall Creek is
complete.
4. Develop SREP and Snyder Creek passage plan and in consultation with NMFS. Include
in the SREP and Snyder Creek passage plan all necessary BMPs to minimize detrimental
effects to Chinook and coho salmon essential habitat from turbidity and sedimentation.
5. Design, build, and maintain facilities to collect and treat all construction discharge water,
including any contaminated water produced by drilling, using the best available
technology applicable to site conditions. Provide treatment to remove debris, nutrients,
sediment, petroleum hydrocarbons, metals, and other pollutants likely to be present.
6. Any large wood, native vegetation, topsoil, and native channel material displaced by
construction will be stockpiled for use during site restoration. When construction is
finished, all streambanks, soils, and vegetation will be cleaned up and restored as
necessary to renew ecosystem processes that form and maintain productive fish habitats.
Fencing will be installed as necessary to prevent access to revegetated sites by livestock
or unauthorized persons.
7. Material removed during excavation will only be placed in locations where it cannot
enter sensitive aquatic resources. Whenever topsoil is removed, it must be stored in an
upland location and secured to prevent sediment-laden runoff from reentering streams or
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wetlands. Topsoil must be reused on site to the greatest extent reasonably possible. If
riprap is used for protecting a culvert inlet or outlet, it will be class 350 metric or larger,
and topsoil will be placed over the rock and planted with native woody vegetation.
8. When the project is completed, obliterate all temporary access roads, stabilize the soil,
and revegetate the site. Abandon and restore temporary roads in wet or flooded areas by
the end of the in-water work period.
Fully implementing these EFH conservation recommendations would protect, by avoiding or
minimizing the adverse effects described in Section 2.4 above, approximately 6.9 acres of
designated EFH for Pacific coast salmon.
3.4 Statutory Response Requirement
As required by section 305(b)(4)(B) of the MSA, FERC must provide a detailed response in
writing to NMFS within 30 days after receiving an EFH Conservation Recommendation. Such a
response must be provided at least 10 days prior to final approval of the action if the response is
inconsistent with any of NMFS’ EFH Conservation Recommendations unless NMFS and the
Federal agency have agreed to use alternative time frames for the Federal agency response. The
response must include a description of measures proposed by the agency for avoiding,
mitigating, or offsetting the impact of the activity on EFH. In the case of a response that is
inconsistent with the Conservation Recommendations, the Federal agency must explain its
reasons for not following the recommendations, including the scientific justification for any
disagreements with NMFS over the anticipated effects of the action and the measures needed to
avoid, minimize, mitigate, or offset such effects (50 CFR 600.920(k)(1)).
In response to increased oversight of overall EFH program effectiveness by the Office of
Management and Budget, NMFS established a quarterly reporting requirement to determine how
many conservation recommendations are provided as part of each EFH consultation and how
many are adopted by the action agency. Therefore, we ask that in your statutory reply to the EFH
portion of this consultation, you clearly identify the number of conservation recommendations
accepted.
3.5 Supplemental Consultation
FERC must reinitiate EFH consultation with NMFS if the proposed action is substantially
revised in a way that may adversely affect EFH, or if new information becomes available that
affects the basis for NMFS’ EFH Conservation Recommendations (50 CFR 600.920(l)).

4. DATA QUALITY ACT DOCUMENTATION AND PRE-DISSEMINATION REVIEW
The Data Quality Act (DQA) specifies three components contributing to the quality of a
document. They are utility, integrity, and objectivity. This section of the opinion addresses these
DQA components, documents compliance with the DQA, and certifies that this opinion has
undergone pre-dissemination review.
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4.1 Utility
Utility principally refers to ensuring that the information contained in this consultation is helpful,
serviceable, and beneficial to the intended users. The intended users of this opinion are FERC.
Other interested users could include the Project FERC Service list which may include Energy
Northwest, WDFW, Forest Service, Indian Tribes, US Fish and Wildlife Service, WDOE, and
the Lower Columbia Fish Recovery Board. Individual copies of this opinion were provided to
FERC and sent electronically to the Service List. The format and naming adheres to conventional
standards for style.
4.2 Integrity
This consultation was completed on a computer system managed by NMFS in accordance with
relevant information technology security policies and standards set out in Appendix III, ‘Security
of Automated Information Resources,’ Office of Management and Budget Circular A-130; the
Computer Security Act; and the Government Information Security Reform Act.
4.3 Objectivity
Information Product Category: Natural Resource Plan
Standards: This consultation and supporting documents are clear, concise, complete, and
unbiased; and were developed using commonly accepted scientific research methods. They
adhere to published standards including the NMFS ESA Consultation Handbook, ESA
regulations, 50 CFR 402.01 et seq., and the MSA implementing regulations regarding EFH, 50
CFR 600.
Best Available Information: This consultation and supporting documents use the best available
information, as referenced in the References section. The analyses in this opinion and EFH
consultation contain more background on information sources and quality.
Referencing: All supporting materials, information, data and analyses are properly referenced,
consistent with standard scientific referencing style.
Review Process: This consultation was drafted by NMFS staff with training in ESA and MSA
implementation, and reviewed in accordance with West Coast Region ESA quality control and
assurance processes.
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Figure 1.

Packwood Lake Hydroelectric Project Location. (Source: Energy Northwest 2009,
as modified by FERC staff).
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Figure 2.

Packwood Lake Hydroelectric Facility (Source: Energy Northwest 2007).

NWR-2009-389

-109-

Figure 3. Snyder Creek crossing: existing and proposed (Source: Energy Northwest 2009).
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Drop Structure
A concrete drop structure (dam) constructed across Lake Creek, adjacent to the intake structure,
diverts water to the powerhouse and has no spillway gates or other means to release water down
Lake Creek. The crest of the drop structure spillway is located at elevation 2,858.5 feet msl and
water spills over the structure only when the lake level rises above the spillway elevation.
Intake Canal and Intake Building
The Project intake structure is located approximately 424 feet downstream from the outlet of
Packwood Lake (Energy Northwest 2009). The intake structure connects to the lake by an
excavated inlet. This corresponds to a water depth of approximately 13.5 feet when the lake is at
its summertime elevation of approximately 2,857 feet msl. The intake structure contains two
fixed trashrack screens installed to protect the intake structure from large debris. These two
vertical trashracks cover the building intake openings and are each approximately 10 feet by 11
feet in dimension with 2 and 5/16 inch openings. Two horizontal gratings, located at elevation
2,850 feet msl, supplement plant flow should the vertical trashracks become fouled. These two
horizontal grates are approximately 10 feet by 3 feet in dimension with 1 and 3/16 inch openings.
An outer layer of expanded-metal screen material placed over the vertical intake openings
captures small debris and keeps it from fouling the permanent trashracks. These debris screens
can be hoisted out of the water for cleaning. Cleaning normally occurs in the spring (March–
April), late summer (September), and in October during the annual scheduled maintenance
outage. The screen material has oval-shaped openings that are approximately 1 and 1/8 inches by
2 and 1/8 inches. Floating booms are located at the lake entrance to the intake canal and near the
intake building to prevent the largest debris (e.g., logs) from reaching the intake building.
Inside the intake building, situated between the outer trashracks and the entrance to the pipeline,
are two traveling screens. These traveling screens operate automatically, as needed, or manually
from either the powerhouse or the intake building. Each consists of 9-feet-wide connected metal
basket frames covered with a wire cloth. This screen material is a 4 by 4 mesh (wires per inch)
with a wire thickness of 0.08 inch that results in an opening size of 0.17 inch. To cover the wide
range of lake elevations, the screens extend from the bottom of the intake building at elevation
2,840 feet msl to a point above the upper floor of the building (2,868 feet msl). The total surface
area of the traveling screens is a function of the lake level, and it ranges between 162 square feet
at minimum pool elevation (2,849 feet msl) to 306 square feet at the summertime pool elevation
(2,857 feet msl). If the differential pressure (i.e., water elevation) across the screens increases
due to fouling of the screens, the screens are automatically rotated when the setpoint is exceeded
(Energy Northwest 2009).
A fixed-wheel gate controls the water entering the 72-inch concrete pipeline that supplies water
to the powerhouse. This gate does not regulate the flow of water entering the pipeline; it is either
full open or closed. A hydraulic system controls the opening and closing of the gate. The system
includes hydraulic accumulators designed to close the gate on loss of AC power. The headgate
can be operated manually from either the powerhouse or the intake building. Power plant safety
control circuits are designed to close the gate during automatic plant shutdowns or if there is
excess flow in the pipeline system.
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The intake structure also houses a 24-inch pipeline and butterfly valve used to bypass water
around the drop structure for release into Lake Creek. The control valve can be operated either
from the intake building or remotely from the powerhouse. The pipeline operates by gravity flow
and is, therefore, dependent on the position of the control valve and the level of the lake (i.e., the
hydraulic head).The pipeline has a maximum flow of about 32 cubic feet per second (cfs) at a
lake elevation of 2,857 feet msl. The upstream opening of this pipe is located inside the intake
building (centerline elevation 2,846.5 feet msl) adjacent to the main pipeline and downstream of
the traveling screens. Flow through this bypass pipe is measured at its discharge point in the
stilling basin immediately below the drop structure.
Pipeline and Tunnels
Approximately 16,759 feet of 72-inch pipe and two tunnels convey water from Packwood Lake
to the surge tank. The 72-inch pretensioned concrete pipeline is buried in a trench on a pipeline
bench varying between 20 and 150 feet in width, depending upon terrain. The pipe has a
minimum wall thickness of 2 and 1/16 inches with standard lengths of 32 feet, except in areas
where 20-feet lengths were used to follow sharper contours of the mountainside. Two tunnels
carry Project waters in areas where the steep terrain or unstable material made construction of a
pipeline problematic. The first tunnel (Tunnel No. 1), located approximately 1,299 feet
downstream from the outlet of Packwood Lake, is approximately 1,730 feet long, 6 feet in
diameter, and lined in a circular configuration. The second tunnel (Tunnel No. 2), located
approximately 4,741 feet below the downstream outlet of Tunnel No. 1, is roughly 3,202 feet in
length and partly lined with concrete in a configuration with rectangular walls and an arched
ceiling. The width of the concrete-lined sections of Tunnel No. 2 is 6.5 feet, and the height is 8.5
feet. Approximately 256 feet of Tunnel No. 2 were repaired in 2001, making the dimensions of
the repaired section 7-feet tall by 5-feet wide.
Penstock
The steel penstock connecting the pipeline to the powerhouse is approximately 5,621 feet long.
Concrete anchors secure the penstock at numerous points where the contour of the mountain
requires changes in alignment or grade. The wall thickness of the steel in the penstock varies
from 3/8 inches to 1 and 5/16 inches, with an outside diameter varying from 57 inches down to
46.5 inches where it enters the powerhouse. The normal static water pressure in the penstock at
the powerhouse is about 780 pounds per square inch (psi). The penstock is buried throughout its
length from the surge tank to the powerhouse, with nine manholes providing access to the pipe.
The nominal design discharge of the pipeline and penstock system is 236 cfs.
Surge Tank and Penstock Isolation Valve
The Project’s surge tank is 14 feet in diameter and rises approximately 191 feet above the
pipeline invert and approximately 135 feet above ground level. The inner chamber of the tank is
5.5 feet in diameter. The penstock isolation (butterfly) valve, located at the base of the surge
tank, isolates the 21,691-feet pipeline downstream of Packwood Lake from the steel penstock
that transports water to the powerhouse.
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Raw Water Tank and Constant Head Tank
The raw water tank, connected to the penstock, provides water for fire suppression and acts as a
backup cooling water supply for the powerhouse. It has a capacity of about 20,000 gallons and is
located about 1,150 feet from the powerhouse.
The constant-head tank is located about 300 feet from the powerhouse and prevents overpressurization of the powerhouse cooling water system. The constant-head tank uses water from
Packwood Lake to operate the cooling systems associated with the turbine-generator and has a
capacity of about 2,500 gallons. Excess water from the tank overflows through a short length of
pipe to a natural drainage that leads to Snyder Creek. The water joins Snyder Creek near the
south fence of the Powerhouse switchyard. The amount of water flowing to the creek varies by
the amount of cooling demand. Accordingly, the flow tends to be seasonal, with the highest
flows in the winter when the cooling demand is at its minimum, and the lowest flows (or none)
in the summer months when the maximum cooling demand exists.
Powerhouse
The Project powerhouse is located just east of the community of Packwood with the power
production portion constructed below ground and the control building and office located above
ground (Figure A-1). Associated with the powerhouse are a warehouse and maintenance shop
building, and a fenced storage yard with storage sheds for plant support equipment.
Turbine Generator
The Pelton turbine, manufactured by Allis Chalmers, is a 36,700 horsepower, horizontal shaft,
double-jet impulse wheel with ellipsoidal buckets. The runner operates at 360 revolutions per
minute under a total head of approximately 1,800 feet and an effective head of approximately
1,650 feet. The turbine runner connects directly, by means of a horizontal shaft, to a single
26,125-kW electric generator (nameplate rating of 27,500 kilovolt-amperes at 0.95 power factor)
that converts the mechanical energy into electrical energy. The generator is capable of higher
outputs for short periods. The generator produces electricity at 13,800 volts, which is increased
to 69,000 volts (69 kV) by the step-up transformer in the station switchyard. A Woodward
hydraulic governor and a solid-state ABB excitation system control the turbine generator unit.
Transmission System
The power from the Project is delivered over an 8,009-foot, 69 kV transmission line to the
Packwood substation owned by Public Utility District (PUD) No. 1 of Lewis County (Energy
Northwest 2009). Lewis County PUD delivers power to the Bonneville Power Administration
(BPA) federal transmission system at the Silver Creek substation in Lewis County.
Because of Lewis County PUD’s transmission system and substation configuration, when there
is a loss of the Lewis County PUD transmission-line service, the Project output can be isolated
from the grid and used to supply power to the local communities.
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Tailrace and Stilling Basin
The water from the powerhouse turbine discharges into a shallow stilling basin that leads to an
asphalt-lined tailrace canal. The tailrace canal is trapezoidal in shape, with a width of about 29
feet at the top of the asphalt lining and a width of about 9 feet at the base. The average depth of
the lined part of the tailrace is 5.75 feet. The tailrace canal discharges to a side channel of the
Cowlitz River (tailrace slough) at river mile (RM) 125.2, about 4 miles downstream of its
confluence with Lake Creek.
Snyder Creek passes under the tailrace canal near the powerhouse stilling basin through a 75-feet
long, 48-inch diameter, corrugated metal pipe. The upper end of the pipe terminates in a 6-feet
diameter vertical drop inlet and the lower end empties into a broad 14 feet by 18 feet concrete
apron area. The lower apron rises in elevation to control the water surface elevation throughout
the pipe.
A flume was constructed to pass the tailrace water over Hall Creek and its associated wetland.
The open-topped flume is roughly circular in shape with a diameter of about 10.4 feet and a
length of about 356 feet. Another culvert pipe was constructed to pass the water under U.S.
Highway 12. This oval-shaped culvert (about 8 feet by 5 feet in cross-section) is about 240 feet
long. The tailrace canal is currently approximately 6,690 feet long (Butler Surveying 2004). As
part of the Packwood Airport safety improvements, the runway was extended over the Project
tailrace. The culvert under the runway is 170 feet in length and is 5 feet high and 12 feet wide.
Tailrace Barrier
Energy Northwest installed and began operating a permanent fish barrier drum screen near the
end of the lined tailrace in November 2007 (Energy Northwest 2009). The tailrace barrier was
installed after anadromous fish were reintroduced into the upper Cowlitz River basin via trap and
haul in 1994 as one of the license requirements for the Cowlitz River Hydroelectric Projects
(FERC No. 2016).
The fish barrier was constructed within the bounds of the original canal and consists of a 50 feet
by 30 feet rectangular concrete weir to control water velocity, with two 4 feet by 14 feet drum
screens to prevent fish passage. These screens were fabricated by the Washington Department of
Fish and Wildlife (WDFW) Screen Shop in Yakima, WA. The drum screens rotate mechanically
to pass debris downstream. A steel mesh covering with 1/4-inch openings prevents fish from
passing upstream into the tailrace. Two vertical perforated panels are located directly above the
drums to prevent upstream fish passage during flood events on the Cowlitz River that may cause
water surface elevations to rise above the top of the drum screens. The panels are hinged at the
top, so they can be swung out of the way to pass debris or to allow tailrace water to pass if the
drum screens become completely plugged with debris (emergency conditions). A similar
perforated panel was manufactured to fit in a vertical guide slot located upstream of the drum
screens so that one of the drums may be removed for maintenance without the loss of the screen
function.
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Figure A-1. Powerhouse cross-section (Source: Energy Northwest 2008, Appendix D).
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APPENDIX B - ENVIRONMENTAL BASELINE
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1.0

Environmental Baseline

The “environmental baseline” includes the past and present impacts of all Federal, state, or
private actions and other human activities in the action area, the anticipated impacts of all
proposed Federal projects in the action area that have already undergone formal or early section
7 consultation, and the impact of state or private actions which are contemporaneous with the
consultation in process (50 CFR 402.02).
Adult and juvenile coho and Chinook salmon and steelhead from several populations use the
action area for spawning, rearing, and migration. Thus, the biological requirements are the
habitat characteristics that support successful completion of spawning, rearing, freshwater
migration, and transition to and from freshwater for each of these species. Specifically, those
habitat characteristics are clean, cold water with appropriate volume and velocity, sufficient
substrates for spawning and rearing, adequate prey base, sufficient riparian vegetation, and
habitat complexity. Environmental baseline conditions in the action area are similar to, and
influenced by activities and land uses those throughout the lower Cowlitz subbasin. These uses
cause impaired hydraulic conditions and sediment supply, degraded riparian conditions, loss of
habitat complexity and diversity, altered flow regimes, high summer temperature, increased
abundance of pathogens, decreased availability of food, and channel instability (Wade 2000;
LCFRB 2010).
1.1 Stressors Affecting Listed Species within the Action Area
1.1.1

Lack of Large Woody Debris and Spawning Gravel

The altered post-Project flow regime affects the natural sediment and small woody debris
transport characteristics of the Lake Creek stream channel downstream of the drop structure, and
in turn affects the quality of aquatic and riparian habitat (i.e., reduces habitat complexity)
(Energy Northwest 2009). While overtopping events do occur periodically at the drop structure,
the absence of frequent overtopping events and their associated channel forming processes is
evident in the lack of gravel and overall habitat complexity in the lower mile of Lake Creek
(Energy Northwest 2009).
1.1.2 Limited Pool Frequency
Energy Northwest (2009) found that only 12 percent of Reach 1 of lower Lake Creek (from RM
0.0 to 0.7) contained pool habitat, considerably less than what would be expected on a natural
stream of this size and gradient. This is likely to be another consequence of the loss of LWD,
which allows pools to form by deflecting or constricting stream flow, scouring the streambed, or
by impounding water (Buffington et al. 2002).
1.1.3 Lack of Floodplain Connectivity
Lower Lake Creek is no longer fully connected to its floodplain. Project operations reduce peak
flows (flooding events), altering the formation and maintenance of off-channel habitat. The
riparian zone is narrow, reflecting the steep gradients and narrow valley form.
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1.1.4 Snyder Creek Fish Passage
Snyder Creek originates from Snyder Lake and is approximately 1.0 miles in length. An
upstream migration barrier is located at the Forest Service culvert at Forest Service Road 1260013, approximately 1,700 feet (RM 0.36) above the culvert that runs under the tailrace (EES
Consulting 2007a). A barrier falls occurs at approximately RM 0.80 on Snyder Creek.
Under current Project conditions, the Snyder Creek culvert does not meet NMFS fish passage
criteria, and limits the migration, rearing, and productivity of Chinook and coho and steelhead in
Snyder Creek. The culvert creates a partial barrier (due to its design and clogging with sediment)
to upstream migration of these listed anadromous species. Even after cleaning the culvert, it was
determined that the culvert’s design did not meet NMFS passage criteria (Energy Northwest
2009).
1.1.5 Maintenance and Operation of Tailrace Drum Screens
Under the current license, Energy Northwest constructed 18 and currently maintains a fish barrier
(drum screens) at the downstream end of the Project tailrace. The design is based on two 14-feetlong by 4-feet-diameter drum screens fabricated by the WDFW Screen Shop in Yakima,
Washington. The overall purpose of the tailrace barrier is to prevent fish (both anadromous and
resident) from traveling up the Project tailrace to the stilling basin, where they would be subject
to potential mortality or delay in migration. On August 19, 2008, NMFS provided mandatory
fishway prescriptions that would require Energy Northwest to continue the measures for
maintenance, testing, and operation of the fish screen (post-construction), as described in the
incidental take statement (NMFS 2007). Specifically, the incidental take statement requires
Energy Northwest to:
•

Minimize take from fish handling during monitoring and evaluation studies, and fish
salvage operations, by applying permit conditions that avoid or minimize adverse effects.

•

Conduct monitoring to determine if the screen is effectively excluding fish from the
Project tailrace and stilling basin without causing delay, injury, or mortality of listed
species.

•

Develop procedures and schedules for maintenance of screens that ensures their
continued efficacy and minimizes risk of water quality impairment and disturbance of
listed fish within the tailrace.

The opinion issued by NMFS (2007) also requires Energy Northwest to file an annual
monitoring report with NMFS describing the results of the biological monitoring, maintenance
activities, inspections, fish mortalities, and any proposed major repair or modifications to the
facility.

18

Energy Northwest constructed the drum screens to exclude fish from the project tailrace and stilling basin in
October of 2007.
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Currently, Energy Northwest and the resource agencies are using an adaptive approach to
determine the efficacy of the new tailrace barrier. The stilling basin is seined following the
Project’s annual maintenance shutdown period to determine if fish are bypassing the barrier. If
two consecutive years of seining during this period document that few (less than 50) fish are
captured (total of all salmonid species and life stages), then the program would go to every third
year, and termination of the program would occur in Year 8. If adult salmonids are captured
during this annual seining program, or more than 50 fish (total of all salmonid species and life
stages) are captured, then seining would be conducted again the following year (restarting the
time line). The tailrace would also be checked at these times, and any fish would be rescued.
The one exception to this schedule is when Cowlitz River flooding results in water backing up in
the lower terminus of the Project tailrace to an elevation of 1,044 feet MSL or greater. If water
surface elevations meet or exceed the height of the fish exclusion racks on the barrier (1,044 feet
MSL), or water is observed to be flowing into the tailrace canal upstream of the barrier, a seining
operation would be conducted in the Project stilling basin during the next annual shutdown.
Under these conditions, fish captured in the seining effort would be considered displaced by the
flood event. The tailrace would also be checked for fish at this time and any fish would be
rescued (FERC 2009a).
In practice, Energy Northwest has also been conducting seining and electroshocking in the
tailrace when Snyder Creek overflows into the tailrace and fish from Snyder Creek are found in
the stilling basin or within the tailrace above the barrier.
Project Stilling Basin and Tailrace Seining
Energy Northwest seined the Project stilling basin in 2009, 2010, and 2012 – 2014. During the,
2009 fish salvage effort, Energy Northwest collected 15 salmonids in the stilling basin, including
10 listed salmonids. Energy Northwest did not document mortalities that may have occurred due
to handling. During the 2010 seining effort, no fish were captured in the tailrace (stilling basin
seining was not required); however, approximately 30 unidentified juvenile salmonids were
discovered inside the barrier drum at the terminus of the tailrace. These fish may have entered
the drum at locations where dents created small openings between the rubber seals and the drum,
becoming trapped inside. The dented drum was fixed on October 13, 2010 (Energy Northwest
2010).
Energy Northwest was not required to seine the stilling basin or walk the tailrace in 2011
(Energy Northwest 2011). Approximately juvenile 20 juvenile salmonids, however, were
discovered inside the drums. These fish apparently entered the drums at locations where the
drums had been damaged by debris, most likely from an event in upper Snyder Creek that
overtopped the tailrace and flowed down the tailrace to the drums.
Per agreement with the natural resource agencies, the tailrace was walked and the stilling basin
seined in 2012. Energy Northwest walked the Project tailrace and captured 21 fish; with the
exception of one adult whitefish, all fish captured in the tailrace were steelhead/rainbow trout 19.
19

The 2007 Biological Opinion does not differentiate between rainbow and steelhead trout. Also, Courter et al.
(2013) found that resident rainbow trout can contribute to anadromous steelhead populations.
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Due to two breeches in the beaver dam at the Snyder Lake outflow, Snyder Creek flows were
sufficient to flood the tailrace. It is speculated that these two events more than likely deposited a
large number of fish from Snyder Creek into the project tailrace/stilling basin. Once in the
stilling basin and tailrace they could not escape to the Cowlitz River due the tailrace fish barrier.
A total of 576 listed salmonids (including one juvenile coho mortality) were removed from the
stilling basin and placed in lower Lake Creek and the Cowlitz River immediately downstream
from the confluence of Lake Creek.
Due to the large number of fish captured in the tailrace and stilling basin in 2012, Energy
Northwest surveyed these areas in October 2013. Energy Northwest walked the Project tailrace
and captured 11 steelhead juveniles. Of the 59 salmonids captured in the stilling basin, 31 were
listed species (18 coho and 13 steelhead juveniles).
In 2014, Energy Northwest walked the Project tailrace and captured 18 fish. Of these 18 fish,
only 4 (22 percent) were salmonids, including 2 steelhead juveniles. Snyder Creek overflowed
into the tailrace after the 2013 fish rescue, which likely deposited a large number of fish from
Snyder Creek into the project tailrace/stilling basin. A total of 170 fish (of which 167 were
salmonids) were removed from the stilling basin and placed in lower Lake Creek and the Cowlitz
River immediately downstream from the confluence of Lake Creek. Of the salmonids captured,
223 steelhead trout (including 2 mortalities), 33 coho juveniles (including 1 mortality) and 5
Chinook juveniles were captured.
Tailrace Slough
If the Tailrace Slough is completely dependent upon the Project tailrace for watering, Energy
Northwest must remove all stranded fish from the Tailrace Slough directly below the Project
tailrace downstream to its confluence with the Cowlitz River. If the Cowlitz River flows are
sufficient to maintain a wetted channel, Energy Northwest is not required to salvage fish from
the Tailrace Slough. Tailrace Slough salvage occurred in all years; however, in 2013, flows
increased in the Cowlitz River from about 300 cfs to approximately 10,000 cfs. As a result,
salvage was only required from the tailrace barrier downstream to the cascade below the barrier,
which connected to the wetted Tailrace Slough.
Salvage of listed species in the tailrace slough ranged from a low of 317 in 2010 to a high of
1,266 in 2011 (Table B-1). It is likely that there were a few residual small fish left in the pools
that could not be removed. Fish were put in aerated coolers and transported and released into the
Cowlitz River immediately downstream of the Lake Creek confluence, at the Skate Creek
Bridge, or at the confluence of the tailrace slough with the Cowlitz River.
1.1.6 Water Quality
Water quality impairments in Packwood Lake, Lake Creek, Snyder Creek, Hall Creek and
Cowlitz River in the action area include temperature and dissolved oxygen (DO).
Temperature
Prior to construction and operation of the Project, the water that now enters the Cowlitz River
through the Project tailrace entered the Cowlitz River via Lake Creek. Water temperatures in
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lower Lake Creek had historically high water temperatures prior to Project construction and
operation due to release of warm summer water from the naturally-formed Packwood Lake.
These naturally-warm waters continue to limit water quality under current Project operation,
although not to the extent found in pre-Project conditions.
While there is no historical distribution or life history information available for lower Lake
Creek, the anadromous reaches of Lower Lake Creek had high water temperatures and limited
gravel and LWD, which probably limited the quantity and quality of spawning and rearing
habitat.
Lower Lake Creek is considered a core summer habitat for salmonid holding, spawning, and
incubation (June 15–September 15). NMFS (2008b) determined that core summer salmonid
habitat should not exceed a 7-DADMax water temperature of 16°C (see Table B-2).
Data in Tables B-3 and B-4 show summer water temperatures decline in a downstream direction
within Lake Creek (Energy Northwest 2009). Energy Northwest (2009) states that this decline in
water temperature is due to riparian shade and cold groundwater or runoff inflow. Under current
Project operation, lower Lake Creek receives a minimum 3 cfs flow release, resulting in a
modeled 7-DADMax water temperature of 14.2°C at the confluence with the Cowlitz River
(Energy Northwest 2009). While the water temperature immediately downstream of Packwood
Lake commonly exceeds 16°C, the criterion for core summer salmonid habitat (Table B-23), the
water temperature near the mouth of Lake Creek and the Cowlitz River never exceeded the
criterion during the temperature studies conducted by Energy Northwest (EES Consulting
2007c). Considering that the natural conditions criterion supersedes the core summer salmonid
habitat criterion, the mouth of Lake Creek is not anticipated to be in violation of Water Quality
Standard (WQS) of 19.4°C.
Chinook and coho salmon are limited to the lower 1.03 miles of Lake Creek due to an impassible
natural barrier. Steelhead are limited by a natural barrier at RM 1.95 (FERC 2009a; Energy
Northwest 2009). Since they only have access to these sections of the creek, we are only
concerned with the water temperatures they are exposed to within these reaches.
It is assumed the water temperatures in lower Lake Creek up to RM 1.95 will be the same as the
mouth of Lake Creek (Energy Northwest 2011). Under current Project operation (3 cfs), the 7DADMax water temperature in lower Lake Creek up to RM 1.95 is anticipated to be 14.2°C,
well below the natural condition criterion of 19.4°C.
Cowlitz River and Tailrace Slough
Instead of lower Lake Creek serving as the sole release point for Packwood Lake, water now
travels downstream from Packwood Lake via two routes: the release flow into Lake Creek below
the drop structure, and the powerhouse tailrace flow. The Project tailrace discharges into a side
channel of the Cowlitz River (tailrace slough) at RM 125.2, approximately 4 miles downstream
from where Lake Creek enters the Cowlitz (FERC 2009a; Energy Northwest 2009). In October
of 2007, a permanent fish barrier was installed which prevents fish from entering the tailrace,
effectively limiting the effects of the water temperature on fish to only the tailrace slough.
During the summer, the flow of water from the normally cooler Cowlitz River through the
tailrace slough depends on the location of a side channel that migrates during high flow events.
During some summers, the majority of the water in the tailrace slough is Project discharge,
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which can lead to high water temperatures in the slough. However, in other years, there is
substantially more of the cooler Cowlitz River flow in this location. In addition, during Project
shutdowns the water in the tailrace and the tailrace slough can be subjected to additional
increases in temperatures during the summer due to warming from ambient air temperatures
(Energy Northwest 2009). Because the tailrace is not a naturally-occurring water route, NMFS
used the water temperature of the Cowlitz River side channel to determine the WQS for water
entering the slough via the tailrace.
Relicensing studies determined the Cowlitz River side channel (tailrace slough) 7-DADMax
water temperature to be 21.9°C in 2004 and 18.4°C in 2005. The Cowlitz River upstream of
Lake Creek 7-DADMax was 14.9°C in 2004 and 15.1°C in 2005 (see Tables B-3 and B-4). This
was a 7.0°C temperature difference in 2004 and a 3.3°C difference in 2005 over four river miles.
While the sampling point at the Cowlitz River side channel is the closest in proximity to the
tailrace, it is also a mixing of natural water temperature from the Cowlitz with Project-induced
water temperatures from releases of the tailrace. However, considering that the majority of flow
in 2005 for the tailrace slough originated from the Cowlitz River (Energy Northwest 2007), the
7-DADMax of 18.4°C (2005) provides a reasonable estimate of the natural condition. We
recognize that this 7-DADMax includes heated flows from the tailrace; however, it is the only
data available to make an estimate. Given this sampled “natural” water temperature condition of
the Cowlitz River, the maximum allowable temperature for water delivered to the Cowlitz River
via the tailrace is 18.7°C (WAC 173-201A). This natural condition temperature criterion
supersedes the 16°C core summer salmonid habitat criterion, and the supplemental spawning
criterion of 13°C.
Chinook salmon, coho salmon 20 and steelhead 21 are known to reside in the tailrace slough at
various life stages; the amount of flow entering the tailrace slough (either from the Project or
from the mainstem Cowlitz River) greatly affects the quality and quantity of available spawning,
rearing, and incubation habitat for these species (FERC 2009a; Energy Northwest 2009). In
addition,
Energy Northwest’s monitoring shows that when the Project is operating, average daily
maximum water temperatures were slightly warmer at the lower end of the tailrace, compared
with the upper end. Tables 13 and 14 show that on average the water temperatures in the tailrace
run 2° to 3°C warmer in the summer than temperatures in the Cowlitz River. During both years
of water temperature monitoring at the lower end of the tailrace (2004 and 2005), 7-DADMax
temperatures of 21.3°C in 2004 and 20.8°C in 2005 were recorded (see Tables 23 and 24). Both
of these temperatures are above the WQS of 18.7°C.
Summary
Under current Project conditions, high water temperatures may limit spring Chinook spawning in
lower Lake Creek. However, fall Chinook, spring Chinook, coho, and steelhead experience
optimal temperatures in lower Lake Creek for embryo development, hatching, and rearing.
20

Energy Northwest documented both adult and juvenile coho salmon and juvenile Chinook salmon in the tailrace
slough during studies conducted from 2005 to 2007 (FERC 2009a; Energy Northwest 2009).
21
Steelhead were documented in the tailrace slough during fish rescue events (Energy Northwest 2009).
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Temperatures in the tailrace slough may limit spawning for fall Chinook, spring Chinook, and
steelhead. In addition, embryo development and hatching may be limited for steelhead in the
tailrace slough, and all listed salmonid species have limited rearing in the tailrace slough.
Dissolved Oxygen
Inadequate DO levels could affect survival of salmonids at most life history stages (NMFS
2008b). Early life stages of fish, specifically the developing embryo, are very sensitive to
reduced oxygen levels. The scientific literature suggests that embryo survival drops markedly as
inter-gravel dissolved oxygen (IGDO) concentrations fall below 8 mg/L and is close to zero at 3
mg/L (Piper el al. 1982; NMFS 2008b). The DO supply for embryos and larvae can be depleted
even when the DO concentration in the overlying body of water is otherwise acceptable (NMFS
2008b). Depending on the water temperature and permeability of the gravels, EPA (1986)
determined that there is an average 3 mg/L drop in DO levels between the water column and the
gravel where fish eggs are deposited. Given this, the 9.5 mg/L DO criterion (measured in the
water column) potentially relates to an IGDO level of 6.5 mg/L (or less in areas where there is
more than a 3mg/L drop in DO between the water column and the IGDO). This level would
result in significant adverse effects to egg survival and embryo development (NMFS 2008b).
NMFS believes the 9.5 DO criterion does not provide adequate overall protection of incubating
eggs. Higher concentrations of DO in the water column may ameliorate this concern, as more
IGDO would be infused around developing embryos (NMFS 2008b). Levels lower than the
saturation potential (11 mg/L) 22 during incubation would likely result in some level of
impairment or take (some embryos and fry might not develop or smaller fry might result, which
are less competitive). NMFS believes that DO concentrations of 9.5 mg/L would be an absolute
minimum during non-incubation (rearing/migration) periods, and concentrations of 11 mg/L, or
95 percent saturation, should provide protection during most incubation periods (see Table B-5)
(NMFS 2008b).
Energy Northwest conducted two years of water quality studies in the action area (EES
Consulting 2006, 2007c) at multiple locations. A segment of those locations are presented below:
Packwood Lake near the outlet (PLB); lower Lake Creek near the confluence with the Cowlitz
River (LCMH); Cowlitz River upstream of Lake Creek (CRULC); lower end of the lined tailrace
(POWT2), and the Cowlitz River tailrace slough side channel (CRTRSC). Information is
provided below on what DO levels were recorded in these locations (Tables B-6 and B-7), and
how listed salmonids were exposed.
Summary
Under current Project conditions, low DO levels limit the development and productivity of all
life stages in listed Chinook, coho, and steelhead in the action area, particularly incubation and
fry emergence. The sensitive life stages of embryo development and emergence are not being
protected under current Project conditions in lower Lake Creek or the tailrace slough; and in
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Saturation potential varies with water temperature, altitude, and salinity.
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extreme situations, such as with steelhead, low DO levels are limiting egg survival and embryo
development over nearly the entire spawning, incubation, and emergence periods 23.
Other Parameters
The altered post-Project flow regime affects the natural sediment transport characteristics of the
Lake Creek stream channel downstream of the drop structure, and in turn affects the quality of
aquatic and riparian habitat (Energy Northwest 2009).
NMFS considers an area to have low turbidity if it does not exceed Washington State water
quality standards. For this factor, turbidity must not exceed 5 nephelometric turbidity units
(NTUs) over background turbidity when the background turbidity is 50 NTU or less, or have
more than a 10 percent increase in turbidity when the background turbidity in more than 50
NTUs (NMFS 2008b).
Table B-8 shows mean annual pH values and turbidity levels measured in lower Lake Creek, the
tailrace, and the Cowlitz River. NMFS is only concerned with the reaches of Lake Creek where
salmonids would have access. As previously mentioned, Energy Northwest considers values
recorded at the confluence of Lake Creek and the Cowlitz River to be the same as those that
would be found up to RM 1.95.
Turbidity and pH levels were within acceptable levels within the reaches where salmonids had
access (see Table B-8) (FERC 2009a). Water pH in lower Lake Creek is neutral to very slightly
basic (range 6.87 to 7.89) (EES Consulting 2006). Turbidity was consistently lower in Lake
Creek than in the Cowlitz River. Turbidity at the mouth of Lake Creek was typically similar or
lower than just below the drop structure except in July and August when turbidity was low at
both stations (Energy Northwest 2007). Turbidity in the tailrace was equal or less than turbidity
in the tailrace-slough side channel of the Cowlitz River (Energy Northwest 2007).
Energy Northwest attempted to measure total dissolved gas (TDG) in the tailrace and lower Lake
Creek; however, water depths were insufficient to take reliable measurements (EES Consulting
2006). The TDG criterion states that it cannot exceed 110 percent saturation in the water column.
Super saturation of dissolved gases can cause “gas bubble disease” (dissolved gas enters a fish’s
bloodstream where it comes out of solution to form bubbles), which may result in both direct and
indirect mortality. Indirect mortality may occur due to increased vulnerability to disease and
predation. Although data are suspect, all readings for monthly sampling in lower Lake Creek
showed TDG at levels less than 100 percent saturation (EES Consulting 2006). In the tailrace,
TDG ranges from 98 percent to 102 percent, well below the 110 percent criterion (EES
Consulting 2006). However, all TDG data is conditional because air bubbles trapped on the
probe membrane may have given erroneous data when the probe was deployed in water depths
less than the minimum compensation depth (typically 15 feet) (EES Consulting 2006).

23

However, the Project is providing higher DO waters in the tailrace to the tailrace slough, which is helping the
situation.
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2.3.8 Water Quantity
Prior to Project construction, mean annual flow at the Lake Creek drop structure gage site was
100.7 cfs, ranging from a low of 56.5 cfs in Water Year (WY) 1941 to a high of 135.6 cfs in WY
1921 (Energy Northwest 2007). Project construction has resulted in reduced flows at the drop
structure of approximately 3 to 5 cfs (plus any contributions from periodic spill events).
Change in Peak and Base Flow
Project operations have resulted in pronounced changes in peak and base flows in Lake Creek
relative to pre-Project conditions (Energy Northwest 2009). In addition, the Project reduces flow
in the 4 miles of the upper Cowlitz River between the outlet of Lake Creek and the Project
tailrace (Energy Northwest 2007).
Table B-9 summarizes flow duration statistics for Lake Creek measured at the lake outlet
(approximate RM 5.4) and the Cowlitz River at Packwood, respectively. Historical mean annual
flows for the Cowlitz River at Packwood for the water year (WY) period from 1912 to 1962,
were approximately 1,650 cfs, ranging from a low of 922 cfs in WY 1941 to a high of 2,406 cfs
in WY 1956 (Energy Northwest 2007). September and October tend to be the driest months for
the Cowlitz River, averaging 880 and 606 cfs, respectively (Table B-9).
Historical mean annual flows for lower Lake Creek at the outlet of Packwood Lake for the WY
period from 1912 to 1962 were approximately 101 cfs, which does not account for the runoff or
ground water inflow that occurs over the 5.3 miles of Lake Creek from the lake to its confluence
with the Cowlitz River (RM 129.2). While Lake Creek is thought to have been a relatively small
contributor to the total flow of the Cowlitz River prior to Project construction (Energy Northwest
2007), when considering the potential for measurement error 24 Lake Creek could have
potentially contributed as little as 5.5 percent, or as much as 6.7 percent of the flow of the
Cowlitz River. Energy Northwest calculated that on average, Lake Creek flows constitute
approximately 6 percent of the flow in the upper Cowlitz River (Table B-10). However, during
the driest months of September and October 25, Lake Creek could contribute up to approximately
9 percent of the flow in the upper Cowlitz River.
Table B-10 summarizes average monthly inflow to Lake Creek, over the 5.3 miles from the lake
outlet to its confluence with the Cowlitz River, beginning in 1963 through 1977. When
considering the flow contributions from runoff or ground water inflow, mean annual inflow
contributions averaged 26.7 cfs (Table B-10). When adding the inflow contribution to the mean
annual flows from Lake Creek, for the driest months of September and October, Lake Creek
could have contributed up to 9.3 percent of the flow in the upper Cowlitz River, for a total of
68.4 cfs on average for those months, or an additional 8.9 cfs from runoff or ground water

24

Measurement error for flow measurements is ±10 percent (Energy Northwest 2007). Because of this potential
measurement error, Lake Creek could have contributed anywhere from 5.5 percent to 6.7 percent of the flow (Table
9).
25
Monthly flow percentage for upper Lake Creek for October + Monthly flow percentage for upper Lake Creek for
September / 2 = Average flow percentage for the driest months for upper Lake Creek.
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inflow. 26 Table B-11 shows how the mean monthly inflow contributes the total flow in Lake
Creek and may contribute a higher percentage of flow to the Cowlitz River than previously
expected.
Since Project construction, flows at the drop structure have been reduced to approximately 3 to 5
cfs, plus any contribution from periodic overtopping events. Within lower Lake Creek, typical
flows from runoff and groundwater inflow ranges from about 20 to 55 cfs during the winter and
spring, to about 10 cfs during the summer and early fall. The reduction in natural flows has
reduced the depths and velocities of habitats available to resident and anadromous fish and
benthic macro invertebrates, thereby reducing the amount and quantity of available habitat. It
also means that less water is flowing into the Cowlitz River year-round at the confluence of Lake
Creek, which could affect water quality (elevated temperature) during the driest months of
September and October. Chinook and coho salmon spawning and incubation times in the
affected area overlap with this period, as does spring Chinook, coho, and steelhead rearing (see
Table B-10). Instead of the Cowlitz receiving an average of 68.4 cfs for each of the dry months,
the Cowlitz River would only receive approximately 10 – 13 cfs from Lake Creek at its
confluence.
According to Energy Northwest, the highest likelihood for loss of spawning habitat and redd
dewatering in the tailrace slough occurs over the continuous annual planned outage for
maintenance, currently from October 1 through October 30 (Energy Northwest 2009).
The Project’s 3 cfs minimum instream flow release has also altered seasonal and inter-annual
hydrologic variation in lower Lake Creek (see Table B-12). For example, prior to Project
construction, 65 percent of the highest annual flows as measured at the lake outlet ranged
between 200 and 500 cfs. During post-Project operation, median monthly flows at the outlet
range from 5 to 6 cfs, and only 24 percent of the high flows were between 200 and 500 cfs
(Energy Northwest 2009). This reduction affects aquatic habitat forming flows within the 1.95
miles in lower Lake Creek used by the listed species.
Changes in River Ramping
Project related down ramping events have the potential to negatively affect anadromous fish in
lower Lake Creek and in the Project tailrace slough by limiting spawning, rearing, and migration.
Surface flows in lower Lake Creek and in the tailrace slough are highly manipulated by Project
operations. Implementing a ramping rate regime in lower Lake Creek that is within the
26

Lake Creek at outlet of Packwood Lake measurement for October (63 cfs; Table B-11) plus mean monthly inflow
from Lake Creek at outlet of Packwood Lake to mouth of Lake Creek for October (9.2 cfs; Table B-12) equals 72.2
cfs, divided by mean monthly flow of Cowlitz River at Packwood measurement for October (916 cfs; Table B-11),
equals 7.9 percent flow contribution for October. Upper Lake Creek at outlet of Packwood Lake measurement for
September (56 cfs; Table B-11), plus mean monthly inflow from Lake Creek at outlet of Packwood Lake to mouth
of Lake Creek inflow for September (8.6 cfs; Table B-12), equals 64.6 cfs divided by mean monthly flow of Cowlitz
River at Packwood measurement for September (606 cfs), equals 10.7 percent flow contribution for September. Add
the estimated percentage flow from Lake Creek for October (7.9 percent) with estimated percentage flow from Lake
Creek for September (10.7 percent) and take the average, you get an average flow contribution from Lake Creek to
the upper Cowlitz River of 9.3 percent in the driest months of the year.
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parameters set forth in the interim ramping rates as recommended by the fisheries co-managers
will limit the down ramping regime in lower Lake Creek, and would help protect Chinook and
coho salmon and steelhead from ramping-related effects (Hunter 1992).
Changes in river stage associated with Project operations, and planned and unplanned
shutdowns, have the potential to strand ESA-listed fish species and dewater redds in lower Lake
Creek and in the tailrace slough. These issues are described in more detail below.
Planned Outages
Under current Project conditions, a continuous shutdown for maintenance occurs from
approximately October 1 through October 30, starting up again by October 31. During this
period, generation ceases and water from Packwood Lake does not reach the tailrace slough.
Depending on flow conditions from the Cowlitz River into the tailrace slough at the time, this
loss of flow was likely to have dewatered any Chinook or coho salmon eggs previously
deposited in redds and reduced the quality and quantity of rearing habitat for juveniles that
emerged the previous spring (Energy Northwest 2009).
Unplanned Outages
Twenty-nine unplanned outages occurred at the Project between 1998 and 2008 (Table B-13)
due to a variety of unanticipated malfunctions including:
•
•
•
•

Line faults
Lightning strikes
Governor issues
Exciter issues

The duration of the outages varied greatly depending on the cause. More than 72 percent were
less than 19 hours from shutdown to restart. The other 28 percent of the outages lasted from 48
to 1201 hours. The longest was the result of a repair of Tunnel 2. Excluding the single
transformer failure (440 hours) and the Tunnel 2 repair (1201 hours), the Project was shut down
for about 533 hours due to unplanned outages, 0.6 percent of the potential 87,600 operating
hours over 10 years (Energy Northwest 2009). Figure B-1 documents the duration of each
unplanned outage.
Currently, Energy Northwest does not perform fish salvage efforts for unplanned outages,
despite the fact that many of these outages have the potential to last longer than 12 hours in
duration and may dewater and strand adults and juvenile salmonids.
Figure B-2 shows median daily Cowlitz River flows at Packwood during each of the unplanned
outages between 1998 and 2007 and spawning and incubation periodicity for Chinook, coho, and
steelhead in the action area. Nineteen of the 22 unplanned outages occurred during at least one of
the three species’ incubation periods (Energy Northwest 2009).
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Energy Northwest considers the risk of unplanned outages to be extremely low to listed fish
species in the tailrace slough area. Their assessment is based on the low probability of spawning
in the tailrace slough combined with the low percentage of total operating time for unplanned
outages, the short duration of most of the outages, 27 and the natural Cowlitz flows that would
protect incubating salmon and steelhead during most of the year (Energy Northwest 2009).
NMFS disagrees. Unplanned outages have the potential to dewater the tailrace slough, strand
adult and juvenile fish, and dewater redds. Considering that these unplanned outages are not
followed by fish salvage efforts, it is anticipated that many of these strandings will lead to fish
mortalities.
Summary of Effects of Planned and Unplanned Outages.
Coho and fall- and spring-run Chinook salmon redds in the tailrace slough are vulnerable to
dewatering and egg desiccation under past and current Project outages—planned and unplanned.
Steelhead spawning is not anticipated to overlap with planned outages, but steelhead redds in the
tailrace slough could be vulnerable to dewatering and desiccation during unplanned outages.
These outages limit the development and productivity of the reproductive life history phases of
fertilization, embryo development and survival, to hatching, unless flow from the mainstem of
the Cowlitz River maintains flows in the tailrace slough. Juvenile coho, Chinook, and steelhead
are vulnerable to loss of rearing habitat during these periods.
Losses have not been assessed in a systematic way, so it is difficult to quantify the number or
percentage of each species and life stage affected. However, the best available scientific
information indicates that potentially12 Chinook redds are likely to have been dewatered with an
estimated 2,000 to 17,000 eggs per redd killed each year during planned Project shutdowns when
the slough was dependent on Project flows (Groot and Margolis 1991). Fifty-seven coho redds
are likely to have been dewatered with an estimated 1,900 to 3,200 eggs per redd killed each year
during planned Project shutdowns when the slough was dependent on Project flows (Salo and
Bayliff 1958 as cited in Groot and Margolis 1991). Steelhead spawning is not anticipated to
overlap with planned outages. However, the likelihood that Project outages would overlap with
low flow events in the Cowlitz and Chinook, coho, and steelhead spawning and incubation
periods substantially increases when adding unplanned outages. If unplanned outages overlapped
with steelhead spawning, 1,200 to 6,900 eggs per redd may be killed per year during these
unplanned events (Dubois et al. 1989). In two separate years (2003, 2008), three unplanned
outages overlapped with steelhead spawning and incubation periods (Table B-13). In one year
(2002), six unplanned outages overlapped with coho, spring Chinook, and fall Chinook spawning
and incubation periods (Table B-13).
The maximum number of salmonids captured and handled during fish salvage events in the
tailrace slough was during the 2011 salvage operation with 1,314 fish, including 1,235 juvenile
and 1 adult coho, 3 adult Chinook, and 27 juvenile and 34 rainbow/steelhead trout. Juvenile or
adult Chinook salmon have been salvaged in the tailrace slough in 2011, 2012, and 2014.
27

As the secondary y-axis on Figure 41shows, 16 of the 22 outages (72 percent) were less than 19 hours in duration.
It is likely that incubating steelhead and Chinook and coho salmon residing in the gravel could withstand this short
duration of potential dewatering due to the time required for the stilling basin and tailrace canal to empty, the
residual water remaining in the slough, and the intergravel water present in the river.
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Juvenile or adult coho salmon were salvaged in 2009 – 2014. Rainbow/steelhead trout juvenile
or adults were also salvaged from the tailrace slough from 2009 – 2014. 28
Fish Handling and Salvage
During Project shutdowns (planned or unplanned), depending upon initial flow (both in the
tailrace and the tailrace slough) and the length of the outage, there is the potential for fish to be
stranded in the stilling basin, tailrace (if fish get past the fish barrier), and tailrace slough.
However, Energy Northwest only conducts fish salvage efforts for planned outages.
During a 10 year period, 29 10 unplanned outages have occurred that lasted longer than 12 hours
(the amount of time it takes to dewater the Project tailrace) (see Table 23). Those outages
averaged 12 days for each outage. In addition to the unplanned outages, the Project also
shutdown yearly for annual maintenance: there were 20 outages lasting over 12 hours that
occurred over the last 10 years. All of these events had the potential to strand adults and
juveniles. However, only planned outages require fish rescue.
After the construction of the tailrace barrier (2007), Energy Northwest instituted a Fish Rescue
Plan as part of their monitoring for fish barrier effectiveness (EES Consulting 2006a).This plan
proposes to inspect the Cowlitz River side channel that flows into the tailrace slough and verify
that the river is providing flow through the side channel into the slough, or take appropriate
actions to rescue fish, if needed, within 12 hours of cessation of flows through the Project
tailrace during planned outages. Energy Northwest will also inspect and electrofish the section of
the tailrace upstream of the fish barrier within 12 hours of Project shutdown, and seine the
stilling basin within 72 hours of the outage (FERC 2009a; Energy Northwest 2009). All captured
fish will be recorded and the information will be provided in the annual report.
In order to accomplish this task, a large seine will be used during outages to collect stranded fish
from the stilling basin. A minimum of two seining passes will be made during each rescue effort.
Upon completion of the seining, biologists will work down the entirety of the concrete-lined
tailrace using a backpack electroshocker and dip nets to collect any stranded fish. This effort will
continue into the tailrace slough during those times when the slough is dependent on flows from
the Project. Fish will be collected in dip nets and if necessary transferred to buckets filled with
water and provided with aeration from a portable aquarium pump. Fish will be handled as little
as possible in order to minimize chance of injury or descaling (EES Consulting 2006a).
Energy Northwest proposes to follow a fish rescue plan to minimize potential effects to fish. This
plan would follow NMFS and WDFW fish capture and handling guidelines. Some level of injury
or mortality of listed salmonids is unavoidable under any tailrace slough fish rescue scenario;
however, established protocols and experienced personnel reduce these risks.

28
Due to high Cowlitz River flows in the tailrace slough in 2013, only the cascade that extends from the fish barrier
downstream to the tailrace slough was salvaged. A total of 14 salmonids (13 juvenile coho salmon and 1
rainbow/steelhead trout were captured and removed.
29
Energy Northwest provided information on unplanned outages that occurred at the project between June 30, 1998,
and the end of 2008 (Energy Northwest 2009; Desserault 2010).
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Since the implementation of the Fish Rescue Plan, Energy Northwest has conducted eight fish
salvage efforts (2007a, 2008a, 2009a, 2010, 2011, 2012, 2013, and 2014).
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Table B-1. Summary of listed species captured in the Project stilling basin, tailrace, and
tailrace slough during planned Project outages, 2009 – 2014.
Year
2009

2010

Species

Stilling
Basin

Tailrace

Chin Juveniles

0

0

0

Chin Adults

0

0

0

Coho Juveniles

4

0

500

Coho Adults

0

0

0

Steelhead Juveniles

6

1

10

N/A

N/A

0

Chin Juveniles
Chin Adults

0

Coho Juveniles

2011

300

Coho Adults

0

Steelhead Juveniles

17

Chin Juveniles

N/A

N/A

Chin Adults

1

Steelhead Juveniles

27

Chin Juveniles

1

0

2

Chin Adults

0

0

0

462

0

761

0

0

0

122

20

47

Chin Juveniles

0

0

0

Chin Adults

0

0

0

Coho Juveniles

18

0

13

Coho Adults

0

0

0

Steelhead Juveniles

13

11

1

Chin Juveniles

4

0

5

0
33 +
2M

0

9 + 4M

0

165

0
80 +
2M

0

1

5

0

7

0
517 +
2M

0

12 + 5M

0

2,974 + 20M

0
221 +
2M

0

2

34

102

Coho Adults
Steelhead Juveniles

2014

Chin Adults
Coho Juveniles
Coho Adults
Steelhead Juveniles
Total

1,235 + 20M

Coho Adults

Coho Juveniles

2013

0
3 + 1M

Coho Juveniles

2012

Tailrace Slough

Chin Juveniles
Chin Adults
Coho Juveniles
Coho Adults
Steelhead Juveniles
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Table B-2. Salmonid life temperature criteria (modified from NMFS 2008b).
Salmonid Life Temperature Criteria in Freshwater
Salmonid Use Category

7-DADMax

Salmon spawning1

13°C (55.4°F)

Core Summer salmonid habitat2

16°C (55.4°F)

June 15-September 15

Salmonid spawning, rearing and migration

17.5°C (63.5°F)

September 16-June 14

Salmonid rearing and migration only

17.5°C (63.5°F)

1

Time Period

16°C is not protective of the reproductive life history phases of fertilization, embryo development, and hatching
in cases where spawning occurs relatively early in the summer because natural temperatures will not decline to
sufficiently cool temperature. In these cases the 13°C criterion is applied (NMFS 2008b).
2
Core summer salmonid habitat is that used for summer emergence, adult holding, summer rearing, and foraging
by adult and sub-adults (NMFS 2008b).
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Table B-3. 2004 water temperature monitoring data for the action area and number of days the
16°C numerical criterion was exceeded for core1 summer salmonid habitat (Source: Energy
Northwest 2008).

Monitoring Site

Hottest 7
Days
(Range)

7-DAD
Max (°C)

Max Hourly
Temp. (°C)

# of days
exceeding
16°C

Packwood Lake near the surface
at the deepest point of the lake

8/16–8/22

21.04

23.65

NA

Packwood Lake near outlet

8/16–8/22

20.45

20.74

NA

Lake Creek below drop structure

8/15–8/21

20.95

21.42

73

Lake creek 1,500 feet
downstream of the diversion
structure

8/15–8/21

19.82

20.12

53

Lake Creek near confluence with
the Cowlitz River

8/11–8/17

14.36

14.78

0

Powerhouse tailrace upper end

8/14–8/20

20.67

21.07

74

Powerhouse tailrace lower end

8/15–8/21

21.25

21.51

79

Cowlitz River tailrace side channel

8/15–8/21

21.91

22.38

80

Cowlitz River upstream of Lake
Creek confluence

7/29–8/4

14.90

15.33

0

Snyder Creek upstream of
ancillary water inflow

8/11–8/17

18.02

18.30

38

Snyder Creek at confluence with
Hall Creek

8/11–8/17

17.99

18.34

39

1

Core summer salmonid habitat is that used for summer emergence, adult holding, summer rearing, and
foraging by adult and sub-adults (NMFS 2008b).
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Table B-4. 2005 water temperature monitoring data for the action area and number of days the
16°C numerical criterion was exceeded for core1 summer salmonid habitat (Source: Energy
Northwest 2008).

Monitoring Site

Hottest 7
Days
(Range)

7-DAD
Max (°C)

Max Hourly
Temp. (°C)

# of days
exceeding
16°C

Packwood Lake near the surface
at the deepest point of the lake

7/14–7/20

18.63

19.31

35

Packwood Lake near outlet

7/13–7/19

17.68

17.37

38

Lake Creek below drop
structure

8/15–8/21

20.81

21.42

77

Lake creek 1,500 feet
downstream of the diversion
structure

8/9–8/15

19.46

20.03

62

Lake Creek near confluence
with the Cowlitz River

7/30–8/05

13.51

13.74

0

Powerhouse tailrace upper end

8/4–8/10

21.82

24.28

81

Powerhouse tailrace lower end

8/4–8/10

20.83

21.34

82

Cowlitz River tailrace side
channel

7/25–7/31

18.41

19.16

NA

Cowlitz River upstream of Lake
Creek confluence

7/25–7/31

15.10

15.92

0

Snyder Creek at confluence with
Hall Creek

8/4–8/10

16.98

17.86

36

1 Core summer salmonid habitat is that used for summer emergence, adult holding, summer rearing, and foraging
by adult and sub-adults (NMFS 2008b).
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Table B-5. Salmonid freshwater Dissolved Oxygen criteria (NMFS 2008b).
Salmonid Dissolved Oxygen Criteria
Salmonid spawning, incubation, and fry
emergence

11.0 mg/L

Salmonid rearing and migration

9.5 mg/L

Table B-6. Monthly Dissolved Oxygen data for lower Packwood Lake, Lake Creek, Cowlitz
River upstream of Lake Creek, the lower end of the tailrace, and the tailrace slough side channel
of the Cowlitz River for 2004 (modified: EES Consulting 2006).
DO mg/L
April
2004

May
2004

June
2004

July
2004

Aug1
2004

Sept
2004

Oct
2004

PLB (PH)2

10.8

9.6

10.2

9.0

9.43

8.5

8.4

LCMH4

11.5

9.7

10.2

9.4

11.3

9.4

CRULC5

12.3

10.0

10.5

9.0

11.4

10.4

POWT26

10.8

14.5

10.3

9.3

10.3

10.6

CRTRSC7

10.7

10.2

9.6

8.3

10.3

9.4

1

Nov
2004

Dec
2004

Jan
2005

Feb
2005

Mar
2005

10.5

11.0

13.2

14.1

9.9

10.2

11.5

12.1

13.5

13.8

9.5

11.3

12.4

13.7

15.0

10.5

9.4

11.6

13.1

14.4

9.3

9.1

8.8

Information in August was only collected for part of the month.
Photic zone, reported at a depth of 1m
3
Two measurements were taken in August, early (10.18), and late (8.61). These results were averaged to arrive at
a value of9.4 mg/L.
4
Lake Creek near mouth of Cowlitz River (LCMH)
5
Cowlitz River upstream of Lake Creek (CRULC)
6
Powerhouse tailrace lower end (POWT2)
7
Cowlitz River side-channel tailrace slough (CRTSC)
2
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Table B-7. Monthly Dissolved Oxygen data for lower Packwood Lake, Lake Creek, Cowlitz
River upstream of Lake Creek, the lower end of the tailrace, and the tailrace slough side channel
of the Cowlitz River for 2005 (modified: EES Consulting 2007c).
DO mg/L
April
2005

May
2005

June
2005

July
2005

Aug1
2005

Sept
2005

Oct
2005

PLB (PH)2

10.5

9.5

10

8.6

8.93

8.8

9.9

LCMH4

10.8

10.4

12.0

7.8

10.9

10.8

CRULC5

11.1

10.5

11.6

8.4

9.6

POWT26

11.7

10.5

11.4

9.0

CRTRSC7

10.4

10.2

11.2

8.5

Nov
2005

Dec
2005

Jan
2006

Feb
2006

Mar
2006

9.6

11.8

11.7

11.9

11.6

12.1

10.1

9.6

12.3

12.2

12.3

11.5

11.6

9.0

11.0

11.0

12.0

13.7

12.7

9.4

9.7

9.9

11.0

12.0

12.5

13.5
12.0

1

Information in August was only collected for part of the month.
Photic zone, reported at a depth of 1m
3
Two measurements were taken in August, early (8.65), and late (9.12). These results were averaged to get 8.9
mg/L.
4
Lake Creek near mouth of Cowlitz River (LCMH)
5
Cowlitz River upstream of Lake Creek (CRULC)
6
Powerhouse tailrace lower end (POWT2)
7
Cowlitz River side-channel tailrace slough (CRTSC)
2

Table B-8.Mean annual pH and turbidity levels (Modified from: Energy Northwest 2008)
April 2004–March 2005

Lake Creek below diversion
structure

7.52

Turbidity
(NTU)1
5.46

Lake Creek near mouth

7.44

3.12

7.3

1.74

Cowlitz River upstream of Lake
Creek

7.12

25.94

7.36

13.78

Upper end of the tailrace

7.25

3.21

7.28

1.53

Lower end of the tailrace

7.44

2.74

7.31

1.72

Cowlitz River side channel

7.25

26.79

7.33

5.52

pH

1

April 2005–March 2006

NTU= nephelometric turbidity units
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7.58

Turbidity
(NTU)
1.38

pH

Table B-9. Average monthly and annual flows, Upper Lake Creek at outlet of Packwood Lake
(U.S. Geological Survey [USGS] No. 14225500) and Cowlitz River at Packwood (USGS
No.14226500), WY 1912–1962 (Source: Energy Northwest 2007).
Month

Lake Creek (cfs)

Cowlitz River (cfs)

Percentage

October

63

916

6.9%

November

87

1,632

5.3%

December

102

1,784

5.7%

January

90

1,426

6.3%

February

74

1,240

6.0%

March

64

1,147

5.6%

April

85

1,817

4.7%

May

153

2,967

5.2%

June

207

3,327

6.2%

July

152

2,039

7.5%

August

77

880

8.8%

September

56

606

9.2%

Mean Annual

101

1,649

6.1%
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Table B-10. Mean monthly and annual inflow (cubic feet per second [cfs]) from lower Lake
Creek at Packwood Lake outlet (Gage No. 14225500) and Lake Creek above its confluence with
the Cowlitz River (Gage No. 14226000) (Energy Northwest 2009).
WY

Oct

Nov

Dec

Jan

Feb

March

April

May

June

July

Aug

Sept

Annual

19631

11.7 25.8 29.4

23

39.8

26.5

36.4

20.3

13.5

8.8

5.1

6.5

20.4

1964

5.9

29

37.6

30.3

26

17.1 12.9

8.6

25.2

1965

12.3 21.9 79.4 87.3 52.3

28.7

23.8

26.3

21.8

14.9

9

6.7

32

1966

5.8

8.7

20.2

37.2

34.8

25.1

18.9

12.7

8.5

5.9

18.4

1967

4.8

10.4 39.8 64.1 43.1

24.3

16

18.4

19.4

14.1

8.2

6.1

22.4

1968

11.9 21.2 38.9 39.2 62.1

36

26.8

15.7

14.3

9.6

8

9.4

24.3

1969

19.3 38.5 47.4 55.4 22.8

29.5

33.1

26.6

24.4

13.4

8.6

7.3

27.2

1970

8.9

11.6 22.4 62.2 47.1

30

27.2

17.9

15

10.2

6.6

5.6

22

1971

6.1

19.1 30.2 67.6 55.4

33.6

36.2

41.5

32.5

22

11.2

8.8

30.3

1972

9

21.6 37.9 66.4 79.7

99.7

50.3

48.2

42.7

26.1 14.9

13.7

42.4

1973

9.7

54.9 47.1 23.9

19.2

14.5

13.5

12.1

9.6

7.4

6.9

19.6

1974

6.8

34.4 56.8 82.5 49.8

43.4

46.7

44.2

52.5

26

14.5

9.3

38.9

1975

6.7

44.6 85.5 47.2

41.6

23.2

27.1

24.5

13

11.5

8.6

29.1

1976

8.7

30.8 92.8 67.3 36.4

29.7

37.5

35.7

27.2

18.7 12.9

9.2

34

1977

7.6

11.6 12.4 15.5 15.7

23.6

22.7

19.6

18

11.4

8.7

12.2

14.9

Mean

9.0

20.9 41.8 56.0 42.0

35.5

31.1

27.4

24.2

15.2

9.9

8.3

26.7

26.7 26.6 47.1 35.4

16

15

13.5

29

1

The USGS Gage for Station No. 14226000 (lower Lake Creek near confluence with the Cowlitz River) includes data
from September 1, 1907 through November 22, 1977. However, the record is incomplete. Significant gaps exist in
the data for the following periods: October 1912–September 1913 (1 year); October 1914–September 1962 (53
years), and; October 13–29, 1976 (Energy Northwest 2007). Considering the 53-year data gap, we dropped 1914
information from the data set.
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Table B-11. Monthly and annual flows, upper Lake Creek at outlet of Packwood Lake (USGS
No. 14225500), mean monthly and annual inflow from at Packwood Lake outlet (Gage No.
14225500) and total flow Lake Creek above mouth (Gage No.14226000), and monthly and
annual flows for Cowlitz River at Packwood (USGS No. 14226500), WY 1912–1962 (Source:
Energy Northwest 2007, modified by NMFS).

Cowlitz River
(cfs)1

Percentage of
Flow
Contribution
from Lake Creek

Month

Lake Creek
(cfs)1

Mean Monthly
Inflow (cfs)2

Total Flow
Lake Creek
(cfs)

October

63

9.2

72.2

916

7.9%

November

87

20.9

107.9

1,632

6.6%

December

102

40.6

142.6

1,784

8.0%

January

90

55.6

145.6

1,426

10.2%

February

74

40.9

114.9

1,240

9.3%

March

64

35.5

99.5

1,147

8.7%

April

85

31.8

116.8

1,817

6.4%

May

153

27.9

180.9

2,967

6.1%

June

207

24.4

231.4

3,327

7.0%

July

152

15.6

167.6

2,039

8.2%

August

77

9.8

86.8

880

9.9%

September

56

8.6

64.6

606

10.7%

Annual

101

26.7

127.7

1,649

7.7%

1

WY 1912–1962 – however data used actually ran from 1963-1977, based on the data gaps
WY 1914–1977– however data used actually ran from 1963-1977, based on the data gaps

2
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Table B-12. Flow (cubic feet per second [cfs]) at gages along Lake Creek and the Cowlitz River (Source: Energy Northwest 2007).
Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

USGS gage no. 14225500 Lake Creek at Packwood Lake Outlet (October 1, 1912 to September 30, 1962 pre Project1)
Mean

62

87

103

90

75

63

84

151

209

153

77

56

Median

48

65

71

67

60

53

76

139

193

139

70

49

Max.

546

855

1,300

590

530

238

379

382

562

462

169

267

Min.

20

18

18

24

25

29

33

46

64

42

34

24

10% Exceed.

106

164

184

177

134

103

137

230

324

247

124

83

90% Exceed.

29

29

35

40

36

37

44

83

111

73

44

35

USGS gage no. 14225500 Lake Creek at Packwood Lake Outlet (October 1, 1965 to September 30, 1980 post Project)
Mean

8

7

21

6

5

5

5

11

28

12

7

5

Median

6

5

5

5

5

5

5

5

6

5

5

5

Max.

42

46

1,220

182

24

27

10

300

302

208

204

20

Min.

3

3

3

3

2

3

2

3

3

3

4

3

10% Exceed.

19

8

6

6

6

6

6

17

76

29

6

6

90% Exceed.

4

4

4

4

4

4

4

4

4

4

4

4

USGS gage no. 14226000 Lake Creek at Mouth (October 1, 1965 to November 1977 post Project)
Mean

17

28

53

63

46

42

36

41

58

29

18

14

Median

14

22

35

46

41

35

34

31

31

19

15

13

Max.

82

87

1,130

365

256

214

80

380

393

205

214

35

Min.

8

10

15

17

16

21

17

18

16

13

11

10

10% Exceed.

29

49

80

114

76

66

54

61

127

62

20

17

90% Exceed.

10

14

17

23

22

24

21

19

18

14

12

11
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Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

USGS gage no. 14226500 Cowlitz River at Packwood (October 1, 1965 to September 30, 2007)
Mean

673

1,619

1,720

1,697

1,496

1,325

1,617

2,639

2,809

1,583

785

566

Median

430

1,050

1,080

1,100

982

1,040

1,350

2,250

2,460

1,270

642

470

Max.

11,200

30,000

27,700

17,800

26,800

13,100

16,000

8,730

13,400

7,140

3,730

4,000

Min.

166

155

237

343

350

362

465

681

700

450

347

213

10% Exceed.

1,340

3,173

3,530

3,586

2,825

2270

2815

4520

4720

3060

1290

876

90% Exceed.

258

379

512

530

520

600

737

1340

1360

693

457

320

1
The USGS Gage for Station No. 14225500 (lower Lake Creek immediately downstream of the drop structure) includes data from October 11, 1911 through
September 30, 1980. However, the record is incomplete. Significant gaps exist in the data for the following periods: October 1925–September 1930 (5 years);
November 1943–September 1948 (4 years 11 months), and; May 1954–August 1959 (5 years 4 months) (Energy Northwest 2007).
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Table B-13. Packwood Project Unplanned Outages by month, duration, and cause (1998 to
2008)(Source: Energy Northwest 2010). Grey highlight indicates outages lasting longer than 12
hours in duration (the amount of time it takes the tailrace to dewater and triggers fish rescue).
Date
06/30/98
08/05/98
04/24/99
08/04/99
11/08/00
11/19/01
09/03/02
11/06/02
12/02/02
12/09/02
12/16/02
12/17/02
02/24/03
03/14/03
07/19/03
08/07/03
10/31/03
11/01/04
07/14/05
08/08/05
11/06/06
12/14/06
10/30/07
12/25/07
03/28/08
07/07/08
07/13/08
11/13/08
12/24/08
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Duration (Hours)
2
73.9
4.3
0.8
1201.2
440.5
1.9
6
0.3
3
2.2
1.8
48.3
8.9
10
104.3
10.2
4
144.5
8
1
3
64.8
10
274.0
15.4
9.3
1.5
257.0

Cause
Transmission System Fault (tree on 69kv line)
Exciter
Gas detection relay transformer
Transmission System Fault (lightning strike on 69kv line)
Tunnel 2 Repair
Transformer
Blown fuse in Needle Proportioning Valve
Governor Software
Governor Software
Governor Software
4160 Cable Failure
4160 Cable Failure
Exciter
Governor
Exciter
Governor
Governor
Loss of Head Gate Position
Governor
Governor
Transmission System fault
Transmission System fault
Governor
Transmission System fault
Buss Failure
Governor Software / Solenoid Valve
Governor Software
Solenoid Failure
Buss Failure
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Figure B-1. Packwood Lake Hydroelectric Project unplanned outage duration (source: Energy
Northwest 2009).
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Figure B-2. Median daily Cowlitz River flows correlated with unplanned outages and fish species periodicity. (Source: Energy

Appendix D of Northwest 2008)
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