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ACRONYMS AND ABBREVIATIONS LIST 

AWS auxiliary water supply 

cfs cubic feet per second 

CHTR collect, handle, transfer, and release 

fps feet per second 

FRFA flood retention flow augmentation 

FRO flood retention only 

FRO-X flood retention only – expandable 

NOAA Fisheries National Oceanic and Atmospheric Administration Fisheries 

O&M operations and maintenance 

RCW Revised Code of Washington 

WDFW Washington Department of Fish and Wildlife 
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EXECUTIVE SUMMARY 

Document Development  

This document is reflective of  the  
design of the  collect, handle, transfer,  
and release  fish passage facility to a  
preliminary design level.   

The state of Washington retained a team of consultants to 
study and develop fish passage alternatives for proposed 
flood retention structural alternatives as part of the Chehalis 
Basin Strategy. The consultant team, composed of engineers 
and biologists from Anchor QEA, LLC, and HDR Engineering, 
Inc., were tasked with advancing the preliminary design of a 
collect, handle, transfer, and release (CHTR) facility for the 
purposes of collecting and transporting upstream migrating 
fish above a potential flood damage reduction structure (dam) near Pe Ell, Washington if one were to be 
implemented. 

The fish passage study and design team facilitated meetings with the Fish Passage Technical 
Subcommittee of the Flood Damage Reduction Technical Committee, with the intent of refining design 
criteria, obtaining feedback on design modifications, and maintaining agency concurrence on the 
preliminary design. The Fish Passage Technical Subcommittee is composed of state, federal, and tribal 
participants, including the National Oceanic and Atmospheric Administration Fisheries, U.S. Fish and 
Wildlife Service, Washington Department of Fish and Wildlife, and the Quinault Indian Nation. The study 
included refinement of design criteria, preliminary level design development of a CHTR fish passage 
facility, and evaluation of costs for potential fish passage facilities that could accommodate passage of 
upstream migrating fish species, should a run-of-river-type dam be built. These activities were 
performed in collaboration with members of the Flood Damage Reduction Technical Committee, and in 
concert with numerous other physical and biological studies being performed as part of the Chehalis 
Basin Strategy to evaluate potential flood damage reduction and aquatic species habitat restoration 
strategies. 

This report presents refined design criteria and updated design concepts for the CHTR facility fish 
passage alternative associated with the flood retention only (FRO) and Flood Retention Only – 
Expandable (FRO-X; combined flood retention flow augmentation and FRO functions) dam alternatives. 
In their initial operational phases, each of these flood retention concepts would operate in a run-of-river 
condition where fish passage would be provided through an array of fish passage conduits through the 
dam. The potential CHTR facility would provide safe and timely upstream fish passage during flow 
events that trigger flood retention operations. Detailed information relative to the FRO dam alternative 
can be found in the Combined Dam and Fish Passage Concept Design Report (HDR 2016). Detailed design 
information relative to the FRO-X structural alternative will be provided in the design development 
report for the FRO-X structural alternative currently under development. 
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1  INTRODUCTION  

1.1  Background  
1.1.1 Need   
The purpose of the  Chehalis Basin Strategy  is  to  evaluate  the feasibility  of mitigating flood hazards  
within the  Chehalis Basin  while exploring opportunities to enhance ecological conditions, aquatic  
habitat, and  the  abundance of fish. The scope of the Chehalis Basin Strategy  has included  studying water  
retention alternatives  (dams), options for protecting Interstate 5 and other floodplain at-risk facilities  
and structures  with  or without a dam, and other small flood  damage  reduction projects throughout  the  
Chehalis Basin  (Figure  1-1). Along with several other  options, considered either independently  or in  
combination, the  water retention concept,  consisting  of a dam  on the upper Chehalis River  including  
juvenile and adult  fish passage facilities,  was  advanced through the conceptual design phase.  Results 
from the work  completed in the conceptual design phase were  summarized in  the  Combined Dam and 
Fish Passage  Design  Report  (HDR 2016).  This report summarizes the further  development of one of  the 
fish passage alternatives,  collect,  handle, transfer, and  release  (CHTR)  facility,  which is common to the  
flood retention  only (FRO),  Flood  Retention Only  –  Expandable  (FRO-X;  dam with  combined flood  
retention flow augmentation [FRFA] and FRO  functions), and FRFA  dam  alternatives studied.  

1.1.2  Proposed Dam  
The proposed dam  site was selected  from several alternative locations identified  and evaluated  in  
previous studies (Shannon  &  Wilson  2009a,  2009b).  The design storage volumes  and corresponding 
estimated water storage elevations for the FRO and  FRO-X  dam configurations presented in this  
document are summarized  in  Table  1-1.  The storage volumes and corresponding dam heights and  
inundation areas  are subject to change as climate change and operation  studies  advance  through the  
planning process.   

Table  1-1   
Summary of Dam Storage Volumes and Maximum Water Surface Elevations  

CONFIGURATION  

CONSERVATION  
  POOL1 VOLUME 

(ACRE FEET)  

FLOOD STORAGE  
VOLUME  
(ACRE FEET)  

 
MAXIMUM 
CONSERVATION POOL1 

ELEVATION (FEET)  
 STORAGE2 

MAXIMUM FLOOD 

ELEVATION (FEET) 

 

 
FRO/FRO-X   0 65,000  - 628  
FRO-X  operated as FRFA   to be determined  65,000  to be determined  to be determined  

1. Conservation pool is the pool of water  stored in the reservoir all year to seasonally enhance water quality and  
instream flow downstream of the dam.   
2. Maximum  flood storage volumes and elevations are to spillway crest and do not include flood routing capacity  
between the design flood (100-year event) and the Probable Maximum Flood.    
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Figure 1-1 
Chehalis Basin 
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Introduction 

Dam Alternative 

The CHTR fish passage facility is designed to provide fish passage during impoundment events for the run-of-
river-type dam alternatives currently under consideration: FRO dam and a FRO-X dam. The FRO-X dam is under 
development and would be operated as a run-of-river dam, but would be capable of being operated as a FRFA 
dam in the future. 

The proposed dam site is south of State Route 6 in Lewis County, Washington, on the mainstem 
Chehalis River, about 1 mile south of Pe Ell (the southwest corner of Section 3, Township 12N, 
Range 5W). Figure 1-2 shows a rendering of the FRO dam. Figure 1-3 shows an example of the 
approximate flood storage inundation area (65,000 acre-feet of flood storage at the spillway crest) for 
the FRO configuration. A map of the approximate flood storage inundation area for the FRO-X dam 
alternative is not yet available. 

Figure 1-2 
Flood Retention Only Dam Rendering 
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Figure 1-3 
Flood Retention Only Flood Storage Inundation Area (65,000 Acre-Feet of Flood Storage) 
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Introduction 

1.1.3  Previous Alternative Analyses  
Development of fish passage alternatives is an integral component of the dam design. An initial 
evaluation of potential fish passage technologies that could be integrated into design of each dam 
alternative was performed and documented in the Fish Passage Design Technical Memorandum 
(HDR 2014a). The Combined Dam and Fish Passage Alternatives Technical Memorandum (HDR 2014b), 
built upon the findings of the previous report (HDR 2014a) to combine selected dam design options with 
selected fish passage options to describe four integrated alternatives that could be compared in terms 
of function, constructability, and capital and operations and maintenance (O&M) costs. These integrated 
fish passage alternatives were further developed, evaluated, and compared in Appendix G of the 
Combined Dam and Fish Passage Conceptual Design Report (HDR 2017). That report also summarized 
the additional fish passage and dam design work accomplished during the 2015 to 2017 biennium. 

In early 2017, the Chehalis Basin Strategy managers recognized that additional information on the 
feasibility of designing the CHTR fish passage alternative was needed to inform the future development 
of a project-level environmental impact statement. Shortly following a decision to proceed from 
conceptual into a preliminary design effort for the CHTR associated with the FRO dam, development of a 
FRO-X dam alternative was initiated. The FRO-X dam alternative could be operated initially as a 
run-of-river facility, similar to the FRO, but would have the capability of operating as a FRFA dam in the 
future, if needed. The CHTR fish passage facility presented in this report was developed to be 
compatible with the FRO alternative or FRO-X dam alternative when it is operated as a run-of-river 
impoundment structure. 

1.1.4  Collect, Handle, Transfer, and Release Alternative  
The primary means of upstream and downstream passage at the FRO dam or FRO-X dam would be via a 
series of three to five conduits that extend through the base of dam and provide an open-channel flow 
condition for river flows less than 4,500 cubic feet per second (cfs). When water is impounded behind 
the FRO dam or run-of-river FRO-X dam during floods, the conduits would be closed, and fish passage 
provided via a CHTR facility. The CHTR facility is intended to provide fish passage to upstream-moving 
adult salmon, steelhead, resident fish, and lamprey as well as juvenile salmon and steelhead. The facility 
is designed to safely collect these species and life stages and transport them upstream of the dam using 
specialized vehicles. 

The CHTR facility is anticipated to operate approximately only once every 7 years on average. When 
flood control scenarios require its operation, it would be a staffed facility that is operated 24 hours a day 
until flood operations cease and passage through the conduits resumes. A concept layout of the CHTR 
facility is provided in Figure 1-4, and more detailed drawings are provided in Appendix B of this 
document. For more details associated with the operational strategy of the FRO dam alternative, refer 
to the Combined Dam and Fish Passage Conceptual Design Report (HDR 2017) and the Draft Operations 
Plan for Flood Retention Facilities (Anchor QEA 2016). 
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Introduction 

Figure 1-4 
Collect, Handle, Transfer, and Release Facility General Layout 

Note: Sorting Facility refers to the sorting building, holding gallery, and surrounding area. 

1.1.5  Collaboration with Technical Subcommittee  
The fish passage design team and members of the Chehalis Basin Strategy Flood Damage Reduction 
Technical Committee coordinated and carried out several Fish Passage Technical Subcommittee 
meetings throughout development of the preliminary design of the CHTR. Of primary importance at 
these meetings were the discussion, interpretation, and formulation of design elements and criteria that 
would be carried forward to final design of the CHTR fish passage facility for a run-of-river dam 
alternative. Participants attending these meetings included representatives from the following 
organizations: 

• National Oceanic and Atmospheric Administration Fisheries (NOAA Fisheries) 

• Quinault Indian Nation 

• State of Washington consultant study team 

• U.S. Fish and Wildlife Service 

• Washington Department of Fish and Wildlife (WDFW) 

• Washington Department of Ecology 

Meeting notes are included in Appendix A, and form the basis for criteria refinement, identification of 
key assumptions, and design decisions necessary to continue the engineering development of the CHTR 
fish passage facilities. 
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Introduction 

1.2  Purpose and Scope  
Washington State’s regulatory authority, defined in Revised Code of Washington (RCW) 77.57.030, 
requires that dam owners provide safe and timely fish passage for all fish species and fish life stages 
present in an affected area. Fish passage for the FRO and FRO-X dam alternatives would be provided via 
conduits through the dams. Fish passage through these conduits is addressed in separate reports, 
including Appendix G of the Combined Dam and Fish Passage Conceptual Design Report (HDR 2017). 
During periods when these dam alternatives are impounding water, fish passage would be provided via 
a CHTR facility. Preliminary design of the CHTR facility took place following the conceptual dam design 
efforts as part of the Chehalis Basin Strategy. This report documents the design criteria, main design 
elements, preliminary costs data, and preliminary design of the CHTR fish passage facility for FRO or 
FRO-X dam alternatives conducted in 2017. Preliminary design development for the CHTR, documented 
herein, was built on preceding design development activities (HDR 2016). This information will be used 
in future design phases to inform the final design of the CHTR passage facility. 

The following activities were performed during preparation of this document: 

• Collaboration with members of the Flood Damage Reduction Technical Committee (specifically, 
with the Fish Passage Technical Subcommittee) to refine and verify biological and technical fish 
passage design criteria 

• Assessment of updated proposed dam operations and flow and stage duration statistics 
throughout anticipated migration periods of target fish species 

• Performance of various hydraulic calculations for the purposes of sizing and configuring fish 
passage facility elements 

• Confirmation of general orientation, location, and sizing of fish passage facilities and verification 
that the overall fish passage facility strategy addresses the performance requirements for 
upstream passage of target fish species during flood impoundment events 

• Verification and refinement of fish passage facility design element descriptions, layouts, and 
operational parameters 

• Verification and update of anticipated performance expectations for the CHTR fish passage 
facility in collaboration with the Fish Passage Technical Subcommittee 

• Use of results gathered from the above activities to refine passage facility elements and refine 
favorable conditions for fish attraction, collection, or passage 

• Development of a report documenting the refined design criteria, main design elements, 
preliminary costs data, and preliminary design 

Fish Passage: CHTR Preliminary Design Report 7 
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1.3  Project Team  
The following  consultant team  personnel were involved in the  various evaluations required to complete  
the updated conceptual designs:  
Project Manager:  Beth Peterson,  P.E.  

Technical Manager and  Lead Civil Engineer:  Keith Moen, P.E.  

Lead Dam  Engineer:  Keith A. Ferguson,  P.E.  

Lead  Geotechnical Engineer:  Dan Osmun  

Geological Engineers:  Andrew Little  
 John Charlton  

Lead Hydraulic Engineer:  Ed  Zapel, P.E.  

Lead Fish  Passage Designer:  Michael Garello, P.E.  

Constructability and Cost Estimating:  Jeffrey Allen  

Project Support:  Gokhan Inci, Ph.D.,  Geotechnical Engineer  
 Mathew Prociv, P.E.,  Fish  Passage Design  
 Shaun Bevan,  P.E., Fish  Passage Design  
 John Ferguson,  Ph.D.,  Fish Passage  Biology  (Anchor QEA)  
 John Hess,  Materials Engineering  

Additional staff support provided for drawings, document production, and quality control.  

1.4  Statement of Limitations  
The CHTR  fish passage facility  layouts  and  designs  for the  FRO  and  FRO-X  dam alternatives, operated  as  
run-of-river  impoundment structures,  have  been developed to a preliminary design level.  Preliminary  
design development  of this CHTR, summarized in this report,  provides  the general design concept,  
guidance  for  the development of the design  in the form  of design decisions made by  the Fish  Passage  
Technical Subcommittee,  preliminary design criteria and  assumptions,  physical and temporal operating  
parameters,  and main  elements of the facility.  Preliminary design drawings are provided in Appendix  B. 
The preliminary design, including the design drawings  and this report,  is a work  in  progress and  is  not  
suitable for construction. Further design development of  the preliminary design presented in this report  
is required to bring the design to a level adequate for construction.  All elements of this study are  
prepared with the information available at the  time  of development and are subject to change  in future  
phases of development as  defining assumptions, directives, or available information are further refined.  



 

   

   

      
     
    

      
     

 
      

  
   

     
     

    
    

   
  

  
   

    
  

     
    

     
     

  
 

   
    

2 DESIGN CRITERIA 

2.1  Hydrology and  Hydraulic Conditions  
2.1.1  Facility Operation  

2.1.1.1  Proposed Hydraulic Operation  of FRO or  FRO-X  Dam  
The FRO and FRO-X dams are operated as run-of-river facilities. During normal operation, the Chehalis 
River passes uncontrolled via conduits through the dams. Fish passage past the FRO and FRO-X dams 
takes place under normal operating conditions via the same conduits. The dams only impound water 
during high flow and anticipated floods. The FRO and FRO-X dams will temporarily store floodwater only 
when the river is forecasted to rise above 38,000 cfs within 48 hours at the downstream river 
monitoring gage at Grand Mound, Washington. The temporary storage events are estimated to have 
only a one in 7-year recurrence interval (HDR 2016). After flood regulation operations have been 
initiated and the conduit gates begin regulating outflows, fish passage through the conduits would no 
longer be available and operation of the CHTR facility for fish passage would commence. 

    2.1.1.2 Selection of Design River Flows 
NOAA Fisheries and WDFW provide guidelines for when fish passage facilities must be operated 
throughout the full range of river flows. These are referred to as the fish passage design flows. Fish 
passage design flow criteria influences several factors associated with fish passage facility size and 
complexity. Guidelines presented by NOAA Fisheries and WDFW are based on exceedance calculations 
of mean daily flows, but can be modified to suit site-specific requirements. The exceedance flows 
statistically represent the flow equaled or exceeded during certain percentages of the time when 
migrating fish may be present or collected at a facility. The established guidelines are used to set 
instream flow depths, flow velocities, debris and bedload conditions, fish attraction requirements, 
tailwater fluctuations, and numerous other factors that a facility might experience while target fish 
species are migrating. 

NOAA Fisheries (2011) requires the high fish passage design flow to be the mean daily streamflow that is 
exceeded 5% of the time during periods when target fish species are migrating. WDFW (2000a) suggests 
a 10% exceedance flow be used as a high design flow. NOAA Fisheries (2011) requires a low fish passage 
design flow equal to the mean daily streamflow that is exceeded 95% of the time during periods when 
migrating fish are typically present. WDFW recommends that a low flow be established based upon site-
specific conditions. 

Mean daily flows for water years 1940 through 2012 from U.S. Geological Survey gage 12020000 near 
Doty were reduced using Basin area and mean annual precipitation to estimate flows at the proposed 
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Design Criteria 

dam site. An exceedance analysis was then performed on the estimated flows at the proposed dam site. 
The probability for exceedance of mean daily flows is summarized in Table 2-1. 

At the dam site, 5% and 95% exceedance flows were also calculated for each adult species using their 
respective upstream migration timing. These results are provided in Table 2-2. The lowest 95% 
exceedance flow and the largest 5% exceedance determined the fish passage design flow for which both 
FRO and FRO-X upstream fish passage facilities will be designed. The lowest 95% exceedance flow is the 
95% exceedance flow of 16 cfs, which occurs during the fall-run Chinook salmon migration period. The 
highest 5% exceedance flow is 2,197 cfs, which occurs during the coho salmon migration period. 
Therefore, fish passage facilities will be designed to operate from a low fish passage flow of 16 cfs to 
2,200 cfs. 

Table 2-1 
Annual Flow Exceedance at the Proposed Dam Site 

TIME EXCEEDED FLOW (CFS) 
99% 15 
95% 19 
90% 24 
80% 37 
75% 48 
50% 171 
25% 437 
10% 960 
5% 1,447 
1% 2,957 

Table 2-2 
Flow Exceedance During Fish Migration Periods at the Proposed Dam Site 

FISH SPECIES 95% EXCEEDANCE (CFS) 5% EXCEEDANCE (CFS) 
Spring-run Chinook salmon 18 882 
Fall-run Chinook salmon 16 1,592 
Coho salmon 36 2,197 
Winter-run steelhead 63 1,724 
Coastal cutthroat trout 34 1,908 
Pacific lamprey 17 737 
Western brook lamprey 19 1,447 

     2.1.1.3 Selection of Tailwater and Reservoir Fluctuation Ranges 
Anticipated tailwater fluctuations for the FRO and FRO-X dam configurations are significant factors in 
determining the type, size, and complexity of the CHTR fish passage facility. The fish ladder and fish 

Fish Passage: CHTR Preliminary Design Report 10 



 

  

    
     

   
  

    
    
  

      
   

     
     

      

   
  

    
   
   

   
   
   

   
   

 

    
     

   
       

   
     

    
     

Design Criteria 

ladder entrance of the CHTR facility must provide a continuous hydraulic connection throughout the 
anticipated range of tailwater elevations. In addition, any pump station supplying water for the CHTR 
facility that draws water from the tailwater pool must also accommodate the fluctuation in tailwater 
elevation without adversely affecting the water supply or endangering the facilities. As tailwater 
fluctuations become larger, the facilities become larger and more complex. In some cases, certain fish 
passage and water supply technologies can be dismissed because they are unable to accommodate large 
tailwater fluctuations. 

Historical river flows were used to calibrate the HEC-HMS simulation model to estimate the flood flows 
(WSE 2016). HDR performed additional hydraulic modeling of the stilling basin for the FRO dam to 
develop a tailwater rating curve that associates the tailwater elevations in the stilling basin with flows 
passing through the stilling basin. The design fish passage flows and select floods associated with their 
respective tailwater elevations in the stilling basins are provided in Table 2-3. 

Table 2-3 
Tailwater Elevations for Fish Passage Design Flows and Select Floods 

FLOW EVENT FLOW (CFS) TAILWATER ELEVATION (FEET) 
Low fish passage design flow 16 417.0 
High fish passage design flow 2,200 419.3 
2-year flood 7,300 427.4 
10-year flood 10,300 430.1 
25-year flood 12,200 431.7 
100-year flood 15,000 433.9 
Probable maximum flood 69,800 444.0 

The FRO reservoir will only hold a pool during impoundment events. The water surface elevation in the 
reservoir will vary corresponding to the dam operations plan (Anchor QEA 2016). Operation of the 
reservoir during an impoundment event is presented in Section 2.4.1. Flow past the dam is controlled by 
the conduits and auxiliary water supply (AWS) system for the CHTR during impoundment events until 
water in the reservoir reaches the spillway crest elevation of 628.0. Water above the spillway crest 
elevation will pass uncontrolled over the spillway and downstream of the dam. More detailed 
information describing the potential flood storage and spill operations for the structural alternatives is 
presented in the dam operations plan (Anchor QEA 2016). 

2.1.2  Water Supply  

  2.1.2.1 Summary of Flows 
Multiple design  elements  of the CHTR fish passage facility require  water  to operate. The design flows for  
each element are provided in  Table  2-4.  The basis for  these design flows are discussed in  
Sections  2.1.2.2  and  2.1.2.3.  
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Table  2-4   
Water Supply Flows for  Collect, Handle, Transfer, and Release  Facility Elements  

DESIGN ELEMENT  FLOW (CFS)  
  Adult AWS  200  

 Juvenile AWS   50 
Adult fish ladder   25 
Juvenile fish ladder   25 
Lamprey ramp   4 
Sorting facility   10 

 Intake backwash system  6 

   2.1.2.2 Auxiliary Water Supply 
NOAA Fisheries  (2011)  states  that attraction flows from the entrance  of the fish ladder should be greater 
than 10%  of the high fish passage design flow. The  minimum  attraction flow for the CHTR facility should  
then be at least 220 cfs.  However, the Fish  Passage Technical Subcommittee decided in their  March  22,  
2017,  meeting that, since the minimum outflow during the early portion of the impoundment period  
was 300  cfs, as defined in the operations plan (Anchor  QEA  2016), the attraction  water flow for the  
CHTR should be increased to 300 cfs. It was agreed  that providing a single source  of attraction  water  
from the ladder entrances into the stilling basin  will improve the  fish passage  performance of the  facility  
given that it represents the only navigable pathway for fish to ascend upstream. This is commonly  
observed at other facilities  in operation  where  attraction water from the ladder is the primary source  of 
flow  that fish  experience as they navigate upstream.  

   2.1.2.3 Gravity and Pumped Water Supply 
Water  is supplied to the CHTR facility  via gravity throughout  most  of the CHTR  operating period. When  
water levels in  the reservoir are too low  to supply water via gravity (see  Section  2.4.2), water  supply to  
the AWS is suspended and  water  supply  to  the adult  fish  ladder,  juvenile  fish  ladder,  lamprey  ramp, and  
sorting facility  is  provided via  pumping.  The sorting facility consists of the  sorting building, holding 
gallery, and surrounding area. A pump  station draws  water from  the tailwater pool.  The  adult  fish  
ladder,  juvenile  fish  ladder, and  lamprey  ramp  are  supplied by a single  pump  or  a set of  pumps,  
depending on the amount  of pumped flow required.  A  single backup pump  will remain available for use  
if needed.  A single pump  will be provided to supply water to  the backwash  screen cleaning system for  
the pump station intake screens.  

2.2  Biological Design Criteria  
As part  of the  Chehalis Basin  Strategy, WDFW has led  an extensive field sampling program to collect data  
and better understand the  phenology, abundance, habitat requirements, distribution, and  migration  
patterns  of fish present within the Chehalis  River,  and more  specifically,  in the potentially impacted  
areas  of the dam structure  and inundation limits of the reservoir. Using new and  historically available  

 Design Criteria 
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data, WDFW has assisted the Fish Passage Technical Subcommittee with biological criteria development 
in collaboration with other participating technical committee members. The three primary types of 
biological design criteria that have the most influence on facility type, size, and configuration relate to 
the following: 

• Selected species and migration timing: Informs the selection of species and life stages targeted 
for fish passage design as well as their seasonality, anticipated hydrologic conditions, and 
duration of periods where these target fish species may be expected to migrate upstream 
and/or downstream of the dam location 

• Species abundance: Informs the annual number of fish that require passage as well as the peak 
daily rate of migration that influences facility size and operation requirements 

• Trapping and holding criteria: Informs the requirements for fish trapping and holding, including, 
but not limited to, holding volume, duration, temperature, and water supply 

2.2.1  Selected Species and Migration Timing  
The selection of fish species and life stages for fish passage design was derived from field-specific data 
obtained by WDFW in 2015 and 2016 in addition to readily available historical documentation 
developed for the Chehalis Basin. In general, Washington State interprets its regulatory authority 
(RCW 77.57.030, Fishways required in dams, obstructions – penalties, remedies for failure) to require 
provision for passage of all fish and fish life stages believed to be present in the system. For the 
purposes of the development of the CHTR fish passage facility, anadromous and resident species known 
to occur within the influence of the dam, in the inundation area of the associated reservoir, and 
upstream of the reservoir were selected for upstream passage only. These primary species and their 
known swimming and leaping abilities were used to influence development of specific technical design 
criteria. Species known to occur downstream of the dam site were selected for consideration, but did 
not directly influence the development of specific technical design criteria. 

The life histories and specific life stages of each target species were also considered relative to their 
known occurrence, distribution, and movement through the dam site. Life stages of specific species 
were selected if they have been observed moving – or are believed to move – through the dam site 
(either upstream or downstream). 

Target fish species and their respective life stages that were selected for the purposes of design 
development in this study are presented in Table 2-5. 
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Table  2-5   
Target  Fish Species  and  Life Stages Selected  for  Collect,  Handle, Transfer, and Release  Design  

 SPECIES UPSTREAM  DOWNSTREAM  
  Spring-run Chinook salmon   Adult, juvenile  Not applicable 

  Fall-run Chinook salmon   Adult, juvenile  Not applicable 
 Coho salmon   Adult, juvenile  Not applicable 

 Winter-run steelhead   Adult, juvenile  Not applicable 
   Coastal cutthroat trout  Adult, juvenile  Not applicable 

Pacific lamprey   Adult  Not applicable 
 Western brook lamprey   Adult  Not applicable 

Resident fish, including: river lamprey, largescale sucker, Salish   
 sucker, torrent sculpin, reticulate sculpin, riffle sculpin, prickly 

sculpin, speckled dace, longnose dace, peamouth, northern 
pikeminnow, redside shiner, rainbow trout, mountain whitefish  

 Adult  Not applicable 

Bull trout are believed to  occur  only  downstream of the proposed dam location  so they  were removed  
by the Fish Passage Technical Subcommittee as a target species  but  remained  a species  of consideration  
throughout alternative development and  concept design. Of the species and life stages  targeted for  
upstream passage, juvenile salmonids,  resident fishes, and lamprey  exhibit the  most  variable life history,  
are the weakest swimmers, and represent the most challenging species and life stages  requiring  
passage. Therefore, technical design criteria used to target the passage requirements of these species  
and life stages were believed to also accommodate the requirements  of bull trout.  

Passage technologies  for lamprey  are relatively new, and few facilities  exist in the western United States  
that target lamprey for passage or collection and transport above dams. Where  applicable, readily  
available best practices, lessons learned from experimental facilities  on the Columbia River, and  
interviews  with researchers who specialize in the understanding of lamprey behavior and navigational 
capabilities were used to inform lamprey passage facility requirements and anticipated performance.  In  
addition to salmonids and  the  anadromous  Pacific  lamprey,  multiple resident fish  species and  two  
species of resident  lamprey  (western brook  and river) are believed  to inhabit and  transit the proposed  
dam area. A list of resident  species believed to be in or that transit the  dam site  is provided  in  Table  2-5. 
Pursuant to  RCW  77.57.030, passage facilities  must also accommodate  transit  of resident species.  As 
such, these resident species are also included  as target species.   

Many of the  target species  are  known to have unique  migration behaviors  and  are  believed to  pass  
upstream or downstream  through the  dam site  at specific times of the  year.  Fish species migration  
timing and duration influence the design and  operation of proposed fish passage  facilities by defining  
the physical, operational, and environmental conditions expected to  occur while  passage is required.  
The  migration timing and duration for each selected fish species and life stage  was discussed at  Fish  
Passage  Technical Subcommittee  meetings as new information was collected in the field  and from  
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literature sources. The resulting conclusions were used in fish passage alternative design development 
and are shown in Figure 2-1. 

The selected values provide a summary of upstream migration, spawning, and outmigration periods 
suitable to inform robust fish passage designs. The periods shown in Figure 2-1 incorporate anecdotal 
data of species presence at the extreme ends of known movement periods and thereby are potentially 
broader than what may actually be found in the river. Aquatic target species’ actual migration and 
spawning periods are far more complicated and nuanced. For the purposes of preliminary design, these 
nuances are not anticipated to be controlling factors in the design of the CHTR facility. 

Figure 2-1 
Anticipated Migration Periods of the Targeted Species and Life Stages (Periodicity) 

2.2.2  Species Abundance  
Fish abundance was evaluated by WDFW and discussed during Fish Passage Technical Subcommittee 
meetings held in 2016. Abundance was described in terms of peak annual and peak daily rates of 
migration. The peak daily rate of migration for upstream migrating fish influences the size of many 
components to fish passage alternatives. Documents and information provided by WDFW during Fish 
Passage Subcommittee Meetings (WDFW 2016a, 2016b) were used to assess CHTR facility sizes and 
capacities. The resulting assumptions used for facility sizing are summarized in the paragraphs below. 
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The peak rate of annual migration for adult salmonids moving upstream is provided in Table 2-6. 

Table 2-6 
Peak Number of Annual Upstream-Migrating Fish 

SPECIES PEAK ANNUAL MIGRATION 
Spring-run Chinook salmon 1,350 
Fall-run Chinook salmon 3,900 
Coho salmon 12,900 
Winter-run steelhead 5,630 

Numbers for adult upstream migrating Pacific lamprey, cutthroat trout, resident fish, and juvenile 
salmonids were not available for the CHTR preliminary design. Because the design separates adult 
salmonid facilities from the facilities for these other species and life stages, the number of fish from 
these species passing the dam does not influence the size of the adult salmonid sorting and holding 
facilities, adult fish ladder, and adult hopper. The use of resident fish information in the sizing of the 
juvenile salmonid hopper is discussed in Section 2.2.3. 

The peak daily counts of salmon and steelhead migrating upstream were estimated as 10% of the 
maximum annual run (WDFW 1992), and peak hourly counts were estimated as 20% of the peak daily 
count based on Bell (1991) and as cited in NOAA Fisheries (2011). Applying both criteria results in the 
peak hourly count being 2% of the annual run for each species. Using this methodology and based on 
the run timing information in the periodicity chart (Figure 2-1), a combined peak daily count of roughly 
2,000 adult salmonids and a peak hourly count of 400 adult salmonids was used in the design 
development of the preliminary CHTR design. Calculations of CHTR holding and flow capacities needed 
to support species movement during the period of the migration based on the peak daily count and fish 
size, flow, and volume criteria (Table 2-9) are shown in Table 2-10. 

2.2.3  Resident Fish  
Guidelines have been established by NOAA Fisheries (2011) and WDFW (2000a, 2000b) for the design of 
passage facilities for salmonids, but little data exists regarding the passage of lamprey and resident fish 
species through fish passage facilities. The Fish Passage Technical Subcommittee, with support from the 
team’s U.S. Fish and Wildlife Service representative, assembled relevant biological data for the target 
resident species, as well as for lamprey and salmonids. The subcommittee was not able to find data on 
all target resident species. A summary of what data was compiled for each species is provided in 
Table 2-7. Through continued collaboration with the Fish Passage Technical Subcommittee, the CHTR 
facility is being designed to accommodate trap and transport of these resident species listed in Table 2-7 
to the extent possible, and without adversely affecting facility performance for listed priority species 
(salmonids, cutthroat trout, and lamprey). 
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Table  2-7   
Locomotive and Biological Data Availability  

 SPECIES DATA COLLECTED*  
LIFE STAGE   COMMON NAME SWIM SPEED  JUMP HEIGHT  

Adult  Spring-run  Chinook salmon  ●  ●  
Adult  Fall-run  Chinook salmon  ●  ●  
Adult  Coho salmon  ●  ●  
Adult  Winter-run  steelhead  ●  ●  
Adult  Summer-run  steelhead  ●  ●  
Juvenile  Spring-run  Chinook salmon  ●  ●  
Juvenile  Fall-run  Chinook salmon  ●  ●  
Juvenile  Coho salmon  ●  ●  
Juvenile  Winter-run  steelhead  ●  ●  
Juvenile  Summer-run  steelhead  ●  ●  
Adult  Coastal cutthroat  trout  ●  ●  
Adult  Bull trout  ●  ●  
Adult  Pacific lamprey  ●  Not applicable  
Adult  Western  brook lamprey  ●  Not applicable  
Adult  River lamprey  ●  Not applicable  
Adult  Largescale  sucker  ●   
Adult  Salish  sucker  ●   
Adult  Torrent sculpin  Not applicable   
Adult  Reticulate sculpin  Not applicable   
Adult  Riffle sculpin  Not applicable   
Adult  Prickly sculpin  Not applicable   
Adult  Speckled dace  ●   
Adult  Longnose dace  ●   
Adult  Peamouth  ●   
Adult  Northern pikeminnow  ●   
Adult  Redside shiner  ●   
Adult  Rainbow trout  ●   
Adult  Mountain whitefish  ●   

Note:   
●  = Indicates that a data source has  been identified  
 

Trap and transport  of resident species  will be accommodated  through incorporation of a separate low  
volume, low  velocity entrance, fish ladder, hopper, and transport tank. Based  on  known  swim speeds for  
resident species, the species will be able to  enter the low volume, low velocity  entrance and continue  
migrating upstream in the  juvenile fish ladder via orifices. The design team was unable to locate data to  
inform how  many resident  or juvenile fish may  enter the low volume, low velocity entrance and ascend  
the fish ladder.  Therefore, it was decided  that the hopper and transport tank for the juvenile/resident 
fish ladder will be sized to  match  the hopper for adult salmonids. Similarly,  there  is little data available  
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regarding trap and holding requirements for the target resident fish species. Therefore, the juvenile and 
resident fish hopper and transport tank were sized using adult salmonid criteria, which are provided in 
Section 2.2.4. 

2.2.4  Trapping  and Holding Criteria  
The criteria for fish trapping and holding are provided in Table 2-8 and Table 2-9. 

Table 2-8 
Trapping and Holding Criteria 

CRITERIA VALUE REFERENCE 
Holding duration – holding gallery • 24 hours, maximum NOAA Fisheries (2011) 
Holding duration – hopper and 
transport tank 

• 24 hours, maximum 
• 1/2 hour, maximum during peak run rates 

NOAA Fisheries (2011) 

Temperature • 50°F NOAA Fisheries (2011) 
Dissolved oxygen • 6 to 7 parts per million NOAA Fisheries (2011) 
Water supply, holding, fry • 0.0075 gallons per minute (gpm) per fish Piper et al. 1982 
Water supply, holding, smolts • 0.13 gpm per fish Piper et al. 1982 
Water supply, holding, adults • 0.67 gpm per fish NOAA Fisheries (2011) 
Adult jump provisions • Required NOAA Fisheries (2011) 
Segregation of fish • Capability required Not applicable 
General Decrease poundage of fish held by 5% for every degree over 50oF 

Table 2-9 
Fish Size, Holding Volume, and Long-Term Holding Flow Criteria 

SPECIES 
AVERAGE ASSUMED 
WEIGHT/FISH (POUNDS) 

LONG TERM HOLDING: 
FLOW/FISH (GPM) 

HOLDING VOLUME 
(CF/POUNDS) 

Spring-run Chinook salmon 23 1 0.25 
Fall-run Chinook salmon 23 1 0.25 
Coho salmon 9.5 0.5 0.25 
Winter-run steelhead 9 2.0 0.25 
Summer-run steelhead 8 2.0 0.25 
Coastal cutthroat trout 1 Unknown 0.25 
Lamprey Unknown 
Resident species Unknown 

Notes: 
gpm = gallon per minute 
cf = cubic foot 
Holding volume and long-term holding flow requirements per NOAA Fisheries (2011) 
Long-term flow requirements are for emergency situations where fish must be held for more than 72 hours 
Adult fish sizes per Bell (1991). 
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Fish holding volume requirements do not change based on the amount of time held. However, flow 
requirements are contingent upon holding time, and fish held longer than 72 hours require more flow 
than fish held less than 72 hours. The Fish Passage Technical Subcommittee did not address fish holding 
periods during emergencies (e.g., a situation where washed out roads prevent fish transportation 
activities) Fish holding during emergency situations where holding may be required for more than 72 
hours will be addressed in the next phase of design development. Flow requirements for long-term 
holding are provided in Table 2-9 for reference in future design development discussions. 

Volume and flow needed for the holding gallery, fish hoppers, and transport tanks were determined 
using the trapping and holding criteria presented in Table 2-8 and the peak daily and hourly number of 
fish as determined in Section 2.2.2. The number of fish used to size these design elements is as follows: 

• Holding gallery 
- Flow: Peak daily number of fish 
- Volume: Peak daily number of fish 

• Hopper 
- Flow: Half the peak hourly number of fish 
- Volume: Half the peak hourly number of fish 

• Transport tank 
- Flow: Not applicable 
- Volume: Half the peak hourly number of fish 

The hoppers hold half the peak hourly count of fish to limit the size of the hoppers. Fish hoppers will be 
emptied frequently during peak short-term runs (e.g., every 20 minutes). However, during most of the 
trapping period, it is expected that low numbers of fish will enter the low volume, low velocity entrance 
each day, so the hopper will be emptied less frequently (e.g., every few hours). While the hopper may 
hold fish for up to 24 hours, the hopper will be operated such that no more than half the peak hourly 
count of fish is held at any time. Receptacles for life support systems will be provided on the outside 
wall of the hopper vessel (e.g., oxygen tanks). Use of such equipment will be evaluated based upon need 
during the commissioning and demonstration period. 

Calculations determining the size of these elements are provided in Table 2-10 and Table 2-11. 
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Table  2-10   
Adult Holding Gallery  Sizing  

CRITERIA  NO. OF FISH  POUNDS  OF FISH  CF REQUIRED  FLOW (GPM)  
Spring-run  Chinook  salmon  135  3,105  776.25   
Coho  salmon  1,290  12,255  3,063.75   
Winter-run  steelhead  563  5,067  1,266.75   

Subtotal    5,107   
Factor of Safety   20%  1,022   

Total  1,988  20,427  6,130  1,332  

Notes:   
cf = cubic foot  
gpm = gallon per minute  
Holding gallery  sized for  1 day of peak-day run.  
 

Table  2-11   
Hopper and Transport Tank  Sizing  

CRITERIA  NO. OF FISH  
POUNDS  OF  
FISH  CF REQUIRED    FLOW (GPM) 

 Adult hopper and transport tank 200  2,043  511  134  
 Juvenile/resident hopper and transport 

 tank 
  Same as adult hopper and transport tank 

Notes:   
cf = cubic foot  
gpm = gallon per minute  
Juvenile/resident  hopper  and  transport tank sized to match  adult hopper  and transport tank.  
 

2.3  Technical Design Criteria  
This section identifies  technical design criteria,  sources,  and guidance relevant to the development  of  
fish passage designs.  Technical fish  facility  design criteria typically  fall into two  categories  –  criteria and  
guidelines. Criteria are specific standards for fish passage design that require  an  approved variance from  
the governing state or federal agency  before a design  can  deviate from the established criteria.  
Deviating from an agency-established criterion requires establishing a site-specific,  biological- or 
physical-based  rationale  for the deviation.  In contrast, guidelines provide a range  of values,  or in some  
instances, specific  values that the  designer should seek to achieve,  but  that can  be adjusted in light of  
project-specific conditions,  if needed,  to  achieve the  overall fish passage  objectives  by  supporting  better  
performance or solving  site-specific issues.  Adjustments to a design  may be requested by  the  governing 
agencies during development of  the design.   

The list  of criteria provided here is not intended  to be  an all-inclusive list  of criteria used  for  the  design  
of the CHTR facility,  but  this list  did  guide  alternative formulation and  concept development.  The  
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following documents provide the criteria and guidelines that were used during preliminary design of the 
CHTR. If two or more agencies provide differing guidance on a specific design criterion, the most 
conservative guidance from a fish passage and protection standpoint was followed. 

• Anadromous Salmonid Passage Facility Design (NOAA Fisheries 2011) 
• Best Management Practices to Minimize Adverse Effects to Pacific Lamprey (USFWS 2010) 
• Draft Fishway Guidelines for Washington State (WDFW 2000a) 
• Draft Fish Protection Screen Guidelines for Washington State (WDFW 2000b) 
• Water Crossing Design Guidelines (WDFW 2013) 

2.3.1  Fishway Criteria  
Designs of upstream fish passage facilities at dams are developed based on criteria and guidelines 
developed to successfully pass adult salmonids. The fishway is comprised of two major components: the 
fishway entrance(s) and the fish ladder. Table 2-12 and Table 2-13 list the primary design criteria for the 
fishway entrance(s) and fish ladder, respectively. 

Table 2-12 
Fishway Entrance Criteria 

CRITERIA VALUE REFERENCE 
Location Easily located by fish NOAA Fisheries (2011), WDFW (2009) 
Width 4 feet, minimum NOAA Fisheries (2011) 
Depth 6 feet, minimum NOAA Fisheries (2011) 
Head differential, adults 1 – 1.5 feet NOAA Fisheries (2011), WDFW (2009) 
Head differential, juveniles 0.13 inches NOAA Fisheries (2011) 
Attraction flow 5% – 10% of the maximum of the 5% 

exceedance flows for the migration 
period of each species 

NOAA Fisheries (2011) 

AWS energy dissipation factor 16 foot-pounds/second/cubic foot NOAA Fisheries (2011) 
AWS diffuser velocity, vertical 1 foot/second, maximum NOAA Fisheries (2011) 
AWS diffuser velocity, horizontal 0.5 foot/second, maximum NOAA Fisheries (2011) 
AWS diffuser bar spacing 1.75 millimeter, maximum (juvenile 

criteria) 
NOAA Fisheries (2011) 

Fish darting speed 27 feet per second, maximum Bell (1991), pg. 6.3 (steelhead) 
Fish darting duration 10 seconds, maximum Bell (1991), pg. 6.2 
Depth required for jumping 2 feet, minimum USFS (2001), Adult Salmonid Migration 

Blockage Table (adapted) 
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Fish Ladder Criteria  

   
     

     
     
  

 
  

      
      
      
      

      
      

CRITERIA VALUE REFERENCE 
Type • Half-Ice Harbor NOAA Fisheries (2011) 
Head differential, juveniles • 0.7 feet, maximum NOAA Fisheries (2011) 
Head differential, adults • 1.0 feet NOAA Fisheries (2011) 
Energy dissipation factor 2 foot-pounds/second/cubic foot 

(juvenile criteria) 
NOAA Fisheries (2011) 

Turning pool • Radius corners NOAA Fisheries (2011), WDFW (2009) 
Pool width • 6 feet, minimum NOAA Fisheries (2011) 
Pool length • 8 feet, minimum NOAA Fisheries (2011) 
Pool depth • 5 feet, minimum NOAA Fisheries (2011) 
Baffle orifice dimensions • 18 inches high x 15 inches wide WDFW (2009) 
Freeboard • 3 feet, minimum NOAA Fisheries (2011), WDFW (2009) 

   
 

2.3.1.1 Fish Ladder Type Selection for Passage of Juvenile Salmonids and Resident 
Fish 

The  Fish Passage  Technical Subcommittee identified  two  types of fish ladders that were expected to  
provide the best performance for target and resident species  –  a half-Ice  Harbor fish ladder and a 
vertical slot fish ladder.  Hydraulic analysis  of half-ice  harbor and vertical slot  type  fish ladders  resulted in  
calculated  orifice  and  slot velocities of 4.1  feet per second (fps)  and  4.8 to 5.0 fps, respectively  for  
passage of juvenile and resident fish. Data collected  on the swimming speeds  of target and resident fish  
indicates  burst swimming speeds as low as  3.5 fps.  Given that the half-Ice Harbor  type ladder is believed  
to provide lower through-orifice velocities, it  was  selected as the preferred type  of fish ladder and is  
believed to provide better  passage performance than  the vertical-slot.  

2.3.2 Lamprey Passage Criteria  
Throughout  the preliminary design  of the CHTR,  the best available science relating to  the lamprey  
passage at dams and in fishways  was  discussed, used to inform  fish passage facility requirements, and  
incorporated into the  design.  This included information contained in the  scientific literature, lessons  
learned from experimental facilities  at U.S. Army Corps of Engineers dams  on the  Columbia River, and  
interviews  with researchers who specialize in  studying  lamprey behavior and  navigational capabilities.  
The following resources outline  the  experimental facilities and best practices used  in the CHTR design  
for adult lamprey:  

•  Best  Management Practices to  Minimize Adverse Effects to  Pacific Lamprey  (USFWS  2010)  
•  Adult Pacific Lamprey  Passage: Data Synthesis and Fishway Improvement Prioritization Tools  

(Keefer  et al.  2012)   
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• Pacific Lamprey and NRCS: Conservation, Management and Guidelines for Instream and Riparian 
Activities (USDA 2011) 

• Pacific Lamprey Protection Guidelines for USDA Natural Resources Conservation Service Instream 
and Riparian Activities (USDA 2010) 

• Lamprey Passage in the Willamette Basin: Considerations, Challenges, and Examples 
(USFWS 2011) 

• Adult Pacific Lamprey: Known passage challenges and opportunities for improvement 
(Keefer et al. 2014) 

• Evaluation of Adult Pacific Lamprey Fish Passage at Snake River Dams (Stevens et al. 2015) 

Based on information contained in these resources, the lamprey passage design criteria listed in Table 2-
14 were used for the preliminary design of the lamprey passage components of the CHTR. 

Table 2-14 
Lamprey Passage Design Criteria 

CRITERIA VALUE REFERENCE 
Flow velocity 6 feet per second, maximum USDA (2010) 
Ramp width 1.0 feet minimum USACE (2015) 
Distance between resting pools 20 feet maximum USACE (2015) 
Water depth in ramp 3 inches, minimum USACE (2015) 
Wetted surface finish Smooth USACE (2015) 

2.3.3  Pump Station Intake Criteria  
The CHTR preliminary design includes the use of pumped flow from the dam stilling basin to supply 
flows to multiple CHTR components. The intake for the pump station (see Figure 1-4) is designed in 
accordance with the Hydraulic Institute’s (2012) pump intake design guidelines and NOAA Fisheries 
(2011) salmonid passage facility design guidelines. The intake to the pump station will be screened 
according to NOAA Fisheries (2011) guidelines, which include the values shown in Table 2-15. 

Table 2-15 
Intake Screen Design Criteria 

CRITERIA VALUE 
Screen bar spacing 1.75 millimeter 
Approach velocity 0.40 fps, maximum 
Screen cleaning Active 

2.3.4  Freeboard  
The elevation of the finished ground at the sorting facility (see Figure 1-4) will be at least 440.0 feet 
mean sea level. The exterior walls of the fish ladder and the pump station will have a top elevation no 
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Design Criteria 

less than 445.0 feet mean sea level. Designing these features to these elevations provides at least 6 feet 
of freeboard above the 100-year flood elevation. 

2.3.5  Landslide Mitigation  
The adult and juvenile fish ladders and fish ladder entrances are proposed to be located on the right 
bank of the Chehalis River adjacent to the stilling basin and at the toe of an identified landslide (Shannon 
& Wilson 2016). Shannon & Wilson (2016) note that more substantial retrogressive-type failures for this 
landslide are unlikely. Nonetheless, Shannon & Wilson (2016) recommend implementing mitigation 
measures such as monitoring the landslide for movement and installing deep drains, structural 
reinforcements, and stability berms. The recommendations provided by Shannon & Wilson (2016) are 
preliminary. In addition, the landslide report recommends that incorporating stability measures into the 
CHTR design should further evaluated in future design. 

2.4  Operating Criteria  
The CHTR fish passage facility is intended to collect migrating adult salmon and steelhead, juvenile 
salmon and steelhead, resident fish, and lamprey moving upstream during an impoundment event and 
safely transport them upstream of a FRO or FRO-X dam. While adult salmon and steelhead only pass 
upstream during certain periods of the year, the CHTR must be capable of operating at any time of year 
to accommodate resident fish, lamprey, and juvenile salmon and steelhead that currently traverse this 
reach of the Chehalis River and may wish to move upstream. Impoundment events are estimated to 
occur, on average, once every 7 years, but may occur more than once in any given year, and may occur 
with little forewarning. 

Impoundment events occur when the flow rate in the Chehalis River at Grand Mound, Washington, is 
anticipated to be 38,000 cfs or more. Based on the hydrologic record from 1988 to 2016, the operational 
model indicates that these events are equivalent to about a 7-year recurrence interval (15% chance of 
occurrence in any year). Under future climate change conditions, it is estimated that these 
impoundment events would occur more frequently. Water will also be impounded in the reservoir when 
the natural flow of the river is greater than the capacity of the conduits, but not large enough to trigger 
an impoundment event at Grand Mound. Such situations are estimated to occur approximately once per 
year and last an average of 1 day. During these water retention events, the conduit gates would not be 
operated and remain fully open. Impoundment events in this report refer to flood operations triggered 
by high flows at Grand Mound and do not include events where some water is retained in the reservoir 
due to high flows at the dam but not at Grand Mound. 

Downstream passage of outmigrating fish will be delayed during impoundment events coincident with 
flood retention activities. Since the primary flood control gates are almost closed and water is retained 
upstream of the dam, any outmigrating fish entering the impoundment at this time would also be 
temporarily retained. The passage of fish downstream would occur as the flood operations cease to 
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occur and the reservoir is drained. Downstream passage would resume as normal operations of the dam 
structure resumed. 

In addition, the CHTR fish passage facility will have to be maintained throughout its dormant periods to 
ensure that it is ready to operate with less than 48 hours of notice. The operating criteria herein define 
how design elements of the CHTR facility will operate, what components of the facility must be 
maintained, and how often maintenance will be required. 

2.4.1  Operation Schedule  
The FRO and FRO-X dams are operated as run-of-river facilities. Fish passage past the FRO and FRO-X 
dams takes place under normal operating conditions via conduits through the dam that are placed at 
river grade. The dams will impound water during anticipated floods at Grand Mound, Washington, 
(impoundment events) and during high flows at the dams. Fish passage is supplemented during 
impoundment events by opening and operating the CHTR facility. Supplemental fish passage via the 
CHTR will be designed to operate for 24 hours a day, 7 days a week for a maximum of 2 months. 

How the CHTR would operate during a sample impoundment event (e.g., January 2009 flood) is shown 
in Figure 2-2 (Anchor QEA 2016). As indicated on the hydrograph, the CHTR facility would operate as 
soon as the gates began reducing flow through the conduits until the impoundment pool is emptied and 
run-of-river operations resume. There is a short period at the beginning of the CHTR operation where 
the river flow through the conduits is well above the high fish passage design flow (2,200 cfs; see 
Section 2.1.1.2). While NOAA Fisheries and WDFW guidelines do not require that fish passage be 
provided during these periods (above the high fish passage design flow), the CHTR will continue to 
operate during this period, as indicated in Figure 2-2. 

2.4.2  Auxiliary  Water Supply  
Fish ladder flow is supplemented by an AWS to meet the fish ladder entrance attraction guidelines 
provided by NOAA Fisheries (2011). The Fish Passage Technical Subcommittee agreed that the auxiliary 
flow should be sufficient to meet the 300 cfs attraction flow requirement described in Section 2.1.2.2. 
The subcommittee further agreed auxiliary water could be provided solely via gravity from the 
impoundment pool when the impoundment pool depth exceeded 50 feet above the crown of the 
highest operating outlet. However, this would result in periods during CHTR operation when additional 
attraction water (i.e., AWS) would not be provided because the depth in the reservoir was too low 
(e.g., about half of 1/6/2009 and approximately 1/31/2009 through 2/5/2009 in Figure 2-3). Despite this, 
the attraction water requirements (10% of river flow) are still met during most of the time the AWS is 
not operating (e.g., approximately 2/1/2009 through 2/5/2009 in Figure 2-3) because the fish ladder 
flow alone provides attraction flow greater than 10% of the river flow. The periods where AWS flow is 
not provided were also accepted by the Fish Passage Technical Subcommittee (Appendix A). Figure 2-3 
shows when attraction water guidelines are met and when auxiliary water may be supplied via gravity 
(without the use of pumped flow) for a sample impoundment period. During the evacuation period, the 
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CHTR is operating, but flow releases are anticipated to be high and fish passage effectiveness is 
expected to be low. 

Figure 2-2 
Collect, Handle, Transfer, and Release Operating Period During a Sample Impoundment Event 
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Figure 2-3 
Attraction Water and Auxiliary Water Supply Durations during a Sample Impoundment Event 
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3 CHTR DESIGN ELEMENTS 

3.1 Description of Design Elements  
The CHTR facility consists of multiple design elements, which are described in this chapter. Figure 1-4 
shows a layout of the design elements. A detailed layout of the CHTR features described in the 
subsections below is shown in Figure 3-1. 

Figure 3-1 
Collect, Handle, Transfer, and Release Features 

3.1.1  Fish Ladders  and Lamprey Ramp  

  3.1.1.1 Fish Ladder and Lamprey Ramp Entrances 
The Adult Fish Ladder Entrance is a concrete structure on the right bank of the stilling basin that consists 
of four fish ladder entrance gates, an entrance pool, and an auxiliary water upwell and diffusion 
chamber. The entrance structure is about 230 feet long by 50 feet wide by 30 feet high. Four short 
channels branch off the entrance pool to the west where they tie into the east wall of the stilling basin. 
The stilling basin wall has an 8-foot-wide by 15-foot-tall rectangular opening at the end of each of the 
channels. Each opening contains a fish ladder entrance gate capable of covering the entire penetration 
or leaving it completely unobstructed. The juvenile fish, resident fish, and adult lamprey ladder entrance 
is located adjacent to the northernmost entrance gate, at the downstream end of the stilling basin. It 
consists of a 6-foot-wide by 15-foot-high penetration through the stilling basin wall with a gate that is 
also capable of blocking the full opening or leaving it fully open. A 33-foot-long by 21-foot-wide by 30-
foot-high pool connects the juvenile fish ladder entrance gate to the juvenile fish ladder and lamprey 
entrances. A provision for allowing adult fish that enter the juvenile fish ladder entrance to access the 
adult fish ladder will be addressed in a future design phase. 
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CHTR Design Elements 

Two lamprey entrances are located within the juvenile fish ladder entrance pool. Lamprey pass through 
the juvenile fish ladder entrance gate and entrance pool. Lamprey are attracted to the low velocity and 
smooth surfaces of the lamprey flume where it passes through the west wall of the juvenile fish ladder 
entrance pool. Both lamprey entrances are the same width and height as the lamprey ramp. One 
entrance penetrates the wall immediately downstream of the first juvenile fish ladder baffle. The invert 
of this entrance is located such that the water surface in the flume matches the water level in the 
juvenile entrance pool at the high fish passage design flow, water surface elevation 419.1. The second 
entrance is located downstream of the first lamprey ramp entrance and at a lower elevation 
corresponding to the low fish passage flow, water surface elevation 417.6. 

Water is supplied to the adult and juvenile fish ladder entrance pools by their respective fish ladders and 
the auxiliary water upwell and diffuser chambers (see Section 3.1.5). The fish ladders connect to the 
north end of the entrance pools. The auxiliary water chambers are located adjacent to the adult fish 
ladder connection, on the east wall of the adult entrance pool, and between the adult and juvenile 
entrance pools. The floor of the chambers is several feet below the floor of the fish ladder entrance 
pools, allowing auxiliary water to pass from the upwell to wall screens in the diffuser chambers and to 
floor screens set in the floor of the juvenile and adult entrance pools. 

The walls of the two diffuser chambers form a V-shaped channel with a flat floor in the adult entrance 
pool. Three 7-foot-long by 4-foot-high diffuser screens are set into the walls of the diffuser chambers on 
each side of the adult fish ladder entrance pool. A single 6-foot-wide by 21-foot-long floor screen is set 
in the floor between the diffuser chambers. 

The west wall of the diffuser chamber, located between the adult and juvenile fish ladder entrance 
pools, and the straight west wall of the juvenile fish ladder entrance form a half-V-shaped channel with 
a flat floor in the juvenile fish ladder entrance pool. Three 7-foot-long by 4-foot-high diffuser screens are 
set into the wall of the diffuser chamber. Wall screens are only provided on this wall of the juvenile fish 
ladder entrance. Similar to the adult fish ladder, the juvenile fish ladder entrance has a single 6-foot-
wide by 21-foot-long floor screen set in the floor west of the diffuser chamber. 

While the tops of the walls remain at elevation 440 throughout entire fish ladder entrance, including the 
auxiliary water chambers, the floor in the upwell drops an additional 14 feet below the floor in the 
entrance pool and the auxiliary water diffuser area. 

The fish ladder entrance is cut into hard rock on the right river bank. The adjacent stilling basin is cut 
deeper into the rock by over 30 feet; however, it is likely the deeper cut for the stilling basin walls will be 
nearly vertical. In the southwest corner, the fish ladder entrance will require about 15 feet of concrete 
fill as the rock bank drops at nearly a 1:1 slope in this area. The rock slope rises quickly to the northeast, 
leaving most of the fish ladder entrance to be founded on rock cut. Outside of the southwest corner, 
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about  half of fish  ladder  entrance is cut into the rock up to  50 feet deep. The remaining structure is cut 
60  or  more feet into rock.   

In order to access  the  fish  ladder  entrance, an access road  must also be cut into  the hillside. The access  
road  branches off the  existing access  road north  of  the  sorting  building, passes through the  sorting  
facility  area,  and  runs  adjacent to the east wall of  the  fish ladder and fish ladder entrance. It is cut into  
the soil just above the rock line.   

  3.1.1.2 Adult Fish Ladder 
A  half-Ice  Harbor-type fish  ladder  was selected  for the CHTR, in  part  due to  its ability to accommodate  
passage of aquatic  species  with a wide range of swimming and jumping capabilities. The  fish  ladder is  
about 270 feet long, extending from the fish ladder  entrance to the fish  lift. It consists primarily  of 
8-foot-wide by 10-foot-long pools. Baffles are located  at the upstream and downstream end  of each  
pool.  The baffles are 4 feet  wide by 5 feet 6 inches tall. The baffle rises to the 9 feet 6 inches  tall for the  
remaining  4 feet  of width.  At the floor, in the center of short section  of the baffle is an  18-inch  square  
orifice.  The floor slopes at  a  1-foot vertical drop across each pool, which  meets  NOAA Fisheries’  criteria 
for adult salmonids. The overall fish ladder has a slope of approximately  9.2%.  

There are four turning pools and two resting pools in the fish ladder. The resting  pools are  the  10th  and  
18th  pools upstream from  the fish ladder entrance. The resting pools are twice as long as the standard  
pools.  The  turning pools are located at the upstream  and downstream ends  of  the fish ladder to  
accommodate  the  water supply upwells and  the diffuser chamber, respectively.   

The fish ladder is a slab-on-grade structure cut into the hillside. In the lower portion of the fish ladder 
the structure is benched into rock. The fish ladder continues to be founded  on rock for its full length but  
the  depth of  the rock cut lessens as  the fish ladder ascends. The fish ladder pools  are accessible  via the  
grating over every pool.   

  3.1.1.3 Juvenile Fish Ladder 
    

       
 

     
   
     
    
    

       

CHTR Design Elements 

The juvenile fish ladder is nearly identical to the adult fish ladder except for a few minor differences: 

• The floor slopes at a 0.7-foot vertical drop across each pool, which meets NOAA Fisheries’ 
criteria for juvenile salmonids 

• The overall fish ladder has a slope of approximately 6.5% 
• There are no turning pools in the juvenile fish ladder 
• The 10th pool upstream from the fish ladder entrance is the only resting pool in the fish ladder 
• The juvenile fish ladder has one more pool than the adult fish ladder 
• The juvenile fish ladder is located immediately adjacent to the adult fish ladder 

o The two fish ladders share a common wall between them for much of their lengths 
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CHTR Design Elements 

A set of pools and a single baffle connect the adult fish ladder and the juvenile fish ladder just upstream 
of the first juvenile fish ladder pool. The water surface drops 1 foot across the baffle to accommodate 
adult fish but exclude juvenile fish. The cross connection allows adult fish that enter the juvenile fish 
ladder entrance a path to move upstream to the appropriate collection hopper. Future development of 
the CHTR will consider mechanisms to exclude adults from moving up the juvenile fish ladder past the 
cross connection, such as a bar rack. 

 3.1.1.4 Lamprey Ramp 
A 1-foot-6-inch-wide, Bonneville-style steel flume is located adjacent to the west wall of the juvenile fish 
ladder. The flume is a free-standing structure mounted to a continuous concrete foundation. The flume 
is bolted together at legs located about every 5 feet. The concrete foundation buried to the crown in a 
gravel area between the juvenile fish ladder (east) and river protection retaining wall (west). The gravel 
area serves as an access path adjacent to the lamprey ramp for its full length. The lamprey ramp extends 
from the entrances in the west wall of the juvenile fish ladder entrance northeast to the fish lift. Resting 
boxes measuring 4 feet wide by 5 feet long by 3 feet deep are located every 50 feet along the full length 
of the ramp. 

3.1.2  Fish Lift System  
The fish lift system consists of a gantry crane, adult fish hopper and trapping mechanism, a 
juvenile/resident fish hopper and trapping mechanism, and a lamprey tank and trapping mechanism. 
The adult and juvenile/resident trapping mechanisms and hoppers sit inside concrete sumps, into which 
the hoppers are lowered during trapping. Side clearances between the hoppers and sump sidewalls shall 
not exceed 1 inch, thereby minimizing fish access below the hopper. Flexible side seals or brushes are 
used to ensure that fish do not pass below the hoppers. The sumps are 10 feet wide by 10 feet long. The 
concrete floors of the sumps are 4 feet below the fish ladder floors and roughly 10 to 18 feet below 
existing grade. Water is supplied to an upwell and diffuser system upstream of the hopper sumps. Water 
enters the upwell through a perforated pipe at the bottom of the upwell. Water passes over a weir and 
is diffused through 4-foot-wide by 3-foot-tall screens in the bottom walls of the sumps. One screen is 
located on each of the three upstream walls of adult sump while screens are only located on the north 
and east walls of the juvenile sump due to space constraints. 

The trapping mechanisms for the adult and juvenile/resident hoppers are vee-traps built into the 
hoppers, which allows fish to volitionally enter, but not exit, the hoppers. All components exposed to 
fish have welds and sharp edges ground smooth to the touch, and other features as required to 
minimize injuries. The vee-trap allows for temporary closure to avoid conflict with hopper lifting and 
loading operations. The vee-traps do not allow fish entry into unsafe areas such as behind or under the 
hoppers. 

A full-sized hopper is located inside the sump. Hopper freeboard, the distance from the water surface in 
the hopper to the top of the hopper bucket, is greater than the water depth within the hopper, to 
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reduce risk of fish jumping out during lifting operations. Fail-safe measures are provided to prevent 
entry of fish into the holding pool area to be occupied by the hopper before the hopper is lowered into 
position. The hopper interior is smooth, and designed to safeguard fish. 

The lamprey tank and trapping mechanism have not yet been developed. Generally, the lamprey tank is 
expected to be about the same size as a resting box – 4 feet wide by 5 feet long by 3 feet deep – and 
constructed out of smooth steel. The trapping mechanism is expected to simply be a 1- to 2-foot drop 
from the lamprey ramp into the tank. Water would be supplied at the upstream end of the lamprey 
ramp, allowing some water to fall into the tank and some to continue down the ramp, thus providing a 
continuous hydraulic path for lamprey into the tank. This type of trapping mechanism has proven to be 
successful for the U.S. Army Corps of Engineers in trapping lamprey (USACE 2015). 

The motor lifts all the fish trapped in the hopper by the trapping mechanism over 80 feet vertically to a 
flume that leads to the handling and transport facility. The same water supply that feeds the fish lift and 
fish ladder also supplies the flume. The flume is sloped down toward the holding galleries. 

The gantry crane extends over the adult and juvenile fish ladder upwells and the lamprey upwell. The 
hoppers and tank are aligned along their centerlines. The gantry crane is centered over the common 
centerline of tanks and hoppers. Cables from the gantry crane attach to the structural supports at the 
top of the hoppers and tank during the lift process. A motor lifts all the fish and lamprey trapped in the 
hoppers and tank by their respective trapping mechanisms over 30 feet vertically. The end trucks drive 
the bridge girder, trolley frame, hoist, and hopper or tank horizontally to its required destination. 

The gantry crane extends across the access road to allow the hoppers and tanks to be directly mounted 
to or unloaded into the transport trucks. Fish from the juvenile/resident hopper will be moved to a 
truck-mounted transport tank via direct water-to-water transfer with the aid of the gantry crane. 
Lamprey tanks will be deposited directly onto transport trucks by the gantry crane. The adult fish hopper 
will normally be lifted in-place to facilitate transfer of the fish into the holding gallery. A motorized lift 
mechanism is triggered automatically according to a user set frequency programmed into the 
programmable logic controller. The lift mechanism raises the adult hopper about 30 feet to an elevated 
flume at the upstream end of the holding gallery. A mechanical trip automatically opens a door on the 
hopper and safely releases fish into the wetted flume. Inside the flume, fish travel by gravity to the 
holding gallery. The fish lift system will also have provisions allowing the adult hopper to be moved over 
the road for water-to-water transfer directly into a truck-mounted tank. 

3.1.3  Sorting Facility  

 3.1.3.1 Holding Gallery 
The holding gallery is provided for adult salmonids and steelhead. It is part of the sorting facility and is 
located north of the adult hopper sump. The holding gallery and adult hopper centerlines are coincident. 

Fish Passage: CHTR Preliminary Design Report 32 



 

  

    
   

    
       

      
    

    

     
    

  
     

  

     
     

          

     
  

    
  

      
      

    
        
      

    
   

     
   

     
    

      
     

CHTR Design Elements 

Aligning the holding gallery in this way allows for the hopper to be emptied into the holding gallery 
directly, via flume, without any need to move the hopper horizontally. 

The holding gallery is an elevated concrete structure, sized to hold the estimated peak daily fish run for 
up to 24 hours. It has a separate water supply and drain system. The holding gallery includes provisions 
to minimize adult jumping that may result in injury or mortality. High freeboard on holding pool walls 
(5 feet or more) reduces the ability of fish to detect movement above the holding gallery. Sprinklers 
above the holding pool water surface will be used to minimize jumping. 

The holding gallery has a motorized crowder to encourage fish to move towards the exit of the holding 
gallery, over the false weir, and into flumes that will carry them to the sorting building. The crowder has 
a maximum clear bar spacing of 7/8 inch. The side gap tolerances do not exceed 1 inch. The holding 
gallery also has side and bottom seals sufficient to allow crowder movement without binding, and to 
prevent fish movement behind the crowder panel. 

A false weir is included at the upstream side of the holding gallery. The vertical flow provided through 
the false weir attracts fish to volitionally exit the holding gallery and supplies water to the distribution 
flumes. A bifurcation gate and distribution flumes route the fish to specific areas of the sorting building. 

  3.1.3.2 Sorting Building 
The sorting building is located northwest and downstream of the holding gallery. It is an elevated 
building that contains flumes, tanks, tables, and other equipment necessary for the manual sorting and 
handling of adult salmonids and steelhead. The building is elevated to allow fish transport trucks to drive 
directly under the holding tanks for water-to-water transfer of fish. The bifurcation gate at the holding 
gallery directs fish to one of two visual inspection tanks via the distribution flumes. The operator 
determines where the fish should be held and directs the fish back into the adult primary transport 
flume. Fish are then sorted by actuated panel gates within the adult primary transport flume. Fish may 
be sent to an adult anesthesia tank and work-up station, any of three circular holding tanks, or bypassed 
directly to a transport tank located on a fish transport truck. 

Anesthetized fish, after handling at the work-up station, are routed to any of the three circular holding 
tanks to allow monitoring of fish to ensure full recovery from the anesthetic effect prior to transport. 
Hydraulic conditions within the recovery tank ensure that partially or fully anesthetized fish are not 
impinged on an outflow grating or any other hazardous area. 

The distribution flumes are used to route fish to anesthetic tanks, recovery tanks, pre-transport holding 
tanks, and directly into transport tanks located on a fish transport trucks. The flumes have smooth 
joints, sides, and bottom with no abrupt vertical or horizontal bends. Surfaces of the flumes are 
continuously wetted. Horizontal and vertical radius of curvature is at least 5 times the flume width, 
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minimizing the risk of fish strike injuries. The minimum inside diameter of the distribution flume is 
15 inches. 

3.1.4  Transportation  
All trapped target species are transported upstream of the dam, by truck, in transport tanks designed 
specifically for fish health and safety during transport. Transfer of trapped target species to the 
transport trucks takes place via the following three methods: 

• Adult salmonids and steelhead are loaded into transfer tanks located on transport trucks via 
water-to-water transfer from overhead holding tanks located in the sorting building 

• Juvenile salmonids and steelhead as well as resident fish are loaded into transfer tanks located 
on transport trucks stationed on the access road under the gantry crane; fish are moved from 
the hopper to the transport tank via water-to-water transfer 

• Lamprey are trapped in their transport tank at the upstream end of the lamprey ramp; lamprey 
tanks are lifted out of their sump and placed directly on transport trucks waiting on the access 
road by the gantry crane 

Water-to-water transfer is achieved through a vertical collar fixed to the bottom of the juvenile/resident 
hopper and each circular adult holding tank. The collar allows for some vertical and horizontal 
adjustment such that the collar can be locked to the receiving port on the top of the transport truck. The 
vertical collars and transport truck tanks are designed to minimize fish handling stress. 

Fisheries personnel attach a vertical collar that extends from the bottom of the circular tank to the tank 
on the transport truck. The vertical collar has a minimum horizontal cross-sectional area of 3 square 
feet, and has a smooth transition that minimizes the potential for fish injury. Tanks on the transport 
trucks are completely filled with water prior to connection to the collar. After the connections are made, 
the collar is also filled with water to facilitate water-to-water transfer of the fish. A horizontal gate in the 
floor of the hopper or tank is opened, hydraulically connecting the hopper or circular holding tank to the 
tank on the transport truck. Water in the transport truck tank is slowly drained through juvenile criteria 
screens in the tank wall. The truck operator controls the rate of draining. This water is drained directly 
onto the pavement of the loading area or access road where it is carried via a floor drain or ditch, 
respectively, back to the river. As water is drained in the truck tank, the water elevation in the hopper or 
circular tank slowly recedes. The slopes in the floors of the hopper and circular tanks ensure that all the 
fish exit the hoppers and circular tanks through the floor gate and into the transport tank. After the 
water level is drawn down to the top of the transport tank, a gate in the floor of the circular tank is 
closed, the empty vertical collar is detached from the truck tank, and the door to the truck tank is 
sealed. An oxygen gas supply is provided to each transport tank to ensure proper dissolved oxygen levels 
are maintained in the tank during transport. 
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The transport trucks move the adult salmonids and steelhead, juvenile and resident fish, and lamprey 
upstream to predesignated points of release. Potential release points have not currently been sited and 
will be located in future phases of design development. 

Figure 3-2 
Water-to-Water Transfer from Holding Tank to Transport Truck, Courtesy of Puget Sound Energy 

3.1.5  Water Supply  
Multiple design elements of the CHTR fish passage facility require water to operate. Some design 
elements are supplied via gravity while others must be pumped. Table 3-1 identifies the water source 
and supply method for each design element that must be supplied with water. 

Table 3-1 
Water Supply Sources 

DESIGN ELEMENT WATER SOURCE SUPPLY METHOD 
Adult AWS Impoundment pool Gravity 
Juvenile AWS Impoundment pool Gravity 
Adult fish ladder Stilling basin Pumped 
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DESIGN ELEMENT WATER SOURCE SUPPLY METHOD 
Juvenile fish ladder Stilling basin Pumped 
Lamprey ramp Stilling basin Pumped 
Sorting facility Stilling basin Pumped 
Intake backwash system Stilling basin Pumped 

Auxiliary water is provided to the adult and juvenile fish ladder entrances from the impoundment pool 
via a screened pipe penetration in the right bank wall of the right dam conduit, upstream of the conduit 
gate. The 6.5-foot-diameter, steel AWS pipe is encased in the concrete of the dam and buried adjacent 
to the fish ladder entrance. It carries the auxiliary water to an energy dissipation structure adjacent to 
the diffuser chambers at the fish ladder entrance. An energy dissipation valve located in a deep upwell 
within the energy dissipation structure reduces excess energy in the flow to bring the water to the 
elevation desired to supply attraction water to the fish ladder entrances. The energy dissipation valve is 
an automated valve that will adjust to meet the desired flow by burning more or less energy based on 
the reservoir elevation and the water level needed in the fish ladder entrance pools. Diffuser baffles for 
the AWS evenly distribute the flow to the fish ladder entrances. The baffles will be hydraulically tested 
at start-up and set once. No additional adjustment of the diffuser baffles should be necessary. 

Water supply for the adult fish ladder, juvenile fish ladder, lamprey ramp, sorting facility, and intake 
backwash system is provided by a pump station and intake located upstream (south) of the adult fish 
ladder entrance. The intake draws water from the stilling basin through a set of fish screens meeting 
NOAA Fisheries’ juvenile criteria. The screens total 26 feet wide by 8 feet tall. A water backwash system 
is located behind the screens to provide automated, active cleaning of the intake screens during 
pumping operation. The backwash system consists of a series of pipes carrying high pressure water from 
the backwash pump at the east end of the pump station to spray nozzles directed at the back side of the 
screens. High pressure water jets agitate debris collected on the screens push it back out into the stilling 
basin. Baffles are located behind the backwash system to control the flow through each screen section. 
The baffles will be balanced after installation to ensure a uniform approach velocity across the face. 

The pump station is located at the east end of the intake. The pump station currently contains five 
vertical turbine pumps. The number of pumps used to supply water to each design element will be 
refined in future phases of design development. Each pump is located within its own pump bay. Pump 
bays are separated by internal walls that run from the east wall toward the intake screen, but only 
extend about half the length of the intake. The pump bay walls serve to provide straight, uniform flow to 
each pump. The pump station is designed to Hydraulic Institute (2012) standards. 

The adult fish ladder, juvenile fish ladder, and lamprey ramp will be supplied by a single or a set of 
pumps with a single backup pump. The sorting facility will be supplied via a single or set of pumps. A 
backup pump will not be provided for the sorting facility water supply. A single pump will be provided to 
supply water to the backwash screen cleaning system for the pump station intake screens. 
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CHTR Design Elements 

A common 36-inch-diameter pipe buried under the access road, parallel to the fish ladders, carries 
supply water to the adult and juvenile fish ladder upwells described in Section 3.1.2 and to the lamprey 
ramp. Pipes tee off the 36-inch fish ladder supply pipe to supply the upwells and lamprey ramp. The fish 
ladder supply pipe continues past these tees toward the river where a blow off is provided for safety 
and for drainage during maintenance activities. 

An 18-inch-diameter pipe is also buried under the access road. It runs parallel to the 36-inch-diameter 
supply pipe to supply the sorting facility. At the holding gallery, a 12-inch-diameter pipe tees off of the 
sorting facility supply pipe to provide water to the Holding Gallery. Downstream of the Holding Gallery 
the 18-inch-diameter pipe reduces to a 12-inch-diameter pipe that runs toward the sorting building. At 
the sorting building the pipe branches to feed the multiple water needs of the sorting facility. A booster 
pump at the mechanical/electrical building provides higher pressure water to the sorting facility for 
maintenance and other needs. Similar to the fish ladder supply pipe, the sorting facility supply pipe 
continues, buried, past the supply branches to the sorting facility and toward the river. A blow off is 
provided for safety and for drainage during maintenance activities. 

No potable water or sewer is provided at the CHTR facility. 

3.1.6  Mechanical/Electrical and Storage Building  
A prefabricated or concrete masonry unit building is located adjacent to the sorting building to house 
mechanical and electrical equipment and provide storage for equipment and materials associated with 
the CHTR. The buildings are secured facilities with outdoor lighting to reduce the risk of vandalism or 
theft. The building is separated into two sections. The mechanical/electrical section houses the 
transformer, distribution panel, circuit breakers, programmable logic controller, alarms, and other 
related items necessary for the performance of the CHTR. It will be accessible via a personnel door. The 
larger section provides storage for equipment and materials. Access to the storage building will be 
provided via a personnel door and a roll-up garage door. Interior access will not be provided between 
the two sections of the building in compliance with fire code. To access one section of the building from 
the other, personnel must exit the building then reenter. 

3.2  Theory of Operation  
3.2.1 Water  Supply and Discharge  
Water supplied to the adult fish ladder, juvenile fish ladder, lamprey ramp, and sorting facility is 
provided via gravity from the reservoir and via a pump station that draws water from the tailrace. Water 
will be supplied to these design elements continuously throughout the entire impoundment period from 
either water source. Pumping supply water from the tailrace ensures that these design elements may 
continue to operate regardless of how the impoundment pool is operated. However, when water is not 
provided by gravity, some water must be passed through the conduits to the stilling basin in order to 
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CHTR Design Elements 

supply the pump station. Additional information regarding operation of the gravity and pumped water 
supplies is provided in Section 2.1.2.3. 

All the supply water for the CHTR elements (e.g., ladders, holding and sorting facilities, and ladder 
entrances) is discharged to the Chehalis River. Water supplied to the adult and juvenile fish ladders is 
combined with adult and juvenile AWS water at the adult and juvenile fish ladder entrances to provide 
adult attraction flows and conditions at the fish ladder entrances. Water from the fish ladder entrance 
gates discharges to the stilling basin. Supply water to the lamprey ramp discharges to the juvenile fish 
ladder entrance, where it joins the juvenile fish ladder and AWS water supplies. Water supplied to the 
sorting facility is not discharged to the stilling basin. Lamprey use a number of chemicals and 
pheromones to identify productive spawning habitat, coordinate spawning behaviors, and avoid risk 
(Buchinger et al. 2015). Also, anecdotal observations of lamprey behavior in fish ladders at Columbia 
River dams suggest that Pacific lamprey will not enter a confined channel that contains a concentrated 
scent of predator fish species (e.g., white sturgeon) or humans. Given this information, the Fish Passage 
Technical Subcommittee agreed that drainage water from the sorting facility should not be placed in the 
stilling basin near the ladder entrances and CHTR facility. The subcommittee was concerned that human 
and fish odors would be recirculated to the lamprey ramp water supply during the periods when the 
supply water was being pumped from the stilling basin. It was decided that water discharged from the 
sorting facility should be separated from other facility discharges and be returned to the Chehalis River 
downstream of the stilling basin. 

3.2.2 Collect,  Handle, Transfer, and Release  
Target and resident species choosing to move upstream during impoundment events are collected, 
handled, and transported upstream for release via the CHTR. All species pass from the Chehalis River 
into the stilling basin. From the stilling basin, adult salmonids and cutthroat trout enter the adult fish 
ladder via the adult entrance gates while juvenile salmonids and cutthroat trout, resident fish, and 
lamprey enter the juvenile/resident fish ladder entrance via a single gate. 

Lamprey exit the juvenile/resident fish ladder entrance prior to the first fish ladder weir and enter the 
lamprey ramp. Juvenile salmonids and cutthroat trout and resident fish ascend the juvenile fish ladder 
where they are trapped in the hopper at the top of the fish ladder. Similarly, lamprey ascend the 
lamprey ramp where they are collected in a holding tank. Upstream migrating juvenile salmonids, 
cutthroat trout, and resident fish as well as adult resident fish and lamprey will not be sorted. These 
species and life stages will be trapped in hoppers at the top of the juvenile/resident fish ladder and 
lamprey ramp, be transferred directly to transport tanks, and then transported upstream, as shown in 
Figure 3-3. Provisions will be provided for juvenile fish, adult resident fish, and lamprey that ascend the 
adult fish ladder and enter the sorting facility. They will be sorted and placed in their respective hoppers 
for regular transport. 
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CHTR Design Elements 

Figure 3-3 
Fish and Lamprey Collection and Handling 

Upstream migrating adult salmonids and cutthroat trout will be collected in a hopper at the top of the 
fish ladder and moved through the sorting facility to transport trucks, as shown in Figure 3-4. The adults 
are moved from the hopper to the holding gallery using a fish lift system. These fish will stay in the 
holding gallery until personnel operating the CHTR crowd them to a false weir that guides the fish to 
enter a flume leading to the sorting building. In the sorting building, fish will be sorted and examined, if 
needed, then routed via flumes into holding tanks. Transport trucks will drive through the loading area 
directly beneath the holding tanks. Fish will be transferred from the holding tanks to a transportation 
truck via water-to-water transfer. The transport trucks will transport and release the fish upstream 
either on a routine schedule when fish numbers are low (e.g., daily) or when the holding tank on the 
transport truck reaches capacity during peak fish migration periods. 

Figure 3-4 
Sorting Facility Fish Handling Operation 

Fish Passage: CHTR Preliminary Design Report 39 



 

  

    
  

       
  

   
  

    
  

   
     

      

    
   
   

 
  

    
   

 

  
   
   

 
   

 
    

 

 

CHTR Design Elements 

3.2.3  Maintenance Schedule  
Regular maintenance of the CHTR will be required. Maintenance activities can be broken into regular 
and infrequent periods. 

Frequent maintenance is required throughout periods of operation. Frequent maintenance is 
anticipated to include the following: 

• Frequent debris removal within the fish ladder and fish lift areas. Supply water is screened so 
debris is expected to come primarily from falling debris, such as leaves 

• Frequent cleaning of tanks, holding galleries, work-up tables, flumes, and other holding and 
sorting facilities to ensure fish health 

Many features of the CHTR require maintenance on a more periodic basis. Annual or semi-annual 
inspection and/or maintenance to exercise equipment and keep them in good working order will be 
necessary to prolong their functional life. Periodic maintenance tasks may include the following: 

• Service manual and motorized gate operators 
• Service trapping and lift systems, including repainting steel parts and service motors 
• Inspect, service, and replace if necessary, all gates, crowders, and other fish handling and sorting 

equipment pumps 
• Inspect fish screens and trashracks for damage 

Infrequent maintenance primarily refers to maintenance that is conducted as needed. It may be several 
years between such maintenance activities. Infrequent maintenance activities may include the 
following: 

• Repaint buildings and steel pipes and structures 
• Replace trash rakes 
• Replace gate operators, trapping system components, lift system components, crowder motors, 

and other fish handling and sorting equipment 
• Replace water supply pipes outside of the dam penetration as necessary due to damage from 

exposure, debris, or floods 
• Replace energy dissipation valves, baffles, screens, and other shutoff and control valves as 

necessary 
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4 COST DATA 

4.1  Cost Summary  
An opinion of probable construction and O&M costs were developed for the CHTR facility. Estimates of 
cost are largely based on unit price estimates developed from experience on similar projects. Cost is 
broken into two categories: construction and O&M. 

Construction cost is greater for the refined CHTR facility presented in this document compared to the 
FRO CHTR facility in the previous fish passage evaluation of fish passage alternatives (HDR 2017). The 
change in cost is primarily due to the addition of specific functions and design features to address 
project goals brought forward by participants of the Flood Damage Reduction Committee during the 
2017 CHTR facility design activities. As described in more detail earlier in this document, design features 
added to the project which impact both O&M and construction costs include facilities to trap and 
transport juvenile fish and lamprey, a dedicated fish ladder for juvenile and resident fish, and a 
dedicated ramp and collection facility for adult lamprey. Refined construction costs also include updated 
landslide mitigation measures on the right bank above the CHTR facilities, which are anticipated to 
represent a substantial cost item. The updated middle range estimated construction cost for the CHTR 
facility is estimated to be $43.0 million, with a lower bound of $32.3 million and an upper bound of 
$64.5 million. A detailed summary of the estimated opinion of probable construction costs is provided in 
Appendix C. 

The CHTR facility is a fully manned facility that requires several personnel to operate. When in 
operation, two technicians and one truck driver would be required, 7 days a week. Additional skilled 
staff would be needed during periodic maintenance activities. However, operation of the CHTR is of 
short duration and is episodic, only requiring operation during infrequent impoundment events on 
average, once in every 7 years. While the infrastructure for the CHTR increased substantively from the 
CHTR presented in the previous fish passage evaluation (HDR 2017), the increase in O&M effort and 
associated full time equivalent personnel is anticipated to be minimal due to infrequent use and a 
shorter, 4-week operational period. As such, the estimated O&M cost for the CHTR facility for the FRO 
and FRO-X dam (operated as run-of-river) is approximately $20,000 per year, similar to the last concept 
design iteration. A detailed summary of the estimated O&M costs is provided in Appendix C. 
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FISH PASSAGE TECHNICAL COMMITTEE  MEETING  NOTES  

Date: February 15, 2017 
Time: 9:00 am to 12:00 pm 

Location: HDR Olympia Office 
Participants: Mike Garello (HDR), Matt Prociv (HDR), Anna Mallonee (HDR), Eric Orton (HDR), John 

Ferguson (Anchor QEA), Justin Allegro (WDFW), Don Ponder (WDFW), Jeff Brown 
(NMFS), Mark Mobbs (Quinault Indian Nation), Miranda Plumb (USFWS) 

Meeting Notes 
1. Updates on action items already in progress 

A. The group discussed progress on comments regarding the Fish Passage section of the Draft 
Combined Design Report. A few subcommittee members mentioned that they had not 
received the draft report or that the SharePoint link for the report had expired. 

ACTION ITEM: John to email download instructions to Fish Passage Technical Subcommittee 
members so they can download the Draft Combined Dam and Fish Passage Concept Report 
and provide comments. 

1) Justin mentioned that comments have been provided on the PEIS only. They are 
being responded to now. Some comment responses have already been 
provided. 

2) Mark explained that the Quinault Indian Nation did not have people who have 
worked on specific areas comment on those sections; they provided 
independent reviewers. Members participating in subcommittees did not 
comment on documents produced within the discipline they were participating. 

3) While discussing the overall project schedule, Miranda questioned how the 
current work would feed into the PEIS process. Justin responded that the report 
is being completed now and will not be included in the PEIS but reflects work 
we’ve done and will be useful for moving forward during the next biennium. 

B. Final estimates for population abundance were discussed to confirm numbers to be used by 
the design team. Estimates have not been made for cutthroat, resident fish, and lamprey. 
Abundance values for adult for Coho, fall and spring chinook, and steelhead need to be 
finalized. 

ACTION ITEM: Justin to finalize adult population abundance estimates and provide on 
WDFW letterhead similar to Mara’s memorandum provided for juveniles salmonids. 

2. Introduction to Miranda Plumb, a biologist with USFWS. She is part of the Chehalis Habitat work 
group, the ASRP, and other Chehalis Basin Strategy work groups. 

A. Miranda provided comments on the PEIS but she has not been part of the fish passage 
technical committee or read the combined Dam/Fish Passage report. John will provide 
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Fish Passage Technical Committee Workshop Meeting Notes 
2/15/2017 

SharePoint access to the documents. Mike welcomed Miranda to the design team and 
stressed the importance of having her agency’s perspectives on the team going forward. 

B. Mike pointed out that Jeff Fisher and John Ferguson reached out to USFWS multiple times 
over the course of Fish Passage Technical Subcommittee meetings. It is possible that they 
were not the contacting the right person in USFWS. Despite our efforts there has not been 
any USFSW participation in the fish passage subcommittee meetings until today. 

3. Review of the overall approach and objectives for CHTR Facility (FRO vs. FRFA) 
A. John pointed out that a possible hybrid FRO/FRFA Dam is being considered. It would operate 

as run-of-river but could operate as FRFA later if necessary. Because of the many similarities 
between the CHTR designs for the FRO and FRFA, and given the potential for the hybrid 
alternative, the 30% preliminary design of the CHTR will focus on one design concept 
reflecting the fish passage needs of the FRO dam design alternative. 

B. Mike informed the subcommittee of the June 30 due date for the 30% design level drawings 
of the CHTR facility. 

1) John will discuss today’s schedule of required agency input. 
2) For the design of the CHTR for the FRO dam to a 30% level, Jeff does not 

advocate for incorporating juvenile salmonid and non-salmonid species passage 
facilities into one combined CHTR design at this time. One possible solution 
would be to incorporate them as separate stand-alone facilities to ensure that 
the passage performance for adult salmonids is not affected by the inclusion of 
an entrance and facilities for juvenile salmonids and non-salmonids fish species. 

3) John explained how the current effort of the fish passage design team - the 30% 
preliminary design of the CHTR - will be incorporated into the project-level EIS, 
not the current PEIS. 

4) Mike informed subcommittee members of CHTR facility designs, mentioning 
that we will discuss FRO/FRFA CHTR facility similarities today and in future 
meetings to reduce duplication of work if the dam types are changed in the 
future. 

C. The passage issues associated with FRO that still need further discussion and assessment in 
this biennium and the next include: 

1) How to design the CHTR (ongoing; 2015-2017 biennium) 
2) How to design the downstream weir that backwaters the outlet tunnels to 

accommodate fish passage; installing a notch was discussed as the likely 
solution in the future 

3) Verify passage conditions through the FRO outlet tunnels when flow is <2,000 
cfs in the future 

4) Evaluate passage conditions through the FRO outlet tunnels when flow is >2,000 
cfs in the future 

5) Evaluate passage conditions through the outlet tunnels during flood storage and 
when 300 cfs is being released through the tunnels in the future 

D. Attendees discussed FRO operations. The team projected and reviewed the graph of a storm 
hydrograph with the proposed flow, reservoir elevation, and time overlaid on the same 
graph developed as part of the FRO operations plan. 

1) While discussing the FRO drawdown strategy and reviewing the hydrograph 
slide, Jeff suggested using Fall Creek as a potential data source for identifying 
how drawdown influences juvenile and lamprey passage. Fall Creek in the 
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Willamette basin  performs  seasonal  drawdown  at the  end of summer to return  
the river to  a run-of river  condition. There  may  be  data on how  juvenile  
salmonids in the reservoir survive when passing through the  dam  structure at 
drawdown.  

2)  Miranda and Don posed questions about the pressure  differential  for  fish  that 
go through throttled (FRO)  gates.  

a.  Mark  continued the conversation  by  asking:  Do residents move into  
tributaries  or higher in reservoirs because  of pressure  due to 300’ of  
water when  they are used  to under  15’’?  

b.  Mike  mentioned that literature has shown  salmonids  generally do  not 
sound more than  40-50 feet. This is  what  we have assumed in  
development of these passage alternatives.  

3)  Miranda brought  the following questions to the discussion:  What  will stop fish  
from going through FRO gates at high flows during drawdown? Especially other 
species like lamprey, sculpin, sucker feeders, etc.?   

a.  Miranda  asked the group if there  are there studies  from other  
reservoirs.  

b.  John  reviewed available information on juvenile lamprey passage  
through turbines at  Columbia River  dams and pointed out  that in  our  
design  review efforts  to date we have focused on passage of juvenile  
salmonids through  the FRO outlet tunnels.  

4)  Miranda asked,  will bottom feeders sit at the bottom,  move higher,  or  move to  
tributaries?  

a.  Mike  responded that  we are uncertain  whether they  will migrate away  
from the deeper portions  of the reservoir to  maintain  exposure to  
acceptable  pressures, or if they will expose themselves to greater  
depths and be close to the outlets.  This  topic would still need to be  
investigated.  

E.  While discussing a few of the outlined pieces of the hydrograph, Jeff asked the  design team:  
How is the 300  cfs getting through when the FRO conduit gates are closed?  

1)  Mike  responded, saying that the gates  are not fully closed but throttled down  to  
only allow 300 cfs  to be discharged.  

F.  Next, the  group  reviewed  a chart showing the frequency  of  flood  closures that also  
represent  the durations of  CHTR facility  operation.  

1)  Mark  asked if  the operational curves use data  over the last 20 years.  Yes.  
2)  Justin  asked if  the predicted forecast at Grand Mound  gage  also  take into  

account where  the  precipitation is going to fall within  the watershed.  Yes.  
3)  Mike explained  that the model already accounts for storm center location.  Larry  

Karpack,  WSE have prepared technical documents that address  the basin  
modeling methods.  

4)  Don  asked, what is the 32  days  of the FRO  conduits being impassable that keeps  
being brought up?  John referred participants to the  PEIS Appendix that  
contained  the predicted flood events which  triggered  gate closure.  

a.  In response,  Mike explained  how the  days listed for each month  aren’t 
necessarily  one single, long event for that  month  (of the table shown on  
the PowerPoint  (slide 8)  being viewed).  
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b.  Don  suggests  adding a  column to show  events and/or  dates  of events.  
c.  Miranda recommends  the design team considers  adding information on  

where the storm centers occur  (i.e.  –  headwaters, Newaukum, etc.).  
G.  As the group went  over a brief explanation  of dam  operations for both FRO and  FRFA Dam  

options,  Miranda  asked if there is there  research or information about how species fare in  
long tunnels  with similar substrates.   

1)  John  pointed out  that the tunnels are set to grade, are backwatered, and are  
normally full of sediment.  The tunnels are  very  similar to  naturally bedded  
culverts.  

2)  Mike  explained how there is limited data for non-salmonids.  The best analogy  
for the tunnels is large  culverts under roads, and there is quite a lot of  
information  on fish passage through  these types  of conduits (e.g.,  bottomless  
arched culverts).  

H.  While discussing details  of  the fish ladder  entrance,  Miranda posed a question regarding the  
FRO conduits,  asking:  what  has  been  modeled  to figure out how fast  sediment reappears  
after sluicing  wipes it away?  

1)  Miranda also asked  how fast sediment  will accumulate after being evacuated.   
a.  Mike  explained that sediment begins to settle in immediately after  

conduit  operations return to normal.  Modeling suggests it could  take 
months for the sediment in the conduits to return to  equilibrium.  The 
process is highly  variable and depends on  the types  and durations  of  
storm events  that occur  in the basin.  Bedload  begins to mobilize  at  
flows  of 4,000  to 6,000  cfs. Flows of that magnitude will need  to occur 
upstream  before natural bed substrate  moves back into  the conduits  
after a flood event.  

2)  Miranda asked the group:  how will the sediment accumulation process  
influence fish  populations?  

a.  Miranda expressed  concern that resident fish  may  not  navigate  through  
the outlet tunnels  without resting. A natural riverbed  provides velocity  
refugia where resident fish  can rest.  What  is the range  of depths over  
the end sill?  At station 108.216 for  flows 250-2000  cfs, the depths over  
the end sill range from 2.99’ to  5.06’ with an average  of 4.1’  over the  
range of flows.  

b.  Justin  reiterated that the  fish ladder is in use  while gates are closed,  and  
sediment is  cleared  out from conduits and stilling basin  which  gives  
static condition  at stilling  basin.   

I.  Mark  asks  that the team review  operations modeling  data to see  what years in  the past FRO  
would have closed and for  how long.  

J.  During a discussion on the  fish ladder entrance and attraction flows,  John  asked the design  
team,  does the outflow  for the  FRO all need to  go  through the conduits and stilling basin or  
could some  go out through  a  low velocity  fish ladder entrance?  

1)  Mike  explained that this  has not been  decided yet  and further coordination  with  
the dam design team is needed to address that question.  More information  
relative to conduit and stilling basin hydraulics will become available as  
additional modeling is performed throughout future design efforts.  

K.  Jeff asked if  flood events  are  rain only or rain on  snow.  
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1)  Matt stated that flood  flows  are  typically generated by  rain only  events, and  
that the Chehalis  basin  typically occurs at  lower elevations.  

L.  Mike  informed the subcommittee that  HDR  will try to  reduce the height  of the fish lift  as the 
concept moves  forward.  This can be done by increasing the amount of cut  that  occurs on  
the right bank.  Likely,  there will be  changes  to the  facility orientation that will help  resolve  
elevation difference as  well.  

M.  Jeff recommends that the team consider having a  shorter ladder for juvenile  salmonids  and  
resident  species  so they do  not have to ascend  the full  length of the  adult  salmonid fish  
ladder.   

1)  Jeff offered that the team  should  consider  a vertical slot  fish ladder. It  provides  
a swim-through  condition and  would accommodate  the non-salmonid species.  

a.  Mike  told the committee that the design team  did  take a look at a 
vertical slot ladder.  One  tradeoff is that use  of a 12- to 15- inch slot  
requires  more water to operate. HDR  will look at  the  feasibility  of 
gravity water supply and use of vertical slot.  

b.  DECISION:  Participants  generally favored Jeff’s proposal to separate the  
low  velocity  entrance and collection system from the adult salmonid  
entrance, ladder and lift  systems.  The concept  would include an intertie  
with the adult salmonid ladder and CHTR facility to allow fish  to  enter  
the low velocity  entrance to  access the adult fish ladder, using adult  
salmonid criteria for the intertie  (i.e.,  1 foot head differential over 
weirs).  

 
ACTION ITEM: HDR  will examine  the feasibility  of a juvenile entrance/ladder separate for 
FRO and FRO/FRFA hybrid  dams.   

 
2)  Consider separate exit from fish ladder for fish that  will have trouble ascending  

the full ladder at 0.7  vertical jump. This would require two traps  and  lifts  –  the  
current trap for adults and  a trap for “weaker” fish after only a few pools.  Need  
to allow  a way for adult  salmon and steelhead that enter the low velocity  
entrance to exit from  the juvenile system  and  back into  the adult ladder.  The  
adult  fish ladder can  be  set up for  head  differentials  across the weirs  that meet  
adult salmonid criteria.  

3)  A recommendation  was  made to design the facility as  discussed,  but  
componentize  the elements  so  that the lamprey  ramp or low-head entrance and  
juvenile/resident fish ladder can be dropped from the  design at a later date if  
necessary.  

4)  John  recommends the team gather more details about “possible adverse  
entrance  conditions at low  flow”?  

a.  Consider fish  energetic  requirements.  
b.  Consider predation.  

N.  While examining details  of the fish ladder entrance,  Miranda asked  what the difference in  
required cfs is  for the low velocity (juvenile salmonid and non-salmonid  species) entrance  
and  collection system  and  the  adult  salmonid CHTR.  

1)  Mike  responded that  the  current fish ladder  concept requires approximately  20-
25 cfs  and  accommodates both  juvenile and adults.  Flow is based primarily on  
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leap height,  velocity, and type  of ladder.  This concept  has  0.7’  of drop from pool  
to pool.  If two ladders were required, flow requirements would increase. The  
adult ladder would be designed with  1.0’ drops  while  the juvenile ladder would  
be designed with 0.7’ drops.  Attraction flow estimates are on the order  of 200  
cfs which  will be dispersed  in the adult ladder entrance through  the use of  
diffuser chambers.  

 
ACTION ITEM: Miranda to provide  the design team  with information and results of recent  
work by  USFWS on  sculpin passage.  
 

O.  While discussing the sorting station design for the potential CHTR facility, the following  
topics  were brought up:  

1)  Justin  commented that WDFW will probably  want  to bring in their biologists for  
discussion  on this portion  of the design as they  may be running the CHTR in  the  
future.  

2)  Jeff mentioned  that the  holding criteria from NMFS  is soon to change.  
3)  Mike  commented that  we  do not need an automated  sorting facility.  The facility  

could be based  on hand  sorting  to reduce cost and  complexity.  
4)  Don  asked if all  the fish go  to  the same release point.   

a.  Mike  explained  that for  the current design, all fish are  released from  
one  of four tanks into trucks via water-to-water transfer.  At this point,  
the release sites have  not been identified and is up for  further  
discussion.  Fish could be released above the dam in the mainstem river 
or transported to and released in tributaries above the FRO facility  

4.  Verification of target species and life  stages (FRO/FRFA)  
A.  Justin  pointed  out that  at this point the 2017-2019 biennium budget request includes  the 

following:  
1)  Updating a salmon and steelhead  population model  to  evaluate  the  effects of 

FRO impoundments at the  population level (e.g.,  the effects  of  3 FRO  
impoundment events/year  versus  the current estimate of 1 impoundment  
event/7 years).  

2)  Funding for  WDFW  whitefish and lamprey density and distribution  studies  as  
well as snorkel surveys for lamprey  distribution and abundance. The studies  
might contribute numbers  of lamprey that  would be useful to this design effort.  

B.  USFWS pointed out that  Miranda  will  focus on  passage  requirements of lamprey, sculpin,  
and other  resident fish  species.  

C.  Miranda pointed out  that resident fish  present in the river  include whitefish, 5 sculpin  sp.,  
and  sucker  sp.  

D.  Justin  asked if  there  is  an  assumption that resident species  would not use  the adult salmonid  
ladder.  Yes, the leap heights and velocities present in the adult ladder  would not  be favored  
by juvenile salmonids and resident fish.  

E.  While reviewing previous action items, specifically adult annual abundance, Jeff asked:  Do  
we expect resident  fish  to  be moving at flood flows?  What  do they do behaviorally?  

1)  Mark  responded  that there might be some movement at the start of  the 
hydrograph. While he is  uncertain  if that will be the  case,  resident  fish  will likely  
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be hunkering down but adult  salmonids  will be triggered to  move  with  the initial  
increase  of the hydrograph.  

F.  While discussing which species should be included in  the design process for  fish passage,  
Miranda informed the subcommittee that the  Chehalis tribe is doing  an eDNA study  in the  
tributaries  and  dam  area next year  based on  funding from USFWS.  The study  will include  
looking for bull trout.  

G.  Miranda and  USFWS do not  believe there  are bull  trout at or above  the proposed  dam  
location.  

5.  Receive initial comments and direction  from  the Fish  Passage Subcommittee  
A.  Mike  informed the subcommittee that we have not yet received comments  on the fish  

passage section of the  combined design report. Comments received  will be incorporated  
into the detailed fish passage appendix  that is part of  the final Combined Fish Passage and  
Dam Design Report.  The consultant team is trying to distribute the draft fish passage 
appendix soon.   

6.  Schedule next meeting (s)  
A.  Next  meetings  (2)  will be  at  HDR Olympia office  on:  

1)  March  22nd at 11:00 AM to 2:00 PM  
2)  April 19th 10:00 AM to  1:00 PM.  

 
ACTION ITEM:  Mike  Garello to send out PowerPoint,  meeting notes,  and next meeting invite.  
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FISH PASSAGE TECHNICAL COMMITTEE  MEETING  NOTES  

Date:  March  22, 2017  
Time:  11:00 am  to  2:00 pm  

Location:  HDR Olympia Office  
Participants:  Mike Garello (HDR), Matt  Prociv (HDR), Anna  Mallonee (HDR), Eric Orton  (HDR), John  

Ferguson (Anchor QEA), Justin Allegro (WDFW), Don  Ponder (WDFW), Jeff Brown  
(NMFS), Mark Mobbs  (Quinault  Indian Nation),  Miranda Plumb (USFWS)  

 
Meeting  Notes  

1.  Updates  on Action Items already in progress  
A.  The group  discussed the distribution  of the Draft Combined Dam and Fish  Passage  

Concept Report. Every  member  of  the subcommittee now has access to  the report, and  
comments need to be received. John  made a point that the group needs to create a  
concrete schedule for  comments on  the combined report.  

1)  Per  Mike’s suggestion, the  group agreed  on a  comment due date of April 7th,  
which will give the design  team time to  circle back  on  these comments before 
the next meeting (April 19).  

B.  John and Justin are  working together,  separate from the subcommittee,  to  finish  the 
adult population abundance estimates.  This item is still in progress.  

 
ACTION ITEM: John  and Justin to continue  working on adult population abundance  
estimates together.  

 
C.  HDR has looked  at the feasibility of a  separate juvenile entrance and ladder –  the  

following  presentation on  the refined CHTR concept includes this action item.  
D.  As an action item from  the  previous meeting,  Miranda  was  to provide the team with  

USFW data on results  of their passage  work.  
1)  Miranda  has  received information  on sculpin  (torrent)  passage  from a 

colleague at  USFW that she thinks  may be useful, although it is not entirely  
applicable. This study has information regarding the following: short jump  
height  (6”), movement of migratory sculpin  in the lowlands, and torrent sculpin  
movement.  

2)  Miranda explained that her colleague  mentioned  the fact that fluvial species  
tend to be  weaker  than migratory, and that this should be taken into  
consideration.  

3)  Miranda also did research  on other studies regarding sculpin passage, and  
referenced a study done by the University  of  Washington on a specific species  
of sculpin. She pointed  out that the study  recognized  water velocities greater  
than  4 m/s  as a barrier for specific  species of sculpin.  Another study she found  
from 1969 indicates a 1  m/s barrier for other species  of sculpin.  

4)  John suggested  matching current passage condition for this  reach at a natural  
condition, as there is not  much data on sculpin passage thus far.  
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E.  Once discussion  on sculpin  data and research began,  a more detailed discussion  on  
sculpin  continued.  

1)  Miranda brought attention to  the fact that we cannot limit sculpin to one area  
of the stream, as  they are a benthic fish that feed  on benthic invertebrates.  
This relationship greatly influences the food  web in  the area.  

2)  Miranda also  mentioned the fact that backwatering  of the culverts can cause  
sediment buildup, causing higher velocities  which create  localized barriers for 
sculpin passage.  

3)  Mark  explained  to  the group that the important piece in  designing the system  
for passage is to  create  one that is  as close to a natural system as possible.  

4)  John asked  the group if we  have design criteria on nature-like fishways.  
a.  Mike responded, explaining that there is  currently  no criteria, only  

helpful  documents and research from WDFW.  
b.  Jeff brought up the fact that there  might already be localized and  

natural “barriers” that fish  are currently and  effectively able  to pass 
upstream. The most important criteria is then to design something that 
is also passable based upon the existing  “barrier.”  

c.  John asked  why the group  would not compare  tunnels and nature-like  
bypass systems.  

i.  Mike responded that  the design team  has  already adopted that  
approach when comparing the velocities in the proposed  
conduits and the  existing  river channel.  

5)  Mark asked  the group if we know of the seasonal or lifetime  migration of  
sculpin, and what  the  movement needs  of sculpin  are.  He also asked if, like  
some salmon, they  move around just because they “want to”?  

a.  Miranda commented that  the torrent located in the Chehalis are 
resident fish, and that  they do not  migrate out. She also explained  that 
they are  migratory in the lowlands but she does not know for certain  
about the riverine species.  

2.  Review new information and refinements  to design  criteria or objectives  
A.  The group  moved on from  previous action items and sculpin discussion to talk about  

new criteria to  accommodate those additional resident species.  
B.  Mike reiterated that there is a general interest to provide passage of  these other  

resident species, and asked the group if  the design team  should include these  other  
species as target species. He also  asked the group to  keep in  mind that  we are designing 
two things for this  concept: the FRO conduits and the  CHTR facility.  

C.  John asked  that  the  subcommittee recognize the fish  passage scope for  the remainder  
of  this meeting  (and the next)  does not include the FRO  conduits, and should focus only  
on the CHTR. He says that comments pertaining to the  FRO conduits should be noted,  
but not explored  at this point in time.  

1)  Justin explained to the subcommittee  that there is budget allocated in  the 
2017-2019 biennium to research lamprey and whitefish, and that some  of  that  
work in the next biennium  would benefit the scope for this biennium.  

D.  Mark  recommends the group look at how well criteria for salmonids encompasses  
criteria for other fish that  may be included in  the target species.  
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E.  John wondered  what the group is thinking in regards to passage through the conduits,  
and how (and if) that thinking influences our work  on the low velocity CHTR entrance.  

1)  Jeff disagreed  with John’s  original statement, explaining how the CHTR and  
conduits  will not be run simultaneously, so it should  not  matter.  

2)  John argued that  they will  be run simultaneously at 300  cfs, and that  his main  
point comes back to  the idea of keeping the CHTR facility in the front of  our  
minds. We should not get lost in  the conduits,  as  our focus needs to remain on  
the CHTR facility.  

F.  Mike explained  to the group that what is really needed is a list of  all  species we must 
accommodate in  our design. HDR can  work  on the 30% design and then the group can  
reassess what else  must be included to do  so.  

1)  Justin added that  while it is not in  the  group’s scope, the project specific  EIS  
might need information from us  on  what the impacts  might be.  

G.  In regards to the list  of species,  Matt mentioned that  he had gone through the 2014  
Aquatic Enhancement  Plan  and created a list of potential species within  the Chehalis  
River Basin.  

1)  Miranda informed the group of the 2015 Fish Study, located  on the strategy’s  
website. She explained how this study should have a  list of species, and that all  
of them should be considered in the design.  

2)  Mike pointed out that  the  team should  make sure the  species  we  
accommodate for are at the dam site, not just in the Chehalis.   

a.  Miranda agreed, and directed the  team to a graphic in the same  
document showing on  a map  the location  of the species present.   

3)  Justin suggested that  once  a list is finalized, WDFW should be contacted to  
confirm the list’s  accuracy.  

 
ACTION ITEM: HDR to  create a list  of species and  circulate to subcommittee for 
comments  and confirmation.  

 
4)  Matt says that he thinks the group needs to go  over whether  or not some 

species need to be accommodated based  on  their life history.  
a.  Jeff asked, what variables can we actually change that  will affect  

passage for these other species? He feels there is a limited extent to  
what we can do for  these species.  

b.  Mike said that research  must be completed to possibly improve  the  
passage for these species but we first need to figure out what  these  
species are.  

i.  Justin agreed, and added  that the final  step  would be  to circle  
back and see if  the species  is actually worth adding based on  the  
life history.  

5)  John suggested  the team look at lumping  of design criteria based  on body  
types, sizes,  swimming capabilities,  life stages, jump height,  etc.  

H.  Mark suggested  the group look into the way fish interact with each  other, especially at  
the holding facilities.  

1)  John explained  that at the  moment, the group is looking at separate facilities  
with a connection. He also  brought up that  we  are not yet  making a 
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recommendation to put in  a low entrance but a decision on this needs to be  
made. John also makes it clear that  our  notes must reflect what we are  
discussing in these meetings,  and  that they  will influence the conduit design.  

2)  Jeff described  the assumption that if fish are able  to get through the higher  
velocities, they  will be able  to  make it all the way up the  ladder. This begs the  
question: what happens when these fish  make it  to  the top?  

I.  The team reviewed the last technical  committee’s meeting notes. John  cleared up a few  
items in those notes:  

1)  Items discussed in the  section pertaining to  continued  discussion and  
assessment of passage issues associated with the FRO  were claimed to be done 
in the next biennium. John  pointed  out that while those tasks  might be done in  
the next biennium, they are not technically  within the budget and scope.  

2)  Unless these items come  up as needed for the project level EIS, fish passage  
design is not in the next biennium.  

3)  Justin confirmed the lack of funding for fish passage in the next biennium,  
explaining that the budget  for fish passage design  work has been cut  out.  

J.  While discussing  the basic, simplified  CHTR processes for adult and juvenile salmonids  
and lamprey, Jeff recommended adding release sites,  as there is sometimes  
construction that must go along  with these sites.  

1)  Mike agreed, but touched  on the fact  that  we  must address the  where before 
the how.  

K.  HDR presented  the updated site plan for the CHTR facility, and  Don  asked the group if  
this configuration required  less grading of the  site.  

1)  Mike explained  that  this new configuration  would actually require more  
grading, but is a cleaner design that would require less slope stabilization. This  
configuration is closer to water level and is  more  efficient from an operational 
standpoint.  

2)  The subcommittee appreciated this new site plan and  preferred it over the  
previous iteration.  

L.  The thorough and  more detailed  process diagram  was presented to the subcommittee,  
along with isometric  views  of the proposed  system.  

1)  Jeff asked if the holding tanks are in parallel or in series,  or in some  other  
configuration.  

a.  Eric explained that the current system is a dual system, where fish are  
put in one of  two  visual inspection  tanks, then they go into  tanks (in  
series), and trucks are lined up under the  tanks for water to water 
transport.  

2)  John asked if the hopper is  operated with a gantry crane.  
a.  Eric explained that gantry  crane operation is the current setup in  the 

design.  
3)  Jeff asked the design team  if fish are metered out to the tanks or simply  

dumped into them.  
a.  HDR responded  that fish are dumped into  appropriately sized tanks.  

4)  The vertical hopper lift  was  questioned  by multiple  members of the  
subcommittee and was found to be 25’.  
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a.  Jeff asked the team how water  would be fed into the hopper. He also  
asked if there is an  overflow weir, and how fish will get into the hopper.  
He explained  that it must be sized large enough to get water to the  
bottom of the ladder.  

i.  Eric responded that  water  would be provided to the ladder via  
diffuser  screens at the bottom of the hopper  well.  

ii.  Mike explained  that  the fish are to swim nose up from the last  
baffle straight into  the  hopper.  

b.  Jeff suggested  keeping water separate for juvenile and adult ladders,  
i.  Eric explained that  the drains from the adult ladders do not go  

into the juvenile ladders, and that the drain water goes back  
into the same system.  

ii.  Mike added that the water  does, however, combine at the 
entrances.  The water remains separate throughout the ladder  
but not at the ladder  entrances.  

c.  John informed the subcommittee  that lamprey are particularly sensitive  
to human smell,  and will react to it if they are exposed to  waters  
touched by humans.  He  wanted to highlight this fact and explained that  
discharging the handled water to  the entrances will create  an issue.  
While he is not sure what to do about it,  the concept must be discussed,  
as handling drain water into any ladder could prevent  lamprey from  
entering the facility.  

i.  Eric suggested dumping water further downstream.  
ii.  Jeff commented that water supply is not a large issue in this  

design, and not something we  will have to  worry about when  
accommodating for the lamprey and handled water.  

5)  Miranda asked the group  what is known about survival in juvenile ladders. She  
asked, is there something out there that can give us insight?  

a.  Mike said that as far as  we  know, survival is incidental. Most studies  or 
existing ladders do not focus specifically on juvenile ladders.  

b.  Jeff explained how in Oregon, they have  worked  on juvenile passage  
and have been successful  on a much  smaller scale, although these  
juveniles do not use a separate entrance.  

6)  Eric  asked about the separation of native fish, specifically if they all need  to be  
separated, since  all adults  need to be handled.  

a.  Mark  made a point that the design team  must be aware of the potential 
for listing  chinook and cutthroat as target species.  

i.  Jeff believes  this possibility should not influence design much,  
and that the cross connections will take more work.  

7)  Mike informed  the group of thoughts  on putting in a bar rack for adults to exit  
the juvenile ladder.  

M.  While discussing the current lamprey ramp design, Jeff asked  the team how big the  
opening  is  for 75 cfs.  

1)  Mike explained  that  the  opening would have  to be rather large.  Matt clarified  
by adding that it would be  a 6x10 opening,  or something on that order.  
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N.  The design team then presented the auxiliary water  supply site plan  to the 
subcommittee.  

1)  Justin asked if HDR had discussed the slope and grading with geotechnical  
engineers.  

2)  Matt explained  that for the AWS, the artificial assumption is  that  50’ of  
impoundment is required.  

3)  The discussion continued into talk  of water required for running a vertical slot.  
Jeff asked the  team for clarification  on  whether or not 25 cfs is enough to run a 
vertical slot.  

a.  Mike responded that  25 cfs is not enough for  the  12”  slot,  and the 9”  
slot  would be about 7-10 cfs.  

O.  In continuing the AWS conversation,  the hydrograph for the 2009 storm  was presented  
with detail pertaining to AWS flow, fish ladder flows,  and minimum reservoir required  
for AWS flow.  

1)  Justin asked  what the delay in the front and back end  of the AWS  was  
pertaining to.  

a.  Mike explained  that  the facility will  not  all of  a  sudden have enough  
water to operate the supply. HDR has not  yet discussed with the dam  
group whether the water  will be running through  the FRO also  or just  
the CHTR.  

b.  Jeff commented that flow  only going through  the CHTR is best for 
attraction  flow, and that a  day or two  of delay is not a “deal killer.”  

c.  Mike responded, saying that there will not really be a  delay; everything  
will still be operating but the additional attraction flow will not be  there.  

2)  John asked  what  the reason for pumping was.  
a.  Matt commented that HDR has looked at pumping 300 cfs  a  month.  
b.  Mike explained  that with just gravity, it is not possible  to  operate the 

facility ahead of a storm,  and nothing can be double checked at any  
point unless  you close  the  gates and create an impoundment.  

c.  Don believes  that gravity is still the best solution, and  the facility should  
only use pumps when required, and only for as  much  as required.   

d.  Jeff believes  that gravity is  the best solution. Suggests  provide fish  
ladder flow by gravity too  when possible.  

e.  General team agreement for gravity water supply to the AWS as  
described.  

3)  Mark asked  the group if anyone had looked into the  how often  power may be  
interrupted  in this  area.  

4)  Justin asked  why the 50’  measurement to  the top  of the FRO  conduits was  
important.  

a.  Matt explained  that fish  will probably not sound  more  than 50’.   
b.  Mike added that there is less of a possibility  of entrainment in the pipe  

and going into diffuser screens.  
P.  Following discussion of the AWS, 2D  model results for velocity were  shown for the FRO 

conduits and stilling basin,  for flows 250  –  2000 cfs, with  models for flows  of 250  –  1000  
cfs containing sediment and  models for flows of  1250  –  2000 cfs containing no  
sediment.  
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1)  Jeff commented that attraction flows appear to be quite good for  the model  
showing  velocities as  250  cfs. At 750 cfs, he commented that  the high flows  
going into  the stilling basin  on river left  are  concerning. While looking at the 
1000 cfs  graphic,  Jeff  asked what the cross sectional area of the conduits was.  

a.  There are two 10x16  conduits and a single  12x20 conduit (560  sq ft).  
2)  While reviewing the final graphic at 2000  cfs there  was some discussion of  

changing the geometry of the conduits.  
a.  John asked, what’s the driving factor for the size of wall between the 

conduits?  
b.  Mike explained  that  the larger conduit  acts as a “workhorse” sluice,  

while the smaller conduits  are  mainly for flow throttling.  
3)  John asked  the design team if attraction flow will come into play for the FRO  

conduits.  
4)  Mike asked the  subcommittee if HDR had effectively captured all thoughts  and  

main ideas that had been discussed previously.  
a.  Jeff commented that the new facility  appears to be very appealing.  
b.  Mark said that the only issue he sees is  the modeling and the increase  of  

velocities at the downstream end  of  the conduits.  
i.  Mike offered  vertical differential as a potential factor for this  

velocity increase.  
ii.  Matt explained  that another possible factor could be that the  

sediment in the stilling basin is modeled as higher  than the  
sediment in the conduits.  

iii.  HDR will continue working to improve the models.  
c.  Jeff commended  the improvements to the site plan and the flexibility  of  

the pump station. He asked the design team if it is feasible to  operate 
the ladder and  the entrances at any time.  

i.  Mike explained  that the pump station is located there  for that 
exact reason.  

d.  Jeff also asked if the pump  station could be common to the AWS,  so  
when there’s  50’ of head the pumps can be turned off.  

i.  Mike exp lained that the idea was to connect the two  for just  
that.  

3.  Discuss design tradeoffs based on refined concepts  
A.  Tradeoffs for the refined  concepts as  well as any  additional comments for the refined  

design elements were discussed after reviewing these refinements.  
B.  Jeff  believes  that the adult  standalone ladder is great for salmonids. He suggests  

considering a juvenile ladder with a vertical slot  with less flow  that  would accommodate  
juveniles better than a half ice harbor.   

1)  Mike commented that a  12” adult slot would be adequate, with a 9” slot for 
juveniles.  

C.  John believes  there are no  tradeoffs,  only benefits. He mentions  the benefits as the 
following:  

1)  Adding flexibility  on how we operate (we are accommodating a lot  of 
uncertainty for the design)  
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2)  The separation of two  systems  (separation of water supplies  for juvenile,  adult,  
and  lamprey; separation of  pumped and gravity  systems as necessary)  

3)  Including pump capacity at  the tail end of flood storage  
a.  Jeff asked the group if thought had been put into  where the pump  

intake would be.  
b.  Mike explained  that HDR had discussed the circulation patterns in  the 

stilling basin.  
D.  John explained  that the low volume and  the normal adult salmonid CHTR is feasible, and  

the feasibility  of the structure is no longer in question.  
1)  Mike mentioned that while technically feasible, there is uncertainty with the  

biomechanics involved,  as  a system like this has not been created before.  
2)  John recommends the  CHTR for inclusion (it’s feasible), and comments that the  

team has been able  to incorporate other species for as  much information as  we  
have to do so, and have built in flexibility into the system.  

a.  Jeff said he  would add  that  the current concept includes biomechanical  
certainty and follows convention for adults.  

3)  John reiterates a main takeaway: the stilling basin hydraulics look favorable at  
first glance,  and there appear to be generally good conditions up to  750/1000  
cfs.  

E.  Jeff explained  that he owed the group  some probable holding criteria, and provided the  
following information:  

1)  Short term criteria does  not change.  
2)  Long term criteria will be  twice  the current  values.  
3)  Temperature modifications are not concrete, one interpretation is that the  

system will break at 70 degrees, but there is activity pending on this issue.  
F.  Eric  raised the  issue of creating a  more complex handling facility.  

1)  Mike suggested adding a flume  to  separate the fish.  
2)  Jeff suggested  adding a return to river pipe in the sorting facility  that would  

lead to transport holding tanks.  
G.  Jeff believes  that the idea  of a bar rack needs  to be fleshed  out for feasibility.  
H.  John mentioned that  there  is literature  on resident fish passage.  

1)  Miranda explained that  the 2015 Study has a fairly short list.  
 
ACTION ITEM:  Miranda to  pass on any sculpin references she comes across.  
 

4.  Next meeting and summary of action items  
A.  Next  meeting originally scheduled for April 19  (10:00 AM to 1:00 PM), group discussed  

possibility of pushing meeting back.  
 
ACTION ITEM:  Mike Garello to send out PowerPoint,  meeting notes,  and next meeting  
invite.  
 

B.  The following action items  were identified during the  March  22 fish passage  
subcommittee meeting:  

1)  John and Justin to continue working on  adult population abundance estimates  
together.  
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2)  HDR to create a list  of species and circulate to  subcommittee for comments  
and confirmation.  

3)  Miranda to pass  on any sculpin references she comes  across.  
4)  Mike Garello to send out PowerPoint,  meeting notes,  and next meeting invite.  
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FISH PASSAGE TECHNICAL COMMITTEE  MEETING  NOTES  

Date: June 1, 2017 
Time: 10:00 AM to 12:00 PM 

Location: HDR Olympia Office 
Participants: Mike Garello (HDR), Matt Prociv (HDR), Anna Mallonee (HDR), John Ferguson (Anchor 

QEA), Jeff Brown (NMFS), Mark Mobbs (Quinault Indian Nation), Miranda Plumb 
(USFWS), Jessica Hausman (WA Dept of Ecology) 

Conference Call Information: 866-583-7984, 74660139#; Leader-Pin: 532659# 

Meeting Notes 
1. Updates on action items already in progress 

A. John and Justin to continue working on adult population abundance estimates together. 
i. If population abundance estimates are unable to be refined (and put on WDFW 

letterhead) by the end of this biennium, they should be finished in the next. Values for 
population abundance are not anticipated to change between the next biennium. 

B. HDR and Anchor to refine list of target resident species. 
i. This list is now located in the basis of design document (page 19 of the pdf). 
ii. Miranda acknowledged that a lot of the information for this list might not be included, 

or is unavailable. 
iii. John explained that in addition to the list located in the basis of design document, there 

is a spreadsheet that contains performance and swim speed data, jump heights for 
juvenile and adult species, and references where the data came from. 

ACTION ITEM: Matt to send spreadsheet containing performance and swim speed data 
out for review. 

ACTION ITEM: Miranda (and others) to give any extra information and feedback that 
could be added to the spreadsheet by June 9, 2017. 

C. Miranda to pass on any sculpin references she comes across. 
i. In progress 

2. Review CHTR Facility Drawings and Design Details 
A. Identify and discuss any comments provided by subcommittee participants. 

i. Jeff suggests considering cross over between adult and juvenile ladders. They are 
currently “black boxed.” We may not have time to refine this design before the next 
biennium but it should remain a consideration in future design efforts. 
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a.  Mike explained  one idea is  to have a bar rack allowing  passage of smaller fish. This  
bar rack  would have  spacing that diverts larger fish  to  the adult ladder and allows  
smaller fish to pass through.  

b.  Group agrees that 1.25’ drop is a good target to shoot for that allows adults  to exit  
juvenile ladder, and that 1” clear spacing should prevent gilling of adult salmonids.  

c.  John suggests  making  the spacing of the racks adjustable, allowing for flexibility in  
operations. If  the bar rack  did not work for any reason, it could be changed  out  to  
take advantage of behavior. It is difficult  to judge conditions prior to  
implementation, but they can be addressed in the field.   
1.  In Mike’s experience, having multiple  sizes  of racks is  usually more cost  

effective.  This cross  over  will be addressed very briefly, but cannot be  vetted  out  
fully at  this point.  

ii.  Miranda wants to  make sure the group is accommodating passage for as  many species  
as possible. She understands that there is a lack  of information and data on some  
species, but urges  that accommodations are made to  the best of our abilities.   
a.  Is downstream passage being considered? Yes  –  conduits provide downstream  

passage except during flood events.  
b.  In general, the group lacks  data. Matt suggests documenting the  things we do not  

know.  
c.  Mike explained  that there are a  variety  of design elements that have been  

considered in an effort to accommodate a wider range of species, but that there is  
still a lot  of uncertainty of  motivation and behavior of fish.  

d.  Miranda agrees, believes the approach is sound given the information  the group  has  
at the moment.  

iii.   Mark  questions if  Olympic  mud minnow need  to be included in list  of species.  
a.  Most have dismissed mud  minnow as a species  of concern.  

 
ACTION ITEM:  Matt and John to provide statement in  document similar  to:  “based  
on information  we are aware of, the assumption has been  made  that  mud  minnows  
are distributed  further downstream and do not need  to be included in this fish  
passage design.”  
 

B.  Discuss schedule for completing the final draft.  
 

ACTION ITEM:  All  comments should be sent to John  and  Mike  by  June 9, 2017.  
 

3.  Discuss Fish Passage Design  Tasks  required in the next biennium  to  support  ongoing fish passage  
project needs  
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A.  John described  that there is no budget  for  engineering design work in  the next biennium,  
but the preliminary (internal)  work plan  items will  be covered  in the EIS  component/budget.  
Important to  keep line of communication  open  even  without engineering design work.   

B.  Meetings of this subcommittee would be useful to:  
i.  Bring back latest performance data (e.g. surface collector performance)  
ii.  Cover any new literature  on passage, even if it’s simply sent out to the group  
iii.  Have conversations and review numbers based  on discussions and  most up  to date  

information  
iv.  Look  more  closely at ascending and descending limbs  of the FRO  tunnels and develop a  

design for the FRFA CHTR facility  
C.  The group reviewed the  preliminary (internal)  work plan  for the next biennium. The  

objective of this  work plan  is to get tasks into the EIS budget.  
i.  Information for draft EIS due December 2017  

4.  Next meeting and summary of action items  
A.  The following action items  were identified  during the June 1 fish passage subcommittee  

meeting:  
1.  Matt to send spreadsheet containing performance and swim speed data  out for  

review.  
2.  Miranda (and  others) to give any  extra information and feedback that  could be  

added to  the spreadsheet  by June 9, 2017.  
3.  Matt and John to provide statement in document similar to:  “based  on  

information  we are aware  of, the assumption has been made  that  mud  
minnows are distributed further downstream and do  not need to be included in  
this fish passage design.”  

4.  All comments should be sent to John  and  Mike by June 9, 2017.  
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Preliminary Design Drawings 
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Project: Chehalis Basin Strategy 
Subject: Fish Passage Alternative Concept Design 

Task: Cost Opinion 
Job #: 10026522 

CHEHALIS BASIN STRATEGY 
FISH PASSAGE DESIGN STUDY TEAM 

OPINION OF IMPLEMENTATION AND OPERATION AND MAINTENANCE COSTS 
SUMMARY OF CHTR FISH PASSAGE FACILITY COST BOUNDS AND O&M COSTS 

Computed by: R. Sheean 
Created: 06/07/2017 
Printed: 1/23/2018 

Checked by: M. Prociv 
Checked Date: 06/28/2017 

Estimated Construction Cost 

Fish Passage Alternative 
Lower Bound Cost 

($ Million) 
Middle Cost 
($ Million) 

Upper Bound Cost 
($ Million) 

CHTR FISH PASSAGE FACILITY FOR FRO AND HYBRID (RUN-OF-RIVER) DAM ALTERNATIVES 
Lower Bound and Upper Bound Cost Margins 

$32.3 
-25% 

$43.0 
-

$64.5 
50% 

Estimated Operation and Maintenance Cost 
Fish Passage Alternative Annual Cost ($) 

CHTR FISH PASSAGE FACILITY FOR FRO AND HYBRID (RUN-OF-RIVER) DAM ALTERNATIVES $20,000 
*Note - O&M costs include an assumed Monitoring and Evaluation operation. M&E costs are a placeholder. .

 LOE for M&E has not been discussed with the Fish Passage Subcommittee 
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CHEHALIS BASIN STRATEGY 
FISH PASSAGE DESIGN STUDY TEAM 

OPINION OF IMPLEMENTATION AND OPERATION AND MAINTENANCE COSTS 
SUMMARY OF CHTR FISH PASSAGE FACILITY COSTS 

FYI - NEGLIGIBLE ESCALATION FROM 2016 TO 2018 PER WSDOT DATA ON PRICE PER CY STRUCTURAL CONCRETE AND REBAR 

Table 1 - Project implementation costs for all alternatives shown as a percentage of the OPCC. 
PROJECT IMPLEMENTATION COSTS PERCENTAGE OF OPCC 
CONSTRUCTION MANAGEMENT 
APS PROCUREMENT 
ENGINEERING AND DESIGN 
BOND AND INSURANCE 
STATE TAXES 
BUSINESS AND OCCUPATION TAX 
PROJECT ADMINISTRATIVE (NOT INCLUDED) 

8.00% 
4.00% 
10.00% 
2.50% 
7.90% 
0.48% 
0.00% 

TOTAL PERCENTAGE OF OPCC 

Table 2 - Summary of concept OPCC (rounded to $100,000). 
ALTERNATIVE 

32.88% 

BASE OPCC W/ CONT 
CHTR FISH PASSAGE FACILITY FOR FRO AND HYBRID (RUN-OF-RIVER) DAM ALTERNATIVES 

Table 3 - Summary of OPCC, implementation cost, and total project costs for each concept (rounded to $100,000). 
ALTERNATIVE BASE OPCC IMPLEMENTATION COST 

$32,300,000 

TOTAL PROJECT COST 
CHTR FISH PASSAGE FACILITY FOR FRO AND HYBRID (RUN-OF-RIVER) DAM ALTERNATIVES 

Table 4 - Summary of anticipated Operations and Maintenance Costs (rounded to $1,000). 
ALTERNATIVE 

$32,300,000 $10,700,000 $43,000,000 

BASE O&M COST 
CHTR FISH PASSAGE FACILITY FOR FRO AND HYBRID (RUN-OF-RIVER) DAM ALTERNATIVES $20,000 
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CHEHALIS BASIN STRATEGY 
FISH PASSAGE DESIGN STUDY TEAM 

OPINION OF IMPLEMENTATION AND OPERATION AND MAINTENANCE COSTS 
SUMMARY OF CHTR FISH PASSAGE FACILITY OPERATION AND MAINTENANCE LEVEL OF EFFORT 

Table 1 - Project implementation costs for all alternatives shown as a percentage of the OPCC. 
STAFF FTEs 

ALTERNATIVE OPERATIONS BIOLOGICAL MAINTENANCE TOTAL 
CHTR FISH PASSAGE FACILITY FOR FRO AND HYBRID (RUN-OF-RIVER) DAM ALTERNATIVES 0.03 0.02 0.04 0.09 
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CHEHALIS BASIN STRATEGY 
FISH PASSAGE DESIGN STUDY TEAM 

OPINION OF IMPLEMENTATION COSTS 
CHTR FISH PASSAGE FACILITY FOR FRO AND HYBRID (RUN-OF-RIVER) DAM ALTERNATIVES 

ITEM QUANTITY UNIT UNIT COST AMOUNT TOTAL 

MOBILIZATION AND DEMOBILIZATION (10%) 1 LS $1,909,527 $1,909,527 $1,909,527 

GENERAL CONDITIONS (20%) 1 LS $3,819,055 $3,819,055 $3,819,055 

LANDSLIDE MITIGATION $1,230,424 
LANDSLIDE MITIGATION 1 LS $500,000 $500,000 
GENERAL EXCAVATION 51,856 CY $8 $414,848 
FILL 35,064 CY $9 $315,576 

SITEWORK AND ACCESS IMPROVEMENTS $4,135,393 
EROSION CONTROL 1 LS $40,000 $40,000 
CLEAR AND GRUB 13 ACRE $7,500 $97,500 
ROAD AND ACCESS IMPROVEMENTS 2,171 TON $159 $345,189 
GENERAL EXCAVATION 155,371 CY $8 $1,242,968 
ROCK EXCAVATION 41,637 CY $30 $1,249,110 
FILL 109,514 CY $9 $985,626 
SITE CLEAN-UP 1 LS $15,000 $15,000 
PROJECT ISOLATION DURING CONSTRUCTION 1 LS $60,000 $60,000 
LOCAL DEWATERING 1 LS $100,000 $100,000 
RIVER DEWATERING (COVERED BY DAM EST.) 0 LS $0 $0 

INTAKE AND PUMP STATION $1,076,156 
CONCRETE SLABS 107 CY $800 $85,333 
CONCRETE WALLS 166 CY $950 $157,911 
CONCRETE BAFFLES 63 CY $1,100 $69,259 
SCREENS & BAFFLES 216 SF $1,000 $216,000 
GRATING 770 SF $35 $26,933 
HANDRAIL 120 LF $56 $6,720 
BACKWASH SYSTEM 1 LS $100,000 $100,000 
FISH LADDER SUPPLY PUMPS 1 EA $138,000 $138,000 
SORTING FACILITY PUMP 1 EA $138,000 $138,000 
BACKWASH PUMP 1 EA $138,000 $138,000 

FISH LADDER ENTRANCE $3,340,727 
CONCRETE SLABS 1,392 CY $800 $1,113,481 
CONCRETE WALLS 1,891 CY $950 $1,796,731 
CONCRETE BAFFLES 134 CY $1,100 $146,993 
FILL 3,824 CY $9 $34,417 
ENTRANCE GATES 5 EA $40,000 $200,000 
GRATING 1,243 SF $35 $43,505 
HANDRAIL 100 LF $56 $5,600 
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CHEHALIS BASIN STRATEGY 
FISH PASSAGE DESIGN STUDY TEAM 

OPINION OF IMPLEMENTATION COSTS 
CHTR FISH PASSAGE FACILITY FOR FRO AND HYBRID (RUN-OF-RIVER) DAM ALTERNATIVES 

ITEM QUANTITY UNIT UNIT COST AMOUNT TOTAL 

AUXILIARY WATER SUPPLY $1,160,755 
CONCRETE ELEVATED SLABS 28 CY $1,100 $30,433 
CONCRETE WALLS 336 CY $950 $319,552 
GRATING 1,462 SF $35 $51,170 
HANDRAIL 100 LF $56 $5,600 
42" SLEEVE VALVE 1 LS $250,000 $250,000 
SCREENS & BAFFLES 504 SF $1,000 $504,000 

ADULT FISH LADDER $765,549 
CONCRETE SLABS 124 CY $800 $99,200 
CONCRETE WALLS 578 CY $950 $548,994 
CONCRETE BAFFLES 37 CY $1,100 $41,230 
GRATING 1,335 SF $35 $46,725 
HANDRAIL 300 LF $56 $16,800 
SCREENS 36 SF $350 $12,600 

JUVENILE FISH LADDER $1,187,282 
CONCRETE SLABS 118 CY $800 $94,667 
CONCRETE WALLS 1,032 CY $950 $980,083 
CONCRETE BAFFLES 39 CY $1,100 $43,022 
GRATING 1,314 SF $35 $45,990 
HANDRAIL 270 LF $56 $15,120 
SCREENS 24 SF $350 $8,400 

LAMPREY RAMP $961,146 
CONCRETE SLABS 146 CY $800 $116,800 
CONCRETE WALLS 809 CY $950 $768,796 
CONCRETE BAFFLES 45 CY $1,100 $49,296 
STEEL RAMP ASSEMBLY - PLATE 1,416 SF $12 $16,992 
STEEL RAMP ASSEMBLY - STRUCTURAL STEEL 2,646 LB $3.5 $9,261 

HOLDING GALLERY $1,145,149 
CONCRETE ELEVATED SLABS 15 CY $1,100 $16,337 
CONCRETE WALLS 95 CY $950 $90,637 
BRAIL AND HOPPER 1 LS $496,759 $496,759 
CROWDER 1 LS $75,000 $75,000 
FALSE WEIR 1 LS $50,000 $50,000 
STAIRS 48 RISER $667 $32,016 
SUSPENDED GRATING 384 SF $350 $134,400 
GANTRY CRANE 1 LS $250,000 $250,000 
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CHEHALIS BASIN STRATEGY 
FISH PASSAGE DESIGN STUDY TEAM 

OPINION OF IMPLEMENTATION COSTS 
CHTR FISH PASSAGE FACILITY FOR FRO AND HYBRID (RUN-OF-RIVER) DAM ALTERNATIVES 

ITEM QUANTITY UNIT UNIT COST AMOUNT TOTAL 

SORTING BUILDING $528,525 
CONCRETE SLABS 89 CY $800 $71,022 
CONCRETE ELEVATED SLAB 21 CY $1,100 $22,611 
CONCRETE WALLS 254 CY $950 $241,687 
JOB WATER BOOSTER PUMP 2 EA $50,000 $100,000 
CIRCULAR HOLDING TANKS 3 EA $4,530 $13,590 
INSPECTION TABLE 1 EA $2,000 $2,000 
DIVERTER FLUME 66 SF $12 $792 
DIVERTER GATE 4 EA $2,000 $8,000 
ANAESTHESIA TANK 1 LS $10,000 $10,000 
WORKUP TABLE 1 EA $2,000 $2,000 
STAIRS 29 RISER $667 $19,343 
HANDRAIL 580 LF $56 $32,480 
TRUCK FILL 1 LS $5,000 $5,000 

MAINTENANCE/STORAGE BUILDING $248,767 
PRE-ENGINEERED BUILDING 800 SF $250 $200,000 
CONCRETE FOUNDATION 51 CY $950 $48,767 

HEADBOX $46,126 
CONCRETE SLAB 10 CY $800 $7,881 
CONCRETE WALLS 30 CY $950 $28,465 
CONCRETE WEIRS 3 CY $1,100 $3,259 
ACCESS LADDER 2 EA $2,000 $4,000 
HANDRAIL 45 LF $56 $2,520 

VALVE VAULT $158,417 
CONCRETE SLAB 50 CY $800 $39,822 
CONCRETE ELEVATED SLAB 43 CY $1,100 $47,341 
CONCRETE WALLS 50 CY $950 $47,254 
HATCHES 2 EA $12,000 $24,000 

PIPING $1,681,858 
2" - 8" Steel Pipe 881 LF $64 $56,384 
10" Steel Pipe 14 LF $74 $1,030 
12" Steel Pipe 307 LF $85 $26,095 
18" Steel Pipe 301 LF $133 $39,928 
36" Steel Pipe 101 LF $403 $40,703 
42" Steel Pipe 274 LF $714 $195,636 
90" Concrete Pipe 647 LF $756 $489,132 
2" - 8" Ductile Iron Bends, Wyes, and Tees 46 EA $713 $32,798 
10" Ductile Iron Bends, Wyes, and Tees 4 EA $985 $3,940 
12" Ductile Iron Bends, Wyes, and Tees 5 EA $1,301 $6,505 
18" Ductile Iron Bends, Wyes, and Tees 18 EA $3,104 $55,872 
36" Ductile Iron Bends, Wyes, and Tees 3 EA $0 $0 
42" Ductile Iron Bends, Wyes, and Tees 3 EA $0 $0 
42" In-Line Energy Dissipation Valve 1 EA $100,000 $100,000 
3" - 4" Ductile Iron Backflow Valve 8 EA $3,125 $25,000 
18" Cast Iron Gate Valve 1 EA $22,596 $22,596 
36" Cast Iron Gate Valve 1 EA $68,996 $68,996 
42" Cast Iron Gate Valve/ Backflow Valve/ Sleeve Valve 4 EA $79,311 $317,244 
90" Cast Iron Backflow Valve 1 EA $200,000 $200,000 
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CHEHALIS BASIN STRATEGY 
FISH PASSAGE DESIGN STUDY TEAM 

OPINION OF IMPLEMENTATION COSTS 
CHTR FISH PASSAGE FACILITY FOR FRO AND HYBRID (RUN-OF-RIVER) DAM ALTERNATIVES 

ITEM QUANTITY UNIT UNIT COST AMOUNT TOTAL 

BASE ELECTRICAL EQUIPMENT & SUPPLY $1,319,000 
ELECTRIC SUPPLY 1 LS $150,000 $150,000 
ELECTRICAL SERVICE SITE IMPROVEMENTS 1 LS $425,000 $425,000 
BACKUP GENERATOR 1 LS $275,000 $275,000 
SERVICE ENTRANCE 1 LS $125,000 $125,000 
ELECTRICAL DISTRIBUTION EQUIPMENT 1 LS $50,000 $50,000 
GROUNDING 1 LS $30,000 $30,000 
POWER AND CONTROLS TO EQUIPMENT 1 LS $35,000 $35,000 
LIGHTING 1 LS $17,500 $17,500 
EQUIPMENT CONNECTIONS 1 LS $5,000 $5,000 
INSTRUMENTATION AND CONTROL EQUIPMENT 1 LS $25,000 $25,000 
TRANSMITTERS AND PRIMARY ELEMENTS 1 LS $25,000 $25,000 
PIT TAG EQUIPMENT 1 LS $85,000 $85,000 
PIT ANTENNAS 1 LS $15,000 $15,000 
EQUIPMENT CONNECTIONS 1 LS $6,500 $6,500 
SCADA 1 LS $50,000 $50,000 

SUBTOTAL CONSTRUCTION COSTS $24,823,856 
UNDEFINED DESIGN AND CONSTRUCTION ITEMS (30%) $7,447,157 

SUBTOTAL W/ CONTINGENCY $32,271,013 
Construction Management 8% LS $32,271,013 $2,581,681 
APS Procurement 4% LS $32,271,013 $1,290,841 
Design Contingency 10% LS $32,271,013 $3,227,101 
Bond and Insurance 3% LS $32,271,013 $806,775 

TOTAL ROUNDED OPCC $40,177,412 
Sales Tax 7.90% LS $18,079,835 $1,428,307 
B&O Tax 0.48% LS $41,605,719 $201,372 

TOTAL OPCC $41,807,090 

FISH TRANSPORT VEHICLE $110,000 
FISH TRANSFER TRUCK 1 LS $110,000 $110,000 
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CHEHALIS BASIN STRATEGY 
FISH PASSAGE DESIGN STUDY TEAM 

OPINION OF OPERATION AND MAINTENANCE COSTS 
CHTR FISH PASSAGE FACILITY FOR FRO AND HYBRID (RUN-OF-RIVER) DAM ALTERNATIVES 

Item Quantity Unit Unit Cost Amount Total 

LABOR 1 LS $7,576 $7,576 
Maintenance direct labor cost 0.008 FTE $57,000 $470 

(average 30 hr/week for 1-month operating period every 7 years) 
Maintenance benefits @1.15 labor cost 0.008 FTE $65,550 $540 

1- Fisheries technician direct labor cost 0.011 FTE $60,000 $659 
(full time for 1-month operating period every 7 years) 

Fisheries technician benefits @ 1.15 labor cost 0.011 FTE $69,000 $758 

2 - Seasonal technicians direct labor cost 0.015 FTE $24,000 $369 
(average 28 hrs/week for 1-month intensive operating period every 7 years) 
Seasonal technician benefits @ 0.85 labor cost 0.015 FTE $20,400 $314 

Annual inspections and Maintenance 0.035 FTE $60,000 $2,077 
(assume 3 people for annual (1) 3-day period) 
Annual inspections and Maintenance 0.035 FTE $69,000 $2,388 
FTE = Full time equivalent 

TRANSPORT (1 Diesel Vehicle at 10 MPG and $4/gallon) 1 LS $3,038 $3,038 
Assume 20 Mile Round Trip to a Release Site Above Reserovoir (Fuel) 86 MILES $0 $38 
Assume 1 Trip per day for each of the year, all year 
Annual Maintenance 1 LS $3,000 $3,000 

MONITORING & EVALUATION - PLACEHOLDER 1 LS $2,138 $2,138 
1- Fisheries technician direct labor cost 0.008 FTE $60,000 $495
 (average 30 hr/week for 1-month operating period every 7 years) 

Fisheries technician benefits @ 1.15 labor cost 0.008 FTE $69,000 $569 

2 - Seasonal technicians direct labor cost 0.011 FTE $24,000 $264
 (average 28 hrs/week for 1-month intensive operating period every 7 years) 

Seasonal technician benefits @ 0.85 labor cost 0.011 FTE $20,400 $224 

Associated science costs (e.g. - lab tests, etc.) 0.016 LS $37,000 $587
 (for 1-month operating period every 7 years) 

EXPENDABLES AND REPLACEMENT COSTS 1 LS $3,000 $3,000 $3,000 

ELECTRICAL 1 LS $3,472 $3,472 
Assume average of 30 kWh/day           1,211 kWh $0 $109 
Pumping Costs (assume 1 month operation every 7 years)         37,367 kWh $0 $3,363 

TOTAL ANTICIPATED OPERATIONS AND MAINTENANCE COSTS $19,224 
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