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Introduction
Over the course of 2019, Energy Northwest (EN) has had substantial dialogue with requisite
stakeholders on the Resource Agencies Committee (RAC) related to the potential for modifying
the Federal Energy Regulatory Commission (FERC) License Order specifically related to USDA
Forest Service (USFS) Federal Power Action Final Section 4(e) Term and Condition No. 9
(Entrainment). This Addendum to the previously filed Packwood Lake Intake Fish Entrainment
Monitoring Plan (Plan) is intended to outline the monitoring methodology associated with the
collaboratively discussed approach to exclude fish from access to the Project intake. EN
understands that the monitoring methods presented in this Addendum are intended to be
temporary and adaptive until the point when the exclusionary system proves to be consistently
functional and effective.
In August 2019, EN presented the Packwood Lake Intake Fish Exclusion Alternatives Analysis to
the RAC for review and discussion (Appendix A). This document was preceded by a site visit on
June 19, 2019 and a subsequent coordination call on September 3, 2019 whereby the potential
for installing an exclusion device near the intake was discussed. The intent of this exclusionary
device would be to prevent rainbow trout from being able to access the forebay/intake area thus,
eliminating the potential for entrainment via an operational route. Upon conceptual agreement of
this approach and the subsequent development of the Alternatives Analysis, it was determined
that an appropriately sized fish exclusion net would be installed upstream of the intake to prevent
downstream movement of rainbow trout beyond this point. The current plan is for installation to
occur in the spring of 2020. In advance of the installation, it was agreed that an Addendum to the
existing Plan would be developed outlining revised entrainment monitoring methods to:


Initially assess the effectiveness of the exclusion net during a 2-year pilot program



If deemed effective, to document longer-term monitoring associated with the continued
utilization of the exclusion net



Document conditions and results that would lead to the collaborative conclusion that no
additional monitoring is necessary

EN and the other members of the RAC are working toward a path where if the exclusion net
proves effective in preventing rainbow trout access to the intake over an agreed upon period of
time, certain provisions related to the potential for modifications to and/or replacement of intake
infrastructure will be removed from the existing license condition. The monitoring methods and
associated schedule outlined in this Addendum are intended to temporarily supplant what is
described in the Plan with the understanding that these methods will either:
1. If successful, become the permanent monitoring methods and associated compliance
schedule for the remainder of the new license, after review and incorporation by FERC.
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2. If the exclusion net is ineffective in preventing intake access, EN would revert back to the
current Plan’s monitoring and adaptive management approach.
If Item 1 above is the result, EN is committed to working with the rest of the RAC to modify the
existing Plan accordingly and file it with FERC for review and inclusion as a License amendment.
Exclusion Net Description
Per the Intake Fish Exclusion Alternatives Analysis:
The fish exclusion net would be oriented across the forebay area in the location of the existing
debris boom and would extend from the water surface down to the invert of the approach channel
at elevation of approximately 2,840.0 fmsl. This location is advantageous for a number of reasons,
including the following:
1. The location outside of the drop structure overflow path allows for passage of debris in
overflow events and provides sweeping velocities to clean accumulated floating debris off the
net.
2. The location in the excavated approach channel is assumed to be fairly uniform, which
minimizes the potential for gaps to form at the bottom of the net or for snags that the net could
catch on.
3. The pool that forms at the base of the drop structure adjacent to the net provides a resting
place for fish to escape to if the net gets occluded and approach velocities increase.
The net would maintain an angle of approximately 30° to the channel cross-section so as to
maintain additional screening area and lower approach velocities. The net would be affixed at one
end to the concrete intake structure wall and would be anchored on the opposing shore by a
concrete anchor block. The straight-line alignment between the anchor points is a minimum of 50
ft. from concrete to opposing shore. Additional slack of approximately 30% (or a 65-foot total
length) would be maintained in the net and top line, however, to account for the fluctuations in the
water surface level. Under penstock operation a drag load would be induced across the net
causing the net to orient itself in a catenary shape. This location and orientation are depicted in
Figure 1.
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Figure 1. Fish Exclusion Net Location and Orientation (Existing Site Source; Energy
Northwest, 2008b, Figure 3-4 from Appendix A)
Given the above orientation and shape, approximately 1,300 square ft. of net would be required.
The net would consist of twisted ultra-cross netting fabricated from Dyneema®, an ultra-high
molecular weight polyethylene. Dyneema® netting is commonly used in fish exclusion nets
throughout the Pacific Northwest and has superior strength characteristics compared to a typical
nylon net, giving it a longer life and a lower life cycle cost. The net would consist of a square
opening mesh with a maximum clear space of 3/32-inch to preclude passage of fry into the intake
structure. The mesh would be oriented vertically (square pattern) for optimal strength.
The top line of the net would consist of a cable with Ethyl Vinyl Acetate (EVA) floats, approximately
16 inches in diameter. These floats would act in a similar fashion to the existing debris boom in
the intake structure forebay, and smaller floating debris would accumulate at the top line of the
net (see Figure 2). Because of the tree cover surrounding the approach channel and the potential
for larger branches that could get caught in the net, a 4.0-foot-deep vinyl curtain would extend
down from the floats on the upstream side of the net to prevent any tugging or pulling on the net.
Additional flotation can also be provided by simply installing a 12-inch-diameter HDPE pipe
upstream and adjacent to the EVA floats. The HDPE pipe would be attached to the EVA line with
removable straps.
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Figure 2. Debris Profile Behind the Existing Debris Boom (Figure 3-5 from Appendix A)
To mitigate billowing of the net material due to variations in the pool elevation, the net would be
equipped with two intermediate lines. The upper line would be weighted on the upstream side of
the net with a chain, and the lower line would have smaller RX-7 PVC floats. The combination of
the two opposing forces would allow the slack to be taken out of the net in low water level
scenarios. This concept is depicted in Figure 3.
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Figure 3. Pool Fluctuation Concept (Source; PNP, 2019, Figure 3-6 from Appendix A)
Finally, the bottom line of the net would consist of a weighted chain that that would rest on the
bottom of the excavated channel at elevation of approximately 2,840.0 fmsl. It is anticipated that
the weight of the chain would be sufficient to secure the net to the bottom of the channel; however,
if it is deemed necessary upon further design, the chain could be affixed to concrete weights
installed on the channel bottom.
The complete Intake Fish Exclusion Alternative Analysis document is located in Appendix A and
has been reviewed by requisite members of the RAC.
Monitoring Methodology
Given the shift in focus from numbers of fish currently being entrained to confirming that the
exclusion net is preventing fish from accessing the area near the intake screens, the monitoring
methods will be altered to place priority on the exclusion net itself. That said, certain methods
associated with the intake and currently incorporated into the exsiting Plan will be retained as
they will provide additional data points related to numbers of fish (if any) bypassing the exclusion
net. Table 1 below, EN has itemized all tasks currently incorporated into the Plan and identified
them as being either “active” or “pending”.


An “Active” designation indciates that they will be employed over the course of the pilot
program (2020 and 2021).
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A “Pending” designation refers to those tasks that will be be suspended for 2020 and 2021
due to the focus on integrity of the exclusion net. Any “pending” tasks will be reviewed
during the March 2022 annual Resource Coordination meeting in association with the
exclusion net data collected the previous 2 years. Determinations related to the need for
initiating the pending or delayed 2020-2021 study tasks will be collaboratively made.

Table 1. Itemiized list of “Active” and “Pending” tasks from the exisitng Plan.
Task
1.1
1.2
1.3a
1.3b
2.1a
2.2a
2.3a
3.1a
3.2a
3.2b
4.1a
4.1b
4.1c
5.1a
5.1b
5.1c
5.1d
6.1a
7.1a
7.2a
7.2b
7.3a
7.3b
7.3c
7.3d
7.3e

Summary
Coordination with the RAC
EN exchange of information with RAC
Development/revision of Plan
Reporting and meetings
Removeable debris screen cleaning and automatic setting for
traveling screens
Annual removal of debris in front of permanent trash racks
Potential for stop log placement
Hydroacoustic surveys of the lake
Analysis of hydroacoustic data
Estimate of fish population in Packwood lake
Inspect screens when access to intake is possible
Determine depth of impingement on screens, if any fish found
Record fish impingement data on data sheet
Assess fish decomposition rates on screens
Record any visual observations of scavenging found during
underwater camera work
Record results of all visual observations
Decomposition data used to determine adequate screen
sampling periodicity
Underwater camera observations in front of intake wells and in
the forebay area
Determine the annual traveling screen mortality by size class
Examine transport between the lake and intake building
If other methods for evaluating cause of death, RAC to evaluate
If impingement criteria met, a revised plan will be
collaboratively developed
If impingement criteria met, EN to prepare an intake structure
operation manual
If impingement criteria not met, RAC to discuss reasons for not
meeting the criteria
If impingment criteria not met, RAC to collaboratively determine
if minor or major modifications to infrastructure needed
RAC to determine if a major screed redesign or replacement is
needed

Active/Pending
Active
Active
Active
Active
Active
Active
Pending
Pending
Pending
Pending
Active
Active
Active
Pending
Pending
Pending
Pending
Active
Pending
Active
Active
Pending
Pending
Pending
Pending
Pending

What follows is a description of the methods to be incorporated during the initial 2-year pilot
program to begin in 2020. As stated above, if the exclusion net is deemed effective, it is likely
that some, if not all, of the “Active” study programs would be utilized into the future to continue to
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confirm the effectiveness of the exclusion net until such a time that the RAC collaboratively agrees
no additional monitoring is necessary. The methods have been itemized in two categories:
1. Original Study Plan Methods – These are the “Active” tasks summarized in Table 1 above.
The methodology has been taking verbatim from the original Plan developed during the
licensing process and prior to the option for utilization of an exclusion net.
2. Supplemental Methods – These are the methods that have been added to the original Plan to
specifically assess the exclusion net’s effectiveness at preventing fish from accessing the
intake.
Original Study Plan Methods
Task 1.1 – Roles and Resposibilities of All Involved Parties
The Resource Coordination Plan (RCP) establishes a single process for use by EN to coordinate
the conduct of each of its license compliance activities with timely oversight by the USFS and the
RAC.
Task 1.2 – Communication and Coordination
The RCP establishes a process for EN to exchange information and coordinate its efforts to
implement the conditions and ongoing operations and maintenance activities. The RCP describes
how and when EN will communicate with the USFS and the RAC by specifying an annual cycle
of data submittals, review meetings, field work, future planning and report preparation. The RCP
establishes a dispute resolution process to resolve disputes related to license conditions.
Task 1.3a – Plan Development and Updates
This Plan shall be developed in consultation with the RAC within three months of issuance of the
new license. The approved Plan shall be implemented annually for the first five years of the new
license. Subsequent monitoring frequency and actions will be dependent upon the results of the
initial monitoring period, and collectively agreed to by the RAC members.
EN, in consultation with the USFS and the RAC, will review, update, and/or revise the Plan as
needed after the initial five-year monitoring period. The revised Plan will be developed
cooperatively among the RAC identifying appropriate methods, monitoring schedules and
impingement thresholds. At the commencement of the next monitoring period, this revised Plan
shall be implemented for one or more years (to be determined by the USFS and the RAC) to
examine whether the traveling screens are continuing to meet identified impingement criteria.
New impingement criteria will be determined at the beginning of each new monitoring cycle and
based on the estimated Packwood Lake rainbow trout population density.
The updated or revised Plan will document the consultation process. EN will submit the updated
Plan to FERC by the end of the calendar year (December 31) in which the review and updates
occur, with copies sent to the RAC. The initial five-year update of the Plan will be completed
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during the sixth calendar year of the license and will include subsequent monitoring frequency
and actions developed by the RAC.
Task 1.3b – Reports and Meetings
Each year’s monitoring results will be reported to the RAC for review and comment prior to the
beginning of subsequent years of monitoring and within 90 days of completion of the year of
observation. The annual monitoring reports will be discussed at the annual Resource
Coordination meeting (USFS Condition No. 2; Resource Coordination Plan).
The draft final report summarizing the results from the five-year initial monitoring period will be
submitted to the RAC at the end of the fifth year for a 60-day review and comment, and discussed
at the annual Resource Coordination meeting prior to filing with FERC.
This Plan will be subject to the timelines and protocols established in the RCP (USFS Condition
No. 2).
Task 2.1a – Debris Screen Cleaning and Traveling Screen Manual Mode
The removable debris screens will be cleaned of all debris as necessary. Once clean, the screens
will be re-seated so that the bottom of the debris screens sits approximately 1-1/2 ft. to 2 ft. off
the bottom (e.g., bottom elevation of the screens at 2,841.5 – 2,842.0 ft. MSL), leaving a vertical
opening for fish to move easily from the intake structure to the forebay.
The traveling screens at the intake have two settings: automatic and manual. When the screens
are in automatic, they are set to rotate when a differential head pressure of 6 in. is detected from
the front of the screen to the back of the screen, indicating debris accumulation. When this
situation occurs, the screens rotate automatically to remove the debris. When the screens are set
in manual mode, Project personnel must be present at the intake building in order to rotate the
screens via the local control power switch.
For the duration of the monitoring program, the screens shall remain in manual mode to ensure
that Project personnel are able to identify and document all fish found on the screens. Screens
will be monitored during the period of time when access to the intake structure is possible.
Task 2.2a – Removal of Debris in Front of Trash Racks
Debris is removed annually from the area in front of the permanent trash racks during the annual
maintenance outage. Removal of the debris from this area has created the most conducive
environment for uniform flow through the intake and provided for enhanced fish passage in and
out of the intake when the removable debris screens are in place. Since waterlogged debris
accumulates slowly, this task will only be performed as necessary based on the results of the
annual visual inspections of the forebay performed during the annual outages.
Task 4.1a – Traveling Screen Inspections
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The screens will be inspected and all fish found on the screens will be documented during the
period of time when access to the intake structure is possible. When snow, downed trees, and
other weather issues preclude EN from accessing the lake during the winter and spring months,
the screens will be checked as often as possible. Inspections to collect data may not be
performed during those times when the plant has not operated since the last inspection and the
flow through the intake building has been limited to bypass flow only (e.g., outages or
maintenance shutdowns). In those cases log entries will be made denoting the reason for the
missed inspections.
The traveling screens will be inspected during the period of time when access to the intake
structure is possible. Information collected at each inspection will include:


Date, lake level and plant flow



Number of fish present



Tray and screen number where the fish are found



Fish length



Physical condition of fish (healthy to evidence of physical abnormalities)



Water temperature



Significant visual observations including anomalous natural weather/hydrologic events (if
any)



Photographs (as necessary) to document abnormal conditions



Turbidity at the intake during inspections

Task 4.1b – Assess Depth of Impinged Fish
The method for determining the depth of impingement is detailed below.
1. Each rotating screen (1 and 2) has permanent numbers embossed on the individual screen
segments (trays) for positive identification.
2. The screen consists of 35 segments each 23-1/2 in. high. A reference chart will be developed
that will allow the operators to determine where in the water column, based on lake elevation,
a particular screen was located.
3. By counting screen segments the operators can determine where each segment was located
in the column.
4. Lake level and plant flow will be obtained from the instrumentation in the intake building or
from the lake level staff gauge on the outside of the building.
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5. Prior to rotating the screens the operators will open the access doors on the front of the screen
housing and assure there is enough light to see fish on the screen segments.
6. While rotating the screens keep track of the screen segments until the first wetted segment
becomes visible and record that number on the log.
a. Identify any fish found by screen and segment / tray number and determine at what depth
in the water they were located.
b. Record the data as required on the form similar to that provided in Appendix A. It is
especially important to perform an accurate survey and keep track of which screen
segment and the depth of that segment.
Task 4.1c – Record Impingement Data
Fish impingement and mortality data will be recorded on data sheet shown in Appendix A and
made available to the RAC at a specified reporting period.
Task 6.1a – Observe Fish Movement via Underwater Camera
An underwater camera will be utilized to observe fish presence and behavior in each of the two
intake wells and the adjoining forebay area (i.e., immediately in front of the two intake wells). The
camera will also visually observe the attached dead fish on the traveling screens to determine
any scavenging. Surveys will be conducted monthly from May through September. Each of the
three areas will be systematically surveyed for approximately 15-30 minutes depending upon fish
or scavenger presence.
Each survey will examine the two intake wells from inside of the intake structure to record fish
presence and observe their behavior. Surveys of the intake wells will include observation of fish
behavior near the traveling screens and trash racks, and the attached dead fish on the traveling
screens. Surveys of the forebay area will focus on fish passage in and out of the intake building.
Lake levels and plant flows will be documented and the observations will be recorded. A recording
will be produced as a part of the annual report, documenting the significant video collected.
Task 7.2a– Fish Transport Between the Lake and Intake
To help confirm if spawning or other natural causes of fish mortality account for fish found on the
traveling screens and physical location on the screens, EN will examine transport between the
lake and the intake building.
The fish that are retrieved during the routine screen rotation in June and July of the first year will
be counted and logged (Task 4.1a). Those fish recovered from the screens that are intact and
not in an advanced state of decay will be tagged with a unique number and released back into
the inlet canal, either above the trail bridge or in the lake outside the log boom. The purpose of
this activity is to determine whether a fish mortality that occurs in the lake can be drawn into the
forebay and be found on the rotating screens. If a tagged fish is recovered on the screen, it will
be logged to document the release date and location as well as the recovery date and screen
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impingement position. The recovery of a tagged fish will not be counted as a new mortality. This
transport test will be repeated as necessary to confirm or refute the mechanism.
Task 7.2b – Determine Other Methods for Assessing Mortality
If the RAC determines that the results from Task 7.2a are insufficient to help determine the cause
of death of impinged fish and that such a determination is still necessary, then the RAC shall
investigate if other economical and reliable analysis methods are available to resolve this issue.
Supplemental Methods to Assess Exclusion Net Efficacy
Task 1 – Observe Fish Movement and Condition Near Exclusion Net
The same underwater camera utilized in Task 6.1a of the Original Study Plan Methods will be
utlized in this effort to document fish presence, movment and condition near the exclusion net.
The camera will be mounted to a telescoping rod and deployed from both the lower deck of the
intake and a boat to ensure complete coverage (depth and width) of the enitre span of the net.
The primary area of focus will be immediately on the upstream (forebay side) and downstream
(intake side) of the net. The survey will consist of a series of lateral sweeps at 5 ft. depth intervals
from the surface to the bottom of the water column. Each survey will be conducted at a speed to
insure clear resolution of the net within each 5-foot vertical footage segment. EN’s intent will be
to conduct surveys at least monthly for the entire year with the understanding that weather
conditions and safety during the winter months may preclude access at some times. The
periodicity of the surveys will be as follows:


2nd half of May – 1 survey



June – 2 surveys (spaced a week apart to account for peak spawning)



July – 1 survey at least 15 days after 2nd survey in June



August - 1 survey at least 15 days after survey in July



September - 1 survey at least 15 days after survey in August



October thru April – Effort will be made to conduct monthly surveys with the understanding
that access to the intake may be prohibited at times due to adverse weather conditions

Notes will be made documenting any mortality observed and distingushing that mortality between
direct impacts from net utilization (tangling, trapping, etc.) and those resulting from natural events
(post-spawn weakness, heavy rain, up-basin slides, sedimentation, etc.) and passive drift down
lake.
If during any survey more than 5 fish are observed in the “forebay” behind the exclusion net, EN
will conduct a seining effort within 7 days to remove those fish from the area. Those fish will either
be released back into the lake near the USFS cabin or into Reach 5 of Lake Creek if a survey of
the reach has occurred the previous year and the the number of rainbow trout collected was less
than 30 fish (see the operating license for more details on this Condition).
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In addtion to assessing fish presence near the exclusion net, documentation will be collected
during each survey regarding the nets condition (integrity, appropriate tension, etc.), any debris
that is collecting on the net and confirmation of appropriate floatation and anchoring to the bottom.
All data will be recordied on a data sheet and reporting on annually during the 2021 and 2022
Resource Coordination reporting process.
Task 2 – Spawning Surveys Near the Intake Structure
Over the past few years, during scheduled visits to the intake associated with maintenance,
monitoring and screen rotation, the operators have observed a small number of rainbow trout in
spawning behavior near the intake during very late May and through the month of June. As an
additonal measure to confirm that the exclusion net is effectively prohibiting fish from accessing
the area immediately adjacent to the intake, weekly visual spawning surveys near the intake will
take place between May 20 and June 30 for the 2-year pilot program. The primary area of focus
will be the area immediately to the east of the intake and in the forebay proper as those are the
two areas where suitable substrate for spawning exists and fish have been consistently observed
in spawning behavior. All redds and fish engaging in spawning activity will be documented and
the data input into a spreadsheet. Results will be described in the annual Resource Coordination
Report and discussed with the RAC and the annual Resource Coordination meeting.
Task 3 – Net Monitoring and Maintenance
The underwater camera surveys conducted in Task 1 of the Supplemental Methods will provide
input on the current condition of the net (fowling, debris, tears, anchorage, etc.). If any functional
issues are observed during the surveys, divers will be contacted and repairs will be made as soon
as logistically possible. The specfic issue requiring repair or maintennace will be recorded on the
data sheet and a record will be kept of any repairs that occur. This record will assist in determining
the long-term viability and effectiveness of the net in the Packwood forebay environment. The
activities will be reported annually for the duration of the 2-year pilot program, incoporated into
the Resource Coordination Report and discussed at the annual Resource Coordination meeting.
Adaptive Management
During the 2022 annual Resource Coordination meeting, monitoring results related to all of the
tasks described above will be comprehensively discussed and a collaborative determination will
be made related to the long-term utility and viability of the exclusion net. If it is determined that
the exclusion net has adequately prevented rainbow trout from accessing the intake and being
impinged/killed, RAC discussion will advance to a long-term monitoring and maintenance regime
focused on exclusion and leaving the net in place for the term of the license as opposed to
implementing the measures currently present in the Plan. If deemed acceptable, monitoring
methods employed during 2-year pilot program would likely persist and discussions would focus
on longer intervals between surveys with a potential eye toward ending the monitoring regime if
the exclusion net continues to be effective. Regardless of monitoring periodicity, consistent and
long-term maintenance of the net would occur for the duration of the license. All monitoring and
maintenance activities would be reported annually in association with the annual Resource
Coordination Report and discussed annually at the Resource Coordination meeting.
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If it is determined that the exclusion net has not been effective at adequately preventing access
to the intake, the RAC will discuss the process and approach for reverting back to the original
Plan.
Schedule
What follows is an approximate schedule of primary activities associated with the 2-year pilot
program. Additional discussions with the RAC will assist in refining this schedule over the course
of the next 3 to 4 months.


November 2019 – March 2020 – Final design and procurement of exclusion net



November 2019 – March 2020 – Continued collaboration with the RAC related to final
design parameter of the exclusion net



April 2020 – May 2020 – Installation of the exclusion net



May 2020 – June 2020 – Spawning surveys near the intake (weekly between May 20 and
June 30)



May 2020 – November 2021 – Monthly underwater camera surveys, as weather conditions
allow



March 2020 and March 2021 – Annual Resource Coordination meetings
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1.0 Introduction
1.1

General Description

Section 1 presents a summary of the alternatives analysis including authorization, purpose, and scope as
well as general report organization.

1.2

Authorization

Energy Northwest (ENW) has contracted with McMillen Jacobs Associates (McMillen Jacobs) to provide
technical services associated with post-licensing habitat, environmental, and aquatic monitoring and
reporting tasks for the Packwood Lake Hydroelectric Project, under the existing Contract No. 331251.
The intake fish exclusion alternatives analysis will be performed as a work task under this contract.

1.3

Purpose

The purpose of this report is to present the development of the alternative for a rainbow trout
(Oncorhynchus mykiss) exclusion net system in lieu of the proposed fish entrainment monitoring
measures associated with the new Federal Energy Regulatory Commission (FERC) operating license
(license) for the Packwood Lake Hydroelectric Project (Project) intake structure. The issuance of a new
license initiated the implementation of a series of regulatory, natural resource, and engineering measures
aimed at minimizing the impacts associated with continued operation of the Project.
One of these measures required by FERC, Condition No. 9, is the development of a “Packwood Lake
Intake Fish Entrainment Monitoring Plan,” specifically targeting rainbow trout communities in Packwood
Lake. This report presents a summary of the proposed fish monitoring program, presented as the baseline
alternative, and the alternative fish exclusion net system proposed as an alternative to the proposed
baseline monitoring program. A description of the modifications required to modify the existing intake
structure to lower the intake approach velocities with an associated reduction in fish entrainments is also
presented within the report. The analysis includes illustrative conceptual level sketches of the
alternatives, preliminary cost estimates, evaluation of the alternatives, and a recommended
implementation approach.

1.4

Scope

The scope of the study analysis is to develop a fish exclusion net system that could be implemented in
lieu of the proposed fish entrainment monitoring program. The study will develop the fish exclusion net
system in sufficient detail to allow development of conceptual level sketches, preliminary cost estimates,
and evaluation compared to the baseline alternative.

1.5

Report Organization

This report is a record of conceptual alternatives for the Packwood Lake Hydroelectric Project intake
structure and is intended to document the conceptual design alternatives and evaluation process, as well as
provide Capital and Operations and Maintenance (O&M) estimates for each of the primary alternatives.
The major report sections are described in Table 1-1.
McMillen Jacobs Associates
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Table 1-1. Major Report Sections and Purpose
Section

Description

Purpose

1

Introduction

Outlines the authorization and purpose of the report, the
scope of work, and the report organization.

2

Pertinent Data and Design
Criteria

Reviews the pertinent data and design criteria
associated with the alternatives development, and
provides relevant background information about the
location, function, and operation of the intake structure.

3

Conceptual Design
Development

Presents the development of an alternative for meeting
the FERC Condition No. 9, both institutional measures
and engineering measures. Alternative will include
general descriptions, major components, and expected
effectiveness at meeting fish exclusion requirements.

4

Cost Estimate Development

Presents construction and O&M conceptual costs for
the alternatives evaluated in the report.

5

Alternatives Evaluation

Presents criteria and evaluation based on biological
effectiveness, constructability, environmental impacts
during construction and post-construction, operational
impacts, design approach, cost, and ranking.

6

Conclusions and
Recommendations

Presents the conclusions and recommendations based
on the analysis described in the report.

7

References

Lists the references used during the analysis.

A

Conceptual Design
Drawings

Provides drawings that depict the alternatives.

B

Existing Intake Hydraulic
and Entrainment Data

Provides existing hydraulic and entrainment data under
the current fish exclusion system, as collected by ENW.

C

Hydraulic Calculations

Provides hydraulic calculations in support of the
alternative development.

D

Cost Estimate Calculations

Presents cost details for the alternatives developed in
this report.

Appendices

2.0 Pertinent Data and Design Criteria
2.1

General Description

Section 2 presents a description of the Project as well as some necessary background for this analysis, and
provides pertinent data and design criteria collected for the alternative development.

2.2

Project Description and Background

The Packwood Lake Hydroelectric Project is located in the State of Washington approximately 62 air
miles south by southeast of Tacoma, Washington (see Figure 2-1). The Project consists of an intake
structure located approximately 420 feet downstream from the outlet of Packwood Lake, where flows can
be diverted into a 72-inch pre-tensioned concrete pipeline. Water is then conveyed approximately 4.1
miles to a surge tank, where the pipeline transitions to buried steel penstock pipe ranging from 57-inch
McMillen Jacobs Associates
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diameter to 46.5-inch diameter. The penstock conveys the water another 1.1 miles to a horizontal-shaft
Pelton wheel turbine at the powerhouse located adjacent to the community of Packwood, Washington. At
the powerhouse, water is discharged to the tailrace and conveyed through a 1.3-mile-long canal to the
Cowlitz River. The discharge location in the Cowlitz River is located approximately 4 miles downstream
from the mouth of Lake Creek.

Excavated Inlet
Channel

Figure 2-1. Packwood Lake Location Map

The area of interest for this alternatives analysis is located at the penstock intake structure connected to
Packwood Lake. The lake represents approximately 452 acres of surface area at the normal water surface
elevation of 2,857 feet above mean sea level (fmsl). Lake levels are allowed to be lowered for power
generation no more than 8.0 feet to elevation 2,849 fmsl, and incipient flow release at the drop structure
occurs at elevation 2,858.5 fmsl. During the recreational season, May 1 through September 15, the lake
elevation must be maintained within +/- 6 inches of the normal water surface elevation, and plant
operations are restricted to matching lake inflows. The only known community of fish species in
Packwood Lake is rainbow trout (Oncorhynchus mykiss).

McMillen Jacobs Associates
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The intake structure is connected to Packwood Lake by an excavated inlet channel that maintains a
relatively constant invert elevation of approximately 2,843.5 fmsl. At the entrance to the inlet channel, an
existing log boom is used to exclude logs and other larger debris from the inlet channel and intake
structure. Adjacent to the intake structure, an 80-foot-long concrete drop structure spans Lake Creek, and
is approximately 10.5 feet tall above the downstream toe in Lake Creek. This structure is ungated and
operates as a passive overflow.
The intake structure forebay is spanned by Tuffboom brand debris booms to keep floating debris from
entering the intake structure and clogging the trash racks and debris screens (see Figure 2-2). At the
entrance to the intake structure, two layers of trash rack are incorporated (see Figure 2-3). The outer layer
is a removable trash rack that extends from the invert of the forebay to approximate elevation 2,858.0
fmsl. The removable trash rack does not maintain a consistent shape, but has a screen material with ovalshaped openings approximately 1-1/8 inches by 2-1/8 inches. This trash rack is removed and cleaned asneeded about 3 to 4 times per year, normally in the spring (March–April), in late summer associated with
the annual Project outage, and if weather allows, again in the late-October timeframe. The second layer is
a fixed, permanent trash rack that consists of two vertical screens approximately 10-feet tall by 11-feet
wide with 2-5/16 inch openings. These trash racks extend from the floor of the intake structure at
elevation 2,840 fmsl to a concrete slab at elevation 2,850 fmsl. These are supplemented with two panels
of horizontal grating in the concrete slab that act as additional screening area when lake levels are high,
and are 10-feet wide by 3-feet deep, and maintain 1-3/16 inch openings. These secondary trash racks are
permanent fixtures, and removal would require structural modification to the intake structure.
Within the intake structure itself there exist two traveling screens that are each 9.0-feet wide and extend
from the structure floor at elevation 2,840 fmsl to elevation 2,868 fmsl above the incipient spilling
elevation. The traveling screen media is wire cloth that maintains an opening of 5/32-inch square. These
screens can be set to operate in either automatic mode based on differential pressures caused by fouling of
the screens, or manually from the powerhouse or intake building.
After water has passed through the trash racks and traveling screens, it can either be diverted to Lake
Creek through a 12-inch-diameter bypass pipe or to the powerhouse through the penstock pipeline.
Typical powerhouse flows range from approximately 44 cubic feet per second (cfs) to 190 cfs, though can
be as high as 220 cfs. The above information has been collected from information provided by ENW and
from the FERC license application, Appendix E. Further information about the site configuration and
operations can be accessed in the FERC license application (ENW, 2008a).
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Figure 2-2. Intake Structure Configuration

Figure 2-3. Trash Rack and Traveling Screen Configuration

2.3

Pertinent Data

The analysis presented within this report was developed utilizing velocity and fish entrainment data
collected in 2007 and provided by ENW for the existing configuration (ENW, 2008c). This data has been
included in Appendix B for reference.
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Design Criteria

General design criteria were developed to set the boundaries for the alternatives development. These
criteria include operational parameters, regulatory requirements, existing geometry, and general physical
site constraints. Table 2-1 presents the preliminary design criteria broken down into criteria that are
generally applicable, those germane to the existing facility and the proposed fish entrainment monitoring
program, and those germane to a fish exclusion measure.
Table 2-1. Design Criteria
Criteria

Units

Value

Comments

Normal Water Surface
Elevation

fmsl

2,857.0

Recreational water surface that must be
maintained (+/- 0.5 ft) between May 1 and
September 15

Incipient Spilling Water
Surface Elevation

fmsl

2,858.5

Elevation of the drop structure crest

Minimum Water Surface
Elevation

fmsl

2,849.0

Dictated by permit requirements – no more than
8.0-ft below recreational water surface elevation

Inlet Channel Invert

fmsl

2,843.5

ENW, 2008a

Penstock Typical Flow
Range

cfs

44 – 190

ENW, 2008b

Maximum Penstock Flow

cfs

220

Figure 3-6; ENW, 2008c

Maximum Target Screen
Approach Velocity

ft/s

0.4

The 0.4-fps approach velocity is used for
juvenile fish screen approach velocity per
NMFS, 2011.

Outer Trash Rack Bottom
Elevation

fmsl

2,840.0

Top of slab for the intake structure

Outer Trash Rack Top
Elevation

fmsl

2,858.0

Top of slab for upper story of intake structure

Outer Trash Rack Width

ft

11.0

Outer Trash Rack Screen
Openings

in

1-1/8 x 21/8

Inner Trash Rack Bottom
Elevation

fmsl

2,840.0

Top of slab for the intake structure

Inner Trash Rack Top
Elevation

fmsl

2,850.0

Top of slab for lower story of intake structure

Inner Trash Rack Width

ft

11.0

Inner Trash Rack Screen
Openings

in

2-5/16

Assumed square openings

fmsl

2,850.0

Top of slab for lower story of intake structure

General

Existing Screens

Horizontal Grating Elevation

McMillen Jacobs Associates
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Units

Value

Comments

Horizontal Grating Width

ft

10.0

Each, for two screens

Horizontal Grating Depth

ft

3.0

Each, for two screens

Horizontal Grating Screen
Openings

in

1-3/16

Square

Traveling Screen Bottom
Elevation

fmsl

2,840.0

Top of slab for the intake structure

Traveling Screen Top
Elevation

fmsl

2,868.0

Top of slab for intake structure uppermost story

Traveling Screen Width

ft

9.0

Each, for two screens

Traveling Screen Openings

in

5/32

Square

Existing Approach Channel
Shape

-

Trapezoidal

ENW, 2008b

Existing Approach Channel
Base Width

ft

20.0

ENW, 2008b

Existing Approach Channel
Side Slopes

-

1H:2V

ENW, 2008b

Assumed Maximum Net
Fouling/Ice Occlusion

-

50%

Fish Exclusion Measure

Assumed

3.0 Conceptual Design Development
3.1

General Description

Section 3 presents a general summary of the alternatives for meeting Condition 9 of the FERC license. In
this analysis, two alternatives were considered: (1) a baseline alternative consisting of retaining the
existing intake structure and implementing a 5-year fish entrainment monitoring plan, and (2) providing a
fish exclusion net to preclude entrainment of fish in the intake structure. A description of the two
alternatives, including the major components, hydraulics, and effectiveness, is provided below. For the
baseline alternative, a preliminary approach is presented for modifying the existing intake structure to
expand the screen area, with an anticipated reduction in expected fish entrainment. This alternative was
developed to illustrate the potential modifications required to provide additional screen area, and lower
the approach velocities through the existing intake structure.

McMillen Jacobs Associates
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Alternative 1 – Baseline – Existing Intake Structure / Fish
Entrainment Monitoring Program

3.2.1

Description

The existing intake structure is as described in Section 2.2, and is depicted in Drawings 1 and 2 appended
to this report (see Appendix A). This alternative would entail retaining the existing intake structure
without modification and implementing a 5-year fish entrainment monitoring plan (Monitoring Plan).
Major items of the Monitoring Plan would entail, at a minimum, the following actions (FERC, 2018):


Performance of lake population assessments for rainbow trout;



Implementation of regular screen monitoring, maintenance, and potential modification;



Regular inspection and cleaning of the forebay area;



Observation of the forebay and intake area by (at minimum) underwater cameras;



Fish decay rate analysis



Impingement monitoring and examination;



Infrastructural modifications if the 1.5% mortality or injury rate is exceeded; and



Coordination, report generation, and submission to the Resource Agency Committee (RAC).

This Monitoring Plan would be implemented annually for 5 years. After 5 years, if the 1.5% mortality or
injury rate is met, then the existing trash rack and traveling screen scheme will be adopted as the primary
fish exclusion device for a period to be determined by the RAC. An adjusted monitoring regimen would
be developed and monitoring would be performed for another year (or timeframe determined by the
above parties). After this, the existing system would be fully adopted until the next licensing process, and
operational manuals would be submitted to the Forest Service.
If the 1.5% mortality or injury rate is not met, then ENW would be required to modify the existing fish
screens and/or evaluate administrative controls such as restricting operational flows. The modified
structure would then be monitored according to the Monitoring Plan, and if it still does not meet the 1.5%
criterion, a major fish screen redesign is required to meet Washington State Fish Screen Criteria.
3.2.2

Hydraulic Design

The hydraulics of the existing system were analyzed, and calculations are provided in Appendix C. A
critical parameter to fish impingement at screens is the approach velocity. The approach velocity is
defined as the velocity experienced at the screen prior to the point at which the streamlines converge
through the openings. It is therefore equivalent to the discharge through the screen divided by the gross
screening area. Approach velocity calculations were performed for (1) the outer, removable trash rack; (2)
the inner, permanent trash rack; and (3) the traveling screens. Screen areas and dimensions are
summarized in Figure 3-1.

McMillen Jacobs Associates
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INTAKE FLOOR

Figure 3-1. Existing Intake Screen Geometry Summary

It was found that the traveling screens were the most limited in terms of effective area, and therefore
produce the maximum approach velocities. Screen-averaged approach velocities for the traveling screens
are summarized in Figure 3-2 as a function of the lake water level and the intake flow.
The National Marine Fisheries Service (NMFS, 2011) has established an approach velocity criterion of
0.4 feet per second (ft/s) based on the swimming abilities of fry-sized salmonids. The Washington
Department of Fish and Wildlife (WDFW, 2009) has adopted this criterion for active screens, like the
traveling screens at the Project intake. This requirement can be raised to 0.8 ft/s where it can be shown
that fry-sized fish are not present at the site. This 0.4 ft/s criterion is shown on Figure 3-2 for reference. It
can be seen that the velocity criterion is met for flows up to 60 cfs at low lake levels, and up to 120 cfs for
high lake levels.

McMillen Jacobs Associates
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1.60
Q = 40 cfs
Q = 60 cfs
Q = 80 cfs
Q = 100 cfs
Q = 120 cfs
Q = 140 cfs
Q = 160 cfs
Q = 180 cfs
Q = 200 cfs
Q = 220 cfs

1.40

Velocity (ft/s)

1.20
1.00
0.80
0.60

0.4 ft/s

0.40
0.20
0.00
2,848.0

2,850.0

2,852.0

2,854.0

2,856.0

2,858.0

2,860.0

2,862.0

Lake Level (fmsl)
Figure 3-2. Screen-Averaged Traveling Screen Approach Velocities

3.2.3

Fish Exclusion Effectiveness

NMFS specifies for fry-sized salmonids that square screen openings not exceed 3/32-inch square in
aperture, and 1/4-inch for fingerlings (NMFS, 1997). As is depicted in Figure 3-1, the outer and inner
trash racks maintain much larger openings (1-1/8 inch to 2-5/16 inch), which will exclude larger fish like
full adults, but will not exclude the passage of fry and fingerlings. These juvenile fish have lower burst
speeds, such that they can then be impinged on the traveling screen where local maximum velocities are
high. Moreover, the traveling screen opening is 5/32-inch square and larger than that specified by NMFS
where fry are present. Thus, the intake facility does not provide full fish exclusion from the penstock and
ultimately the powerhouse for fry-sized rainbow trout.
This is evidenced by fish entrainment data collected by ENW in 2007 on the traveling screen. Figure 3-3
depicts the fish entrainment data on the traveling screens and flow to the penstock (“plant flow”). There
appear to be two discrete time frames over which fish entrainment is higher than the rest of the year. The
first period, from late January to early April, is understood to be an issue with the alignment of the trash
racks that allowed for access by adult fish to the traveling screens. This misalignment issue was identified
with WDFW in early 2008, and alternatives were discussed to remedy this issue. The second period
closely corresponds to the post-spawning period for rainbow trout (spawning in May and June), and is
presumably influenced by the presence weakened or dead post-spawn fish that have passively drifted
from the primary spawning tributaries at the other end of the lake.

McMillen Jacobs Associates
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Figure 3-3. Fish Entrainment Data (Source; ENW, 2008c)

3.2.4

Alternative 1a – Modifications to Existing Intake Screens

Modifying the existing intake structure to increase the available screen area with a subsequent reduction
in approach velocity would be difficult and costly to achieve. The existing intake structure consists of a
reinforced concrete structure fitted with two sets of trash racks (inner and outer) and two traveling screen
bays. Depending on the selected flow and operating forebay level, the existing intake structure screen
area would need to be doubled to effectively lower the approach velocity to 0.4 fps. Two basic
approaches are available to increase the intake screen area:


Option 1 – Install Cylindrical Screens in Forebay



Option 2 – Expand the Existing Intake Structure

A brief description of each option is presented in the following paragraphs.
Option 1 – Install Cylindrical Screens in Forebay
Option 1 consists of installing a cylindrical screen assembly in the forebay of the existing intake structure.
An ISI-type screen assembly with integral screen cleaning mechanism could be installed perpendicular to
the existing intake. A steel bulkhead with a flanged pipe section would be installed in the existing trash
rack section, one in each trash rack bay. A 72-inch-diameter pipe would extend out to the screen
assembly. The full screen assembly would consist of a 72-inch-diameter screen approximately 32 feet
long installed on a concrete support pad. The screen system would replace the two trash racks and serve
as the primary intake screen system. The existing traveling screens would be maintained. The debris
McMillen Jacobs Associates
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boom would also be maintained. Drawings 2a and 2b (see Appendix A) illustrate the basic plan and
sections of this option.
Option 2 – Expand the Existing Intake Structure
With this option, the existing intake structure would be expanded to provide additional screen area located
in a third intake bay. Expansion would be into the existing inlet channel approaching the drop overflow
structure. To meet the 0.4 fps approach velocity, the existing intake structure would need to be about
double in size, which is not feasible within the existing available footprint.
This large of an expansion would result in a significant intrusion on the inlet channel and hydraulic
capacity of the drop structure. Reducing the approach velocity to 0.8 fps for all flows and the anticipated
primary operating forebay elevation during the fish passage period is more feasible, but would still
require expanding the existing intake extensively, which would be cost prohibitive. Consequently,
Option 1 was selected as the most feasible option for expanding the existing intake and will be used for
comparison purposes in the evaluation section of this report.

3.3

Alternative 2 – Fish Exclusion Net

3.3.1

Description

This alternative consists of providing a fish exclusion net in the forebay of the intake structure, so as to
preclude access by all stages of rainbow trout development to the trash rack and traveling screen area.
This alternative is depicted on Drawings 3 and 4 appended to this report (see Appendix A). Under this
alternative, the fish exclusion net would be constructed, followed by a 2-year monitoring regimen to
ensure that the system is working as designed and fish are neither being entrained in the downstream trash
racks and traveling screens nor in the fish net itself. The fish exclusion net features and design are
described in the following sections. The monitoring regimen will be described in a revised version of the
Fish Entrainment Monitoring Plan and distributed to the RAC for review and comment prior to
finalization.
3.3.2

Fish Exclusion Net

The fish exclusion net would be oriented across the forebay area in the location of the existing debris
boom and would extend from the water surface down to the invert of the approach channel at elevation
2,840.0 fmsl. This location is advantageous for a number of reasons, including the following:
1. The location outside of the drop structure overflow path allows for passage of debris in overflow
events and provides sweeping velocities to clean accumulated floating debris off the net.
2. The location in the excavated approach channel is assumed to be fairly uniform, which minimizes
the potential for gaps to form at the bottom of the net or for snags that the net could catch on.
3. The pool that forms at the base of the drop structure adjacent to the net provides a resting place
for fish to escape to if the net gets occluded and approach velocities increase.
The net would maintain an angle of approximately 30° to the channel cross-section so as to maintain
additional screening area and lower approach velocities. The net would be affixed at one end to the
McMillen Jacobs Associates
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concrete intake structure wall and would be anchored on the opposing shore by a concrete anchor block.
The straight-line alignment between the anchor points is a minimum of 50 feet from concrete to opposing
shore. Additional slack of approximately 30% (or a 65-foot total length) would be maintained in the net
and top line, however, to account for the fluctuations in the water surface level. Under penstock operation
a drag load would be induced across the net causing the net to orient itself in a catenary shape. This
location and orientation are depicted in Figure 3-4.

Figure 3-4. Fish Exclusion Net Location and Orientation (Existing Site Source; ENW, 2008b)

Given the above orientation and shape, approximately 1,300 square feet of net would be required. The net
would consist of twisted ultra-cross netting fabricated from Dyneema®, an ultra-high molecular weight
polyethylene. Dyneema® netting is commonly used in fish exclusion nets throughout the Pacific
Northwest and has superior strength characteristics compared to a typical nylon net, giving it a longer life
and a lower life cycle cost. The net would consist of a square opening mesh with a maximum clear space
of 3/32-inch to preclude passage of fry into the intake structure. The mesh would be oriented vertically
(square pattern) for optimal strength.
The top line of the net would consist of a cable with Ethyl Vinyl Acetate (EVA) floats, approximately 16
inches in diameter (see Figure 3-7). These floats would act in a similar fashion to the existing debris
boom in the intake structure forebay, and smaller floating debris would accumulate at the top line of the
net (see Figure 3-5). Because of the tree cover surrounding the approach channel and the potential for
larger branches that could get caught in the net, a 4.0-foot-deep vinyl curtain would extend down from the
floats on the upstream side of the net to prevent any tugging or pulling on the net.
Additional flotation can also be provided by simply installing a 12-inch-diameter HDPE pipe upstream
and adjacent to the EVA floats. The HDPE pipe would be attached to the EVA line with removable
straps.

McMillen Jacobs Associates
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Figure 3-5. Debris Profile Behind the Existing Debris Boom

To mitigate billowing of the net material due to variations in the pool elevation, the net would be
equipped with two intermediate lines. The upper line would be weighted on the upstream side of the net
with a chain, and the lower line would have smaller RX-7 PVC floats. The combination of the two
opposing forces would allow the slack to be taken out of the net in low water level scenarios. This
concept is depicted in Figure 3-6.

Figure 3-6. Pool Fluctuation Concept (Source; PNP, 2019)

Finally, the bottom line of the net would consist of a weighted chain that that would rest on the bottom of
the excavated channel at elevation 2,840.0 fmsl. It is anticipated that the weight of the chain would be
sufficient to secure the net to the bottom of the channel; however, if it is deemed necessary upon further
design, the chain could be affixed to concrete weights installed on the channel bottom.
McMillen Jacobs Associates
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Figure 3-7. Example Top Line and Bottom Chain (Source; PNP, 2019)

3.3.3

Abutment Anchors

This net assembly would then be attached to anchors at either end of the forebay. On the shore side, the
ground would be excavated for the installation of a 2.0-foot x 2.0-foot x 2.0-foot concrete deadman
anchor. This anchor was sized to account for the following mechanisms in the forebay:


Biological fouling of the nets (spring/summer)



Frazil ice occlusion on the nets (fall/winter)



Presence of debris at the top line



Drag force from the net solid area



Drag force from the buoys

Ice formation at the intake has not been observed during past operation, so it is not anticipated to be an
operation concern with the exclusion net. Wind and waves were not considered in the analysis, due to the
protected nature of the site in the approach channel, and the significant tree cover surrounding the intake
structure. Calculations associated with the anchor design are provided in Appendix C.
On the side of the net that abuts the intake structure, an anchoring mechanism would be required that
would give and take up slack as the water surface rises and falls. This would be performed with a
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proprietary, tracked slider mechanism that rises and falls with the water surface elevation. The track
would be installed directly to the intake structure concrete.
3.3.4

Operation

Typical operation of the fish exclusion net would be passive, and only occasional maintenance or
monitoring would be required. The net would remain in-place year-round and is able to withstand the
anticipated operating conditions, environmental conditions, and debris loadings.
Typical maintenance activities would involve monitoring the net for evidence of excessive biological
fouling. If the net appears to be occluded by biological material, the net may require periodic cleaning.
Periodic cleaning can be accomplished with divers with the net in place. Alternatively, the net may be
removed by disconnecting from the slider anchor and pulling the net out from the opposing shore. This
may require light equipment and/or small boat access for both the removal of the net, and the reinstallation.
Other maintenance and monitoring could include debris removal. If floating debris builds up at the top
line of the net, this will subject the anchors to excess forces that could lead to pull out of the anchorage.
Given that the existing debris boom maintains a similar configuration, however, it is not anticipated that
this will be a major concern.
Finally, at the end of net life the net would need to be replaced to maintain a barrier to fish passage into
the intake structure. The net life is estimated to be at least 10 years, though some nets in the Pacific
Northwest have been in service for 15–20 years without complication (PNP, 2019). The buoy/boom life at
the top of the net is estimated at approximately 50 years.
3.3.5

Hydraulic Design

Design calculations for the fish exclusion net alternative are provided in Appendix C. The net hydraulics
were again evaluated based on the approach velocity and the NMFS criterion for fry-sized salmonids of
0.4 ft/s. Figure 3-8 provides the average approach velocity over the surface of the net.
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Figure 3-8. Fish Exclusion Net Approach Velocity

While the net in this configuration is unable to meet the 0.4 ft/s criterion for all lake levels and intake
flows, it can be seen that the fish exclusion net performs much better than the traveling screens. Up to 100
cfs, the net meets the criterion for all lake levels, and for nearly all of the combinations of lake level and
intake flow, the approach velocity is under the adult criterion of 0.8 ft/s.
It may further be observed that between May 1 and September 15 every year, the FERC license requires
that a lake water surface elevation be maintained between 2,856.5 fmsl and 2,857.5 fmsl. This would be
the time of high intake flows and also corresponds to the time of high entrainment in the ENW 2007 data.
It can be seen from Figure 3-8 that the entire range of intake flows meets the approach velocity criterion
within this time frame. Outside of this time frame it is expected that the representative fish will be adult or
sub-adult and the criterion of 0.8 ft/s will prevail.
It is noteworthy that adjustments were not made, in this case, to local maximum velocities across the net
as in the case of the traveling screen. Velocity data was not available for this region to make such
adjustments. It may be observed, however, that the bulk Froude number for the recreational lake level of
2,857.0 fmsl and the maximum penstock flow is less than 0.05. This indicates that inertia will be
dominated by gravitational effects and the velocity distribution in the channel cross-section will be fairly
uniform. Therefore, the average approach velocities as summarized above were assumed to be a
representative measure for fish entrainment.
Finally, the addition of a net at the exterior of the intake structure introduces additional head losses that
could impact power generation. Calculations were performed using the method of the U.S. Bureau of
Reclamation (1960) to determine if head losses across the net were significant. Figure 3-9 depicts the
head losses by net occlusion for the recreational pool level (2,857.0 fmsl) and the maximum penstock
withdrawal (220 cfs). It can be seen that the head losses across the net amount to a maximum of 0.035
feet (~1/2 inch) and are insignificant. For the case of the minimum pool and the maximum penstock
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withdrawal, the head losses can reach 0.18 feet (~2 inches) for 50% screen occlusion; however, this is the
worst case condition and would only occur very infrequently.
0.040
0.035

Head Loss (ft)

0.030
0.025
0.020
0.015
0.010
0.005
0.000
0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

Percent Occluded
Figure 3-9. Head Losses at the Recreational Pool and Maximum Intake Flow

3.3.6

Fish Exclusion Effectiveness

Fish exclusion nets have been used in several locations within the Pacific Northwest, including the
following:


Baker Hydropower Project



Swift Hydropower Project



Yale Hydropower Project



Clackamas River Hydropower Project

At the Baker Hydropower Project, fish exclusion nets were used in connection with “gulper” systems to
guide and collect juvenile fish out-migrants as part of an overall downstream fish passage system. The
original systems constructed in the 1950s were recently replaced with new floating surface collectors
(FSC) and improved net systems. The new systems are performing well with improved fish guidance and
collection efficiencies including sockeye salmon juveniles.
A fish exclusion net was installed in the reservoir at Yale Dam to exclude adult bull trout from the intake
structure. This system has also performed well since its original installation nearly 10 years ago.
In general, the exclusion nets will perform well as long as the debris loads are managed, ice loads are not
prevalent, biological growth on the net can be controlled, and low velocities through the net are
maintained. At the Packwood intake, the operating conditions provide the basis for an exclusion net
system that will successfully and safely preclude rainbow trout from the intake structure. The location of
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the net will also provide refuge for rainbow trout away from the intake structure within the approach
channel.

4.0 Cost Estimate Development
4.1

Introduction

This section presents the basis that was used in developing the estimated construction costs, operation and
maintenance (O&M) costs, and total capital costs. The cost estimates were prepared based on the
conceptual designs prepared for this evaluation and in part by referencing design documents and details
from similar projects, historical unit cost data that took into consideration the location and site-specific
conditions of this Project, and vendor quotations. The primary focus was to develop a cost estimate for
the proposed fish exclusion net system. The anticipated construction cost associated with this alternative
is presented within this section. In addition, a preliminary cost estimate is presented for the required
modifications to the existing intake structure to add screen area and lower the approach velocities. This
cost estimate was provided for comparison purposes.

4.2

Approach

The American Association of Cost Engineering (AACE) provides guidelines for development of cost
estimates for various levels of project definition (see Table 4-1). For this Project, a Class 4 cost estimate
has been prepared, also called a Study or Feasibility level estimate, as defined by the AACE. This level
of estimate is deemed appropriate for the feasibility design level, which corresponds to approximately a
1% to 15% level of design development. Class 4 cost estimates are prepared for a number of purposes
such as detailed strategic planning, business development, project screening, alternative scheme analysis,
confirmation of economic and/or technical feasibility, and preliminary budget approval. Typical accuracy
ranges for Class 4 estimates are -15% to -30% on the low side, and +20% to +50% on the high side,
depending on the complexity of the project, appropriate reference information, and the inclusion of an
appropriate contingency determination. For this Project, a 30% contingency has been applied to the
construction costs and an appropriate accuracy range of -15% to +50% was determined to be reasonable
for the level of alternative development.
The construction cost data provided for this Project are not intended to be the lowest cost for completing
the work. Instead, the costs represent the median costs that would result from responsible bids received
from qualified contractors. The unit costs provided for the Project were derived from a number of
sources. Material costs for much of the work were obtained from vendor quotations specific to the
Project.

4.3

Basis for Cost Estimate

As described previously, the feasibility level estimates were developed for the alternative analysis
purposes of this Project and the cost estimates will be advanced to a more detailed level as the Project
documents are advanced for the selected alternative. Changes made to the alternative’s general function,
layout, and materials, as well as any modifications that may affect the overall Project schedule, will affect
construction costs. The labor burden, insurance, overhead, profit, bond, and applicable taxes have been
applied as separate line items within the developed estimates. Where feasible, a quantity takeoff was
produced using the associated drawing set, either by hand calculations or by utilizing On Screen Takeoff
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software. However, at this stage of the feasibility design, fully developed construction details do not exist
for all elements of the Project; therefore, appropriate assumptions have been made and stated for each
alternative cost estimate.
Similarly, prior to the development of complete construction details, specifications, and performance
criteria, McMillen Jacobs has relied on historical equipment costs and general vendor pricing for
materials and equipment costs in the previously mentioned cost estimates. For these features, estimates
developed for similar projects that are in the advanced stages of design or constructed have been used to
support the cost estimate preparation.
Table 4-1. American Association of Cost Engineering Guidelines
Primary
Characteristic

Secondary Characteristic
EXPECTED
ACCURACY
RANGE
Typical variation in
low and high
ranges (a)

PREPARATION
EFFORT
Typical degree
of effort relative
to least cost
index of 1 (b)

Capacity Factored,
Parametric Models,
Judgment or Analogy

L: -20% to -50%
H: +30% to +100%

1

Study of
Feasibility

Equipment Factored
or Parametric Models

L: -15% to -30%
H: +20% to +50%

2 to 4

10% to 40%

Budget,
Authorization,
or Control

Semi-Detailed Unit
Costs with Assembly
Level Line Items

L: -10% to -20%
H: +10% to +30%

3 to 10

Class 2

30% to 70%

Control or Bid/
Tender

Detailed Unit Cost
with Forced Detailed
Take-Off

L: -5% to -15%
H: +5% to +20%

4 to 20

Class 1

50% to 100%

Check Estimate
or Bid/Tender

Detailed Unit Cost
with Detailed TakeOff

L: -3% to -10%
H: +3% to +15%

5 to 100

LEVEL OF
PROJECT
DEFINITION
Expressed as % of
complete definition

END USAGE
Typical purpose
of estimate

Class 5

0% to 2%

Concept
Screening

Class 4

1% to 15%

Class 3

ESTIMATE
CLASS

METHODOLOGY
Typical estimating
method

Notes:
(a) The state of process technology and availability of applicable reference cost data affect the range markedly. The
+/- value represents typical percentage variation of actual costs from the cost estimate after application of
contingency (typically at a 50% level of confidence) for a given scope.
(b) If the range index value of “1” represents 0.005% of project costs, then an index value of 100 represents 0.5%.
Estimate preparation effort is highly dependent upon the size of the project and the quality of estimating data and
tools.

Source: AACE International Recommended Practice No. 17R-97

4.4

Precision of Cost Estimate

As stated above, a Class 4 cost estimate has been prepared to support this analysis. Typical accuracy
ranges for Class 4 estimates are -15% to-30% on the low side, and +20% to +50% on the high side,
depending on the complexity of the project, appropriate reference information, and the inclusion of an
appropriate contingency determination. For this Project, a 30% contingency has been applied to the
construction costs and an appropriate accuracy range of -15% to +50% was determined to be reasonable
for the level of alternative development.
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Cost Estimate

The cost estimate is comprised of capital costs and operations and maintenance (O&M) costs. As
discussed previously, capital cost estimates were developed for the fish exclusion net alternative as well
as for the modifications to the existing intake alternative. O&M costs were developed for each alternative
including an estimate of the monitoring of the proposed system for fish exclusion effectiveness.
4.5.1

Capital Cost

Alternative 1 entails maintaining the existing facility and implementing a monitoring plan. Therefore,
there were no anticipated capital costs associated with this alternative. This assumes that over the 5-year
monitoring life, the intake structure will meet the fish mortality and injury criterion of less than 1.5% of
the total rainbow trout community. If the existing facility fails to meet the criterion, there could be
significant capital costs required to expand the intake structure and add screen area to reduce the approach
velocities. The estimated capital cost required to modify the existing intake are presented as Alternative
1a.
Capital costs associated with Alternative 2 include the materials, labor, subcontractors, and equipment
associated with the installation of the fish exclusion net. Capital costs are summarized in Table 4-2.
Table 4-2. Alternative Capital Cost Estimates
Alternative
Alt. 1: Baseline Monitoring Program
Alt. 1a: Modify Existing Intake
Alt. 2: Fish Exclusion Net

1/

Estimated
Cost
(2019 dollars)

+50%
Cost
(2019 Dollars)

-15%
Cost
(2019 Dollars

$-

$-

$-

$3,440,000

$5,157,000

$2,923,000

$124,000

$186,000

$105,000

1/ There is no capital expenditure planned with Alternative 1 – Baseline Monitoring Program.

4.5.2

Operations and Maintenance (O&M) Costs

The O&M costs associated with the alternatives are presented in Table 4-3. The costs include the basic
incremental O&M cost required to operate and maintain the screened intake and fish exclusion net
alternatives above and beyond the baseline alternative. Fish monitoring costs were developed for each
alternative. Alternative 1, Baseline Monitoring Program, has already been developed and is included in
the current license implementation. An additional 2 years of monitoring was assumed with Alternative 1a
to confirm the fish exclusion and reduction in fish entrainment associated with the modified intake
structure. For Alternative 2, the monitoring costs were estimated for a 2-year period.
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Table 4-3. O&M / Monitoring Costs
Annual Costs

Alternative

2019

2020

2021

2022

2023

$125,000

$73,750

$73,750

$73,750

$73,750

Alt. 1a: Modify Existing Intake

$-

$-

$25,000

$25,000

$15,000

Alt. 2: Fish Exclusion Net

$-

$30,000

$30,000

$5,000

$5,000

Alt. 1: Baseline Monitoring Program

In terms of general O&M costs, the basic cost of operating and maintaining the existing intake structure
would be the same for Alternatives 1 and 2. Additional O&M cost was included for the O&M costs
specific to the fish exclusion net. Similarly, a net increase in O&M cost was added for Alternative 1a,
Existing Intake Modification, to accommodate the new cylindrical screens.

5.0 Alternatives Evaluation
5.1

Introduction

Section 5 presents a general review and evaluation of the alternatives developed for the Project. The
evaluation presented in this section is intended to provide a general overview of the challenges and risks
associated with the proposed fish exclusion net (Alternative 2) in comparison to the baseline monitoring
program (Baseline Alternative 1) and Existing Intake Modifications (Alternative 1a).

5.2

Evaluation Tools

Two evaluation tools were developed to aid in the evaluation and comparison of the alternatives: (1) an
evaluation summary table, which outlines the basic advantages, disadvantages, beneficial use, and overall
cost for each alternative; and (2) an evaluation matrix designed to provide a side-by-side comparison of
each alternative using a wide range of evaluation criteria. A brief summary of each of these tools is
presented in the following paragraphs.
5.2.1

Evaluation Summary Table

Table 5-1 was organized to illustrate the major features of the alternatives, including the following:


Advantages and disadvantages associated with each alternative.



General consideration of the anticipated capital and O&M costs.



Comments on a specific feasibility of the alternative and operational considerations.

The evaluation was developed to support a comparison of the baseline alternative (Alternative 1) of the
existing proposed 5-year monitoring program to the proposed Alternative 2 Fish Exclusion Net.
Alternative 1a was presented to illustrate the potential impact from major modifications to the existing
intake structure to increase the available screen area with a subsequent decrease in approach velocity and
fish entrainment.
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Table 5-1. Alternatives Evaluation Summary Table
Alternative
1

Title
Baseline – 5-year
Monitoring Program

Advantages
 Requires no capital investment
 Provides multi-year evaluation of the existing intake
efficiency in fish exclusion and survival
 Monitoring plan has been developed and is ready for
implementation

1a

Existing Intake
Modifications

Disadvantages
 May require extensive improvements to the intake structure following the 5-year
monitoring program

Capital*

O&M / Monitoring

$0

Monitoring cost varies.

$3,440,000

$25,000 / $15,000

$124,000

$30,000 / $5,000

 Does not provide any additional fish entrainment protection during the monitoring
program period

 Provides for fish passage protection for all life stages

 High capital and O&M cost

 Design would meet NOAA and WDFW criteria for fish
screening systems

 Requires shutdown of the powerhouse during construction

 Design would incorporate an automated screen cleaning
system

Cost

 Existing access road will need to be improved to provide access for large equipment
during construction

Comments
This alternative consists of the existing proposed fish
entrainment monitoring program. If the entrainment
exceeds the stated goals, implementation of
Alternative 1a may be required.

Capital cost represents work effort and cost required to
bring the existing intake into current fish screening
criteria. The O&M cost represents the anticipated cost
above the baseline cost required to operate the
existing intake structure.

 Major environmental impacts during construction
 Major aesthetic impact during and post-construction
 More complex design and construction
 Will require extensive environmental analysis and permitting to implement

2

Fish Exclusion Net

 May provide immediate improvement in fish exclusion
and reduction in entrainment

 Requires periodic cleaning of the net by removal or with divers

 Low capital and O&M cost

 More difficult to monitor over the full range of forebay operating levels due to the
varying height of the net

 Maintains the existing intake trash rack and traveling
screens in operation

 Net replacement likely required every 10 to 20 years

 Can be installed with no powerhouse shutdown
 Minimal impacts from construction
 Proven success at other locations
 Simple design and operation
 Can be installed with minimal construction equipment
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Evaluation Matrix

A range of criteria was developed and organized in a matrix, as illustrated in Table 5-2. The intent of the
evaluation matrix is to provide a snapshot comparison of the alternatives. These criteria are grouped into
major categories designed to capture the alternative’s development and implementation. A description of
each criterion is presented in the following paragraphs.
Table 5-2. Evaluation Matrix
Alt 1 - Baseline

Alt 1a

Alt 2

Existing Fish
Monitoring Program

Existing Intake
Structure
Modifications

Fish Exclusion Net

Meets 0.4 fps criterion

Poor

Very Good

Good

Meets 0.8 fps criterion

Poor

Very Good

Very Good
Average

Criteria

Biological Efficiency

Exclusion Efficiency - Fry

Poor

Very Good

Exclusion Efficiency - Juvenile

Average

Very Good

Good

Exclusion Efficiency - Adult

Average

Very Good

Very Good

Space Availability

NA

Poor

Very Good

Access Availability

NA

Poor

Very Good

Geotechnical Stability

NA

Good

Very Good

Utilities Available

NA

Average

Good

Dewatering Conditions

NA

Poor

Very Good

Riparian Areas

NA

Average

Very Good

Water Quality

NA

Average

Good

Wildlife

NA

Good

Very Good

Aesthetics

NA

Poor

Good

Riparian Areas

NA

Very Good

Very Good

Water Quality

NA

Very Good

Very Good

Wildlife

NA

Very Good

Very Good

Opportunity for Fish Assessment and Monitoring

NA

Very Good

Very Good

Aesthetics

NA

Average

Good

Required Maintenance

NA

Average

Good

Required Fish Monitoring

NA

Good

Good

Power Production

NA

Good

Good

Operational Reliability

NA

Very Good

Good

Constructability Challenges

Environmental Impact – During Construction

Environmental Impact – Post Construction

Operational Impact
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Alt 1 - Baseline

Alt 1a

Alt 2

Existing Fish
Monitoring Program

Existing Intake
Structure
Modifications

Fish Exclusion Net

Criteria

Design Approach
Design Complexity

NA

Average

Good

Proven Technology

NA

Very Good

Good

Compatibility with Other Facilities

NA

Average

Good

Flexibility for Adaption Post-Construction

NA

Poor

Very Good

Capital

NA

Poor

Very Good

O&M

NA

Average

Good

Certainty in Capital Estimate

NA

Average

Good

Life

NA

Very Good

Good

Cost

Regulatory and Permitting
FERC

Very Good

Good

Good

Federal

NA

Average

Good

State

NA

Average

Good

Local

NA

Good

Good

Safety Risk
During Construction

NA

Average

Good

During Operation

Good

Good

Good

Public

Good

Good

Good

Biological Efficiency
This criterion presents a measure of the ability of the proposed alternative to provide effective fish
exclusion and overall reduction in fish entrainment. In particular, this category evaluates the 1.5%
criterion set forth by the USDA Forest Service, as well as evaluating the ability to meet requirements for
fish exclusion for various life stages.
Constructability Challenges
In some cases, the construction challenges associated with a specific alternative can lead to elimination of
the alternative due to insurmountable construction challenges, such as lack of space to build a new
facility, or geotechnical stability issues. This criterion (Table 5-3) is intended to identify those
construction challenges that could lead to such a fatal flaw, which would prevent selection of the
proposed alternative.
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Table 5-3. Constructability Subcriteria
Subcriteria

Definition

Space Availability

Determines if sufficient space is available to support construction of the project
features.

Access Availability

Determines if adequate routes are available to access the site and complete
the project construction.

Geotechnical Stability

Considers potential geotechnical stability issues that could impact the project
construction such as unstable slopes or unsuitable foundation materials.

Utilities Available

Determines if utilities such as power, water, and sanitary facilities are available
to support the project construction.

Dewatering
Conditions

Considers the potential dewatering issues associated with the site such as
rock foundation versus a permeable gravel and cobble subsurface.

Environmental Impact – During Construction
This criterion (Table 5-4) is intended to identify environmental impacts during construction that could
make the project difficult or costly to construct or difficult to permit. Similar to the analysis for
constructability challenges, this analysis is intended to identify potential fatal flaws that would prevent the
alternative from being implemented. These criteria would be applied considering only the construction
phase of the alternative implementation. Potential long-term, post-construction impacts to these areas are
presented with the next criteria group.
Table 5-4. Environmental Impact during Construction Subcriteria
Subcriteria

Definition

Riparian Areas

Determines if the construction activities would impact existing riparian areas
within the alternative’s footprint.

Water Quality

Considers potential impacts to water quality due to construction activities.

Wildlife

Determines if wildlife movement and uses would be impacted during
construction such as access to the creek, forage areas, etc.

Opportunity for Fish
Assessment and
Monitoring

Determines if the proposed alternative provides access and facilities to
effectively conduct fish assessment and monitoring on the completed
structure.

Aesthetics

Considers aesthetic impacts by the construction activities and associated
disturbances.

Environmental Impact – Post-Construction
Post-construction environmental considerations are important to ensure that project configuration and
operation have minimal impact to the natural resources and environment. This criteria group (Table 5-5)
is designed to identify potential long-term impacts to the same subcriteria presented in the previous
paragraph.
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Table 5-5. Environmental Impact Post-Construction Subcriteria
Subcriteria

Definition

Riparian Areas

Determines if riparian areas would be permanently impacted by project
construction and operation.

Water Quality

Considers if facility operation and maintenance would impact the receiving
river water quality.

Wildlife

Determines if normal wildlife movement and uses would be impacted by the
project location, footprint, and operation.

Aesthetics

Considers if the aesthetic value of the project site would be permanently
impacted by the completed project.

Operational Impact
The operational criteria (Table 5-6) are intended to capture the potential impacts of operations under the
alternative operation as well as overall general operation complexity and challenges.
Table 5-6. Operational Impact Subcriteria
Subcriteria

Definition

Required
Maintenance

Defines anticipated level of maintenance required to maintain effective system
operation.

Required Fish
Monitoring

Determines the level of long-term fish monitoring required to confirm
successful operation.

Power Production

Determines impact or power production due to increased head loss or intake
outage due to the system operation.

Operational
Reliability

Defines how reliable the system operation will be.

Design Approach
The design approach criteria (Table 5-7) are intended to determine which alternatives would be the most
successful at developing relatively simple system designs with proven technologies. In general, the
increasing level of design complexity could result in higher levels of operation and maintenance.
Table 5-7. Design Approach Subcriteria
Subcriteria

Definition

Design Complexity

In general, determines how complex the facility design and required controls
would be to operate the facility.

Proven Technology

Considers if the proposed design has been utilized successfully at multiple fullscale locations.

Compatibility with
Other Facilities

Considers if the facility components would be compatible with other potential
uses.

Flexibility for
Adaptation PostConstruction

Ability to modify the constructed facility based on observed field operating
conditions and future regulatory requirements.

McMillen Jacobs Associates

27

Rev. No. 0 / August 2019

Packwood Lake Hydroelectric Project

Intake Fish Exclusion Alternatives Analysis

Cost
This criteria group (Table 5-8) captures the anticipated capital, operation and maintenance, and overall
anticipated life of the alternative. The intent of this criteria group is to determine which alternatives
would provide the best value, considering all cost aspects.
Table 5-8. Cost Subcriteria
Subcriteria

Definition

Capital

Considers the anticipated level of capital investment including construction,
engineering, planning, regulatory and permitting, and administration that would
be associated with the alternative implementation.

Operation and
Maintenance (O&M)

Evaluates the anticipated annual O&M level of effort and associated costs.

Certainty in Capital
Estimate

Risk of site conditions or unknown factors that could result in an increase in
capital costs.

Life Span

Considers the anticipated project life in years and potential major rehabilitation
work that would be required during the project life to maintain effective
operation.

Regulatory and Permitting
This criterion (Table 5-9) is intended to encompass the anticipated regulatory and permitting effort
associated with each alternative. As a first step in the evaluation, any fatal flaws that would make an
alternative unlikely to garner regulatory approval are identified. Once this initial screening is completed,
then a ranking specific to the anticipated complexity and duration is made. Ultimately, the goal of this
criterion is to distinguish between those alternatives that might have similar benefits, but to identify
alternatives that could have significantly more streamlined regulatory requirements.
Table 5-9. Regulatory and Permitting Subcriteria
Subcriteria

Definition

FERC

Considers the likelihood of FERC approval.

Federal

Determines what level of federal regulatory coordination and permitting would
be required.

State

Considers what level of state regulatory coordination and permitting would be
required.

Local

Determines what level of local regulatory coordination and permitting would be
required.

Safety Risk
This criteria group (Table 5-10) is intended to capture the inherent safety risk associated with the
alternative as it relates to construction, operation, and overall dam safety.
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Table 5-10. Safety Risk Subcriteria
Subcriteria

Definition

During Construction

When the facility would be under construction, considers if unique safety
challenges would be present.

During Operation

Considers if project operation would present unique safety risks to the
operators or the public.

Public

Potential risk to public safety associated with the project.

Ranking
A wide range of ranking techniques has been used in the application of an evaluation matrix. These
techniques range from quantitative numerical ranking of individual criteria to qualitative general
evaluation. Both approaches are designed to provide a comparison of the identified alternatives to
support selection of a preferred alternative. For this feasibility study, the qualitative approach was
applied using the following ranking system (Table 5-11).
Table 5-11. Alternative Criteria Ranking
Ranking

Description

4 – Very Good

Would be successful or have no impact.

3 - Good

Would have a high likelihood of success or minimal impact.

2 - Average

Would have a moderate likelihood of success or a significant impact.

1 - Poor

Would have a poor likelihood of success or a significant impact.

5.3

Alternatives Evaluation

Utilizing the evaluation criteria, a preliminary analysis was completed for each of the criteria groups. The
evaluation provided a general ranking of the alternatives for comparison purposes. A brief discussion of
each of the alternatives is presented in the following paragraphs.
5.3.1

Alternative 1 – Baseline

Alternative 1 consists of maintaining the existing proposed 5-year monitoring program. This alternative
would collect data on fish entrainment conditions at the existing intake over the 5-year monitoring
program.
The past monitoring program has indicated that the existing intake experiences entrainment levels
exceeding the mandated 1.5% level outlined in the FERC license. Since no modifications to the existing
intake are being proposed for the initial 5-year monitoring period, there is a significant probability that the
entrainment levels could exceed the mandated 1.5% level, triggering additional modifications to the
intake structure. The potential modifications are described under Alternative 1a.
The main advantage of this alternative is no capital investment is required. The monitoring program costs
are the main expense associated with this alternative.
McMillen Jacobs Associates

29

Rev. No. 0 / August 2019

Packwood Lake Hydroelectric Project

5.3.2

Intake Fish Exclusion Alternatives Analysis

Alternative 1a – Existing Intake Modifications

As presented previously, modifying the existing intake structure to provide additional screening area and
to lower the design approach velocity would be difficult to achieve. The existing intake structure
significantly exceeds the NOAA and WDFW fish screening criteria of 0.4 fps through the majority of the
flow and operating forebay elevations. Even when considering adult trout with more robust swimming
capabilities and a potential design approach velocity of 0.8 fps, a significant expansion would be required.
The most efficient approach to increasing the screen area would be to install new cylindrical screen
assemblies in the existing intake forebay. The diameter and length of the cylindrical screens would likely
require excavation of the existing forebay area to provide adequate approach hydraulics to and around the
screens. Concrete supports would be required on the intake channel floor to support the new screens. A
new manifold pipe system would be installed to connect the cylindrical screens to the existing intake.
During this construction effort, a cofferdam and dewatering system would be required to isolate the
existing intake structure. Flow out of Packwood Lake would pass over the overflow structure during the
construction period and the powerhouse would need to be shut down for an extended period.
Construction would require improving the existing access road to support larger trucks and equipment. A
crane would be required for construction of the cofferdam and installation of the new cylindrical screen
assembly. This equipment would need to be mobilized to the site on the improved access road. Major
modifications to the electrical and mechanical systems would be required as well.
Construction impacts would be significant both during and post-construction. Installation of the
cofferdam and dewatering system would have short-term impacts to water quality and riparian areas.
Noise and construction traffic could have an impact on wildlife and fishery resources. Aesthetics during
and post-construction would also be impacted. Public access would likely need to be shut down during
construction due to the limited work area and high traffic along the existing access road.
Once constructed, the new cylindrical screen system would be expected to operate well. Increased
operation and maintenance cost would be expected due to the more complex mechanical and electrical
systems. The screen cleaning systems would need to be frequently maintained to ensure effective
operation as well as to ensure that minimal head loss occurred through the screen assemblies, minimizing
the impact on power production.
The new screen system would be expected to provide effective fish exclusion and to minimize
entrainment. These screen systems are widely used and have proven successful in fish protection. The
screens would be located in the ice-free zone within the forebay and are not expected to be influenced by
icing conditions. Similarly, debris loads are expected to be relatively light in this area, with large debris
removed by the debris booms at the upstream end of the inlet channel. Though fry are not expected to be
found at the intake structure, the cylindrical screens could be sized to provide low approach velocity and
screen size which would exclude fry. This would require additional cost to accommodate due to the
larger required screen area and smaller screen openings.
5.3.3

Alternative 2 – Fish Exclusion Net

Overall, Alternative 2 represents a low-cost approach that could improve fish exclusion from the existing
intake and a corresponding increase in fish survival. The installation of the exclusion net system could
likely be completed without a major permitting effort since the net will fit within the existing intake
McMillen Jacobs Associates
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approach channel and follows the basic alignment of the existing debris boom. The installation would be
achieved with a small crew working from a boat and a diver. The diver would assist in placement of the
anchor chain on the intake channel floor and connection of the net to the concrete intake structure under
the water surface. The net would be anchored to the existing concrete wall of the intake structure and a
new concrete deadman located on the east bank of the forebay. The deadman anchor would be located in
a location that would minimize impact to the existing riparian areas.
The environmental impact pre- and post-construction would be minimal. Since the exclusion net would
be located within the existing intake approach channel, there would be no excavation within the active
water bodies to support construction. All equipment and materials required for the net installation would
be transported to the site on the existing access road. No large crane or trucks would be required to
support construction.
Biologically, the exclusion net would be expected to function well for sub-adults and adult rainbow trout
due to the lower velocities and orientation of the exclusion net upstream from the existing intake
structure. An area of refuge is available to fish upstream from the exclusion net within the existing
approach channel. This is an improvement over the existing intake structure where fish tend to travel in
front of the existing intake trash rack and screens. It is not likely that fry would be found at the intake
structure since the majority of the spawning area is located on the east end of Packwood Lake. The
exclusion net would also result in trout residing in the main channel where a higher potential for flushing
and passage into the creek downstream from the overflow structure would occur. Fish flushing would
help meet the objective of populating the downstream creek channel.
Operationally, the exclusion net is located in an area that experiences no icing conditions and minimal
debris loading. The secluded and protected location of the intake minimizes the impact from wind loads
as well. Periodic cleaning of the net by full removal or with divers would be required to maintain the full
net open area and maximize efficiency. The cleaning would occur on a scheduled cycle or following
major flow events where more debris would enter the inlet channel.

6.0 Conclusions and Recommendations
6.1

Introduction

Section 6 presents the conclusions and recommendations from the alternative development and evaluation
with the suggested next steps for meeting the Condition 9 requirements of the FERC license.

6.2

Conclusions

The fish entrainment alternatives analysis presented within this report was completed to develop and
evaluate the feasibility of alternative approaches to the proposed Condition 9, Fish Entrainment
Monitoring Program, required in the FERC license. The monitoring program consists of implementing a
5-year monitoring regime to determine whether the existing trash rack and traveling screen system could
meet the Forest Service maximum mortality and injury rate of 1.5%. At the end of the 5-year period, if
the 1.5% criterion is not met, major modifications or replacement of the existing intake structure and
screening system might be required, with a significant impact on the Project power production and high
capital cost.
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An alternative approach was identified to provide an incremental improvement in fish exclusion and
entrainment at the outset of the monitoring program through the installation of an additional exclusion
system. This system would consist of a fish exclusion barrier installed across the intake channel in the
forebay. The exclusion net would provide lower overall approach velocities, increasing the likelihood of
fish being able to swim away from the net. The net would also keep fish in the main creek channel,
providing a great area of refuge for recovery.
The analysis is organized to consider three basic alternatives: (1) Alternative 1, Baseline, which
considers the proposed fish entrainment monitoring program as proposed; (2) Alternative 1a, Existing
Intake Modifications, presenting one approach to modifying the existing intake to meet current fish
screening criteria; and (3) Alternative 2, Fish Exclusion Net. The primary focus is on evaluating
Alternative 2 as compared to the Baseline Condition. Alternative 1a was included to conceptualize the
potential required improvements and cost associated with a major modification of the existing intake
structure to meet current fish screen criteria. Conceptual level designs and sketches were developed for
each of these alternatives, along with capital and O&M costs. An evaluation of the alternatives was
completed using a wide range of potential evaluation criteria. The conclusions and observations from this
analysis included the following:
1. The existing system of trash racks and traveling screens can only meet the WDFW approach
velocity criterion of 0.4 ft/s (see also NMFS, 2011) at penstock flows of up to 120 cfs, and then
only under higher lake levels. During the recreational period from May through mid-September
when the lake levels are required to be within 6 inches of elevation 2,857.0 fmsl, the maximum
penstock withdrawal that meets the velocity criterion is 120 cfs.
2. Fish entrainment data collected by ENW (2008c) has indicated varying levels of fish entrainment
on the traveling screen in the past, particularly following the spawning season when the adult are
weak from the spawning activity and can be in poor condition. In order to meet the requirements
for fry during the recreational period, the gross screening area would need to be nearly doubled,
and the screening material would need to be replaced with 3/32-inch clear spacing mesh.
3. The Alternative 2 fish exclusion net was found to meet the approach velocity requirements for fry
from May to mid-September when lake levels are held relatively constant. During the remainder
of the operational period, nearly all combinations of lake level and intake flow meet the adult
approach velocity criterion of 0.8 ft/s. The nets could be manufactured with a 3/32-inch aperture
to exclude passage of fry-sized rainbow trout into the intake area, and thus greater confidence can
be placed in Alternative 2 to meet the Project goals.
4. Alternative 2 construction is relatively straightforward and can be completed within the existing
intake channel footprint. A small crew with a boat, assisted by diver, would be required to install
and anchor the net. The exclusion net installation would have minimal impact on the existing
Project operation and would result in minimal environmental impacts.
5. Head losses associated with the installation of a fish exclusion net were calculated, and losses
under the normal recreational water levels were less than 0.04 foot and deemed to be minimal. It
is not expected that the addition of the fish exclusion net would impact the hydropower
generation in any meaningful way.

McMillen Jacobs Associates

32

Rev. No. 0 / August 2019

Packwood Lake Hydroelectric Project

Intake Fish Exclusion Alternatives Analysis

6. Given the uncertainty about the population of rainbow trout in Packwood Lake, it remains to be
seen whether the existing configuration could meet the Forest Service 1.5% mortality and injury
criterion. If it is found that the existing site does not meet the criterion, it could result in
significant expenses resulting from a major fish screen redesign, and possible replacement of the
existing trash rack and traveling screen system. This would be in addition to the expenditures on
development of the Monitoring Plan. Alternative 2, on the other hand, is much more likely to
meet the Project design intent, and therefore does not involve the same level of risk as Alternative
1.
7. Alternative 2, Exclusion Net, has an estimated capital cost of $124,000 and an annual
O&M/Monitoring cost of $30,000 decreasing to $5,000 following completion of a 2-year fish
monitoring program. Alternative 1 has no capital cost associated with it, but is estimated to
require over $420,000 in fish monitoring costs over a 5-year period. In the event that the 1.5%
entrainment maximum value is exceeded, a capital expenditure of up to $3,440,000 could be
required to provide safe and efficient conventional screens at the existing intake.
8. Alternative 1a will require extensive regulatory and permitting efforts to implement. This is due
to the extent of modifications required to bring the existing intake into fish screening compliance.
Similarly, the environmental impacts would be expected to be significant. Alternative 2 could be
implemented quickly with minimal permitting requirements. It also would have minimal
environmental impacts.

6.3

Recommendations

Based on the analysis presented within this report, it is recommended that Alternative 2, Fish Exclusion
Net, be implemented with a subsequent 2-year monitoring program to confirm the system biological
effectiveness. The addition of the exclusion net will provide an incremental increase in fish protection
over the existing intake structure screening systems. The proposed system is expected to meet the
required entrainment and mortality goals outlined in Condition 9 of the FERC license.
Based on the analysis, conclusions, and recommendations presented within this report, ENW would like
to proceed with immediate implementation of Alternative 2. The proposed fish exclusion net would
provide for immediate protection of the fishery resource, meeting the full intent of Condition No. 9. The
proposed implementation schedule is presented in Table 6-1.
Table 6-1. Proposed Alternative 2 Implementation Schedule
Work Activity

Milestone Schedule Date

Finalization and Agreement on Fish Exclusion Approach

10/1/19

Revised Entrainment Monitoring Plan to RAC for Review

10/1/19

Finalization of Monitoring Plan and File with FERC

11/1/19

Finalize Design and Net Procurement

12/1/19 and 3/30/20

Install Exclusion Net

4/28/20

Effectiveness Monitoring
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Fish Entrainment Meeting
Packwood Lake Hydroelectric Project
Thursday, March 13
10:00 a.m.; WDFW Yakima Office

Engineering Methods
Traveling Screen
◘ (5/32 in) 3.968 mm X 3.968 mm
◘ Set in “manual” position for checking
◘ Size:
 2 screens
• Each 9 ft wide
• Base at 2840 ft; top at 2868 ft MSL

1

8/9/2019

2

8/9/2019

3

8/9/2019

Intake Structure at 2857.6 ft MSL

Tuff booms

Intake Structure at + 2858.5 ft MSL Overtopping

4

8/9/2019

Current conditions with 67” of Snow at the Intake Structure

Front of Intake Structure Lake elv. 2851.23

2858’

5
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Intake Moveable Debris Screens

Debris Behind Tuff Booms

6

8/9/2019

Transition Zone Between Moveable Debris Screens and Permanent
Trash Racks

Top or Permanent Trash
Racks

Figure 3-6. Calculated Mean Screen Velocities at Packwood Lake Intake Structure
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Trash Racks Misaligned

Post Spawn Activity
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Conclusions
Fish entrained on the intake screens prior
to May are the result of screens not seated
properly
Fish entrained on the intake screens after
April closely correlate to the spawning
timing of rainbow trout

Intake Velocity Measurements
10 intake velocity data sets were collected
in 2007
Intake velocities ranged from 44 cfs to 190
cfs
Lake levels ranged from 2856.77 to
2858.15
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Intake Velocity Measurements
Packwood Lake Entrainment
Screen Velocity Measurements

0.00-0.20
0.21-0.40
0.41-0.80
0.81-1.20
1.21 +

Type
Swoffer
Date
6/28/2007
NT, BJ
Lake Elev
2857.72
Plant Q
115

Depth
Elev
0.40
2857.32
1.40
2856.32
2.90
2854.82
3.90
2853.82
5.40
2852.32
6.40
2851.32
7.90
2849.82
8.90
2848.82
10.40
2847.32
11.40
2846.32
12.90
2844.82
13.90
2843.82
15.40
2842.32

Screen 1
9
0.50
0.17
0.11
0.12
0.19
0.20
0.05
0.13
1.32
1.78
1.58
1.46
0.39

8
0.07
0.11
0.16
0.03
0.08
0.11
0.06
0.35
1.42
1.19
1.15
0.77
0.40

7
0.37
0.32
0.08
0.04
0.06
0.06
0.20
0.80
1.18
0.79
0.90
0.39
0.17

6
0.07
0.20
0.15
0.11
0.07
0.06
0.07
0.56
0.27
0.52
0.51
0.79
0.08

Station
5
4
0.26
0.07
0.14
0.24
0.32
0.18
0.13
0.20
0.11
0.05
0.04
0.10
0.05
0.16
0.37
0.70
0.89
0.69
0.76
0.61
0.98
0.97
0.32
0.30
0.07
0.14

Min
Mean
Max

3
0.22
0.18
0.09
0.06
0.07
0.11
0.05
0.68
1.20
0.68
0.09
0.10
0.14

0.02
0.37
1.78

2
0.09
0.08
0.22
0.06
0.19
0.04
0.05
0.72
1.34
0.81
0.05
0.12
0.11

1
0.02
0.04
0.13
0.04
0.08
0.04
0.07
0.65
1.52
1.31
0.36
0.10
0.13
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Regression Analysis

Regression Outputs for Max Velocities
Regression Output For Max
Constant

24.00612

Std Err of Y Est

0.191009

R Squared

0.950793

No. of Observations

10

Degrees of Freedom

7

X Coefficient(s)

-0.00848

0.015377

Std Err of Coef.

0.151474

0.001437

11

8/9/2019

12

8/9/2019

Exceedences Using 0.8 Criteria
% Exceedance

% Screen Velocity >0.8 ft/sec

5%

31.3%

10%

26.0%

20%

17.8%

30%

12.2%

40%

8.6%

50%

4.7%

60%

0.5%

70%

0.0%

80%

0.0%

90%

0.0%

95%

0.0%

Proposed Plan from FLA
Three phased approach
Modeled after Lake Chelan Hydroelectric
Project.
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Phase 1
Energy Northwest will consult with the natural resource
agencies and tribes to develop a monitoring plan and
threshold levels for impingement at the Packwood Lake
Intake.
Energy Northwest proposes to retro-fit the existing trash
screens to cover not only the front of the trash racks, but
also the horizontal ledge at El. 2850 and the “transition
zone” between the two.
Energy Northwest proposes to develop a monitoring
program to evaluate impingement on the travelling
screens and trash racks.
If Project-related impingement falls below threshold
levels, the measures taken are deemed effective.

Temporary Screens Installed to cover the transition zone (3/5/08)
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View of Installed Transition Screens (Looking Down)

View of Installed Transition Screens (Looking Down)
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Phase 2
Energy Northwest will remove the trash screens from the
exterior surface of the trash racks
Energy Northwest will monitor impingement on the
travelling screens.
The trash screens will be moved forward and will
underhang the trash boom.
Threshold levels of impingement will be established with
the natural resource agencies and tribes.
If Project-related impingement falls below threshold
levels, the measures taken are deemed effective. If not
met….

Phase 3
If impingement on the screens (under
Phase 2) exceeds threshold levels, Energy
Northwest will consult with the natural
resource agencies and tribes to examine
alternative means of protecting fish at the
intake.
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Purpose
The purpose of this calculation sheet is to calculate the velocities through the existing trash racks and traveling screens.
References
• ENW (Energy Northwest), 2008a. Application for New License: Packwood Lake Hydroelectric Project FERC No. 2244, Volume II, Appendix E. Prepared for
the Federal Energy Regulatory Commission (FERC), February 2008.
• ENW (Energy Northwest), 2008b. Fish Entrainment Meeting: Packwood Lake Hydroelectric Project [meeting presentation]. Prepared for Washington Dept. of
Fish and Wildlife Office (WDFW) Yakima Office, March 13, 2008.
• NMFS (National Marine Fisheries Service), 2011. Anadromous Salmonid Passage Facility Design. National Oceanic and Atmospheric Adminisration: NMFS
Northwest Region. July 2011.
Information - Input
The following information was determined from data provided by ENW (2008a, 2008b), regarding the existing configuration of the intake structure trash racks
and traveling screens. This is summarized in Figure 1:
Outer (Removable) Trash Rack
Bottom Elev.
Top Elev.
Width
Screen Clear Opening

2840.0
ft msl
2858.0
ft msl
11.0
ft
2-1/8" x 1-1/8"

[oval]

Inner (Permanent) Trash Rack
Bottom Elev.
Top Elev.
Width
Screen Clear Opening

2840.0
2850.0
11.0
2-5/16

ft msl
ft msl
ft
in

[square]

Inner (Permanent) Trash Rack - Horizontal Grating
Bottom Elev.
Total Area
Screen Clear Opening

2850.0
63.0
1-3/16

ft msl
ft2
in

[square]

2840.0
2868.0
9.0
5/32

ft msl
ft msl
ft
in

[square]

Traveling Screens
Bottom Elev.
Top Elev.
Width
Screen Clear Opening
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FIGURE 1 - TRASH RACK AND TRAVELING SCREEN CONFIGURATIONS
The maximum and minimum draw from the powerhouse is as follows (ENW, 2008a; 2008b):
Max Flow, Qmax

220

cfs

Min Flow, Qmin

40

cfs

The maximum and minimum lake levels were determined from regulatory requirements and the top of the drop structure in Lake Creek (ENW, 2008a):
Max Lake Level
Min Lake Level

2,858.5
2,849.0

ft msl
ft msl

Finally, intake velocity data at the traveling screens as measured by ENW in 2007 is as follows (ENW, 2008b):

Date

Lake
Elev.

Plant
Flow

% Op.
Window at
or above
Plant Flow

8/9/2007
7/24/2007
7/18/2007
8/16/2007
8/2/2007
8/29/2007
6/28/2007
7/13/2007
6/20/2007
7/5/2007

2857.08
2857.71
2857.84
2856.77
2857.26
2856.80
2857.72
2858.15
2857.64
2857.55

44
55
59
59
66
73
115
116
150
190

85
68.1
60.4
60.4
53.3
52.2
29.1
28
15.6
8.1

Screen 1

Screen 2

Min

Mean

Max

% Screen >
0.8 fps

Min

Mean

Max

% Screen >
0.8 fps

0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.01
0.02
0.03

0.14
0.15
0.15
0.19
0.14
0.24
0.37
0.29
0.33
0.57

0.58
0.64
0.72
0.67
0.55
0.89
1.78
1.46
1.50
2.85

0.0
0.0
0.0
0.0
0.0
1.7
14.5
10.3
11.1
24.8

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01

0.11
0.11
0.14
0.19
0.10
0.20
0.32
0.29
0.48
0.53

0.40
0.42
0.60
0.54
0.33
0.54
1.45
0.99
1.78
2.16

0.0
0.0
0.0
0.0
0.0
0.0
15.4
5.1
26.5
27.4

Notes / Definitions
Approach Velocity

The approach velocity is defined as the average velocity approaching the screen or trash rack before the streamlines
begin to converge through the openings. The average velocity can therefore be calculated using the discharge through
the screen and the gross area of the screen.

Calculations
The average approach velocities can be calculated by determining the flow area, and dividing the penstock flow by the gross flow area:
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Existing - Vel

=
Page 4 of 19

Minimum and maximum flow areas were determined from the minimum and maximum lake levels, and are given below for each of the screening areas:
Outer Trash Rack
Inner Trash Rack
Traveling Screens

Amax

396

ft2

Amin

198

ft2

Amax

283

ft2

Amin

198

ft2

Amax

333

ft2

Amin

162

ft2

And mean approach velocities were subsequently calculated for:
Outer Trash Rack

Outer Trash Rack Avg. Approach Velocities
1.20
Q = 40 cfs
Q = 60 cfs
Q = 80 cfs

1.00

Q = 100 cfs
Q = 120 cfs

Velocity (ft/s)

0.80

Q = 140 cfs
Q = 160 cfs
Q = 180 cfs

0.60

Q = 200 cfs
Q = 220 cfs
0.40

0.20

0.00
2,848.0

2,850.0

2,852.0

2,854.0

2,856.0

2,858.0

2,860.0

2,862.0

Lake Level (ft msl)
Inner Trash Rack

Inner Trash Rack Avg. Approach Velocities
1.20
Q = 40 cfs
Q = 60 cfs
Q = 80 cfs

1.00

Q = 100 cfs
Q = 120 cfs

Velocity (ft/s)

0.80

Q = 140 cfs
Q = 160 cfs
Q = 180 cfs

0.60

Q = 200 cfs
Q = 220 cfs
0.40

0.20

0.00
2,848.0

2,850.0

2,852.0

2,854.0

2,856.0

2,858.0

2,860.0

2,862.0

Lake Level (ft msl)
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Lake Level (ft msl)

Traveling Screens

Traveling Screens Avg. Approach Velocities
1.60
Q = 40 cfs
Q = 60 cfs

1.40

Q = 80 cfs
Q = 100 cfs

1.20

Velocity (ft/s)

Q = 120 cfs
Q = 140 cfs

1.00

Q = 160 cfs
Q = 180 cfs

0.80

Q = 200 cfs
Q = 220 cfs

0.60
0.40
0.20
0.00
2,848.0

2,850.0

2,852.0

2,854.0

2,856.0

2,858.0

2,860.0

2,862.0

Lake Level (ft msl)
For any given lake level and flow rate, the highest approach velocities are experienced at the traveling screens. This being the case, and given that the FERC
license Condition No. 9 refers to the traveling screens specifically, this will be seen as the critical case. Two adjustments may be made to the traveling screen
approach velocities:

1. The average velocities across the screen vary from the local maximum velocities due to the geometry of and velocity distribution through the
intake structure, as is evidenced by the screen velocity data collected by ENW (see above). The ENW screen velocity data can therefore be used
to adjust the mean velocities to local maxima experienced on the screen, by means of a simple linear regression (see below). The combined
Screen 1 and Screen 2 data was used to develop a composite linear regression based on the mean screen velocity.
Local Maximum Velocity Regression

Local Max Velocity (ft/s)

3.00

Screen 1

y = 5.3024x - 0.1987
R² = 0.9818

Screen 2

y = 4.1047x - 0.0929
R² = 0.9591

Combined

y = 4.659x - 0.1316
R² = 0.9362

2.50
2.00
1.50

Screen 1
Screen 2
Both Screens
Linear (Screen 1)
Linear (Screen 2)
Linear (Both Screens)

1.00
0.50
0.00
0.00

0.10

0.20

0.30

0.40

0.50

0.60

Mean Velocity (ft/s)
FIGURE 2 - MAXIMUM VELOCITY REGRESSION FROM ENW DATA (2008b)

2. An even distribution of the velocity through the traveling screens is significantly impeded by the presence of the concrete structure immediately
preceding and behind the traveling screen (see Figure 3). This is evidenced by the velocity measurements, for which only the bottom ~9.0 ft show
significant velocities (see Figure 4; total flow depth = 17.72 ft). This could be adjusted for by introducing ineffective flow areas above 9.0 ft above
the intake structure top of slab, however this is already accounted for in the regression of local maximum velocity and screen-averaged velocity.
Therefore, no additional adjustment will be made to account for the ineffective screen area.
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FIGURE 3 - INTAKE STRUCTURE LONGITUDINAL SECTION
Packwood Lake Entrainment
Screen Velocity Measurements

0.00-0.20
0.21-0.40
0.41-0.80
0.81-1.20
1.21 +

Type
Swoffer
Date
6/28/2007
NT, BJ
Lake Elev
2857.72
Plant Q
115

Depth
Elev
0.40
2857.32
1.40
2856.32
2.90
2854.82
3.90
2853.82
5.40
2852.32
6.40
2851.32
7.90
2849.82
8.90
2848.82
10.40
2847.32
11.40
2846.32
12.90
2844.82
13.90
2843.82
15.40
2842.32

Screen 1
9
0.50
0.17
0.11
0.12
0.19
0.20
0.05
0.13
1.32
1.78
1.58
1.46
0.39

8
0.07
0.11
0.16
0.03
0.08
0.11
0.06
0.35
1.42
1.19
1.15
0.77
0.40

7
0.37
0.32
0.08
0.04
0.06
0.06
0.20
0.80
1.18
0.79
0.90
0.39
0.17

6
0.07
0.20
0.15
0.11
0.07
0.06
0.07
0.56
0.27
0.52
0.51
0.79
0.08

Station
5
4
0.26
0.07
0.14
0.24
0.32
0.18
0.13
0.20
0.11
0.05
0.04
0.10
0.05
0.16
0.37
0.70
0.89
0.69
0.76
0.61
0.98
0.97
0.32
0.30
0.07
0.14

Min
Mean
Max

3
0.22
0.18
0.09
0.06
0.07
0.11
0.05
0.68
1.20
0.68
0.09
0.10
0.14

0.02
0.37
1.78

2
1
0.09
0.02
0.08
0.04
0.22
0.13
0.06
0.04
0.19
0.08
0.04
0.04
Depth to Invert:
0.05
0.07 ~9.0 ft
0.72
0.65
1.34
1.52
0.81
1.31
0.05
0.36
0.12
0.10
0.11
0.13

Bottom Depth: 17.72
FIGURE 4 - REPRESENTATIVE VELOCITY DISTRIBUTION ON SCREEN 1
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With the adjustments made, the local maximum velocity experienced on the traveling screens by lake elevation and draw from the penstock is summarized in
Figure 5, below:

Traveling Screen Local Maximum Velocities
7.00

Q = 40 cfs
Q = 60 cfs
Q = 80 cfs
Q = 100 cfs
Q = 120 cfs
Q = 140 cfs
Q = 160 cfs
Q = 180 cfs
Q = 200 cfs
Q = 220 cfs

Local Maximum Velocity (ft/s)

6.00
5.00
4.00
3.00
2.00
1.00

0.4 ft/s
0.00
2,848.0

2,850.0

2,852.0

2,854.0

2,856.0

2,858.0

2,860.0

2,862.0

Lake Elevation (ft msl)

While the local Oncorhynchus mykiss communities are resident and not anadromous, the NMFS anadromous salmonid passage facility design (2011)
establishes an approach velocity criterion for fry-sized salmonids at 0.4 ft/s, which it is expected would be representative of this species. It was found in the
2007 fish entrainment data (ENW, 2008b) that a large portion of the fish entrainment on the screens is associated with the months following spawning.
Therefore it was deemed that a fry-sized salmonid would be the representative fish of interest. This velocity criterion is shown on the above plot with green
corresponding to conforming velocities and blue corresponding to non-conforming velocities. It can be seen that none of the local maximum velocities for any
combination of lake elevation and penstock flow meet the 0.4 ft/s criterion.
Conclusion
It is found that the traveling screens, for the entire range of lake elevations (2,849 ft msl to 2,858.5 ft msl) and penstock flows (40 cfs to 220 cfs), experienced
local maximum velocities in excess of the 0.4 ft/s criterion established for fry-sized rainbow trout. Furthermore, even if the criterion is raised to 1.0 ft/s, only
penstock flows up to 80 cfs would conform under favorable lake elevations. Given the configuration of the intake structure and the structural changes that would
be required to improve these approach velocities, it is reasoned that the best approach to mitigating fish entrainment on the screens is to preclude fish access
to this facility.
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SUBJECT:

Energy Northwest
Packwood Lake Hydroelectric Project
Fish Exclusion Net - Velocities

BY: ASL
DATE: 8/1/2019
PROJECT NO.: 18-040

CHK'D BY:

Purpose
The purpose of this calculation sheet is to calculate the velocity through the proposed fish exclusion net.
References
• ENW (Energy Northwest), 2008a. Application for New License: Packwood Lake Hydroelectric Project FERC No. 2244, Volume II, Appendix E. Prepared for
the Federal Energy Regulatory Commission (FERC), February 2008.
• ENW (Energy Northwest), 2008b. Application for New License: Packwood Lake Hydroelectric Project FERC No. 2244, Volume II, Appendix F. Prepared for
the Federal Energy Regulatory Commission (FERC), February 2008.
• ENW (Energy Northwest), 2008c. Fish Entrainment Meeting: Packwood Lake Hydroelectric Project [meeting presentation]. Prepared for Washington Dept. of
Fish and Wildlife Office (WDFW) Yakima Office, March 13, 2008.

Information - Input
Inlet channel geometry was gathered from the ENW application for a FERC license, Appendix F (2008b). It is recognized that this will be approximate, however
this is deemed sufficient information for a conceptual design. The channel geometry is summarized in Figure 1.

FIGURE 1 - TYPICAL INLET CHANNEL CROSS-SECTION

Channel Base Width, B
Channel Side Slopes, Z
Channel Bottom Elevation, z0

20.0
1.2
2840

ft
H:1V
ft msl

[near intake structure]

The maximum and minimum draw from the powerhouse is as follows (ENW, 2008a; 2008c):
Max Flow, Qmax

220

cfs

Min Flow, Qmin

40

cfs

The maximum and minimum lake levels were determined from regulatory requirements and the top of the drop structure in Lake Creek (ENW, 2008a):
Max Lake Level
Min Lake Level

2,858.5
2,849.0

ft msl
ft msl

Calculation
FISH EXLCUSION NET ALIGNMENT SITING
The proposed preliminary loaction of the fish net will be at the location of the existing log boom. One end will be anchored to the intake structure, and the net will
extend across the approach channel to the opposite shore, where the net will be anchored to a concrete block. The net will therefore form an angle with the
channel lateral that increases the gross screening area:
Net Alignment Angle, θ
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The net under unloaded conditions is expected to approximate a straight line alignment to the shore yielding the minimum gross area and the limiting condition
for velocity calculations. However, it is also expected that the net and buoys will be loaded with drag from any accumulated debris, from the net itself, from wind
and from currents. It is assumed under these conditions that the net will follow a catenary shape:

=

cosh

where:

= Lateral coordinate, ft
= Lengthwise coordinate, ft
= Shape parameter, to be determined from length calculations, ft
For the preliminary analysis it was assumed that the length of the buoy line would be:
Length of the buoy line, s
Length to opposite shore, L

=

sinh

65.0
50.8

ft
ft

65.0
40.8

ft
ft

− sinh

Calculated length, s
Shape Parameter, a

Likewise the relative lateral location of the two anchor points on the catenary cuve could be calculated according to the equation:

=

cosh

+

− cosh

However, it had to be assumed that the lateral distance between the two anchor points would be:
Lateral distance between anchors, v
Calculated distance, v
Lengthwise Location , x1

20.0
20.0
-10.7

ft
ft
ft

Thus the anticipated shape of the net under a loaded and unloaded condition will be:

PRELIMINARY FISH
EXCLUSION NET
ALIGNMENT

30°

FIGURE 2 - NET AND BOOM ALIGNMENTS
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FISH EXLCUSION NET GROSS AREA
The critical condition for the approach velocity through the nets will be when there is no slack and the net forms a straight line across the channel following the
net alignment. For this case, the gross area of the net cross-section is given by:

−

=

+ 0.5

−

!

1
cos #

where:

=
=
=
=
=
#=

Gross net area, ft2
Water surface elevation, ft
Channel invert elevation, ft
Channel base width, ft
Channel side slope, H:1V
Orientation about lateral channel transect, °

According to the above equation and the established lake elevations, the gross net area for approach velocity calculations ranges from:
Maximum Area, Amax

664.36

ft2

Minimum Area, Amin

263.96

ft2

FISH EXLCUSION NET APPROACH VELOCITIES
The fish exclusion net average approach velocities can be calculated according to the following equation:
$%

=

where:
$%

= Penstock discharge, ft3/s
= Average approach velocity, ft/s

Velocities are summarized in Figure 3 below. It is noteworthy that existing fish entrainment data (ENW, 2008c) indicates that the critical season for fish
entrainment is during the months of May, June, and July (see Figure 4). During these months, the recreational water surface requirements are in place, and the
lake elevation must be maintained between 2,856.5 and 2,857.5 ft msl. For these conditions the entire range of pestock flows meet the 0.4 ft/s velocity criterion.

Fish Exclusion Net - Average Approach Velocities
0.90
Q = 40 cfs

May 1 - Sept 15 Lake Levels
(Critical Entrainment Period)

0.80

Q = 60 cfs

Average Approach Velocity (ft/s)

Q = 80 cfs
0.70

Q = 100 cfs
Q = 120 cfs

0.60

Q = 140 cfs
Q = 160 cfs

0.50

Q = 180 cfs

0.4 ft/s

0.40

Q = 200 cfs
Q = 220 cfs

0.30
0.20
0.10
0.00
2,848.0

2,850.0

2,852.0

2,854.0

2,856.0

2,858.0

2,860.0

2,862.0

Lake Elevation (ft msl)
FIGURE 3 - FISH EXCLUSION NET APPROACH VELOCITIES
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Trash Racks Misaligned

Post Spawn Activity

FIGURE 4 - EXISTING FISH ENTRAINMENT DATA (SOURCE; ENW, 2008c)
Conclusion
The fish exclusion net alternative was sited along the alignment of the existing log boom attached to the intake structure, forming a 30° angle with the channel
lateral. It was found that this configuration met the 0.4 ft/s velocity criterion for a much larger range of flows and lake levels than the existing trash rack
configuration. Furthermore, it was found that for the critical entrainment period from May through July, evidenced by existing entrainment data (ENW, 2008c),
that the mandated lake levels met the velocity criterion for the full range of penstock flows. This analysis was performed under the unloaded condition, where
drag forces were not accounted for. It is evident from Figure 1 that this is a conservative condition, and when the net takes a catenary shape under loading, the
screen area will actually be larger.
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SUBJECT:

Energy Northwest
Packwood Lake Hydroelectric Project
Fish Exclusion Net - Head Loss

BY: ASL
DATE: 8/8/2019
PROJECT NO.: 18-040

CHK'D BY:

Purpose
The purpose of this calculation sheet is to calculate the head losses across the fish exclusion net.
References
• U.S. Bureau of Reclamation (USBR). (1960). Design of Small Dams. Department of the Interior, U.S. Bureau of Reclamation: Washington, D.C. Revised
1987.
Information - Input
The following characteristics of the net were used in these calculations:
Net Diameter, dn

Net Max Area, Amax

1.4
0.06
4.0
0.15625
664

Net Min Area, Amin

264

Net Aperture, sn

mm
in
mm
in
ft2
ft2

And the following penstock withdrawals were used in these calculations:
Maximum Penstock Discharge, Q max
Minimum Penstock Discharge, Q min

220
40

ft3/s
ft3/s

Calculation
The head losses across the fish exclusion net were calculated according to the method presented in the Design of Small Dams for trash racks and screens
(USBR, 1960). The losses through the fish exclusion net are a function of the percent opening (net area A n divided by gross area A g).

&' = 1.45 − 0.45
ℎ' = &'

)

−

)

)

2,

where:

&' = Head loss coefficient
2
) = Net area (open), ft
= Gross area (total), ft 2
) = Net velocity through openings, ft/s
, = Gravitational constant, 32.2 ft/s 2
Headlosses were calculated for the maximum penstock discharge at low pool and at the recreational pool levels for varying levels of occlusion due to fouling, up
to 50%:
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Low Pool
Gross Net Area, A g

264

ft2

Solid Area, As

120

ft2

Open Area, An

144

ft2

[0% occlusion]

Low Pool Head Loss by Occlusion
0.20
0.18

Head Loss (ft)

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00
0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

Percent Occluded

Recreational Pool
Gross Net Area, A g

593

ft2

Solid Area, As

269

ft2

Open Area, An

324

ft2

[0% occlusion]

Recreational Pool Head Loss by Occlusion
0.040
0.035

Head Loss (ft)

0.030
0.025
0.020
0.015
0.010
0.005
0.000
0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

Percent Occluded

Conclusion
The maximum calculated head loss expected through the net, occuring at full penstock draw (220 cfs), low pool (2,849.0 ft msl), and 50% occluded net is 0.18 ft
(or a little more than 2 inches). A more representative case, however is at the recreational pool at 50% occlusion which is only about 0.04 ft (1/2 inch). It is
therefore expected that the fish exclusion net, while it can have effects on the head and subsequent power generation in extreme cases, will typically have little
effect on the downstream head.
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SUBJECT:

Energy Northwest
Packwood Lake Hydroelectric Project
Fish Exclusion Net - Hydraulic Loads

BY: ASL
DATE: 8/6/2019
PROJECT NO.: 18-040

CHK'D BY:

Purpose
The purpose of this calculation sheet is to calculate the hydrodynamic forces on the fish exclusion net.
References
• Lindeburgh, M.R., 2014. Civil Engineering Reference Manual for the PE Exam, Fourteenth Edition. Professional Publications, Inc. Belmont, CA.
• ENW (Energy Northwest), 2008. Fish Entrainment Meeting: Packwood Lake Hydroelectric Project [meeting presentation]. Prepared for Washington Dept. of
Fish and Wildlife Office (WDFW) Yakima Office, March 13, 2008.
Information - Input
The following characteristics of the water were used in the calculations (Lindeburgh, 2014):
Density, ρ
Absolute Viscosity, μ
Kinematic Viscosity, ν

62.4
1.94
2.74E-05
1.41E-05

lbm/ft3
slug/ft3
lbf-sec/ft 2
ft2/sec

[@ 50° C]
[@ 50° C]
[@ 50° C]
[@ 50° C]

The following characteristics of the fish exclusion net were used in the calculations:
Net Diameter, dn
Net Aperture, sn
Net Drag Coefficient, CD

1.4
0.06
4.0
0.15625
0.63

mm
in
mm
in

Net Max Area, Amax

664

ft2

Net Min Area, Amin

264

ft2

Net Length, Lnet

65.0

ft

Buoy Length, LB

178
7.0
150
5.9

mm
in
mm
in

220

ft3/s

Buoy Diameter, DB

The following additional input parameters were used (ENW, 2008):
Maximum Penstock Discharge, Q max

Calculation
The hydrodynamic drag forces exhibited on the fish net and consequently on the cable are a resultant of the blocked area around which the water must flow and
the velocities that are passing through the net. The following were considered with respect to the surface area impeding the flow:
1. Surface Debris/Logs - While there is a log boom at the entrance to the approach canal, there currently exists another tuff boom
brand debris boom at the intake that accumulates material. This material will exhibit a distributed force on the top line of the fish
exclusion net as water flows around the debris. Based on pictures taken at the site and the presence of a log boom at the head of the
approach canal, debris was assumed to be small and does not consist of large logs. A representative size of debris flocs was
assumed.

2. Buoys - Like the surface debris, the buoys represent an impeded area that will exhibit distributed drag forces on the top line of the
fish exclusion net. Buoy dimensions were assumed based on typical buoy sizes and an assumed percent submerged.

3. Fouling/Ice - Fouling and ice represent two mechanisms that can occlude the open area of the net and increase the drag across
the structure. Fouling will be the result of biological processes and will typically be an issue in the warmer months. Frazil ice are
isolated crystals entrained in the water flows that can accumulate on the net and occlude the open area, primarily in the winter. The
exact occlusion of the nets by either of these processes will depend upon a number of factors, such as operational period, cleaning
and maintenance, biological activity, etc. Therefore, these factors were accounted for with an assumed net occlusion percentage.
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The following mechanisms were considered with respect to the velocity through the nets:
1. Penstock Flows - The draw from the penstock will result in a velocity across the fish exclusion net. The velocity across the net will
vary with the lake level and the penstock discharge, as has already been calculated on previous pages. The extreme condition of low
lake levels and maximum penstock withdrawal was considered as a conservative case.

2. Waves - Surface waves represent a localized, periodic increase in velocity on top of the net velocity from the penstock flows.
Surface waves are typically generated by wind shear on the lake surface, and as such require some significant fetch across the lake
to produce waves of import. Given the location and orientation of the fish exclusion net with respect to the approach channel it is not
expected that the fish exclusion net will be subject to direct waves. While there is some expected reflection of waves that will occur
off of the concrete drop structure, there will be significant energy loss both due to the impact on the structure and the depth
constriction that occurs, and this effect is deemed negligible with respect to the penstock flows.
3. Wind-Driven Currents - In addition to the surface waves, wind can generate currents that circulate in either a portion of the lake
or in the whole lake depth, depending on the stratification regime in the lake. Given the protected nature of the fish exclusion net in
the approach channel, as discussed above under "Waves", it is not expected that this will have a significant effect on the forces
across the net.
The cumulative effect of the above mechanisms for creating drag across the net, is summarized in the calculations below:
Velocity
The velocity used for this analysis, it has been discussed above, is strictly that generated by the penstock discharge. The average
velocity across the net for the peak conditions, therefore, will be:
$%

=

-$.

=

0.83

ft/s

-/)

Net Solid Area

The calculations of the solid area of the net are summarized below. These taken into account the affect of the fouling and/or ice:
Solid Area Percentage (Net Only):
Open Area Percentage (Net Only):
Fouling/Ice Reduction Factor:
Open Area Percentage (with Fouling/Ice):
Solid Area Percentage (with Fouling/Ice):

0.45
0.55
50%
0.27
0.73

mm2/mm2
mm2/mm2
mm2/mm2
mm2/mm2

Net Drag Forces
The drag forces on the net are calculated according to the following equation:

01 =

21

34
2

where:

01 = Drag force, lbf/ft 2
21 = Drag coefficient
3 = Solid Area Percentage, %
4 = Density, slug/ft 3
= Velocity, ft/s
Drag Force per Unit Area, FD

0.31

lbf/ft2

Total Drag Force, FD

205
1.58

lbf
lbf/ft

Distributed Drag Force on Top Line, FD,top
Debris/Buoy Solid Area

For the debris and buoy projected solid area, the following assumptions are made:
Percentage of top line covered by buoys, P L,B

75%

Percentage of buoys submerged, P s

50%

Percentage of line covered by debris flocs, P L,d

25%

[assumed in addition to buoy area, i.e. non-overlapping area]

Submerged depth of debris flocs, D d

1.00

ft
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And the solid area of the debris and buoys can be summarized as follows:
Buoy Solid Area, As,B

12.0

ft2

Debris Floc Solid Area, As,d

16.3

ft2

3,6
3,;

= 78,6
= 78,;

)9' 73 :6
)9' :;

Debris/Buoy Drag Forces
The drag coefficients associated with the buoys and debris flocs are calculated below.
Reynolds Number - Buoys, ReB
1.45E+04
Shape - Buoys Circular Cylinder
Drag Coefficient - Buoys, CD,B
1.0

<=6 =
Figure 1

<=1 =

Reynolds Number - Debris, ReD
5.91E+04
Shape - Debris Square Rod
Drag Coefficient - Debris, CD,D
1.5

73 :6
>

Assumed
Figure 1

:;
>

The drag forces could then be calculated, as for the net above:
Total Drag Force - Buoys, FD,B

8.1

lbf

Distributed Drag Force - Buoys, FD,B

0.12

lbf/ft

Total Drag Force - Debris, FD,D

16.4

lbf

Distributed Drag Force - Buoys, FD,D

0.25

lbf/ft

FIGURE 1 - DRAG COEFFICIENT BY SHAPE

Combined Hydodynamic Forces
The combined hydraulic forces on the top line of the fish exclusion net are therefore:

Mechanism
Net Drag
Buoy Drag
Debris Drag
Total Drag

Distributed
Load
lbf/ft
1.58
0.12
0.25
1.95

Total
Load
lbf
205
8.1
16.4
229

Conclusion
This sheet has calculated the hydrodynamic forces on the fish exclusion net and top line. Waves and wind-driven currents were found not to be applicable to
this site, however, the solid area was adjusted for the presence of buoys, debris, net fouling and/or ice. It was found that a total load on the top line was
approximately 250 lbs. These can be added to the wind loads for design of the top line cable and anchors.
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SUBJECT:

Energy Northwest
Packwood Lake Hydroelectric Project
Cable Design

BY: ASL
DATE: 8/6/2019
PROJECT NO.: 18-040

CHK'D BY:

Purpose
The purpose of this calculation sheet is to design the cable and anchor for the fish exclusion net.
References
• Lindeburgh, M.R., 2014. Civil Engineering Reference Manual for the PE Exam, Fourteenth Edition. Professional Publications, Inc. Belmont, CA.
Information - Input
The top line of the fish exclusion net is assumed to follow a catenary shape under the hydrodynamic load. No wind loads are expected due to the significant
surrounding tree cover and the protected low elevation. The cable parameters have been previously calculated, and are as follows:
Lateral Distance to Opposite Shore, L
Intake Structure to Sag Point, L1

50.8
10.7

ft
ft

Sag Point to Opposite Shore, L2
Angle of Net Alignment with Lateral, θ
Straight-line distance between anchors, L/cosθ
Length of the Cable, s
Catenary Parameter, a

40.1
30.0
58.7
65
40.8

ft
deg
ft
ft
ft

~25% increase on straight line distance

The distributed load from the hydrodynamic forces as previously calculated is:
Hydrodynamic Load, FD,tot

4.52

lbf/ft

Calculation
Cable Forces
The cable forces and reactions for a catenary shape are given by the following equations:
Sag, S:

?=

Cable Length to Shore, s2:

cosh
=

Max Tension, Tmax:

@-$. = A

Cable Horiz. Rxn, TCx:

@B,. = A

Cable Tension Rxn, TCy:

@B,C = A

−1

sinh
+?

where:

A = Distributed load, plf
= Cable length from sag point to opposite shore, ft
all other parameters as previously defined
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These calculations are performed below:
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FIGURE 1 - CATENARY DEFINITION SKETCH
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Anchor Design
The anchor block is assumed to be of concrete construction with the following characteristics:
Unit Weight of Concrete, γc

150

lbf/ft3

Block depth, d b

2.0

ft

Block width, wb

2.0

ft

Block length, l b

2.0

Block volume, V b

8

ft
ft3

Block Weight, W b

1,200

lbf

[Normal weight concrete]

The resisting forces can then be calculated according to the following method:
Friction coefficient, C f

0.35

Resistance due to Friction, F f

420

lbf

Passive Earth Pressure (Lateral Bearing), γp

200

lbf/ft3

Horiz. Earth Pressure (bottom), p b

400

lbf/ft2

Horiz. Earth Pressure (top), pt
Passive Earth Pressure, p
Resistance due to Passive Earth Press, F p

0
400
800

lbf/ft2

Total Resisting Force, Ftot
Factor of Safety, FOS

1,220

[assumed]

0D = AE 2D
[assumed]

lbf/ft
lbf
lbf

4.3

Conclusion
The reaction at the anchor block was calculated based on a catenary shape, such that the maximum tension in the top line of the fish exclusion net is about 300
lbf. To resist this force, an anchor block of 2.0' x 2.0' x 2.0' is sufficient to resist the force of the cable with a factor of safety of about 4.
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Packwood Lake Hydroelectric Project
Conceptual Cost Estimate - Alternative #2 - Fish Exclusion Net
Line
Item

Item

Quantity

Unit

Unit
Cost

10

%

--

1
1
1
1

LS
LS
LS
LS

$
$
$
$

1
4

EA
EA

$
$

Subtotal

Contingency

Cost

Division 01 - General Requirements
1.1

Mobilization/Demobilization

$

9,110.00

30.0% $

1,000.00
500.00
500.00
1,000.00

$
$
$
$

1,000.00
500.00
500.00
1,000.00

30.0%
30.0%
30.0%
30.0%

$
$
$
$

1,300.00
650.00
650.00
1,300.00

5,000.00
50.00

$
$

5,000.00
200.00

30.0% $
30.0% $

6,500.00
260.00

Total
$

11,900

$

3,900

$

6,800

$

-

$

400

11,843.00

3.1
3.2

Division 02 - Existing Conditions
Remove Existing Debris Boom
Demolition
Clearing and Grubbing
Erosion and Sediment Control
Division 03 - Concrete
Concrete Eco block Deadman (Furnish and Install)
Epoxy (Furnish)

4.1

Division 04 - Masonry
(NOT USED)

5.1

Division 05 - Metals
Stainless Steel Anchors (Furnish)

6.1

Division 06 - Wood and Plastic
(NOT USED)

$

-

7.1

Division 07 - Thermal and Moisture Protection
(NOT USED)

$

-

8.1

Division 08 - Openings
(NOT USED)

$

-

9.1

Division 09 - Finishes
(NOT USED)

$

-

11.1

Division 11 - Equipment
(NOT USED)

$

-

13.1
13.2
13.3
13.4
13.5
13.6

Division 13 - Special Construction
Net Assembly (vendor furnish only)
Boom Assembly (vendor furnish only)
Slider Assembly (vendor furnish only)
Installation Costs (vendor install)
Diver Installation of Slide Assembly
Boat Rental

$

79,300

23.1

Division 23 - HVAC
(NOT USED)

$

-

26.1

Division 26 - Electrical
(NOT USED)

$

-

27.1

Division 27 - Communications
(NOT USED)

$

-

31.1

Division 31 - Earthwork
Excavation

$

700

32.1

Division 32 - Exterior Improvements
(NOT USED)

$

-

33.1

Division 33 - Utilities
(NOT USED)

$

-

40.1

Division 40 - Instrumentation and Control
(NOT USED)

$

-

42.1

Division 42 - Process Water Systems
(NOT USED)

$

-

43.1

Division 43 - Process Gas and Liquid Handling
(NOT USED)

$

-

44.1

Division 44 - Pumps
(NOT USED)

$

-

2.1
2.2
2.3
2.4

12

1
1
1
1
1
1

5

Project Subtotal (w/o Div 01)
Div 1 General Requirements Costs
Overhead
Profit
Bond Rate (Approx)
Sales Taxes on Material (assume 60% material; 40% labor - Lewis County, WA)
Total Conceptual Cost Estimate - 2019 Dollars
Accuracy Range
+50%
-15%

EA

LS
LS
LS
LS
LS
LS

CY

$

$
$
$
$
$
$

$

20.00

26,000.00
7,500.00
5,000.00
5,000.00
16,000.00
1,500.00

100.00

$

$
$
$
$
$
$

$

$

1 of 2

240.00

26,000.00
7,500.00
5,000.00
5,000.00
16,000.00
1,500.00

500.00

79,050.00

30.0% $

30.0%
30.0%
30.0%
30.0%
30.0%
30.0%

$
$
$
$
$
$

30.0% $

10.0%
8.0%
12.0%
1.40%
7.8%

312.00

33,800.00
9,750.00
6,500.00
6,500.00
20,800.00
1,950.00

650.00

$
$
$
$
$
$
$

91,100
9,110
7,288
10,932
1,275
4,263
124,000

$
$

186,000
105,400

Packwood Lake Hydroelectric Project
Conceptual Cost Estimate - Alternative #1a - Modify Existing Intake
Line
Item

Item

Quantity

Unit

Unit
Cost

--

Subtotal

Contingency

Cost

Division 01 - General Requirements
1.1

Mobilization/Demobilization

10

%

2.1
2.2
2.3
2.4

Division 02 - Existing Conditions
Relocate Existing Debris Boom
Clearing and Grubbing
Demolition
Erosion and Sediment Control

1
1
1
1

LS
AC
LS
LS

$
$
$
$

3.1
3.2

Division 03 - Concrete
Construct Retaining Wall - slab (70cy), wall (100cy)
Concrete Screen Saddles with Straps (installed)

170
6

CY
EA

$
$

4.1

Division 04 - Masonry
(NOT USED)

5.1
5.2

Division 05 - Metals
Handrail
Steel Plate Covers

6.1

$

252,660.00

1,000.00
10,000.00
10,000.00
1,500.00

$
$
$
$

1,000.00
10,000.00
10,000.00
1,500.00

1,000.00
2,500.00

$
$

170,000.00
15,000.00

30.0% $

30.0%
30.0%
30.0%
30.0%

Total
$

328,500

$

29,300

$

240,500

328,458.00

$
$
$
$

1,300.00
13,000.00
13,000.00
1,950.00

30.0% $
30.0% $

221,000.00
19,500.00

$

-

$

20,800

Division 06 - Wood and Plastic
(NOT USED)

$

-

7.1

Division 07 - Thermal and Moisture Protection
(NOT USED)

$

-

8.1

Division 08 - Openings
(NOT USED)

$

-

9.1

Division 09 - Finishes
(NOT USED)

$

-

11.1

Division 11 - Equipment
ISI Screens

2

EA

$ 600,000.00

$ 1,200,000.00

30.0% $ 1,560,000.00

13.1
13.2

Division 13 - Special Construction
Steel Bulkhead with 6 ft Dia. Flange
Debris Boom

2
1

EA
LS

$
$

$
$

30.0% $
30.0% $

23.1

Division 23 - HVAC
(NOT USED)

26.1

Division 26 - Electrical
Power to Screen Cleaning

27.1

Division 27 - Communications
(NOT USED)

31.1
31.2
31.3
31.4

Division 31 - Earthwork
Cofferdam
Dewatering
Excavation (350 CY)
Site Restoration

32.1

Division 32 - Exterior Improvements
Access Road

33.1

Division 33 - Utilities
(NOT USED)

40.1

Division 40 - Instrumentation and Control
Screen Assembly Controls

42.1

60
4

1

LF
EA

LS

$
$

$

100.00
2,500.00

50,000.00
35,000.00

50,000.00

$
$

$

6,000.00
10,000.00

100,000.00
35,000.00

50,000.00

30.0% $
30.0% $

30.0% $

7,800.00
13,000.00

130,000.00
45,500.00

65,000.00

$

1,560,000

$

175,500

$

-

$

65,000

$

-

$

318,500

$

52,000

$

-

$

65,000

Division 42 - Process Water Systems
(NOT USED)

$

-

43.1

Division 43 - Process Gas and Liquid Handling
(NOT USED)

$

-

44.1

Division 44 - Pumps
(NOT USED)

$

-

1
1
350
1

LS
LS
CY
LS

$ 150,000.00
$ 50,000.00
$
100.00
$ 10,000.00

$
$
$
$

150,000.00
50,000.00
35,000.00
10,000.00

1

LS

$

$

40,000.00

1

Project Subtotal (w/o Div 01)
Div 1 General Requirements Costs
Overhead
Profit
Bond Rate (Approx)
Sales Taxes on Material (assume 60% material; 40% labor - Lewis County, WA)
Total Conceptual Cost Estimate - 2019 Dollars
Accuracy Range
+50%
-15%

LS

$

40,000.00

50,000.00

$

50,000.00

$ 2,196,160.00

2 of 2

30.0%
30.0%
30.0%
30.0%

$
$
$
$

195,000.00
65,000.00
45,500.00
13,000.00

30.0% $

52,000.00

30.0% $

10.0%
8.0%
12.0%
1.40%
7.8%

65,000.00

$
$
$
$
$
$
$

2,526,600
252,660
202,128
303,192
35,372
118,245
3,438,200

$
$

5,157,300
2,922,500

Summary of agency comments on the Packwood Lake Hydroelectric Project (FERC No. P-2244) Intake Fish Entrainment
Monitoring Plan Addendum and Energy Northwest’s (EN) responses.
Number

Comment
Location

Comment
Source

Stakeholder Comment

EN Response

United States Forest Service (USFS)
Pg. 8, 1.
“Original Study
Plan Methods”

USFS
Typo
Response
(11/27/19)

The identified text error has been corrected.

USFS-01

USFS
year’s
Response
(11/27/19)

The identified text error has been corrected.

USFS-02

Pg. 9, “Task
1.3b”

USFS-03

Pg. 12,
USFS
Describe how you will assess natural
“Supplemental
Response mortality of fish and transport from lake
Methods to
(11/27/19) to net.
Assess Exclusion
Efficacy”

Text has been added to this section to describe the
method for documenting the identification of fish that
have succumbed to mortality as a result of natural
conditions and/or conditions not related to Project
operations.

USFS-04

USFS
Can a survey prompted by high risk
Pg. 12,
Response conditions such as post flooding be
“Supplemental
(11/27/19) included.
Methods to
Assess Exclusion
Efficacy”

While the Project is not responsible for anomalous
natural events (heavy rains, landslides, rapid snowmelt,
etc.) that result in flood conditions, EN will make an
effort to assess net conditions and fish presence at the
exclusion location upon these types of major events
occurring.

USFS-05

Pg. 12,
USFS
A plan for addressing live fish that
“Supplemental
Response penetrate behind the net is needed. Will
Methods to
(11/27/19) there be an effort to capture and release
Assess Exclusion
back to the lake?
Efficacy”

EN has added text to this section to address the
potential for fish penetrating behind the net and the
associated plan for their capture and relocation, if this
occurs.

USFS-06

Pg. 12,
USFS
Are fish anticipated to be impinged on
“Supplemental
Response the exclusion net. If so, the number of
Methods to
(11/27/19) impinged fish should be recorded.
Assess Exclusion
Efficacy”

Given the low velocities that will occur at the net
location associated with all generation levels, no fish are
anticipated to be impinged. Nets of this type have been
used at projects with higher intake velocities and have
experienced little to no impingement of fish.

Packwood Lake Hydroelectric Project
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Number

Comment
Location

Comment
Source

Stakeholder Comment

EN Response

National Marine Fisheries Service (NMFS)
NMFS
Plan addendum notes that provisions
The “Adaptive Management” section (pg. 13) describes
Response from the existing license condition could the plan for ongoing monitoring and removal provisions
(11/29/19) be removed if the exclusion net proves
related to the potential for infrastructural modifications.
effective. Which provisions are being
proposed for removal pending results of
the exclusion net? Provisions to be
removed would be related to potential
for modifications and/or replacement on
intake infrastructure.

NMFS-01

General

NMFS -02

General

NMFS
Note, NMFS continues to have
Response independent authority outside of the RAC
(11/29/19) process. Please continue to address
requirements of NMFS BiOp including
annual reporting and timely notification
of take and/or conditions that may
adversely impact listed species such as
hazardous material spills, etc.

EN appreciates the comment and understands NMFS
independent authority outside of the RAC process. As
has been discussed, NMFS has agreed to allow its
independent reporting requirements to parallel
(temporally and content-wise) those of the Resource
Coordination Reporting requirements given the
comprehensive and consistent nature of that process.
EN also understands that NMFS may request additional
information given their independent authority.
Consistent with EN’s intent throughout, we will always
stay cognizant of the need for timey notification of
circumstances pertaining to all agencies’ specific areas of
interest and jurisdiction.

NMFS -03

Pg. 12,
“Task 1 –
Observe Fish
Movement and
Condition Near
Exclusion Net”

NMFS
Page 12 describes underwater camera
Response work to assess fish presence, movement,
(11/29/19) and condition near the net. I expect that
researchers on a boat deploying the
camera on a rod and moving it along the
net will result in live fish (if present)
moving away from the camera. The only
fish you would see would be dead fish

Given the goal of the exclusion net is to keep fish away
from the intake area, EN views the primary goal of
camera monitoring near the net to be to verify no fish
are being:

Packwood Lake Hydroelectric Project
FERC No. 2244
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•
•

Allowed to move past the net
Impinged on the net

Energy Northwest
December 2019

Number

Comment
Location

Comment
Source

Stakeholder Comment
stuck to the net, and the net angle and
water flow seem designed to minimize
the potential for things to get stuck on
the net. This style of camera study may
result in false negatives. Suggest instead
exploring options for fixing cameras in
place on the net, particularly in the
portion of the net that forms a pocket, to
see whether fish enter the pocket and
what happens when they do.

NMFS -04

General

NMFS
What is the anticipated lifespan of the
Response exclusion net? How would the net be
(11/29/19) removed and replaced? How would
damaged or old nets be disposed
of? Would damaged net material get
caught in the intake system?

Packwood Lake Hydroelectric Project
FERC No. 2244
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EN Response
•

Killed due to utilization of the net

Additionally, the integrity and appropriate placement of
the net over time can be confirmed. With respect to live
healthy rainbow trout, if they are upstream of the net
and can volitionally swim away from the net and camera
surveys (which is fully expected), that is the desired
condition and EN doesn’t see the need to target the
identification of these fish during camera surveys.

The net life will typically exceed 15 to 20 years. There
are locations where similar exclusion nets have been in
place for over 25 years. The net installation design
allows the net to be simply removed from the intake
floor, bank, and wall connections and a new net
installed. The chain anchor system, top float line, and
intermediate weight line would be reused, so only the
net material itself would be replaced. The selected net
material is extremely strong since it was developed for
the ocean trolling systems, so complete failure of the net
would not occur with subsequent downstream
movement into the intake. The intake trashracks will be
maintained as well as the traveling screens, so the net
material would be excluded from the intake by these
downstream screening systems. Net that is removed
would be recycled for use in other uses such as dip nets
or sample nets. Material that can not be recycled would
be disposed of at the landfill.

Energy Northwest
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Comment
Location

Comment
Source

NMFS -05

Pg. 7,
“Table 1”

NMFS
Estimates of fish population in Packwood
Response
lake is “pending”. How will EN effectively
(11/29/19)
determine impacts of entrainment on fish
population without info on fish
population? Baseline fish population
surveys are needed in order to track
change over time. Recommend switching
estimates of fish populations from
pending to active, and tracking fish
population changes over time.

If the exclusion net has proven to be effective during the
initial 2-year “pilot program”, this would mean that the
rainbow trout population in Packwood Lake is being
effectively excluded from the Project intake area. As
such, population numbers are not be impacted due to
the Project intake which would seem to make
population assessments of Packwood Lake unnecessary
moving forward. As is documented in the “Adaptive
Management” section of the addendum, if the net
proves to be ineffective, “the RAC will discuss the
process and approach for reverting back to the original
Plan”.

NMFS -06

Pg. 7,
“Table 1”

NMFS
Underwater camera observations in front
Response of intake wells and in forebay area are
(11/29/19) shown as “active”; suggest additional
underwater camera work to determine if
fish are entering pocket formed by
intermediate lines at different water
depths, particularly when weighted
intermediate line is not fully flush with
the bottom. Determine what happens to
fish that enter these pockets. Do they get
trapped? Do they get damaged or
die? Determine at what water depth
these pockets are more likely to trap
fish. Current monitoring plans should be
expanded to study impacts of the new
net on fish.

A portion of the “Observe Fish Movement and Condition
Near Exclusion Net” task will be to monitor net
conditions (and associated fish impacts) at a variety of
lake elevations. Care will be taken to adequately video
any sections of the net where pockets have formed and
document associated fish presence (if any) and condition
in those areas.

Number
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Number

Comment
Location

Comment
Source

Stakeholder Comment

EN Response

Washington Department of Fish and Wildlife (WDFW)
WDFW-01

General

WDFW
Hi Audrey,
Response
I was not able to review the entrainment
(12/02/19)
monitoring plan by November 29th due to
annual leave. I was hoping to get to it
today however I’m having eye issues with
a headache and it’s hard to retain
information I’m reading. I don’t want to
hold up the process so please submit the
plan to FERC without WDFW comments.

EN appreciates the response. The addendum has
adaptive management provisions incorporated into it
that can be discussed at the annual RAC meetings. If it is
determined that the exclusion net is not meeting
collaborative expectations, EN will work with the RAC to
come to an agreement on a revised methodology

My goal was to evaluate the monitoring
to verify it is adequate for all life stages.
I’m hoping there is an adaptive
management provision so that we can
change monitoring if a better method is
identified.
Thanks, Peggy
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