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Executive Summary 

This Feasibility Assessment Report evaluates engineering solutions to enable volitional fish 
passage for South-Central California Coast steelhead trout at Lopez Dam. The assessment 
was conducted to inform the development of a draft Habitat Conservation Plan by the San Luis 
Obispo Flood Control and Water Conservation District and for review of the same by the 
National Marine Fisheries Service. Through a collaborative, transparent process involving 
stakeholders and a structured quantitative evaluation, the report identifies and ranks the 
feasibility of fish passage alternatives based on technical, biological, operational, 
environmental, and economic criteria. 

Five alternatives, two upstream and three downstream, were evaluated using a detailed 
scoring matrix across seven categories: Biological Efficiency, Constructability, Operation, 
Design Approach, Environmental Impact, Regulatory Compliance, and Financial Criteria. 
Among upstream options, a trap-and-haul system ranked highest, while for downstream 
passage, in-tributary trap-and-haul facilities located in Lopez Canyon and Wittenberg creeks 
were found to be most viable. Other alternatives were determined to be infeasible due to dam 
safety risks, excessive water flow requirements, high costs, or lack of proven performance. 

Based on these findings, the report recommends as the most practicable option 
implementation of a seasonal trap-and-haul system for upstream passage using a picket 
barrier and trap box. For downstream passage, it is recommended to also use a picket barrier 
and a trap box seasonally in the two tributaries for at least five years to gather performance 
data and assess the need for a permanent off-channel trapping system. Although these 
methods are not volitional, they represent the most feasible and lowest risk options currently 
available for steelhead trout passage at Lopez Dam that could be incorporated into the 
ongoing development of the Arroyo Grande Creek Habitat Conservation Plan. 
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1.0 Introduction 

This section presents a summary of the Steelhead Passage Feasibility Assessment of Lopez 
Dam (Project), including contract authorization, purpose, project understanding, background, 
and report organization. 

1.1 Purpose 

The purpose of the Project is to conduct a comprehensive steelhead trout passage feasibility 
assessment that includes potential engineering solutions to enable volitional passage of the 
South-Central California Coast (SCCC) Distinct Population Segment (DPS) of steelhead trout 
(Oncorhynchus mykiss) at Lopez Dam, both upstream and downstream.  

The purpose of this Feasibility Assessment Report is to summarize the study, analysis of 
alternatives development, and evaluation. The objective is to conclude with sufficient 
justification that certain volitional passage options (alternatives) may or may not be feasible or 
practical. This feasibility assessment is intended to inform and support the conservation 
strategy for the draft Lopez Water Project Habitat Conservation Plan (HCP), which will be 
reviewed by the National Marine Fisheries Service (NMFS) and U.S. Fish and Wildlife Service 
(USFWS) pursuant to the Endangered Species Act (ESA) section 10(a)(1)(B) and relevant 
implementing regulations. The objective is achieved by providing science-based, factual 
evidence, credible and accurate information in an impartial, transparent, and complete 
evaluation that includes the collaborative development approach solicited during the 
development of the report. This report presents the findings from the stakeholder process and 
a ranked list of recommendations for fish passage alternatives that are based on a quantitative 
assessment process. 

This report does not address, establish, or recommend minimum flow release requirements. 
Any determination of minimum flow releases, including what is necessary to support SCCC 
steelhead trout, is expressly outside the scope of this report and is addressed in separate 
documentation prepared for and by the County of San Luis Obispo (County). Flow values 
referenced herein are presented solely in the context of evaluating certain fish passage 
alternatives across Lopez Dam and should not be construed as minimum flow 
recommendations. To the extent that any such values differ from, or exceed, minimum flow 
thresholds identified by other parties, those discrepancies are solely the responsibility of the 
County to resolve. For the avoidance of doubt, nothing in this report shall be construed, cited, 
or relied upon in litigation or other proceedings as establishing, recommending, or endorsing 
any minimum flow release requirements. 
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1.2 Authorization 

The County has contracted McMillen, Inc. (McMillen) to provide engineering services to assess 
the feasibility of providing upstream and downstream passage to steelhead trout at Lopez 
Dam. The County owns and operates Lopez Dam. The contract was authorized on April 8, 
2025. The County’s Contract number is 552R235006. 

1.3 Standard List of Terms and Abbreviations  

ACI American Concrete Institute 

ADM Aluminum Design Manual 

AISC American Institute of Steel Construction 

ANSI American National Standards Institute 

AQMD Air Quality Management District 

ASCE American Society of Civil Engineers 

ASHRAE American Society of Heating, Refrigerating and Air-Conditioning Engineers 

ASME American Society of Mechanical Engineers 

ASTM American Society of Testing and Materials 

AWS American Welding Society 

AWS auxiliary water supply 

CalOSHA California Occupational Safety and Health Administration 

CARB California Air Resources Board 

CBC California Building Code 

CCOR California Code of Regulations 

CDFW California Department of Fish and Wildlife 

CEQA California Environmental Quality Act 

CESA California Endangered Species Act 

CWA Clean Water Act 

DO dissolved oxygen 

DPS Distinct Population Segment 

DSOD Division of Safety of Dams 

EDF energy dissipation factor 

EL elevation 

ESA Endangered Species Act 
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ESU Evolutionarily Significant Unit 

FSC floating surface collector 

ft feet 

ft3 cubic feet 

gpm gallons per minute 

HCP Habitat Conservation Plan 

HDPE high-density polyethylene 

HVAC heating, ventilation, and air conditioning 

IBC International Building Code 

IEEE Institute of Electrical and Electronic Engineers 

IESNA Illuminating Engineering Society of North America 

ISA Instrument Society of America 

ITP incidental take permit 

lbs pounds 

LLO low-level outlet 

mm millimeter 

NACE National Association of Corrosion Engineers 

NEC National Electrical Code 

NEMA National Electrical Manufacturers Association 

NEPA National Environmental Policy Act 

NFPA National Fire Protection Association 

NHPA National Historic Preservation Act 

NMFS National Marine Fisheries Service 

NOAA National Oceanic and Atmospheric Administration 

NPDES National Pollutant Discharge Elimination System 

O&M Operations and Maintenance 

OCSD Oceano Community Services District 

OSHA Occupational Safety and Health Administration 

PGE Portland General Electric 

PLC programmable logic controller 

PVC polyvinyl chloride 

RWQCB Regional Water Quality Control Board 
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SCCC South-Central California Coast 

SEI 
sf 

Structural Engineering Institute 
square feet 

SHPO State Historic Preservation Office 

SWPPP Stormwater Pollution Prevention Plan 

T ton 

TM Technical Memorandum 

UL Underwriters Laboratories 

USACE United States Army Corps of Engineers 

USACE Ems United States Army Corps of Engineers Engineer Manuals 

USFWS United States Fish and Wildlife Service 

USGS United States Geological Survey 

WMP Watershed Master Plan 

1.4 Background 

Lopez Dam has been identified as an impassable barrier on the Arroyo Grande Creek, blocking 
passage for the SCCC steelhead trout. The SCCC steelhead trout was originally listed in 1997 
as threatened under the NMFS Evolutionarily Significant Unit (ESU) policy. The listing was 
reaffirmed in 2006 under the DPS policy. The SCCC steelhead trout are now listed as 
threatened under the Endangered Species Act (i.e., ESA listed). NMFS identified SCCC 
steelhead trout in Arroyo Grande Creek as a "Core 1" population in the agency's 2013 
Recovery Plan (NMFS 2013). Nearly 40% of the populations in the DPS were designated by 
NMFS as Core 1. NMFS explained Core 1 populations are the highest priority for recovery 
based on a variety of factors. NMFS included Arroyo Grande Creek downstream of Lopez Dam 
and Los Berros Creek in the area designated as critical habitat for the SCCC steelhead trout in 
2005 (NMFS 2005; 70 FR 52488). 

In the 2000s, the County completed the Lopez Dam seismic remediation project that included 
changes to the dam and outlet works. The necessary permits and authorizations were 
obtained, including a permit from the U.S. Army Corps of Engineers and biological opinions 
from NMFS and the U.S. Fish and Wildlife Service. In Figure 1-5, the cross section of the 
downstream face shows the seismic retrofit. 

Lopez Dam is a vitally important element of water infrastructure for the communities in the 
County. Its primary purpose is to provide drinking water supply for 50,000 residents. Its 
ancillary benefits are flood protection for both residences and agricultural lands, groundwater 
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recharge, and recreational opportunities. The dam has been and continues to be a critical 
infrastructure component for Arroyo Grande Creek and the surrounding communities. Fish 
passage solutions would need to preserve these functions. The SCCC steelhead trout in 
Arroyo Grande Creek currently cannot access upstream rearing and spawning habitats. Lopez 
Dam affects both upstream and downstream migration. 

NMFS has asked the County to assess fish passage at Lopez Dam while in the process of 
developing an HCP. NMFS has communicated that “mechanistic solutions to fish passage 
impediments can be problematic for a variety of reasons, including: the limitations in the 
operations during high flows when fish are most likely to be migrating; periodic mechanical 
failures which result in migration delays, or lost migration opportunities; and the expense of 
personnel and equipment to maintain such operations” (NMFS 2013, p. 7-9). The County has 
therefore requested that McMillen assess volitional fish passage feasibility at Lopez Dam.  

1.5 Location  

The Arroyo Grande Creek Watershed is on the Central California Coast in an arid region with 
highly variable rainfall and stormwater runoff (Stetson Engineering, Inc. 2004). The watershed 
is located in southern San Luis Obispo County (Figure 1-1). The watershed also supports 
permanent agricultural crops (e.g., citrus orchards, vineyards, ranches, and low crops) and 
seasonal row crops (Stetson Engineering, Inc. 2004). Lopez Dam and Reservoir provide water 
supply for agricultural and municipal needs by storing stormwater runoff during the winter and 
early spring and providing managed releases throughout the year to meet downstream 
demands. Additionally, diversions from the reservoir through a 3-mile pipeline to a water 
treatment plant provide treated water to the Arroyo Grande, Pismo Beach, Grover Beach, 
Oceano Community Services District (OCSD), and County Service Area 12 (CSA 12). Each year, 
4,530 acre feet (AF) is delivered to the water treatment plant. The watershed drainage rises to 
a maximum elevation (EL) of approximately 3,100 feet above sea level. Arroyo Grande Creek 
empties into the Arroyo Grande Lagoon. 
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Figure 1-1. Arroyo Grande Watershed and Location of Lopez Dam in the San Luis Obispo 
County, California (Source: County of San Luis Obispo)

1.6 Existing Project Description

Lopez Dam is a zoned earthfill dam constructed in 1968. The dam is 1,120 feet long and has a 
vertical height of 168.2 feet measured from the crest (EL 538.61 min.) to the outlet pipe invert, 
EL 370.4 on the river side. The dam crest is 40 feet wide and is used as a roadway (Lopez 
Drive) to connect the town to the southwest to the Lopez Lake Recreation Area.

The dam retains water using a compacted clay core and a cutoff trench keyed into bedrock. 
The core has a minimum width of 25 feet, and the cutoff trench is keyed in a minimum of 
10 vertical feet. The core is buttressed by a compacted sandy gravel layer on the upstream 
side and a compacted random zone on the downstream side. The dam employs a 10-foot-wide 
filter zone on both sides of the core, and a 10-foot-wide gravel drain on the downstream side 
of the core. The gravel drain extends from the core to the downstream toe of the dam where it 
outlets to a riprap-lined collection area and is conveyed away from the dam. Abutment 
drainpipes are used to convey seepage along the foundation of the dam to the riprap-lined toe 
collection area. The upstream portion of the dam is overlayed with a 20-foot-thick layer of 

1 All elevations are in imperial measurements, i.e., feet and NAVD 88.
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tuffite (i.e., volcaniclastic) rock and a 10-foot-thick layer of graded tuffite rock for erosion 
protection. The dam slope is at 3H:1V on both sides of the dam and is benched at EL 450 with 
an outward slope of 0.05 ft/ft. The bench on the reservoir side is 100 feet long, while the 
bench on the downstream side is 120 feet long.  

Lopez Dam utilizes a concrete spillway to pass storm flows and is equipped with a side 
channel ogee weir at crest EL 522.6. The spillway chute is linear, and it terminates with a 
16-degree launch angle flip bucket with an invert at EL 387.6 to dissipate the flow energy 
from the spillway. The dam also includes an intake control building, a 42-inch welded steel 
pipe encased in concrete, an outlet control building (i.e., outlet works), and other 
appurtenances. The intake structure includes seven inlets that are each connected to a 
common header at 45 degrees. The inlets are approximately 15 feet apart vertically, and each 
is equipped with a trashrack and a fish screen. The fish screens have openings of 
approximately 10 inches by 12 inches, larger than the trashrack openings of 1/2-inch bar at 
4 inches on center. We note that this information does not seem correct because the screen 
should have smaller openings than the trashrack openings. This information is from the 1967 
as-builts drawings (sheet 28 of 57). McMillen does not know if the screens have been updated 
since to meet NMFS and CDFW requirements. The fish screen and the trashrack are both hot-
dip galvanized. Figure 1-2 through Figure 1-5 present an overview of Lopez Dam.  

During upstream migration (December 1 to May 1), water levels in Lopez Reservoir can 
fluctuate by up to 69.3 feet. During downstream migration (February 15 to June 15), 
fluctuations of up to 62 feet can occur. Both represent significant variations. 
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Figure 1-2. Lopez Dam Overview (Source: Google Earth)

Figure 1-3. Lopez Dam on Arroyo Grande Creek, San Luis Obispo County
(Source: ForestWatch)

Lopez Dam

Intake Control Bldg.

Spillway Inlet

Spillway Channel

Outlet Control Bldg.

Arroyo Grande Crk.

Lopez Dr.

Lopez Reservoir 



Steelhead Passage Feasibility Assessment of Lopez Dam Feasibility Assessment Report

Rev. 0 / September 2025 10

Figure 1-4. Cross Section through Lopez Dam (Source: Koebig & Koebig, Inc. 1967)

Figure 1-5. Cross Sections of the Downstream Face Showing Seismic Retrofit
(Source: URS 2000)
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1.7 Report Organization 

The major report sections and intended purpose of each are presented in Table 1-1.  

Table 1-1. Feasibility Assessment Report Organization 

Section Description Purpose 

1 Introduction Summarizes the Project authorization, background, existing 
conditions, purpose, and scope. 

2 Design Criteria Presents the pertinent data and design criteria that are used in 
the analysis and alternatives development.  

3 Initial Screening  Presents upstream and downstream fish passage options that 
were selected through a collaborative process, which are 
presented in Appendix B. The limitations of volitional and 
nature-like fishways, and a summary of options are presented 
in this section as well. 

4 Alternatives 
Development 

Outlines the approach to developing the alternatives and 
presents a succinct description of each alternative selected for 
the advancement. For those alternatives being advanced and 
developed, conceptual drawings were prepared (Appendix C), 
H&H calculations were performed and documented (Appendix 
D; Task 2), and an opinion of probable construction cost, Class 
5 estimates per the AACE, were developed (Appendix E). 

5 Alternatives Evaluation Presents the evaluation criteria and the findings/evaluation of 
each alternative that were selected following the initial 
screening. This section presents the ranking of the alternatives. 

6 Conclusion and 
Recommendations 

Presents the conclusions of the alternatives evaluation and 
McMillen’s recommendations. 

7 References Documents the references used in developing this report. 

Appendices 

A TM002 - Design Criteria Presents the design criteria for the Project. 

B TM003 - Fish Passage 
Alternatives Pre-
Screening Evaluation 

Presents the fish upstream and downstream passage options, a 
pre-screening evaluation, and selection of alternatives to 
develop. The Evaluation Matrix is in this TM as well.  

C Conceptual Drawings Presents drawings illustrating the basic conceptual level 
details (plan and section) of each alternative advanced. 

D Hydrology and 
Hydraulics Calculations 

Presents H&H calculations supporting the conceptual 
alternatives design development and evaluation. 
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Section Description Purpose 

E Engineering Cost 
Estimates  

Summarizes the Class 5 Construction cost estimates and the 
Operation and Maintenance estimates prepared for the 
alternative’s evaluation. 

F County and TAC 
Coordination Meeting 
Minutes 

Meeting documentation with the County and Interagency 
Technical Advisory Committee (TAC). 
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2.0 Design Criteria  

The design criteria pertinent to the Project have been developed and are documented in 
Appendix A. The design criteria technical memorandum (TM) 002 (McMillen, Inc. 2025a) 
includes biological, hydraulic, hydrologic, and engineering criteria that have been used to 
develop the design.  

TM 002 incorporates the most current fish passage criteria issued by NMFS and the California 
Department of Fish and Wildlife (CDFW), which are commonly applied in the planning and 
development of fish passage facilities. The TM further references applicable state and federal 
engineering standards governing the design and construction of water-retaining structures.  

The objective of the TM was to collectively establish project-related design criteria with the 
Project stakeholders. To this end, the design criteria were developed early in the process and 
were distributed across the Project’s team to solicit input and obtain agreement from 
stakeholders at the Project onset. 
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3.0 Initial Screening 

Technical memorandum 003 (McMillen 2025b) (Appendix B) tabulated all known upstream 
and downstream fish passage options, regardless of feasibility. For each option, the TM 
presented a high-level evaluation (i.e., pre-screening assessment), documented pros and cons, 
and provided a recommendation to advance or not advance, together with a justification. This 
information was reviewed during a workshop with the County to gain agreement on options to 
bring to a conceptual level. 

This step was necessary to limit re-work and to provide rational reasons why an alternative 
had not been recommended to be advanced. In addition, the TM presented the fish passage 
evaluation criteria and Evaluation Matrix that will be applied to the alternatives selected for 
advancement to the next level of development and evaluation.  

This section presents the list of upstream and downstream fish passage options that were 
selected to advance through this collaborative process. The details and reasoning for each 
selection are presented in Appendix B.  

3.1 Volitional Definition and Limitation  

The term “volitional” is generally understood to mean that fish have the ability to pass 
upstream or downstream of their own will, at their own pace, when they desire, with no 
human interference. Nature-like fishways are generally understood to be volitional, while 
“technical” fishways can either be volitional or not, depending on if they connect the tailrace to 
the reservoir hydraulically. 

Table 3-1 presents examples of volitional fish passage to provide a visual description of 
designed and built (or pending construction) projects that include volitional fish passage. 
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Table 3-1. Volitional Fish Passage Examples

Photo Description 

Total Head; 
Reservoir 

Fluctuation 
(ft)

Howland Fish Bypass Channel, 
Piscataquis River, Maine, USA 
(Source: The Nature 
Conservancy)

21; ~2

Nature-like fishway constructed
on the Cariboo Dam located on 
the Brunette River, for Metro 
Vancouver (Source: NHC)

9; <1

Nature-like fishway planned for 
Okanagan Lake Outlet Dam 
East Salmon Passage, British 
Columbia (Source: Okanagan 
Nation Alliance)

<9; <1
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Photo Description 

Total Head; 
Reservoir 

Fluctuation 
(ft)

Opal Springs Volitional Fish 
Passage, Crooked River, 
Oregon. vertical slot

30; <3

Trabuco Creek chute and pool 
roughened channel fishway 
across I-5 bridge array –
pending construction of a 650-
foot-long bypass chute and 
pool connected to 675-foot 
transport channel (Source: 
Caltrout)

N/A; not a 
reservoir 

but an 
instream 
fishway

In addition, for a volitional system to work effectively (i.e., safe, timely, and effective) within its 
operational range, the fishway needs to have minimum water level fluctuation in the tailrace 
and/or reservoir. In other words, it needs stable conditions. 

When feasible, volitional passage facilities are preferred (NMFS 2023a, p. 46). Nature-like 
fishways are typically preferred, when feasible, because they provide volitional passage both 
upstream and downstream, can provide habitat for multiple aquatic species, and are 
aesthetically pleasing. Yet, there is a need to also balance client commitments, financial 
constraints, and fish population recovery goals.

Some of the limitations for volitional and nature-like fishways follow below. While these 
limitations are known, the list of fish passage options described in this report was purposefully 
broad and comprehensive in order to provide transparency and a fulsome analysis.
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 Hydraulic connectivity: There is a risk of losing hydraulic connectivity when the tailrace 
and/or reservoir have large water level fluctuations. This is because there will be either 
no water supply at low reservoir levels (i.e., loss of hydraulic connectivity that causes 
an area to dry up, potentially stranding aquatic species) or too much flow at high 
reservoir levels that would potentially destabilize the channel structure and create a 
significant dam safety risk. 

 Reservoir fluctuation and maximum average channel velocity: NMFS recommends 
the maximum average channel velocity to be no greater than 5 ft/s (1.5 m/s), regardless 
of channel slope, in a nature-like fishway (NMFS 2023a). Reservoir fluctuation greatly 
impacts the average channel velocity, allowing only for a very limited fluctuation level 
(e.g., ~2 feet), if not using exit pools. Change in reservoir operation would either be so 
constrictive that Lopez Dam would lose its primary function of providing drinking water 
or not sufficient enough to make a nature-like fishway function as intended. 

 Dam height: A nature-like fishway works best when the dam height is less than or 
equal to 10 feet (3 m) (CETMEF 2008).  

 Exit pool structure: There needs to be an exit pool structure that includes a large 
number of gated exit pools to address the fluctuation in the reservoir. Each gate would 
be operated individually within a bandwidth, and a gate would need to close and then 
open the adjacent gate when the water level fluctuates out of a gate’s bandwidth. The 
largest constructed exit pool structure known is the Clackamas River North Fork Dam 
Fishway located in Oregon and operated by Portland General Electric; the pool 
structure includes 20 exit pools. Note that this exit pool structure is no longer in 
operation over the full reservoir fluctuation of 20 feet due to a change in reservoir 
operation.  

 Dam safety: The fishway needs to be sized for the low reservoir level, necessitating the 
need for a dam penetration (transport channel) that could result in dam safety risks. 
See the summary in Section 4.1.1.2. 

 Ambient light and closure gates: The penetration (transport channel) would need to 
be large enough to allow ambient light to not limit fish passage. The large tunnel or 
open trench would need to be regulated with closure gates.  

 Sediment mobilization: Nature-like fishways work best when connecting to either a 
small reservoir with limited water level fluctuation or when connecting upstream of the 
head pool. The reason is that the fishway would then behave similarly to its adjoining 
reaches, which would allow sediment movement. However, the Lopez Reservoir 
behaves as a sediment trap which would then limit the ability of the nature-like fishway 
to aggrade sediment at the rate of sediment erosion. This in itself would require long-
term maintenance and an annual sediment augmentation plan. 
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3.2 Fish Passage Options 

The following presents the options selected for advancement following the pre-screening 
evaluation for upstream and for downstream fish passage. These options are further 
developed in Section 4.0 of this report. 

Upstream fish passage: 

 Vertical slot fishway 

 Trap-and-haul facility 

Downstream fish passage: 

 Floating surface collector  

 Helical fish passage system 

 In-tributaries trap-and-haul facility  
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4.0 Alternatives Development  

This section presents the development of each alternative selected for advancement. 

4.1 Upstream Fish Passage  

This section presents a description of the two upstream fish passage options selected for 
further development:  

 Vertical slot fishway 

 Trap-and-haul facility 

4.1.1 Vertical Slot Fishway 

This alternative would be a technical pool-type fishway utilizing vertical slots, dam 
penetration, and an exit pool structure with a series of gated exit pools. The vertical slot ladder 
would lead from the tailrace to a transport channel through the dam. The transport channel 
would connect to an exit pool structure. To accommodate the full reservoir variation between 
the maximum normal reservoir level and minimum normal reservoir level during the upstream 
fish passage period of December 1 through May 1 (i.e., low and high reservoir levels are 
526.6 ft and 457.3 ft, respectively), 70 exit pools would be needed to address the 69.3 feet of 
vertical variation. The fishway known to have the most exit pools in the world, the Clackamas 
River North Fork Dam Fishway on the Clackamas River, has 20 exit pools and is no longer in 
operation. The fishway known to be in operation with the second most exit pools is the Soda 
Springs fishway, on the North Umpqua River, with 14 exit pools. Both fishways are located in 
Oregon and have significantly fewer pools than would be required for this design. 

To make this alternative viable and to reduce the number of exit pools, it is necessary to 
narrow the operational range. This is because each exit pool needs to be equipped with a slide 
gate that must open at a specific reservoir level while all other gates remain closed. To achieve 
this level-specific control, each slide gate must be motorized and rely on accurate level sensors 
both inside and outside the fishway pools. All components must function in coordination 
through a programmable logic controller (PLC) to ensure reliable operation. However, the 
large number of mechanical and electrical components would significantly increase the risk of 
equipment failure. Such failures could not only compromise the performance of the fishway but 
also lead to uncontrolled water releases; though, the occurrence of this risk is considered rare. 

Although the lower gates are not designed as low-level outlets (LLOs), they would function 
similar to LLOs at full reservoir conditions and therefore carry similar risks. As such, they 
would require periodic inspections, typically every five years, consistent with LLO safety 
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protocols. This risk is identified as it would require review and approval from California 
Division of Safety of Dams (DSOD). 

Upstream migration typically follows a bell-curve pattern rather than a linear one, with the 
majority of fish migrating during a concentrated window, preceded by a few early arrivals and 
followed by late stragglers. Therefore, if alternative development efforts concentrate on the 
peak migration period (between January 1 and March 31) and consider that the bar at Arroyo 
Grande Lagoon is usually closed in April (restricting upstream fish passage), the operational 
window could be shortened. In addition, assuming fish passage would be ineffective during 
extreme dry and wet years, the reduced operational window appears feasible by
accommodating a vertical variation of 24.5 feet (from 488.0 ft to 512.4 ft). This would require 
25 gated exit pools versus the 70 presented above. The corresponding volume over the 
3-month period is approximately 13,564 acre-feet; though, the reservoir would remain 
available for recharge during that time.

Figure 4-1. Proposed Upstream Fishway Operational Range During Upstream Migration
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Creating operational limitation does not necessarily mean that there will be an impact to the 
reservoir operation. The following scenarios have potential limitation impacts that need to be 
considered by the County: 

 Scenario 1: Fishway is fully operational during January 1 to March 31 passage window. 
The reservoir water level would need to be managed differently as the water level 
fluctuation would be capped. This would allow upstream passage, but there may be 
other implications. The limitation in operation would also depend on hydrology, so 
upstream passage is not truly guaranteed within this scenario. For example, drought 
conditions where the reservoir could not be kept high enough would impact operability 
of the fishway; conversely, a wetter year may reduce the duration of time the fishway 
would be operational because it may be optimal to fill the reservoir above the high 
operational limit of 512.4 feet. 

 Scenario 2: Not limiting reservoir operation but understanding that the fishway can 
only be operational while having the reservoir within a specific bandwidth. Outside of 
that bandwidth, the fishway could continue operating within a plus/minus 18 inches 
outside of the criteria and with reduced efficiency. Beyond that bandwidth, the fishway 
would need to be turned off. This would allow the operator to continue to operate the 
reservoir as required for drinking water storage, with fish passage provided when the 
conditions are favorable.  

Therefore, it is important to note that the fishway operational limitation does not necessarily 
limit the operation of the reservoir. The reservoir could continue to be operated as per the 
current operating procedure. It could be possible to reduce the operation as presented above 
from 488.0 feet to 512.4 feet, if required to keep the full operation range.  

This alternative includes different major components such as a fish ladder, transport channel, 
and exit pools (Figures 1 and 2 in Appendix C). The following sections present each 
component in greater detail. 

4.1.1.1 Fish Ladder 

The fishway is sized following the minimum pool dimensions and energy dissipation factor as 
presented in McMillen (2025a) TM002. The fishway would be a conventional vertical slot 
ladder without an auxiliary water supply (AWS) flow. It would have 148 pools, 25 of which 
would be exit pools (located upstream of the dam in the reservoir, with a total length of 
260 feet). It is important to note that some of the largest fishways generally have a maximum 
of 120 pools. The first 123 pools would be located downstream of the dam, with a total length 
of 1,297 feet. The vertical slot ladder would have a slot width of 9 inches and no sill within the 
slot. The sill would make it difficult to maintain the fishway, it would limit fish passage 
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upstream, and limit the ability of the fish to descend the fishway if the water supply to the 
fishway was lost, which could result in fish kill. This is especially true considering that the sill 
would be abnormally tall (4.25 feet tall versus the average water depth of 5.5 feet) and would 
be required to decrease the fishway flow to 7.9 cfs (maximum low flow). Instead, the fishway 
is sized for standard operation to determine the expected flow rate of the fishway. The fishway 
flow rate would be 27.1 cfs.  

Fish ladders are often used with AWS systems to increase the attraction flow (attraction 
potential of fish from the tailrace into the fishway). However, because the outflow at Lopez 
Dam is highly regulated and generally flows are at approximately 5.9 to 7.9 cfs during the fish 
passage window, AWS flow is not technically required at this site as the ladder flow alone 
would match the river flow. The ladder flow was calculated to be 27.1 cfs (without a sill or 
7.9 cfs with a 4.25-foot-tall sill). Since AWS flow is not used for this alternative, the entrance 
pool would be a typical ladder pool.  

A key design factor for fish ladders is handling fluctuating tailwater levels. To manage this, 
entrance pools often include a gate to regulate head, and some sites require multiple 
entrances. At Lopez Dam, however, tailrace levels are stable during the fish passage window, 
varying by only 8 inches (see Figure 4-2). Therefore, a single orifice entrance with a slide gate 
is assumed. The gate would mainly serve isolation and maintenance functions, operating either 
fully open or closed—not for regulating flow or head.  

The top of the entrance orifice would sit about 4 inches below the minimum tailwater elevation 
to maintain submergence and streaming flow, which is preferred over plunging flow to avoid 
fish injury and poor passage conditions. While not its primary function, the gate could be used 
to increase velocity at the entrance to deter invasive species. The fishway should allow 
adjustment of the entrance hydraulic drop between 6 inches and 2 feet, as higher drops can 
limit passage for some species. 



Steelhead Passage Feasibility Assessment of Lopez Dam  Feasibility Assessment Report 

Rev. 0 / September 2025 23   

 

Figure 4-2. Tailwater Rating Curve Near the Outlet  

The standard pool size would be 10.5 feet wide by 9.66 feet long and have an average water 
depth of 5.5 feet. The pool volume is directly dependent on the fishway flow and the hydraulic 
drop per pool to meet the energy dissipation factor (EDF). For the Project’s target species, 
SCCC steelhead trout, an EDF of 3.13 ft/lbs/ft3 was selected, as well as larger pools to 
accommodate two recirculation zones within a pool, which favors resting and thus overall 
passage efficiency (Wang et al. 2010), especially because this ladder would become one of the 
longest in the world.  

4.1.1.2 Transport Channel 

Between Pool 123 and Pool 124, a transport channel would be provided to connect the 
upstream to the downstream side of the dam. The transport channel would be approximately 
640 feet in length with a very gentle slope of 0.03%. To mitigate the lack of ambient light, 
artificial underwater light could be used. The invert of the penetration through the dam would 
be approximately 57 feet below the dam’s crest and pass through the dam core. The location 
through the dam as shown (Figures 1 and 2 in Appendix C) was chosen to avoid proximity to 
the right abutment where the spillway is located, avoid proximity to the left abutment where 
the intake is located, and to avoid where prior seepage and apparent dissolution of materials 
was observed, monitored, and remedied through grout curtain injection and extension 
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(Woodward-Clyde Consultants 1992). The penetration location is also based on the need to 
locate 25 exit pools in the forebay.  

The water depth would be 3 feet. The transport channel would either be a concrete culvert 
6 feet tall by 4 feet wide or an HDPE pipe that would be 48 inches in diameter. The material 
selection would be dependent on the construction method and stability and seepage 
evaluations. Because the conduit would penetrate the dam, the size of the transport channel 
would have to be such that the water would not flow in an open channel (which is preferred) 
and that the pipe would not be pressurized. An observation port or ambient light (or electric 
light) would not be provided.  

An isolation gate would need to be installed just downstream of the exit pool structure. The 
gate would be a slide gate that is large enough to accommodate the transport channel 
opening and sized for approximately 52 feet of hydrostatic head. 

The following constructability and design concerns to the earthfill dam are to be considered in 
the alternative evaluation (i.e., dam safety concerns): 

 Known prior seepage on the left abutment of the dam. While this was remedied in 
1992, any new penetration could create new seepage routes. This would need to be 
carefully studied and documented with DSOD. 

 To stabilize soils during excavation, temporary excavation support would be required. 
Temporary soil anchors should not be allowed to penetrate the earthfill dam due to the 
potential risk of fracturing the dam core during the drilling and grouting of the anchors. 
Other means of soil stabilization would require consideration. 

 Some ground movements could occur during excavation. These ground movements, 
even small, may adversely affect the dam core (e.g., reduction in lateral stress, 
increased potential for internal erosion, etc.). These changes have the potential to 
destabilize the dam.  

 The transport channel would require seepage and internal erosion mitigation along its 
outside walls. A grout curtain or a sheet pile wall could be used to minimize seepage, 
but its installation could negatively impact the dam current configuration. 

 The addition of the transport channel could reduce lateral support/stiffness of the dam 
for both static and seismic loading conditions. 

 During or following an earthquake, the exit pool structure gates and the isolation gate 
may jam or incur operational failure which could lead to an uncontrolled release of the 
reservoir. Consideration should be given to mechanical solutions such as “fail safe” 
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operators that close after the loss of main power or by alarm using battery or solar 
backup. 

4.1.1.3 Exit Pool Structure  

The exit pool structure would include 25 pools and be approximately 260 feet in length. Each 
exit pool would have an exit gate (25 total), with all the gates closed apart from the one 
corresponding to the reservoir level. The gates would be automated and work on level control. 
They each would have a motor operator at the deck level. The appropriate gate would be open 
and work within a bandwidth of 1 foot, before closing and having the adjacent gate open and 
the current one close. Each exit would also be equipped with an isolation gate (25 total). The 
exit pool structure would be rotated (as shown on Figure 2 in Appendix C) to go along the 
shoreline. The advantage is to provide vehicular access to each gate for maintenance and 
operation. Between the exit pool structure and the shoreline, the volume would be filled with 
structural fill. The top of the exit pool structure would be grated and a handrail provided. The 
exit pool structure would be located behind the existing log boom to minimize debris 
accumulation on the fishway exit trashrack. A mechanical rake would not be provided. Access 
to the trashrack for the higher pools could be completed from the deck; though, access to the 
lower pools would likely require access from a boat.  

4.1.1.4 Capital and O&M Cost Estimate 

A Class 5 cost estimate, along with operation and maintenance cost estimates, has been 
prepared and is provided in Appendix E. All estimates are presented in 2025 dollars. The 
median construction cost is about $46,614,000 -50%/+100%. The annual O&M cost is about 
$208,000. The estimated life expectancy of this alternative is 50 years.  

4.1.2 Trap-and-Haul Facility 

When volitional passage is not feasible, three alternatives could generally be considered for 
sustaining migratory fish populations: (1) abandon the goal of sustaining migratory fish 
populations, (2) use below-dam hatcheries to replace the historical contribution of upstream 
habitats to migratory fish populations, and (3) increase or improve habitat in the rivers below 
dams (Lusardi and Moyle 2017). Each option has limitations and generally leads to long-term 
population declines (Lackey et al. 2006; Montgomery 2003). When either one of the three 
alternatives presented by Lusardi and Moyle are infeasible and not applicable to meet the 
project goal, a fourth alternative must be considered—providing non-volitional passage. Trap-
and-haul systems can provide an engineered alternative to restore aquatic connectivity. These 
systems involve the physical capture and transport of fish around an obstruction. 
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Trap-and-haul facilities have many advantages over other fish passage types. The following 
are some of the advantages: 

 Is independent of the size of the dam. 

 Is not affected by the reservoir variation. 

 Allows a flexible management framework for resource managers. 

 Offers passage when other systems fail. 

 Provides the ability to move fish upstream of the reservoir, which can decrease 
predation potential, migration delay, pathogen transmission, and thermal perturbation.  

 Provides two-way solutions for resource managers, where both adults and out-
migrating juveniles can be captured and transported over dams (Lusardi and Moyle 
2017). 

 Improves the resilience of fish passages facilities to climate change. For example, trap-
and-haul facilities can be used to transport juveniles and adults around river reaches if 
the stream has insufficient instream flow or warm temperatures, whereas, the natural 
flow cannot be augmented (NMFS 2022). This advantage may or may not be applied at 
Lopez Dam dependent on modeled and approved base flows.  

Trap-and-haul facilities are, however, not a unique solution, and in fact the term poorly defines 
the facility’s structure and instead only defines its function. The structures can vary greatly in 
their cost, complexity level, operational need, and construction methodology and schedule. For 
example, the upstream fish passage can be as simple as a picket barrier spanning the river 
width that has an in-river trap box (aka, rigid weir): 

1. The trap box would get checked daily. 

2. A dip net would be used to catch the trapped fish and place them in a 5-gallon bucket 
of river water. 

3. Fish would be transferred to the transport truck using the bucket and placed in the 
truck. 

4. The fish would then be transported using a truck to an upstream release location and 
released.  

In contrast, the upstream fish passage can be a lot more complex: 

1. Fish would enter and ascend a technical fishway with multiple entrances that would 
lead to a pre-sort holding pool. 
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2. The fish would then be crowded towards a false weir and be distributed using 
automatic flip gates to sort fish into post-sort holding pools. 

3. Fish would then be gathered and transferred to a transport truck using a water-to-
water transfer system to minimize fish stress.  

4. After transport, to increase survival potential, fish may be kept in acclimation ponds 
before being released.  

For downstream fish passage, the process can be as simple as placing a fyke net across the 
river in-tributary then checking the trap daily to transport the fish as was done in the above 
procedure to a more complex system off-channel. Alternatively, a floating surface collector 
(FSC) in the reservoir with a mooring system and exclusion/guidance nets could be used to 
attract, trap, sort, and transfer fish from a barge to the shore where a fish transport truck could 
be used to transport the fish. Or a pipe from the shore to the tailrace could be used to transfer 
fish to the tailrace. Other options for downstream fish passage are trapping fish in the 
tributaries, in the reservoir at the dam, or at the head of the reservoir (Askelson et al. 2012), 
which has its own complexity.  

In summary, trap-and-haul facilities can be simple or complex depending on the overall 
environmental and management goals, number of fish, hydrology and hydraulics, and many 
more reasons. 

For this Project, due to (1) the limited number of SCCC steelhead trout downstream of the 
dam, (2) the limited instream flow released from the dam, (3) the need for adjustability as the 
spillway receiving pool and the outlet pool are not the same pool, and (4) the possible need to 
adjust the location of a trap to be effective (in-river downstream of the connection from both 
pools), this study proposes a simple in-river trap utilizing a temporary picket barrier and trap. 
Figures 3 and 4 (Appendix C) and the following sections present each component in greater 
detail.  

The picket barrier and trap may prove to be sufficient. However, if after a minimum of 5 years 
collecting biological performance data it is found that a more permanent trap is required, this 
option could be scaled up by integrating a permanent hydraulically driven picket fence (raised 
during upstream fish passage season and lowered the rest of the time) and installing an off-
channel trap. A good example of this is the Lostine River Satellite Facility in Oregon (Figure 
4-3). The off-channel option could range from $5M to $15M depending on the project’s needs 
and site selection. 
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Figure 4-3. Example – Lostine River Satellite Facility in Oregon

4.1.2.1 Picket Barrier

Picket barriers are commonly used in-river for trapping and counting adults. The fences are 
also used to collect broodstock or for upstream passage. At Lopez Dam, the picket barrier
would be located downstream of the confluence of the spillway flow and of the dam outlet 
flow. The picket barrier would be installed annually before the upstream fish passage window 
and then would be removed for the rest of the year. The picket barrier would span the Arroyo 
Grande Creek and be placed in a location with easy access for personnel to bring in the 
equipment to manage the captured fish. A reach with deeper water would be selected so that 
the velocity in the trap box is low to minimize fish stress. Due to the small width of the creek,
the picket barrier does not need to be complicated. Figure 4-4 presents examples of picket 
barriers and a trap box.
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Figure 4-4. Examples of In-River Temporary Traps for Adult Upstream Migration: (a.) Derby 
Dam Adult Trap, Nevada and (b.) Chelan Falls Adult Trap, Washington

Pickets can be oriented from 30 to 60 degrees from horizontal (as per example “b” in Figure 
4-4) or angled to the flow and vertical (as per example “a” in Figure 4-4). In either case, the 
picket barrier should be designed to lead fish to the trap box. The clear openings between the 
bars would be less than or equal to 1 inch to exclude anadromous salmonids and less than or 
equal to 0.75 inch to exclude Pacific lamprey (NMFS 2023a). Smaller openings may be 
required if resident species are also present that need to be excluded by the facility. The picket 
diameter would be equal to the selected clear opening to ensure that the picket array has a 
minimum of 40% open area (NMFS 2023a). While the picket bars can be made of steel, 
aluminum, or durable plastic, this study recommends aluminum for its durability, lighter 
weight, and limited corrosion potential. The design flow rate for example “b” is 185 to 235 cfs, 
and the flow rate for example “a” is < 20 cfs; therefore, a picket barrier of the size and style of 
example “a” is assumed for the Lopez Dam project. 

4.1.2.2 Trap Box

Generally, the trap box would be sized for the number of expected fish to be captured. 
Because that number is expected to be small, the trap would be sized for an operator to safely 
work within the trap rather than being sized for the number of fish. The trap would be placed 
in a river reach where the water depth is a minimum of 2 feet (NMFS 2023a) and where the 
maximum velocity through the trap box pickets is less than 1.25 fps (NMFS 2023a). The trap 
box would consist of an aluminum modular design. The trap box could be located closer to a 
shore (for access) or within the thalweg (deeper water) with the picket directing fish to the 
trap. The trap would have a floor panel, wall panels, and lid panels that weigh less than 
100 lbs each. The trapping mechanism would be an adjustable-throat width vee-trap with cod 
fingers. 

b.a.
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The trap would be 4 feet long by 4 feet wide by 4 or 5 feet deep, which depends on providing 
a minimum freeboard of 2 feet. A lid panel with a lock would be provided to limit poaching. 
The temporary trap would be anchored using T-bars and removed annually following the 
upstream migration window either April 30 or March 31, depending on when the bar at Arroyo 
Grande Lagoon closes. The installation and removal would be a manual effort requiring a team 
of two staff for two days. It would not require the use of heavy equipment. 

Final upstream release locations have not yet been selected. After being transported, fish 
should be released in a safe location with sufficient depth and good water quality (NMFS 
2023a). Currently, it is assumed that all adult SCCC steelhead trout captured below the dam 
will not be released in the reservoir but will instead be released in the tributaries. The primary 
identified release location is in Lopez Canyon Creek just upstream of the downstream trap 
location. Initially the downstream trap would be a picket barrier and trap box (aka, rigid weir). If 
this trap system changes to a more permanent system after a few years of operation, it would 
be recommended to provide passage of adult and kelt at the downstream trap diversion. 
Another possible release location is in Wittenberg Creek. In either release locations, the reach 
upstream would need to be surveyed to determine if there are natural barriers that may need 
to be adjusted to assure upstream movement of fish. For example, there are known 
constrictions in the lower reach of Wittenberg Creek.  

4.1.2.3 Capital and O&M Cost Estimate 

A Class 5 cost estimate, along with operation and maintenance cost estimates, has been 
prepared and is provided in Appendix E. All estimates are presented in 2025 dollars. The 
median construction cost is about $601,000 -50%/+100%. The annual O&M cost is about 
$279,000. The estimated life expectancy of this alternative is 10 years.  

4.2 Downstream Fish Passage  

This section presents a description of the following three downstream fish passage options 
selected for further development.  

 Floating surface collector (including guidance net and either bypass pipe or transport 
truck) 

 Helix 

 In-tributaries trap-and-haul facility  
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4.2.1 Floating Surface Collector  

This option would be a combination of an exclusion/guidance net, floating surface collector 
(FSC), and fish transport features. The FSC is a large floating juvenile collection facility for the 
purpose of collecting surface-oriented, out-migrant fish. FSC are increasingly being 
implemented to provide juvenile fish passage at hydroelectric projects with large storage 
reservoirs in the Pacific Northwest. FSC have been installed in strategic locations in the 
forebays of hydropower projects where juvenile fish have been known to congregate or where 
guide nets help guide the fish into the collection system. 

The FSC is depicted on Figures 5 and 6 included in Appendix C. The FSC described in this 
document is based on several fish collectors currently in use including the Upper and Lower 
Baker FSCs on the Baker River (WA), the Swift FSC on the Lewis River (WA), the North Fork 
FSC on the Clackamas River (OR), and the Cowlitz North Shore Collector on the Cowlitz River 
(WA). The following sections describe each component along with the associated benefits and 
concerns. 

4.2.1.1 Debris Boom 

The debris type, size, and shape varies throughout the year and is highly dependent on the 
local reservoir. Understanding the debris load in the reservoir is an important consideration 
when designing an FSC. Experience with FSCs has shown that debris handling is an important 
part of operating a fish-safe FSC, not to mention the efforts required by the operations crew. 
The existing debris boom at Lopez Dam that protects the water intake would need to be 
relocated to protect both the FSC and the water intake. However, due to the shape of the 
reservoir not being linear, a guidance net perpendicular to the FSC would need to be installed, 
similar to the Swift FSC, to increase guidance and trapping efficiency. Because of the guidance 
boom splitting the reservoir, the relocation of the guidance boom is not straight forward. For 
this effort, a 2,700 feet log boom was assumed. The debris boom would be designed to be 
capable of stopping trees, root wads, and other large debris. A fabricated boom by Pacific 
Netting Products that uses extruded high-density polyethylene (HDPE) would be used for the 
basis of design and is included for this alternative. The boom features closed joints between 
the boom’s individual HDPE pipe sections and has a 3-foot deep skirt (continuous rubber belt 
material) along the bottom of the boom that helps to contain more debris than a traditional log 
boom. It also has a splash guard which creates freeboard that angles back slightly upstream to 
help prevent debris from overtopping the boom. The system would require new shore anchors 
and a lake anchor. This type of boom does a good job of excluding large floating debris that 
would otherwise foul the nets and collector.  
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4.2.1.2 Exclusion/Guidance Nets 

Nets would be an important feature of the FSC to help guide fish to the entrance of the 
collector and to achieve a high collection efficiency. A flotation/submergence boom is included 
as part of this alternative. This boom (similar to the system used on the Baker and Lewis River 
FSCs) would allow the net to be lowered (fully submerged). The FSC and the net would be 
located away from the spillway to limit potential impact to the net during spill events. The nets 
would be relatively long with an upper support boom length of 1,500 feet and an estimated 
depth of 70 feet. In addition, another guidance net perpendicular to the FSC would be provided 
(similar to the Swift FSC) due to the shape of the nonlinear reservoir to increase fish collection 
and efficiency. This additional net would be 700 feet long with an estimated depth of 100 feet. 
The total guidance net area is estimated to be 181,000 ft2. The wide variation in the lake level 
would result in a complex mooring system for the netting and would cause the “stranding” of a 
significant amount of the netting and the support boom on the shore as the lake level drops, 
exposing it to damage and fouling. The flow velocity in the reservoir towards the collector 
would be very low (net approach velocity 0.12 fps, or less; based on existing FSCs).  

The guidance nets would extend from the shores to the FSC. Assuming that the FSC would be 
near the intake control building, the guidance nets would extend east and west as shown on 
Figure 6 in Appendix C.  

4.2.1.3 Trashrack and Automated Cleaner 

Debris management is important as the pumps used to attract fish to the FSC would also 
attract debris to the FSC. Therefore, a trashrack with an automated cleaner would reduce 
debris into the FSC. Less debris reduces the chance of clogging fishways and minimizes the 
associated reduction in fish collection efficiency and fish injury. The trashrack spacing would be 
a 4-inch clear opening for the upper 6.5 feet and an 8-inch clear opening below. This would 
allow fish to enter but would eliminate a majority of the tree branch-sized debris. The total 
amount of debris (floating and/or suspended; leaves, pine needles, branches, etc.) present at 
the specific site would determine how this material is handled and/or removed. For reservoirs 
with relatively little debris, it is sometimes acceptable to remove debris with dip nets from the 
holding tanks. For installations where the reservoir has a high debris load, it is possible to 
place a skimmer in front of the vessel to minimize floating debris. A trashrack cleaning machine 
would be needed to clean the debris from the trashrack.  

The proper disposal method for the woody debris varies by site. Common methods include 
using the spillway and a barge/ backhoe/ dump truck combination, collecting the debris into a 
pile to be burned in the spring once the burn-season opens, or hauling to a waste management 
facility, such as the Cold Canyon Landfill for disposal. At Lopez Dam, collection of woody 
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debris into a pile(s) for spring burning is recommended due to infrequent spilling. The basis of 
design for a trashrack cleaning machine is an Ovivo downward sweeping gripper rake similar 
to one that is used at the Cowlitz Falls North Shore Collector entrance. This system has proven 
to be an important debris management feature at fish collector entrances.  

Screen cleaners would also be required for both the primary and secondary screens. Screen 
cleaner options include a brush cleaner, water jet, and air burst systems. Each system has its 
limitations and should be chosen based on the type of debris anticipated. However, for this 
alternative development, a brush cleaner is expected, and the basis of design uses the  
Hydrobrush System HB9100 from Atlas Polar.  

4.2.1.4 FSC Vessel 

The FSC vessel depicted in Figures 5 and 6 in Appendix C is a 184-foot-long by 69-foot-wide 
vessel with an entrance flow capacity of 1,000 cfs. The vessel would need to be designed by a 
naval architect. It would need trim and ballast tanks, and its hull would need regular dive 
inspections and maintenance. The vessel could be raised or lowered using ballast tanks to 
perform an inspection and maintenance.  

The entrance flow would be split into a two-vee configuration. The screen area for dewatering 
this flow would be sized to be lower than an approach velocity of 0.4 fps and configured to 
achieve a capture velocity of 8 fps with gradual acceleration. The fish would enter the FSC 
through the coarse trashrack at the front of the vessel. The fish then would enter the primary 
screen section of the collection channel. The collection channel walls would be vertical and 
angled in a V-shape; the floor would have a slight upward slope. After the primary section, the 
fish would then enter the secondary screen area that would contain the capture section of the 
collection channel. The capture section could reach velocities of 6 to 8 ft/s. The floor of the 
secondary screens would slope upward as the vertical walls continue to narrow in a V-shape. 
Once the fish enter the collection zone, they would quickly pass to the fish handling area of the 
vessel. The fish would be further dewatered and sorted into holding tanks. The FSC would 
include provisions for fish separation (large fish, smolts, and fry), segregated holding, 
sampling, and loading. The FSC would require anchorage, which is assumed to be independent 
of the dam structure. The high level of reservoir fluctuation would add cost and operational 
challenges to anchoring the FSC in a relatively stable location. The FSC can operate well over 
the wide range of water levels. The FSC would require an approximately 1,000-KVA power 
service and a means to connect the power to shore to operate the horizontal propeller pumps, 
which are used to attract fish to and through the structure. 

The water would enter through a coarse trashrack at the front of the vessel. A bell mouth 
entrance could be used to provide a smooth hydraulic flow lines through the trashrack. The 
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primary screens would be V-shaped and would remove 60% to 90% of the water. The 
geometry for the V-shape width and floor would be chosen to provide a smooth acceleration 
of the flow and to maintain a safe approach velocity to the screens. The concept of the 
secondary screens would be similar but would become much narrower as more water is 
removed. Diffuser plates or baffles would be used directly behind the screens to ensure 
uniform approach velocities across the screen. From there, the water would enter plenums, 
which may combine water from several screens. Each plenum would then lead to a large 
horizontal propeller pump that is submersible and has high flow with low head. The pump 
outlets could be located either in the wall or the floor of the vessel. The number of attraction 
pumps required is dependent on the number of collection channels, the operational range of 
the FSC, and the incremental flow increases that are desired. Water that enters the fish 
handling area would be pumped separately. This amount of water may vary depending on 
design needs for species present in the reservoir but is generally 8 to 12 cfs per collection 
channel. Reducing flows is beneficial for pumping costs and for the vessel’s design as related 
to the largest floodable compartment. 

The FSC could be sized for half the flow rate; however, it would be recommended to run a 
computational fluid dynamic model to determine how much flow is sufficient to attract fish 
through the FSC. Due to the shape of the reservoir in relation to the FSC, the Swift FSC is the 
basis of design because of the similarities with Lopez Dam. The Swift FSC has a total flow rate 
of 1,000 cfs. In addition, all FSCs built to date are located in reservoirs used for hydropower, so 
in addition to the attraction flow from the FSC, there is also flow to the powerhouse intake 
guiding fish in the reservoir. Due to the lack of reservoir flow at Lopez Dam, more attraction 
flow may be needed.  

Table 4-1 presents examples of FSCs in the Pacific Northwest. The table includes construction 
cost, year constructed, the attraction flow rate, and if the fish are transferred downstream 
using a bypass pipe or a truck.  
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4.2.1.5 FSC Access

The FSC would be accessed by a trestle and a mooring tower. The mooring tower would be 
built upstream of the dam and would be similar in design as the mooring tower of the Swift 
FSC (see Figure 4-5). 

Figure 4-5. Aerial Photo of the Swift Floating Surface Collector (Source: PacifiCorp 2017)

4.2.1.6 Fish Transport and Bypass:

To transfer fish from the FSC vessel to a release site downstream of the dam, there are a 
couple of options: using a bypass pipe or trucking/hauling the fish. 

Bypass Pipe: Fish would be transferred into one of four 94 ft3 (700 gallon) tanks that would be 
lowered into a sump on the FSC. After being filled with fish, the tanks would be hoisted up 
with a jib crane to the trestle deck level, where fish would enter a fish return pipe. The bypass 
pipe would be an HDPE pipe that is 12 inches in diameter and 0.8 miles long at a 4% slope to 
have optimum hydraulic conditions in the fish return pipe. The pipe would flow at 40% full,
and the flow rate would be 2.5 cfs. The bypass flow would need to be pumped from the 
reservoir due to the reservoir variation and because the flow cannot be achieved by gravity. 
The bypass flow (2.5 cfs) may result in a large percentage of the instream flow, that is, 30% to 
40% (minimum instream flow; 5.9 – 7.9 cfs). For these reasons, together with the construction 
cost of the bypass pipe (estimated ~$1.5M), plus operating costs for pumping the bypass flow 
from the reservoir, a bypass pipe would not be recommended.
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Hauling: Hauling fish is more common especially with high reservoir fluctuations, as it removes 
a step in the process. When the tanks are hoisted up to the trestle deck level, the tank or its 
contents are transferred to a fish transport truck. The truck is then driven downstream for fish 
release. Depending on the number of fish, the frequency of the hauling may be a once-a-day 
event. 

Due to the Lopez Reservoir fluctuation, transporting fish in a truck and returning them further 
downstream may prove to be a cheaper and less limiting option. 

4.2.1.7 Capital and O&M Cost Estimate 

A Class 5 cost estimate, along with operation and maintenance cost estimates, has been 
prepared and is provided in Appendix E. All estimates are presented in 2025 dollars. The 
median construction cost is about $79,371,000 -50%/+100%. The annual O&M cost is about 
$730,000. The estimated life expectancy of this alternative is 50 years. The annual O&M cost 
includes ~$300,000 power cost for four months of operation of the attraction pumps, 
assuming an attraction flow of 1,000 cfs, a pump efficiency of 80%, and a rate of $0.30 per 
kWh. 

4.2.2 Helical Fish Passage System 

The only known helical fish passage system, Helix, is the one at the Cle Elum Dam, 
Washington, that was designed by the U.S. Bureau of Reclamation (USBR). This design 
includes an intake structure with multiple intakes to accommodate the varying reservoir level 
and underground helical fish passage, tunnel, and outfall. The Helix represents a 
groundbreaking design intended to fit a long, gradually sloped channel into a very compact 
physical space to produce a system that is both technically and economically feasible (USBR 
2016). Figure 4-6 and Figure 4-7 present the concept design for the Cle Elum project. The 
Helix looks and works like a parking structure ramp. The reservoir level determines which 
intake opening fish enter through. They are six different intakes vertically separated by 
11.75 feet that can address a reservoir fluctuation of 63 feet. The Helix is 52 feet in diameter 
and has a 4- to 5-foot-wide rectangular channel. Fish exit at the bottom of the Helix after 
traveling a 1,200-foot tunnel into the Cle Elum River. The system was sized for flow rates 
ranging from 90 to 400 cfs, with an expected flow of 200 cfs. The project involved more than 
200 engineers, scientists, architects, and hydraulic modelers and united federal, state, city, 
tribal, agricultural, and environmental organizations to support the restoration of Sockeye 
Salmon in the Yakima River basin. The total construction cost was $76 million (2018 dollars) 
and took four years to build from the spring of 2019 to October 2024. The actual project cost 
was much larger to validate this approach prior to starting design work.  
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Figure 4-6. Helix Structure at Cle Elum Dam, Washington

Figure 4-7. Layout of Intake Structure (USBR 2016)

For Lopez Dam, the helical fish passage system is illustrated in Drawings 7 and 8 in Appendix 
C. 
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4.2.2.1 Juvenile Intake Structure 

The juvenile intake structure at Lopez Dam would effectively replace the dam intake structure. 
The existing intake structure includes seven intakes, separated vertically by approximately 
15 feet, from EL 512.6 to 422.6. During the out-migrating period, the reservoir can vary by 
62 feet, from EL 526.6 to 464.6. In other words, some of the lowest existing intakes are up to 
42 feet below the low reservoir level during out-migration. Therefore, for constructability, 
construction period, and redundancy, it is recommended to build a separate juvenile intake 
structure to allow continued operation during construction and to better match the fishery’s 
need.  

Since the Cle Elum juvenile intake structure could accommodate a reservoir fluctuation of 
63 feet and the Lopez Reservoir fluctuation is 62 feet, the proposed configuration of the 
juvenile intakes is to keep the same number of intakes (i.e., six) and the same vertical 
separation of 11.75 feet as provided at Cle Elum.  

In addition, the exiting Lopez Dam intake has an outlet capacity of 150 cfs at minimum pool 
EL 432.6 (therefore more capacity at higher pool due to increased head differential,) which is 
also within the same range as Cle Elum. Therefore, the size of the juvenile intakes would be 
also similar to Cle Elum.  

4.2.2.2 Helix 

The Helix at Cle Elum has undergone a robust and detailed FLOW-3D analysis to determine 
the best geometry (diameter of the Helix) and the best hydraulic criteria within the flume 
(flume shape to minimize turning of the flow, velocity to transport fish, etc.). Because of the 
similar configuration at Lopez Dam, the Helix geometry proposed for this feasibility 
assessment is to be the same as Cle Elum, that is, 52 feet in diameter. The Helix would be 
located in a 110-foot diameter vertical shaft. The shaft would be vertically divided in two, with 
the Helix on the downstream side. The other side would be used for underground floors 
corresponding to each intake level. The overall depth would be increased from 94 feet to 
165 feet. The Helix would be built at the rocky point, east of the existing intake structure. A 
geotechnical investigation would be required.  

4.2.2.3 Juvenile Downstream Tunnel 

The tunnel would be a 5-foot diameter HDPE pipe approximately 2,000 feet long. This tunnel 
would extend from the bottom of the Helix to a location adjacent to the outlet control building. 
The tunnel would pass outside of the dam footprint and would therefore not impact the core of 
the dam. A geotechnical investigation would be required to understand the tunneling means 
and methods that could practically be used to construct the tunnel. 
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4.2.2.4 Capital and O&M Cost Estimate 

A Class 5 cost estimate, along with operation and maintenance cost estimates, has been 
prepared and is provided in Appendix E. All estimates are presented in 2025 dollars. The 
median construction cost is about $237,707,000 -50%/+100%. The annual O&M cost is about 
$205,000. The estimated life expectancy of this alternative is 75 years.  

4.2.3 In-tributaries Trap-and-Haul Facility  

In-tributary trapping can be accomplished in several ways, such as the following: 

 Off-channel permanent installation: An off-channel collector requires a diversion weir, 
intake works, screening, canal and outfall, fish bypass, fish transfer facility, and 
upstream fishway (Askelson et al. 2012). It could also include an adjustable weir (e.g., 
Obermeyer type).  

 In-tributary trap temporary installation: These traps can vary from picket barriers with 
trap boxes (similar to Section 4.1.2) to fyke nets, rotary screw traps or incline-plane 
traps.  

Lopez Reservoir is fed by several creeks, which include Rock Falls Creek, Phoenix Creek, 
Arroyo Grande Creek, Dry Creek, Wittenberg Creek, Lopez Canyon Creek, Big Falls Creek, 
Vasquez Creek, and a few others. According to Thomas R. Payne & Associates (2011), South-
Central California Coast (SCCC) steelhead trout have been observed within the Lopez Canyon, 
Wittenberg, and Upper Arroyo Grande creeks’ sub-basins. Among these, Lopez Canyon and 
Wittenberg creeks provide the highest quality habitat and support relatively abundant SCCC 
steelhead trout populations. In contrast, the Arroyo Grande sub-basin is heavily impacted by 
agricultural and grazing activities, offers limited suitable spawning habitat, is mostly privately 
owned, and supports a low abundance of SCCC steelhead trout. 

Based on the size of the creeks and the information about the tributaries’ hydrology that was 
developed by Stillwater (2023), the need to screen the entire creek flow (to increase capture 
rate) and for access road availability (the same access road provides access to both proposed 
sites), installing two in-tributary traps is proposed: one in Lopez Canyon Creek where the mean 
daily flows during out-migration range from 4.2 to 24.8 cfs and one in Wittenberg Creek 
where mean daily flows range from 2.1 to 12.6 cfs.  

Each trapping system has advantages and disadvantages. Until biological performance data 
has been gathered for a minimum duration of five years and additional debris loading and 
sediment movement information that could impact operation has been collected, a picket 
barrier and trap box  is proposed. While the fyke net is the simplest and cheapest solution, the 
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flashy system (i.e., capable of a flash flood) and debris loading would likely overwhelm the 
nets, and resulting maintenance would be problematic to keep the system functioning 
effectively. The proposed option can be scaled up if and when required. Using the picket and 
trap box for a few seasons can inform the operational challenges, site selection, number of fish 
trapped, survival rate, and the potential need to utilize a different system. The off-channel 
option could range from $5M to $20M per site depending on the project’s needs and site 
selection.  

Once fish are trapped, the operator would check and empty the trap daily, inspect the 
installation to ensure it remains in proper working condition, transfer the collected fish into the 
hauling truck, and transport them to a release location downstream of Lopez Dam, and 
downstream of the adult trap. Figures 9 and 10 in Appendix C present the proposed sites, as 
well as a schematic the alternative. 

Because both sites are accessible through the same access road, there is an inherent risk if the 
access road is not usable (e.g., flooding, landslide, fallen tree, etc.); therefore, an alternative 
access plan should be put in place to retrieve trapped fish. For both sites, a backup plan could 
include the use of 4-wheelers or boats through the Lopez Reservoir.  

4.2.3.1 Capital and O&M Cost Estimate 

A Class 5 cost estimate, along with operation and maintenance cost estimates, has been 
prepared and is provided in Appendix E. All estimates are presented in 2025 dollars. The 
median construction cost is about $909,000, -50%/+100%. The annual O&M cost is $350,000. 
The estimated life expectancy of this alternative is 10 years.  
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5.0 Alternatives Evaluation 

This section presents the evaluation of the alternatives.  

5.1 Evaluation Criteria Definition 

While the design criteria (McMillen 2025a) are important for the development of feasible 
alternatives at Lopez Dam, the evaluation criteria are important to distinguish which alternative 
(Section 4.0) from those options should be recommended for advancement to the conceptual 
design level as the “highest-ranked” alternative. The proposed evaluation criteria have been 
grouped into seven categories. Each category has a subset of evaluation criteria. The 
Evaluation Matrix (Appendix B) presents the framework for the evaluation. Each criterion was 
given an importance factor (L = Low, M = Medium, H = High). The importance factor was given 
a relative weight (Low = 1, Medium = 2, High = 3). Each alternative was evaluated against 
each other within a criterion and a grade between 1 and 10 (1 = worst and 10 = best). When a 
criterion is expressed in percent, such as passage efficiency, mortality, or fallback risk, the 
percent value was determined as “good” or “bad.” For example, the smolt mortality can be low 
percent (good) and survival rate can be high percent (good). In these cases, the grade will be 
calculated as follows: If smolt mortality is low (e.g., 3%), the grade is 10-0.3 = 9.7, or if the 
survival rate is high (e.g., 97%), the grade is 9.7. With this quantitative process, each of the 
seven categories received a combined weighted score for each alternative. The total score was 
then used to identify which alternative has the most merit. The evaluation criteria have been 
grouped in the following seven categories: 

 Biological Efficiency defines the ability of the alternative to attract and collect fish at 
the fishway entrance and to account whether the fishway is volitional. It also includes 
criteria such as effort expenditure, stress factor, fish return safety, fall back risk, juvenile 
and adult passage efficiencies, and smolt and adult mortality risks. The ultimate 
measure of success is whether the alternative meets the requirements of the design 
criteria established in the technical memorandum TM-002-Design Criteria (McMillen 
2025a) and, more broadly, if the alternative successfully mitigates habitat 
fragmentation and supports the recovery of SCCC steelhead trout by restoring passage 
at Lopez Dam.  

 Constructability identifies the challenges of constructing alternative features. Special 
consideration is given to site access, cofferdam needs, dewatering difficulties, and 
utilities availability.  

 Operation considers potential impacts on existing dam operations and water 
management objectives. The amount of mechanical equipment and the ease of 
operation and maintenance of intake screens, pumps, gates, etc. are reviewed. Winter 
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operation concerns and potential flood impacts are also considered. The ultimate 
success of the alternative is one that is easy to operate and maintain and limits impacts 
on existing dam operations and water management.  

 Design approach is an evaluation criterion that determines the potential complexity of 
the system designed. Preference is given to an alternative using proven or acceptable 
technology that has low uncertainty and low risk of not performing as expected, and is 
compatible with the overall fish passage goals. This criterion is intended to determine 
which alternatives are the most successful while featuring relatively simple system 
designs with proven technology. It is also used to evaluate alternatives with the least 
human intervention required for passage.  

 Environmental impact considers the alternative’s impact on water quality, habitat 
modification, and the effect on non-target species. This group of criteria should be 
considered for both the construction period as well as long-term impacts following 
construction.  

 Regulatory compliance assesses the permitting requirements and regulatory 
considerations for each alternative under federal and state law that could impact the 
alternative’s implementation feasibility or cost.  

 Financial criteria assesses the anticipated construction cost. The intent of this group of 
criteria is to identify those alternatives that provide the best value (or economic 
realities) considering all cost aspects. Careful consideration of operation and 
maintenance costs is required. It includes annualized capital costs (based on the 
estimated life expectancy of the Project) and annual monitoring (and adaptive 
management and schedule) costs to compare alternatives on an annual cost to the 
County.  

Each evaluation criterion is further refined in the following sections. 

5.2 Evaluation Criteria 

This section presents the alternatives evaluation following the evaluation criteria categories 
and subcategories presented above. The Evaluation Matrix is presented in Table 5-1, and the 
Ranking Assessment is presented in Table 5-2. The Evaluation Matrix was used to rank all fish 
passage alternatives. 
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Table 5-2. Ranking Assessment 

 Upstream Fish Passage Downstream Fish Passage 

  

Vertical Slot 
Fishway 

Trap-and-Haul 
Facility 

Floating Surface 
Collector 

Helical Fish 
Passage System 

In-Tributary 
Trap-and-Haul 

Biological Efficiency 2 1 3 1 2 

Constructability 2 1 3 2 1 

Operation 2 1 3 1 2 

Design Approach  2 1 3 2 1 

Environmental Impact 2 1 2 3 1 

Regulatory 2 1 2 2 1 

Financial  2 1 2 3 1 

Average Rank  2.0 1.0 2.6 2.0 1.3 

 

5.2.1 Biological Efficiency 

The biological efficiency evaluation category includes 13 criteria. The results are presented in 
the Evaluation Matrix (Table 5-1).  

5.2.1.1 Criteria for the Upstream Fish Passage Facility 

Volitional Passage: The vertical slot fishway would provide passage from the tailrace to the 
reservoir when fish want to pass by their own means. The vertical slot fishway would be the 
only upstream volitional fishway and thus was graded 10. The trap-and-haul facility per 
definition is not a volitional system (grade = 1). 

Attract and Collect Fish: Either fishway design would meet the NMFS criteria and would 
therefore be expected to work effectively. For the trap-and-haul, the whole creek flow would 
pass through the picket and the trap box located below the spillway and the reservoir outlet 
pool, capturing all the flow. It is therefore graded higher than the vertical slot fishway for 
which attraction would be dependent on entrance location, and for which, once built, the 
entrance location could not be re-adjusted in the field. The alternatives were scored as follows: 
8 for vertical slot fishway and 10 for trap-and-haul facility.  

Energy Expenditure: Despite design features such as low energy dissipation, resting pools, 
and oversized pools to support dual recirculation patterns, the vertical slot fishway would still 
require significant energy expenditure from fish due to the large number of pools (148). In 
contrast, the trap-and-haul approach—where fish are captured downstream and transported 
upstream—demands far less energy from the fish. Accordingly, the alternatives were scored 2 



Steelhead Passage Feasibility Assessment of Lopez Dam  Feasibility Assessment Report 

Rev. 0 / September 2025 47  

for the vertical slot fishway and 10 for the trap-and-haul facility, with the higher score 
reflecting the lower energy demand. 

Stress Factor: Trap-and-haul facilities impose greater stress on fish compared to volitional 
passage systems. For this reason, the alternatives were scored 10 for the vertical slot fishway 
and 2 for the trap-and-haul facility. The higher score reflects the lower stress associated with 
the vertical slot fishway. 

Adult Survival Rate: The adult survival rate is aimed to be 95 to 98 percent for either fishway. 
With proper operations and maintenance, it is expected that either would provide the same 
survival rate; however, the in-river trap is a much smaller facility to maintain and keep 
operational. Accordingly, the alternatives were scored 8 for the vertical slot fishway and 9 for 
the trap-and-haul facility. 

Adult Passage Efficiency: The adult passage efficiency will aim for 75 to 95 percent. While a 
vertical slot fishway typically has a high passage efficiency, the length of it may show a lower 
passage efficiency compared to shorter fishways; whereas, the trap-and haul facility would 
have a high efficiency as all target species trapped would be passed upstream. Accordingly, 
the alternatives were scored 7 for the vertical slot fishway and 9 for the trap-and-haul facility. 

Daily Passage Capacity: The vertical slot fishway, being a volitional passage system, would 
have no capacity limitations. In contrast, the trap-and-haul facility would be constrained by the 
availability of staff and transport vehicles to cycle fish through the system. Although fish 
numbers are expected to be low, making staffing and equipment less of a concern, the trap-
and-haul alternative still presents operational limitations not present in the vertical slot 
fishway. As a result, the alternatives were scored 10 for the vertical slot fishway and 8 for the 
trap-and-haul facility. 

Ambient Light: The vertical slot fishway would have a 640-foot-long tunnel through the dam. 
Fish may reject this structure as there would be a clear change in ambient light. This issue is 
nonexistent with the trap-and-haul fishway. As a result, the alternatives were scored 6 for the 
vertical slot fishway and 10 for the trap-and-haul facility. 

Fallback Risk: The reservoir is not operated for hydropower or flood control purposes, but 
instead as storage; therefore, the risk for fallback is very low for either alternative. Accordingly, 
both alternatives were scored equally at 9. 

Overall, for upstream fish passage, the trap-and-haul option scored higher in terms of 
biological efficiency, despite the vertical slot fishway offering volitional passage.  
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5.2.1.2 Criteria for the Downstream Fish Passage Facility 

Volitional Passage: The FSC is volitional up to the trap. Due to the reservoir fluctuation 
expected during operation, the system would need to rely on fish transport trucks to transfer 
fish from the FSC’s trap to the tailrace. The helical system, a multiport entrance at different 
water depths, is volitional. The in-tributaries trap-and-haul is not volitional. Accordingly, the 
alternatives were scored 1 for the FSC, 10 for the helical fish passage system, and 1 for the in-
tributaries trap-and-haul facility. 

Attract and Collect Fish: The FSC would use pumps to draw fish from the reservoir into the 
collection vessel. However, due to the reservoir’s nonlinear configuration, attraction efficiency 
is expected to be low. To address this, the facility was preliminarily sized with a 1,000 cfs 
attraction flow and a guidance net similar to, but slightly larger than that used at the Swift 
FSC. The helical fishway, in contrast, would rely solely on system flow (~200 cfs), offering 
limited attraction. The in-tributaries trap-and-haul option would span two selected creeks, 
where fish would move downstream with the flow, providing excellent attraction conditions. 
While the FSC and helical systems offer uniform collection potential across the reservoir, the 
in-tributaries approach is limited to only two of the many tributaries; though these include 
Lopez and Wittenberg Creeks, where the highest fish numbers are expected. Based on these 
factors, the alternatives were scored 5 for the FSC, 4 for the helical system, and 6 for the in-
tributaries trap-and-haul. 

Energy Expenditure: Fish would generally experience little energy expenditure; however, for 
those accessing the reservoir they would need to swim to the FSC or the Helix, requiring 
additional energy when compared to the in-tributaries traps. In addition, for those fish 
accessing the reservoir, there may be additional expenditure due to predation risk and using 
their bursting speed to evade predators. Consequently, the alternatives were scored 5 for the 
FSC, 5 for the helical system, and 10 for the in-tributaries trap-and-haul. 

Stress Factor: Fish experience stress every time they experience a situation outside of the 
ordinary; this includes managing mechanical equipment and being handled. Therefore, the 
stress factor would be higher for the FSC and the in-tributaries traps, when compared to the 
helical system. As a result, the alternatives were scored 7 for the FSC, 10 for the helical 
system, and 5 for the in-tributaries trap-and-haul. The high score for the helical system is 
because of lower stress. The in-tributaries trap-and-haul was scored lower than the FSC due 
to operator needing to net fish out of the trap and transferring them to the truck using a 
bucket.  

Fry and Smolt Survival: The fry and smolt survival rate is aimed to be 98 to 99.5 percent for 
all alternatives. The alternatives were therefore scored the same with a score of 10 each.  
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Juvenile Reservoir Survival: The juvenile reservoir survival rate would need to meet a 
minimum survival rate of 75 to 80 percent. Currently the reservoir survival rate is unknown but 
has been documented as being low. It is possible that the juvenile reservoir survival rate could 
be lower than 75 percent; thus, for fish expected to enter and navigate through the reservoir to 
reach the downstream facilities would be expected to have low survival. In contrast for the in-
tributaries traps, outmigrants never enter the reservoir and thus the reservoir survival rate 
would not impact the juveniles. Consequently, the alternatives were scored 5 for the FSC, 5 for 
the helical system, and 10 for the in-tributaries trap-and-haul. 

Fish Return Safety: For the Helix system, fish stay in water the entire time and the fish return 
pipe would be designed to meet the highest standards of fish safety. The other two 
alternatives would rely on fish transport in a truck. While fish safety is paramount, air supply to 
the fish transport truck may fail due to a faulty valve, no oxygen in the tanks, or broken 
diffusers. In addition, the water temperature could vary from the collection point to the release 
point, necessitating an acclimation facility before release. As a result, the alternatives were 
scored 8 for the FSC, 10 for the helical system, and 7 for the in-tributaries trap-and-haul. The 
score for the in-tributaries traps is lower than for the FSC due to the longer distance required 
to transport fish and thus greater risk associated with transport.  

Juvenile Collection Efficiency: The juvenile collection efficiency is expected to be equal to or 
greater than 95 percent. Therefore, all alternatives would be scored equally. However, for the 
in-tributaries traps, only two of the multiple creeks would be equipped with a picket barrier 
and trap box; therefore, the global efficiency when considering the whole basin would be 
lower than the other two alternatives. As a result, the alternatives were scored 9 for the FSC, 9 
for the helical system, and 7 for the in-tributaries trap-and-haul. 

Daily Passage Capacity: The daily passage capacity for the two alternatives relying on 
trapping and transport would be dependent on the staff and equipment availability, while the 
Helix system would have no capacity limitation. As a result, the alternatives were scored 8 for 
the FSC, 10 for the helical system, and 8 for the in-tributaries trap-and-haul. 

Overall, for downstream fish passage, the Helix option scores higher in terms of biological 
efficiency, followed by the in-tributaries trap-and-haul, and then the FSC.  

5.2.2 Constructability  

The constructability evaluation category includes five criteria. The results are presented in the 
Evaluation Matrix (Table 5-1).  
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5.2.2.1 Criteria for the Upstream Fish Passage Facility 

Site Access: Lopez Drive can be used for the construction access of both the vertical slot 
fishway and for the trap-and-haul facility. In addition, for the vertical slot fishway, the lower 
fishway construction site would need to be accessed through the outlet control building access 
road that is located approximately 0.72 miles downstream of the spillway. This access road 
services a private landowner.  

At the intersection with Lopez Drive, crossing Arroyo Grande Creek, there is a single lane 
bridge. The bridge has the following weight limits: 12T for Single Unit Truck (Type 3), 18T for 
Standard Semi-truck (Type 3S2), 23T for Combination, and Tandem (Type 3-2). In comparison, 
a concrete truck, when full, weighs approximately 32T. In other words, the bridge is undersized 
for construction vehicles. The access road is a gravel road from the bridge to the outlet control 
building.  

To build the exit pool structure, there is limited access from the dam’s crest. A barge would 
need to be used. Due to the penetration through the dam for the transport channel, it is 
assumed that grout injection would be required. The grout injection would be completed from 
Lopez Drive from the dam’s crest, which would impact traffic. A traffic control plan would be 
required during the drilling and grouting activity.  

The construction period would be expected to be a couple of years; therefore, access would be 
impacted for other users for the duration. In contrast, the trap-and-haul facility (picket barrier 
and trap box) could be installed in the Arroyo Grande Creek within 2 to 3 days. The trap would 
be installed and removed annually to be present only during the upstream migration period. 
The frequency and the duration of the effort provides a lesser impact on access than the other 
upstream option. The access road located approximately 0.38 miles downstream of the 
spillway would be used for construction. That access road is also a single lane gravel road that 
has a turnout, but does not have a bridge, and sees very few users. As a result, the alternatives 
were scored 1 for the vertical slot fishway and 10 for the trap-and-haul facility. 

Cofferdam Impact: To build the vertical slot fishway, two cofferdams would be required: a 
small one in the tailrace to build the entrance pool and a large one in the reservoir to build the 
exit pool structure and the penetration through the dam. The cofferdam size can be managed if 
the reservoir level is controlled. The reservoir drawdown is discussed below. The trap-and-
haul facility (picket barrier and trap box) would be installed directly in the creek and do not 
require cofferdam installation. As a result, the alternatives were scored 1 for the vertical slot 
fishway and 10 for the trap-and-haul facility. 
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Dewatering Difficulty: Once the cofferdams are installed for the vertical slot fishway 
construction, dewatering would need to take place. Dewatering would require pumps that are 
continually in operation during the construction period behind the cofferdam. The size and 
number of pumps required would depend on the waterproofing of the cofferdams. Cofferdam 
design, methodology, and surrounding geology would impact the overall leakage rate. For the 
trap-and-haul facility, dewatering would not be required. Consequently, the alternatives were 
scored 1 for the vertical slot fishway and 10 for the trap-and-haul facility. 

Utilities Availability: To build the vertical slot fishway, power is required. Contractors often 
bring in their own power source during construction. This includes generators with fuel tanks. 
Alternatively, temporary power could be provided from the powerlines. There is no overhead 
powerline on the crest of the dam. It is assumed that the contractor would thus rely on 
generators. When working from the barge to complete the exit pool structure, refueling of the 
generator would be required. This adds an environmental risk factor. In contrast, to install the 
trap-and-haul facility, only handheld tools (or battery driven tools) would be required. 
Consequently, the alternatives were scored 1 for the vertical slot fishway and 10 for the trap-
and-haul facility. 

Limited Reservoir Drawdown Requirements: To control the size of the reservoir cofferdam, 
size of equipment, and risk of overtopping the cofferdam, the reservoir fluctuation would need 
to be controlled and the pool would need to be maintained at a low elevation (to be defined by 
the contractor based on construction risk) for a minimum of one season but possibly two. 
During that time, the water storage capacity would be affected, as well as the Lopez Lake 
marina. In contrast, the trap-and-haul facility, located downstream of the dam, would not 
require any reservoir drawdown. As a result, the alternatives were scored 1 for the vertical slot 
fishway and 10 for the trap-and-haul facility.  

Overall for upstream fish passage, the trap-and-haul option scores higher in terms of 
constructability. Its constructability is an order of magnitude easier, creates less impact, and is 
over a much shorter duration. 

5.2.2.2 Criteria for the Downstream Fish Passage Facility 

Site Access: To build the FSC, there are two main stages: the construction of the trestle bridge 
to the mooring tower and the construction and assembly of the hull (i.e., FSC vessel). The first 
stage would require a combination of access from the dam’s crest, impacting vehicular access 
on Lopez Drive (which requires a traffic control plan) and construction from a barge. The 
second stage, which could take place at the same time, would require on-shore construction. A 
probable location that could be selected by the contractor would be the swimming area 
between the marina and the water park on the east shore. During the construction phase of the 
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vessel, which is expected to take 1.5 to 2 years, the swimming area access would be closed to 
the public.  

To build the helical fish passage system, the system would be built on the rocky point east of 
the existing water intake. It is assumed that the 110-foot-diameter by 165-foot-deep 
excavation could be built from the rocky point and that the tunneling would be completed from 
the base of the excavation toward the tailrace, and similarly for the six reservoir taps. In other 
words, the rocky point would be closed to the public. An additional laydown area would be 
required for material, which may further impact access to others. The area just west of the 
spillway pool could possibly be used, limiting the impact to other users.  

For the in-tributaries trap-and-haul, the existing access road would be used. The equipment 
could be transported by a pickup truck and installed within a day. The trap would be installed 
and removed annually and only be present during the downstream migration period. The 
frequency and the duration of the effort is an order of magnitude less of an impact on access 
than the other downstream option. Consequently, the alternatives were scored 1 for the FSC, 2 
for the helical system, and 10 for the in-tributaries trap-and-haul. The higher score reflects the 
lesser site access impact. 

Cofferdam Impact: To build the FSC, a cofferdam would be required to build the foundation of 
the mooring tower, the trestle bridge, and possible piles for the FSC vessel to rest in its low 
position. In addition, another cofferdam may be required to provide some protection to the 
work area (assembly of the vessel) from winter storms, dependent on reservoir levels that can 
be provided/guaranteed during construction.  

For the helical fish passage system, cofferdams would be required for the six reservoir taps 
and for the tailrace discharge. The size of the cofferdams will depend on its type and the 
approved drawdown during construction. In contrast, for the in-tributaries trap-and-haul, a 
cofferdam would not be required. As a result, the alternatives were scored 1 for the FSC, 2 for 
the helical system, and 10 for the in-tributaries trap-and-haul. The lowest score is based on 
the duration the cofferdam would be utilized.  

Dewatering Difficulty: The dewatering difficulty goes hand in hand with the cofferdam type, 
use, and duration of the installation. Therefore, the alternatives were scored the same as for 
the cofferdam impact criterion: 1 for the FSC, 2 for the helical system, and 10 for the in-
tributaries trap-and-haul. 

Utilities Availability: The FSC would require temporary power to build the on-shore structure 
and the vessel (two different construction sites). The FSC would also require permanent power 
and would therefore need to tie to existing power. The contractor may select to complete this 
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connection first to support the construction activity, at least for the mooring tower and the 
trestle bridge.  

The construction of the helical system would require heavy machinery such as drill rigs, an 
excavator, and dump trucks. It is assumed that the contractor would use temporary on-site 
power using generators that require refueling. In contrast, the installation of the in-tributaries 
trap-and-haul facilities would be a manual activity requiring handheld and battery powered 
tools. As a result, the alternatives were scored 1 for the FSC, 2 for the helical system, and 10 
for the in-tributaries trap-and-haul. 

Limited Reservoir Drawdown Requirements: The FSC would require a reservoir drawdown 
for construction of the vessel and for the protection of the construction site during winter 
storms, as well as the construction of the on-shore structures (i.e., trestle bridge and mooring 
tower). Similarly, the helical structure would require reservoir drawdown during tapping of the 
six reservoir inlets. In both cases, the drawdown requirement would depend on the cofferdam 
design. However, for the FSC, the drawdown duration would be expected to be longer than 
the drawdown duration of the helical system. In contrast, the installation of the in-tributaries 
trap-and-haul facilities would not require any reservoir drawdown. As a result, the alternatives 
were scored 1 for the FSC, 2 for the helical system, and 10 for the in-tributaries trap-and-haul. 

Overall, for downstream fish passage, the trap-and-haul option scores higher in terms of 
constructability. Its constructability is an order of magnitude easier, creates less impact, and is 
over a much shorter duration than that of the FSC and helical system.  

5.2.3 Operation  

The operation evaluation category contains 10 criteria. The results are presented in the 
Evaluation Matrix (Table 5-1). 

5.2.3.1 Criteria for the Upstream Fish Passage Facility 

Low Mechanical Equipment: The vertical slot fishway would include 25 exit pools located in 
the reservoir plus one entrance pool in the tailrace. The entrance pool would include an 
adjustable gate for flow control and a slot for a bulkhead gate. Each of the exit pools would 
include a trashrack, an isolation gate, and an exit gate. Between the section downstream of the 
dam and the one upstream of the dam, an isolation gate would also be provided. In all, 53 
gates and 25 trashracks would be provided. The gates would be controlled by a PLC using 
water level sensors for input. Each level sensor would have a duty and a backup. In total, 54 
level sensors would be required. Even though this alternative is volitional, it relies on a lot of 
equipment that must function without incident. In contrast, the equipment for the trap-and 
haul is very basic, with no moving parts, requiring less operational effort or trade knowledge. 
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As a result, the alternatives were scored 4 for the vertical slot fishway and 9 for the trap-and-
haul facility. 

Site Access: During operation, the biological staff and the O&M crew must have access to the 
facility. In the case of the vertical slot ladder, the exit pool structure would be near parallel to 
Lopez Drive, just west of the existing intake structure. The space between the exit pools and 
the shore would be filled with material to create an access pullout on the side of the road, 
providing access to equipment. The access to the entrance pool would be through the existing 
access road to the outlet control building.  

For the trap-and-haul facility, access to the trap would be by truck using the single lane gravel 
road. A turnout would be built to facilitate loading of the fish. Once fish are in the truck, they 
would be released at predetermined release site by simply backing up the truck and opening a 
valve. As a result, access to both options during operation would be high. The vertical slot 
fishway scored a little lower due to access in maintaining the trashrack from the deck level, 
requiring a far reach. The alternatives were scored 8 for the vertical slot fishway and 9 for the 
trap-and-haul facility. 

Limited Screen Cleaning Effort: Neither upstream alternative has screens, so no score was 
provided for either alternative.  

Limited Pump Operation and Maintenance Effort: Neither upstream alternative has pumps, 
so no score was provided for either alternative. 

Limited Gates Operation and Maintenance Effort: The vertical slot fishway would have 53 
gates to operate and maintain. In contrast the trap-and-haul facility has none. Consequently, 
the alternatives were scored 1 for the vertical slot fishway and 10 for the trap-and-haul 
facility. 

Low Risk (Safety): Risks to operators must be considered. During design, the risks would be 
evaluated and either reduced or eliminated through engineering solutions. However, at this 
level of development, the main risk for operators of the vertical slot fishway would be cleaning 
the trashrack from the deck level. It would be a long reach, requiring the worker to lean over 
the handrail. The worker may need to wear a personal flotation device or connect to an 
attachment point.  

For the trap-and-haul facility, workers would need to enter the creek to check the trap. The 
trap would be in a pool with a minimum of 2 feet of water depth. The workers would need to 
wear waders and personal flotation devices to access the trap. Similarly, potential solutions to 
either risk presented here may exist. For example, for accessing the trap, a decking walkway 
system similar to the one used by Chelan PUD at the Chelan Falls trap may be designed to 
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eliminate the need for a worker to enter the water, resulting in greater safety and more 
efficient management of the trap. As a result, the alternatives were scored 5 for the vertical 
slot fishway and 6 for the trap-and-haul facility.  

Low Winter Operation Impacts: The upstream fishway alternatives would be in operation 
from December 1 to May 1, or March 31 if concentrating during the peak migration period and 
accounting for sand bar formation. In other words, the upstream alternatives would need to be 
in operation during the winter period. The coldest month of the year in San Luis Obispo is 
December, with an average low of 41°F and high of 64°F2. Therefore, it is not expected for 
equipment to freeze or winter conditions to create any operational concerns, beyond maybe 
precipitation and shorter days. Either alternative would be impacted in similar ways and 
neither one is at greater risk. Consequently, both alternatives were scored the same, with 5 for 
the vertical slot fishway and 5 for the trap-and-haul facility. 

Low Flood Risk: The vertical slot fishway would be sized for a 100-year flood, so the 
associated flood risk is low. The trap is, however, located in the creek downstream of the 
spillway and would be at much greater risk to floods. The trap itself would be anchored to 
resist some loading. However, the anchoring may not be sufficient, and the trap may need to 
be removed before forecasted floods. Consequently, the alternatives were scored 10 for the 
vertical slot fishway and 4 for the trap-and-haul facility. 

Low Debris Management: The vertical slot fishway exit pool structure would be located 
downstream of a log boom to minimize debris loading. However, it is expected that some 
debris would be caught on the trashrack and would need to be maintained to clear debris for 
optimum fishway operation. In contrast, the trap and picket barrier would collect less debris as 
it is located downstream of the dam, and the primary water source is through the existing 
water intake, which is submerged and includes a fish screen and trashrack. If the spillway is 
activated, a decision would need to be made about possibly removing the trap, in which case 
debris passing the spillway would not impact the trap. As a result, the alternatives were 
scored 4 for the vertical slot fishway and 7 for the trap-and-haul facility. 

Impact to Other Users: The vertical slot fishway, once built, would not impact other users. The 
trap-and-haul would minimally impact others during the transport of the fish to their release 
location when using the road or possibly using the boat ramp. However, the boat ramp during 
the winter season would have minimal usage, so the overall impact on others should be very 

 
 

2 https://weatherspark.com/  
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low. As a result, the alternatives were scored 10 for the vertical slot fishway and 9 for the 
trap-and-haul facility. 

Overall, for upstream fish passage, the trap-and-haul facility scores higher in terms of 
operation.  

5.2.3.2 Criteria for the Downstream Fish Passage Facility 

Low Mechanical Equipment: The FSC is a facility that would contain a lot of mechanical 
equipment that requires operators 24/7 to manage the debris in nets/booms, ensure the 
screens are clean and the screen cleaner working as intended, ensure the pumps are working, 
and that the sorting equipment is functioning as intended. In summary, the FSC is a complex 
system requiring skilled labor.  

The helical system would contain six gates for each reservoir tap but is otherwise relatively 
simple to operate. The gates would be controlled by level sensors in the reservoir to determine 
which gate should be opened/closed. In contrast, the in-tributaries trap has no mechanical 
equipment. Consequently, the alternatives were scored 1 for the FSC, 5 for the helical system, 
and 10 for the in-tributaries trap-and-haul. 

Site Access: The FSC would be accessed from the shore by the mooring tower and a staircase, 
so that the FSC can be reached at whichever level it floats. The FSC is a vessel, which requires 
workers to wear personal flotation devices to capture and pass fish.  

For the helical system, workers would need minimal access to the facility, as fish entering 
through the reservoir tap are directed to the tailrace. Access would be required mostly for 
maintenance. A maintenance staircase and an elevator would be provided to access the 
bottom of the 165-foot vertical shaft.  

For the in-tributaries trap-and-haul facilities, the sites would be accessed by truck utilizing the 
single lane chip-sealed road. Once fish are in the truck, they would be released at a 
predetermined release site by simply backing up the truck and opening a valve. As a result, the 
alternatives were scored 1 for the FSC, 6 for the helical system, and 9 for the in-tributaries 
trap-and-haul. 

Limited Screen Cleaning Effort: The FSC would rely on a minimum of 2,500 sf of intake 
screen. The screens would be cleaned with a combination of sweeping velocity and brush 
cleaners that would be activated by a timer or pressure differential built up on the surface of 
the screens. In addition, the FSC would rely on guidance nets to the entrance of the FSC. These 
nets need to be kept clean by operators, requiring considerable effort. In contrast, the helical 
system does not rely on screens, so the cleaning effort is nil. For the in-tributaries traps, the 
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picket barrier would be used to direct and capture juvenile fish in the trap box. Because the 
picket barrier extends the full width of the creek, the pickets would capture some floating 
debris, requiring daily observation and maintenance. As a result, the alternatives were scored 1 
for the FSC, 10 for the helical system, and 3 for the in-tributaries trap-and-haul. 

Limited Pump Operation and Maintenance Effort: The FSC would be equipped with pumps 
used to attract fish to the screen entrance. The pumps would be sized for 1,000 cfs. While 
these low-head, high-flow capacity pumps are commonly used and generally require only 
annual maintenance, access to the pumps would require a ballast system on the vessel to 
drain some of the ballast tanks and replace them with air to raise the equipment above water 
level for inspection and maintenance. In contrast, the helical system and the in-tributaries traps 
do not utilize pumps. Consequently, the alternatives were scored 1 for the FSC, 10 for the 
helical system, and 10 for the in-tributaries trap-and-haul. 

Limited Gates Operation and Maintenance Effort: The FSC and the helical system both would 
rely on gates. The helical system would include a greater number of gates overall and would 
thus be scored lower. The in-tributaries traps do not have any gates. Consequently, the 
alternatives were scored 6 for the FSC, 2 for the helical system, and 10 for the in-tributaries 
trap-and-haul. 

Low Risk (Safety): Risk to operators requires consideration. During design, the risks would be 
evaluated and either reduced or eliminated through engineering solutions. However, at this 
level of development, the main risk to operators working on the FSC is working from a floating 
vessel. Workers would be working above or near water, requiring personal flotation devices 
and other safety obligations regulated by CalOSHA. In addition, there is risk to operators and 
maintenance crews keeping the guidance nets and booms clear of debris. The FSC is generally 
staffed 24/7 during operation. The helical system would require less staff to operate. However, 
part of the operation would be underground and an exit route, through a staircase, would need 
to be provided in case of fire. For in-tributaries traps, workers would need to enter the creek to 
check the trap. The trap would be in a pool with a minimum of 2 feet of water depth. The 
workers would need to wear waders and personal flotation devices to access the trap. To 
access the trap, a decking walkway system (similar to the one used by Chelan PUD at the 
Chelan Falls trap) may be designed to eliminate the need for a worker to enter the water, 
resulting in greater safety and more efficient management of the trap. As a result, the 
alternatives were scored 1 for the FSC, 6 for the helical system, and 6 for the in-tributaries 
trap-and-haul. 

Low Winter Operation Impacts: The downstream facilities would be operated from 
February 15 to June 15. Therefore, the facilities would operate for approximately 5 weeks in 
winter and the full spring. With December being the coldest month of the year, there is little 
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winter operation impact to the facility. Though, wind, rain, and less daylight would impact 
operation of the FSC. The helical system should see no difference in operation, and the in-
tributaries traps may be harder to reach due to winter driving conditions. Consequently, the 
alternatives were scored 4 for the FSC, 10 for the helical system, and 8 for the in-tributaries 
trap-and-haul. 

Low Flood Risk: The flood risk with the FSC and the helical system are very low. However, the 
risks are higher in the creeks and harder to anticipate in comparison to a trap located 
downstream of the dam. As a result, the alternatives were scored 10 for the FSC, 10 for the 
helical system, and 2 for the in-tributaries trap-and-haul. 

Low Debris Management: The FSC would be prone to debris accumulation and management 
needs, as the facility works by attracting “things” to it. The debris management for the FSC, the 
log boom, and the guidance net is therefore high. The debris management for the helical 
system would be similar to other multiport systems, in that the debris management is 
generally low. For the in-tributaries trap-and-haul, the picket barrier and the trap box would 
need to be checked and debris removed daily. As a result, the alternatives were scored 1 for 
the FSC, 9 for the helical system, and 6 for the in-tributaries trap-and-haul. 

Impact to Other Users: The arrangement of the guidance nets and the log boom for the FSC 
adds elements that recreational boaters would not have had to manage before. While boat 
passage would not be blocked, it would be impacted. For the helical system, the impact to 
other users would be any flow release downstream of the dam (200 cfs) and the impact to the 
storage goal of the dam. For the in-tributaries trap-and-haul facilities, the only impact to 
others would be the usage of the road. Since the operation of the downstream facility covers 
the entire spring period, its impact to others would be greater than for the upstream trap-and-
haul. Consequently, the alternatives were scored 6 for the FSC, 2 for the helical system, and 8 
for the in-tributaries trap-and-haul.  

Overall, for downstream fish passage, the helical passage system scores higher in terms of 
operation, followed closely by the in-tributaries trap-and haul, and far behind by the FSC.  

5.2.4 Design Approach  

The design approach evaluation category contains five criteria. The results are presented in the 
Evaluation Matrix (Table 5-1). 

5.2.4.1 Criteria for the Upstream Fish Passage Facility 

Proven Technology: Vertical slot fishways are a proven and widely used technology, with 
many successful installations across the globe. However, the proposed exit pool structure at 
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Lopez Dam—featuring more than 25 exit pools—would be the largest of its kind to date. For 
context, the largest currently operating exit pool structure is at the Soda Springs Fishway on 
Oregon’s North Umpqua River and contains 14 exit pools. Other examples include the River 
Mill Dam fishway on the Clackamas River with 5 exit pools and the North Fork Fishway on the 
Clackamas River that has 20 exit pools. Notably, the North Fork system is no longer operated 
over the full range of reservoir fluctuations.  

To better understand historical performance, the team contacted Portland General Electric 
(PGE) and interviewed Nick Ackerman, Senior Scientist, regarding the North Fork Dam 
Fishway. Ackerman explained that the capability to accommodate varying reservoir elevations 
has not been utilized in nearly 30 years, as the reservoir is no longer operated as a peaking 
hydroelectric facility. PGE also noted that there is no quantitative data on fishway exit 
effectiveness from the period when the variable exit system was in use; though, anecdotal 
evidence suggests sustainable returns may have occurred. In contrast, in-river traps, used 
seasonally, are a common and well-understood method for capturing fish worldwide. Based 
on this context, the alternatives were scored 1 for the vertical slot fishway and 10 for the trap-
and-haul facility.  

Ability to Meet Fish Passage Goals: Vertical slot fishways, when properly designed, can 
achieve high fish passage efficiency as a volitional system. However, two primary concerns 
could significantly affect the effectiveness of such a system at Lopez Dam. First, the transport 
channel through the dam may present a barrier due to abrupt changes in ambient light, which 
can deter fish movement. Second, the fishway exit structure includes numerous exit pools. 
While the number of pools is not inherently problematic, the system would rely on the 
coordinated operation of a large amount of mechanical equipment. If any of this equipment 
fails, hydraulic conditions within the fishway could be severely disrupted, potentially impeding 
fish passage. In contrast, in-river traps, used seasonally, are a common and well-understood 
method for capturing fish worldwide. In addition, the creek’s cross section is small in 
comparison to other installations, so fish would have a high efficiency at finding the trap 
entrance. Based on this context, the alternatives were scored 1 for the vertical slot fishway and 
10 for the trap-and-haul facility.  

Simple System: The vertical slot system with the dam penetration, the exit pool structure, and 
the high level of mechanical equipment would be challenging to design for the geotechnical, 
structural, mechanical, and instrumentation and control disciplines. In contrast, the picket 
barrier and trap are very simple systems to design. As a result, the alternatives were scored 1 
for the vertical slot fishway and 10 for the trap-and-haul facility. 

Low Human Intervention Required for Passage: The vertical slot fishway would be volitional 
and would not require human intervention apart from keeping the facility operational and 
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completing maintenance activities. The trap-and-haul system would require human 
intervention to check the trap, net the fish out of the trap, transport to the truck, drive them to 
the release location, and release them. Consequently, the alternatives were scored 9 for the 
vertical slot fishway and 1 for the trap-and-haul facility. 

Design Complexity: Designing the vertical slot fishway would present significant challenges, 
particularly in relation to dam penetration, grout injection through the dam’s core, and the 
complexity of the exit pool structure. In contrast, the trap-and-haul facility would involve a 
relatively straightforward design, with numerous existing examples available to guide 
development. As a result, the alternatives were scored 1 for the vertical slot fishway and 10 
for the trap-and-haul facility. 

Overall, for upstream fish passage, the trap-and-haul system scores higher in terms of design 
approach.  

5.2.4.2 Criteria for the Downstream Fish Passage Facility 

Proven Technology: There are currently over 11 FSCs in operation throughout the Pacific 
Northwest, with additional systems, such as the one planned for Cougar Dam, currently in 
design. These facilities, which came online between 2002 and 2017, have demonstrated 
strong performance, with collection efficiencies ranging from 85% to 93% (e.g., Upper Baker 
FSC). In contrast, the helical system at Cle Elum Dam is a novel concept with an expected 
completion date in 2026. As it has not yet been constructed or tested, no performance data are 
currently available. However, the Helix represents just one component of a larger multiport 
collection system that includes multiple intake points at different reservoir depths, which is 
expected to result in high overall collection efficiency. As for in-tributary trapping, these are 
used seasonally and are a common, well-understood method for capturing fish worldwide.  As 
a result, the alternatives were scored 8 for the FSC, 2 for the helical system, and 10 for the in-
tributaries trap-and-haul. 

Ability to Meet Fish Passage Goals: The juvenile collection efficiency target is 95%. FSCs’ 
ability to meet this goal is variable per site, for example the Upper Baker facility has a 
collection efficiency between 85 and 93%, but the Swift FSC (similar reservoir configuration as 
Lopez Reservoir) has collection efficiency of 27% for steelhead trout between 2014 and 2019 
(Four Peaks 2019). Part of the low efficiency may be due to the reservoir being nonlinear. 
There are no performance records yet for the helical system at Cle Elum; thus, its ability is 
unknown but expected to be comparable to FSCs. For the in-tributaries traps, the ability to 
meet fish passage goals will depend on river conditions, debris management, and the selection 
of the creeks where the system will be deployed. Assuming that the traps are well maintained 
and located, their ability to meet fish passage goals is expected to be high. Consequently, the 
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alternatives were scored 5 for the FSC, 5 for the helical system, and 8 for the in-tributaries 
trap-and-haul. 

Simple System: FSCs require a naval architect in addition to all engineering disciplines to 
design. They are highly complex structures to design. The helical system is simple in nature 
but unique as well, so engineers would need to learn as they go. In contrast, the picket barrier 
and trap box is a very simple system. Consequently, the alternatives were scored 1 for the 
FSC, 2 for the helical system, and 10 for the in-tributaries trap-and-haul. 

Low Human Intervention Required for Passage: The FSC system requires regular human 
intervention for operation. This includes inspecting the holding tank, raising the hopper to deck 
level, transferring fish to transport vehicles, driving them to the designated release site, and 
releasing them. In contrast, the helical system is designed to operate passively and would not 
require routine human intervention for fish passage. For the in-tributary trap systems, similar 
levels of manual effort are required as with the FSC. Personnel would need to routinely check 
the traps, handle and transfer the captured fish, and transport them to release locations. 
Additionally, the nets must be kept free of debris, which is a task that involves ongoing manual 
maintenance. Consequently, the alternatives were scored 2 for the FSC, 10 for the helical 
system, and 1 for the in-tributaries trap-and-haul. 

Design Complexity: FSCs are complex structures that require specialized expertise, a naval 
architect, and may take up to two years to design. Design costs are relatively high, often 
reaching approximately 10% of total construction costs. Similarly, the helical system is a 
unique and unproven technology that would require extensive physical and computational 
fluid dynamics (CFD) modeling to validate the design. In addition, the vertical shaft component 
would necessitate geotechnical engineering support. The estimated design timeline for the 
helical system would be 1.5 to 2 years, with similarly high design costs anticipated. In contrast, 
the trap-and-haul facility would involve a relatively straightforward design, with numerous 
existing examples available to guide development. Consequently, the alternatives were scored 
1 for the FSC, 2 for the helical system, and 10 for the in-tributaries trap-and-haul. 

Overall, for downstream fish passage, the in-tributary trap-and-haul scores higher in terms of 
design approach.  

5.2.5 Environmental Impact 

The environmental impact evaluation category contains three criteria. The following discussion 
focuses on environmental impact during and post construction for each alternative, including 
water quality, habitat modifications, and impact on non-target species. The results are 
presented in the Evaluation Matrix (Table 5-1). 
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As design studies are further developed, in-depth environmental impact analysis would be 
conducted. In addition to biological resources and water quality, in the event the County 
proceeds with the one or more of the fish passage options, the option(s) would be subject to 
environmental review under the California Environmental Quality Act (CEQA) and National 
Environmental Policy Act (NEPA).  

5.2.5.1 Criteria for the Upstream Fish Passage Facility 

Limited Impact to Water Quality: The vertical slot fishway would result in temporary 
construction impacts including dewatering in Arroyo Grande Creek within the construction 
footprint of the entrance pool, fish salvage, transportation and release, habitat loss and 
degradation resulting from structural design requirements to support fish passage structures, 
ground disturbance due to site grading cut and fill, armoring, with resultant water quality and 
sediment-related impacts. Construction of permanent structures such as the vertical slot 
ladder, tunnels, and exit pools would also impact recreational, aesthetics, land use, air quality, 
and utilities resources and may pose safety hazards. During construction, pouring concrete may 
impact water quality during placement and setting. As such, best management practices 
(BMPs) would be used to minimize temporary erosion and sediment impact, and monitoring of 
water quality would be required to demonstrate that the surrounding water is not being 
impacted. In contrast, the installation of the picket barrier and trap would have limited impact 
and in fact is typically done without water quality monitoring and no BMPs. As a result, the 
alternatives were scored 1 for the vertical slot fishway and 10 for the trap-and-haul facility. 

Low Impact to Habitat: The vertical slot fishway would result in both temporary and 
permanent impacts to habitat due to its large physical footprint and the associated disturbance 
to existing site conditions during construction. In contrast, the trap-and-haul facility would 
have minimal habitat impact, limited primarily to the construction of a turnaround area at the 
end of the existing access road. Furthermore, the trap-and-haul infrastructure would be 
installed seasonally, and any associated impacts would be confined to the operational period. 
Consequently, the alternatives were scored 5 for the vertical slot fishway and 10 for the trap-
and-haul facility. 

Limited Impact on Non-Target Species: As presented in TM002 (Appendix A), there are 
several native species in the reservoir as well as non-native and invasive species in the 
reservoir. Species using the fishway would be non-selective; therefore, any fish species, 
invasive or not, may be able to pass upstream. Therefore, the vertical slot fishway, being 
volitional, would introduce species in the reservoir, potentially impacting other species in the 
reservoir. The trap-and-haul facility would be a selective system, where only the target species 
would be transported upstream and released either in the reservoir or in the tributaries. 
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Overall, the trap-and-haul facility would create less impact to non-target species. As a result, 
the alternatives were scored 1 for the vertical slot fishway and 8 for the trap-and-haul facility. 

Overall, for upstream fish passage, the trap-and-haul system scores higher in terms of limiting 
environmental impact.  

5.2.5.2 Criteria for the Downstream Fish Passage Facility 

Limited Impact to Water Quality: The FSC and the helical system could result in temporary 
water quality impacts during cofferdam installation, clearing and grubbing activities, ground 
disturbance due to site grading cut and fill, armoring, excavation, etc. BMPs would be installed 
to minimize water quality impact prior to starting construction. Additional environmental 
impacts would be expected such as habitat loss and impact to riparian areas. In contrast, the 
installation of the picket barrier and trap box would have limited impact and is in fact typically 
done without water quality monitoring or BMPs. As a result, the alternatives were scored 1 for 
the FSC, 1 for the helical system, and 10 for the in-tributaries trap-and-haul. 

Low Impact to Habitat: The FSC and the helical system would result in both temporary and 
permanent impacts to habitat due to each system’s large physical footprint and the associated 
disturbance to existing site conditions during construction. In contrast, the in-tributaries trap-
and-haul facility would have minimal habitat impact. Furthermore, the in-tributaries trap-and-
haul infrastructure would be installed seasonally, and any associated impacts would be 
confined to the operational period. As a result, the alternatives were scored 5 for the FSC, 5 for 
the helical system, and 10 for the in-tributaries trap-and-haul. 

Limited Impact on Non-Target Species: The FSC is a selective system where an operator can 
pass the target species only. The helical system is a non-selective system and would pass all 
fish species downstream, target, non-target, and invasive species alike that enter the system, 
creating a larger impact to non-target species upstream and downstream of the dam. The in-
tributaries trap-and-haul is a selective system where the operator can capture and pass 
downstream only target species. The trap itself will capture everything that presents itself to 
it. The operator will need to manage non-target species and pass them downstream of the 
trap. Consequently, the alternatives were scored 10 for the FSC, 1 for the helical system, and 
10 for the in-tributaries trap-and-haul. 

Overall, for downstream fish passage, the in-tributary trap-and-haul system scores higher in 
terms of limiting environmental impact.  
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5.2.6 Regulatory Compliance 

As part of the steelhead trout passage feasibility assessment and HCP development process, 
the District, McMillen, and others met with NMFS, USFWS, and the CDFW on multiple 
occasions to discuss regulatory guidance and input on flows, operations, and fish passage. 
These discussions have informed the design criteria, alternatives screening, and analysis set 
forth in this report and its supporting materials. This section identifies a list of federal, state, 
and local permits that may be necessary in order to implement one or more of the fish passage 
options. Other permits not identified in this report may also be necessary, depending on how 
passage and flow-related needs for steelhead trout and other species are vetted by permitting 
agencies. 

Federal Permits and Regulations 

 Clean Water Act (CWA) 404 Permit, USACE 

o General Orders – Nationwide Permit 

 Endangered Species Act (ESA) Section 7 Consultation in connection with USACE 
approvals (to ensure the activities do not jeopardize ESA-listed species or destroy or 
adversely modify designated critical habitat) 

 Incidental Take Authorization through ESA section 7 or ESA section 10. NMFS for 
steelhead trout; U.S. Fish and Wildlife Service (USFWS) for red-legged frog (if 
necessary)   

o Incidental Take Permits (ITP) supported by Habitat Conservation Plan 

o Enhancement of Survival Permit supported by conservation benefit agreement  

o Consistency Determination, NMFS and CDFW (must be consistent with California 
Endangered Species Act [CESA]) 

o Fish and Wildlife Coordination Act, USFWS, or NMFS 

o Incidental Take Statement (ESA section 7) 

 National Historic Preservation Act (NHPA) Section 106 Consultation, California State 
Historic Preservation Office (SHPO)  

 National Environmental Policy Act (NEPA) 

State Permits and Regulations 

 Section 2081(b) Incidental Take Permit (for CESA-listed only species), CDFW 

 Scientific Collecting Permit, CDFW 

 Special Use Permit, CDFW 
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 Streambed Alteration Agreement, CDFW 

 CWA 401 Water Quality Certification, Regional Water Quality Control Board 
(RWQCB) 

o Waste Discharge Requirements 

o National Pollutant Discharge Elimination System (NPDES) – Stormwater Pollution 
Prevention Plan (SWPPP) 

 California Division of Safety of Dams (DSOD) – Dam Alteration Application for projects 
impacting water retaining features of Lopez Dam  

 California Clean Air Act, Air Quality Management District (AQMD) 

 California Environmental Quality Act (CEQA) 

Local Permits and Regulations 

 County General Plan – Land Use and Circulation Element, Conservation and Open 
Space Element, Parks and Recreation Element, Safety Element (2018) 

 Countywide Water Conservation Program – Conservation and Open Space Element 
Supplemental Environmental Impact Report (2015) 

 County Biological and Geology Resources (i.e., Arroyo Toad Survey Protocol, Bald 
Eagle Habitat Evaluation Protocol, California red-legged frog Survey Guidance, Fault-
Rupture Hazard Zones in California, Guidelines for Engineering Geology Reports, etc.) 

Permitting (Cooperating and Participating) Agencies 

 National Marine Fisheries Service (ESA Section 10/ITP, ESA Section 7 – Steelhead) 

 U.S. Fish and Wildlife Service (ESA Section 10, ESA Section 7) 

 USACE, Los Angeles District (CWA Section 404) 

 California Department of Fish and Wildlife Service  

 Regional Water Quality Control Board, Region 3 (CWA Section 401 + Waste Discharge 
Requirements) 

 California State Historic Preservation Office 

 California Division of Safety of Dams 

 County of San Luis Obispo, Planning and Building 



Steelhead Passage Feasibility Assessment of Lopez Dam  Feasibility Assessment Report 

Rev. 0 / September 2025 66  

5.2.6.2 Regulatory Compliance Criteria 

The regulatory compliance evaluation category contains two criteria. The results are presented 
in the Evaluation Matrix (Table 5-1).  

Criteria for the Upstream Fish Passage Facility 

 Low Permitting Effort: For the vertical slot fishway, the permitting effort would be 
expected to be high and would also involve coordination and approval from the DSOD 
for the dam penetration and the resulting dam safety concerns. In contrast, the 
permitting effort for the trap-and-haul facility would be expected to be low. As a result, 
the alternatives were scored 1 for the vertical slot fishway and 10 for the trap-and-haul 
facility. The higher score reflects a lower permitting effort.  

 Low Regulatory Constraints: Even though interagency coordination has started, the 
project, independent of the alternative selected, would require significant regulatory 
coordination effort. As a result, the alternatives were scored equally, 5 for the vertical 
slot fishway and 5 for the trap-and-haul facility. 

Overall, for upstream fish passage, the trap-and-haul system scores higher in terms of 
regulatory compliance.  

Criteria for the Downstream Fish Passage Facility 

 Low Permitting Effort: For the FSC and the helical system, the permitting effort would 
be expected to be high. In contrast, the permitting effort for the in-tributaries trap-and-
haul would be expected to be low. As a result, the alternatives were scored 1 for the 
FSC, 1 for the helical system, and 10 for the in-tributaries trap-and-haul. 

 Low Regulatory Constraints: Even though interagency coordination has started, the 
project, independent of the alternative selected, would require significant regulatory 
coordination effort. As a result, the alternatives were scored equally, 5 for the FSC, 5 
for the helical system, and 5 for the in-tributaries trap-and-haul. 

Overall, for downstream fish passage, the in-tributary trap-and-haul system scores higher in 
terms of regulatory compliance.  

5.2.7 Financial Criteria 

The financial evaluation category contains two criteria. The results are presented in the 
Evaluation Matrix (Table 5-1). The capital and operation and maintenance costs are presented 
in Appendix E.  
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5.2.7.1 Criteria for the Upstream Fish Passage Facility 

 Annual Capital Cost: The annual capital cost is the total construction cost divided by 
the estimated life expectancy. It is not a true lifecycle cost. The annual capital cost for 
the vertical slot fishway would be about $933,000 compared to $61,000 for the trap-
and-haul.  

 Annual Operational and Maintenance Cost: The annual O&M cost for the vertical slot 
fishway would be about $208,000 compared to $279,000 for the trap-and-haul. 

Overall, for upstream fish passage, the total annualized cost for the vertical slot fishway would 
be about $1,141,000 compared to $340,000 for the trap-and-haul. Consequently, the trap-
and-haul system scores higher in terms of financial criteria.  

5.2.7.2 Criteria for the Downstream Fish Passage Facility 

 Annual Capital Cost: The annual capital cost for the FSC would be about $1,588,000, 
$3,170,000 for the helical system, and $90,900 for the in-tributary trap-and-haul.  

 Annual Operational and Maintenance Cost: The O&M cost for the FSC would be about 
$730,000, $205,000 for the helical system, and $350,000 for the in-tributary trap-and-
haul. 

Overall, for downstream fish passage, the total annualized cost for the FSC would be about 
$2,318,000, $3,375,000 for the helical system, and $440,900 for the in-tributary trap-and-
haul. Consequently, the in-tributaries trap-and-haul system scores higher in terms of financial 
criteria, followed by the FSC, and then the helical system.  

5.3 Interagency Coordination 

Direct communications with NMFS, USFWS, CDFW, USACE, DSOD, and RWQCB has been 
documented and shared with the County to facilitate the approach to environmental analyses, 
regulatory compliance, and closure.  

Interagency pre-application and Technical Advisory Committee meetings provided resource 
agency representatives opportunities to weigh in on draft technical analysis and early 
alternatives development. Meeting agendas, presentations, and minutes can be found in 
Appendix F. 

5.3.1 Meetings 

HCP Interagency Pre-Application Meeting, May 20, 2025: Representatives from USFWS, 
NMFS, and CDFW asked questions and offered feedback. One suggestion was to ensure 
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decisions are tracked. The following was discussed during the meeting relating directly to the 
Project: 

 A question was asked about the expected timeframe for the passage project 
implementation. The HCP would need to be complete. The assumption was that it 
would take year 5 through 10: 5 years for assisted migration to 10 years for completing 
fish ladder construction. It was noted that timeframes would have to be known before a 
permit can be issued. 

Technical Advisory Committee Meeting, June 24, 2025: Resource agency attendees from 
USFWS, NMFS, and CDFW attended this second meeting. The following was discussed 
relating directly to the Project: 

 Volitional fish passage options were described, with no substantive comments or 
questions. 

Technical Advisory Committee Meeting, July 22, 2025: The July 22 TAC Meeting was the 
third of five proposed meetings. The following was discussed relating directly to the Project: 

 Volitional fish passage was discussed through the presentation of five fish passage 
alternatives remaining for consideration after pre-screening over 40 initial options. 
Constructability, operational requirements, and ancillary facilities of each alternative 
were presented. 
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6.0 Conclusion and Recommendations 

This section provides conclusions and recommendations for this feasibility assessment. 

6.1 Conclusion 

This Feasibility Assessment Report provides a comprehensive and objective evaluation of 
potential engineering solutions to enable volitional passage for SCCC steelhead trout at Lopez 
Dam. Through a rigorous analysis of alternatives, informed by stakeholder engagement, and a 
transparent, quantitative assessment process, the study identifies and ranks feasible upstream 
and downstream fish passage options. 

The findings presented herein offer a sound basis for determining which volitional passage 
alternatives are technically and economically viable, and which are not, under current site 
conditions and constraints. This report serves as a critical step toward informing the draft HCP 
for Lopez Dam and supporting the decision-making needs of regulatory agencies, including 
NMFS. 

By integrating engineering, biological, and operational considerations within a collaborative 
framework, this assessment ensures that the recommendations reflect both scientific 
credibility and practical applicability. As a result, it provides a strong foundation for advancing 
conservation efforts for SCCC steelhead trout while guiding future actions to improve 
ecological connectivity and watershed resilience. 

The trap-and-haul system ranked the highest alternative for the upstream fish passage, and 
the in-tributaries trap-and-haul facilities ranked the highest alternative for the downstream 
fish passage.  

6.2 Recommendations 

Based on the findings of this feasibility assessment, a simple trap-and-haul system in the form 
of a picket barrier and a trap box is recommended to be installed annually during the upstream 
fish passage period downstream of the dam for upstream migration. For downstream fish 
passage, it is recommended to also use a picket barrier and a trap box seasonally and install 
them in Lopez Canyon and Wittenberg creeks. Biological performance data as well as debris 
loading and sediment movement should be gathered for both upstream and downstream to 
determine if the options need to be scaled up or not, and to inform the design of the scaled-up 
options (if required). At this stage, the simple trap-and-haul solutions discussed in this report 
appear to be the most appropriate to advance as part of the HCP.  

As set forth herein, it is the professional judgment of the authors that implementation of a 
strictly volitional system for either upstream or downstream fish passage at this dam is not 
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feasible or practical, or would present elevated risks to dam safety, which could not safely be 
mitigated.  

The recommendations and professional judgment of this report is based on the information 
presently available and is subject to revision upon receipt of additional data, further study, or 
subsequent technical review. Nothing in this report shall be construed as a final determination 
or binding recommendation, nor shall it be relied upon for purposes other than its intended 
technical context. The authors expressly disclaim any responsibility or liability for reliance on 
this judgment in litigation, regulatory proceedings, or other forums outside the scope of this 
report. 
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Appendix D. Hydrology and Hydraulics Calculations 
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Appendix E. Engineering Cost Estimates 
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Technical Memorandum 
To: David Spiegel

County of San Luis Obispo
Project: Steelhead Passage 

Feasibility Assessment of 
Lopez Dam

From: Wendy Katagi
McMillen, Inc.

cc:

Prepared by: Todd Harper
McMillen, Inc.

Job No: 25-062

Reviewed by: Vincent Autier, PE
McMillen, Inc.

Date: 09/26/25

Subject: Opinion of Probable Construction Cost (OPCC) Estimate (Class 5)

Revision Log

Revision No. Date Revision Description

0 07/28/25 Draft Submittal

1 08/11/25 Revised Draft Submittal with Spreadsheet Corrections

2 09/09/25 Revised Draft Submittal with Format Corrections

3 09/26/25 Final Submittal 

1.0 Introduction

1.1 Purpose

The purpose of this technical memorandum (TM) is to present the Opinion of Probable 
Construction Cost (OPCC) for two upstream and three downstream Steelhead Passage 
Alternatives at the Lopez Dam Project. 

1.2 Estimate Preparation

This OPCC is based on the Fish Passage alternatives detailed in our Feasibility Assessment 
Report dated September 2025 and illustrated in our Conceptual Drawings dated 09/26/25. 
When possible, McMillen has utilized historical construction cost data from similar projects, 
which we have designed or constructed as a self-performing general contractor, as the basis of 
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our OPCC estimate. Quantity takeoffs from the conceptual drawings were not calculated. Line 
items with quantities shown were calculated by the Engineer. Pricing for the Helical Fish 
Passage Alternative D-2 was calculated based on the Cle Elum Dam project noted in the 
feasibility assessment with adjustments for scale (about 1.75 times taller), inflation 
(constructed between 2019-2024), and State adjustment factor from Washington to 
California. 

2.0 Engineer Cost Estimate 

This section presents the estimate class selection of the cost estimate for this Project, the 
additional cost factors for this opinion of probable construction cost estimate. Operation and 
Maintenance (O&M) cost estimate has not been considered. 

2.1 Estimate Class Selection 

The American Association of Cost Engineering (AACE) provides guidelines for development of 
cost estimates for various levels of project definition (see Table 2-1). For this project, an AACE 
Class 5 cost estimate has been prepared with an accuracy from -50% to +100%.  

Table 2-1. American Association of Cost Engineering Guidelines 

 Primary 
Characteristic 

Secondary Characteristic 

 
LEVEL OF 
PROJECT 

DEFINITION 
Expressed as % 

of complete 
definition 

END USAGE 
Typical 

purpose of 
estimate 

METHODOLOGY 
Typical estimating 

method 
 

EXPECTED 
ACCURACY RANGE 

Typical variation in 
low and high 

ranges (a) 

PREPARATION 
EFFORT 
Typical 

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

ESTIMATE 
CLASS 

Class 5 0% to 2% 
Concept 

Screening 

Capacity Factored, 
Parametric Models, 

Judgment or 
Analogy 

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

1 

Class 4 1% to 15% 
Study of 

Feasibility 

Equipment 
Factored or 

Parametric Models 

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

2 to 4 

Class 3 10% to 40% 
Budget, 

Authorization, 
or Control 

Semi-Detailed Unit 
Costs with 

Assembly Level 
Line Items 

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

3 to 10 
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 Primary 
Characteristic 

Secondary Characteristic 

 
LEVEL OF 
PROJECT 

DEFINITION 
Expressed as % 

of complete 
definition 

END USAGE 
Typical 

purpose of 
estimate 

METHODOLOGY 
Typical estimating 

method 
 

EXPECTED 
ACCURACY RANGE 

Typical variation in 
low and high 

ranges (a) 

PREPARATION 
EFFORT 
Typical 

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

ESTIMATE 
CLASS 

Class 2 30% to 70% 
Control or 

Bid/ Tender 

Detailed Unit Cost 
with Forced 

Detailed Take-Off 

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

4 to 20 

Class 1 50% to 100% 
Check 

Estimate or 
Bid/Tender 

Detailed Unit Cost 
with Detailed 

Take-Off 

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

5 to 100 

Notes: 
(a) The state of process technology and availability of applicable reference cost data affect the range markedly. The +/- value 

represents typical percentage variation of actual costs from the dost estimate after application of contingency (typically at a 
50% level of confidence) for give scope. 

(b) If the range index value of “1” represents 0.005% of project costs, then an index value of 100 represents 0.5%. Estimate 
preparation effort is highly dependent upon the size of the project and the quality of estimating data and tools. 
Source: AACE International Recommended Practice No. 17R-97 

2.2 Basis of Cost Estimate 

The Class 5 alternative cost estimate is based on the Conceptual Drawings dated 09/26/25. 
The costs were developed using similar work or features of work from historical projects or 
cost estimates, as well as utilizing unit price cost ranges as the primary basis for cost. 
Estimator judgement was used in selecting the unit price based on the standard unit price 
ranges and factoring similar cost features. Activities with little definition were priced with 
allowances based on estimator judgement. Quantities were taken off for major scopes such as 
earthwork and concrete based on dimensions illustrated in the concept site drawings and 
estimated dimensions not yet detailed.  

Class 5 cost accuracy ranges are wide due to the low project definition. Class 5 costs help 
provide basis for screening alternatives. Pricing is typically reviewed on a large scale for 
reasonableness based on similar projects, similar features of work, and using judgement in 
comparing pricing between the scope of each alternative. 
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The Lopez Dam Steelhead Passage Options alternative cost estimates were based on the 
following project mark ups: 

 General Contract Requirements (20% & 25%): This factor includes mobilization/de-
mobilization, temporary facilities, erosion control, special testing, and other Division 1 
contract requirements. It is applied to the construction cost subtotal including 
contingency. Alternatives greater than $1M were priced at 20% and projects less than 
$1M were priced at 25%. 

 Overhead (6%) and Profit (12%): These factors cover general contractor overhead and 
profit. They are applied to the construction cost subtotal including contingency. 

 Construction Bond and Insurance Rate (2%): A construction bond and insurance rate 
of 2% was assumed based on other projects of similar size and complexity. 

 Contingency (10%): A contingency of 10% is added assuming further refinement of the 
project. Project contingency at this phase of project design can range up to 35% to 
account for both construction and design contingency. Due to the wide accuracy 
applied, a 10% contingency is used to account for normal construction contingency 
only. The estimate accuracy range should include any design contingency. 

2.3 Construction Cost Estimate  

The OPCC represents a direct supply and install cost with standard general markups add-ons. 
Table 2-2 provides a summary of the OPCC in 2025 dollars for the Project. The detailed cost 
estimate is presented in Appendix A. The following was used for the development of the 
OPCC: 

 Basis of Quantity Calculations: Conceptual design level drawings were prepared as 
part of the development of each alternative. The engineer prepared a quantity take off 
for each element where sufficient information was available. The quantities represent 
neat line. Wastage was not included in this basis of quantity calculations. 

 Basis of Unit Rates: The unit rates are based on consultant past projects. For this level 
of effort, no quotes were gathered, and RS Means pricing was not used.  
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Table 2-2. Engineer’s Cost Estimate 

Line Item 

Upstream Fish Passage Downstream Fish Passage 

Alt U-1  Alt U-2 Alt D-1 Alt D-2 Alt D-3 

Vertical Slot 
Fishway 

Trap and Haul 
Floating 
Surface 

Collector 

Helical Fish 
Passage 
System 

In-Tributaries 
Trap and Haul 

GC's & Mobilization $6,541,812  $90,875  $4,760,295  $29,457,000  $137,500  

Existing Conditions $45,000  $25,000  $50,000  $120,000  $50,000  

Concrete $12,866,240  $0  $0  $54,360,000  $0  

Metals $6,062,500  $95,000  $0  $2,718,000  $190,000  

Equipment $0  $175,000  $5,963,500  $21,744,000  $175,000  

Special Construction $912,500  $0  $27,795,721  $14,496,000  $0  

Electrical $741,000  $0  $6,000,000  $7,248,000  $0  

Instrumentations and Controls $727,500  $0  $500,000  $1,268,000  $0  

Plumbing $0  $0  $0  $906,000  $0  

Earthwork $6,070,296  $47,500  $0  $18,120,000  $95,000  

Exterior Improvements $9,000  $21,000  $0  $3,624,000  $40,000  

Utilities $3,200,000  $0  $1,314,400  $10,000,000  $0  

Marine and Waterway $2,075,025  $0  $13,695,354  $12,681,000  $0  

Total Construction Price $39,250,873  $454,375  $60,079,270  $176,742,000  $687,500  

            

Taxes, Overhead, Profit & Bond           

Overhead - 6% $2,355,052  $27,263  $3,604,756  $10,604,520  $41,250  

Profit - 12% $4,710,105  $54,525  $7,209,512  $21,209,040  $82,500  

Construction Bonds and Insurance - 
2% $832,119  $9,633  $1,273,681  $3,746,930  $14,575  

Total Construction Cost $7,897,276  $91,420  $12,087,949  $35,560,490  $138,325  

            

Contingency           

Contingency - 10% $4,714,800  $54,600  $7,216,700  $21,230,200  $82,600  

            

Median Construction Cost  $46,613,627  $600,395  $79,370,708  $237,706,781  $908,425  

Construction Cost Range (-50%)  $23,307,000  $300,000  $39,685,000  $118,853,000  $454,000  

Construction Cost Range (+100%) $93,227,000  $1,201,000  $158,741,000  $475,414,000  $1,817,000  
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Appendix A. OPCC Calculation Spreadsheets 
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Appendix F. County and TAC Coordination Meeting 
Minutes 
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Public Works Department 
Lopez HCP Interagency Pre-Application Meeting 
Agenda 
Tuesday May 20, 2025 @ PM 
Location – 1120 Mill St, San Luis Obispo and via TEAMS 

Participants

County of San Luis Obispo, USFWS, NOAA/NMFS

Meeting Objective(s)

Establish Pre-Application Consultation Process for Lopez HCP 

Discuss Covered Species, Plan Duration, Covered Activities

Present Overview of Conservation Measures

Meeting Agenda Time

1. Introductions and Agency Administrative Updates 15 minutes

2. Preliminary Injunction
a. Establish recurring meeting schedule for June/July/August/September ahead

of court-ordered October 1, 2025 Draft HCP submittal

b. Confirm pre-application consultation process of draft sections provided for
agency review 2 weeks prior to each meeting for real time iterative
feedback/Q&A occuring during meeting

c. Establish process for elevating or tabling conflicts for future meetings as
needed

20 minutes

3. Draft HCP Scope Components
a. Outline Overview

b. Plan Area/Covered Area- Lower Arroyo Grande Creek from Lopez
Dam to Leveed portion of creek

c. Covered Species-Steelhead, CRLF, Tidewater Goby, Least Bell’s Viero,
Others?

d. Plan Duration-50 years

35 minutes

4. Conservation Measures Overview 20 minutes

Next Meeting Topics

a. Tabled Items

b. Conservation Measures

c. Biological Goals and Objectives

d. Existing Conditions
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An effective partner for the achievement of water resources sustainability in all areas of the county. 

Public Works Department 
Lopez HCP Interagency Pre-Application Meeting Agenda 
Tuesday June 24, 2025 @ 1:30PM 
Location – 1120 Mill St, San Luis Obispo and via TEAMS  

Invitees 

County of San Luis Obispo: Kate Ballantyne, David Spiegel, Lisa Bugrova, Kate Shea, Nola Engelskirger 
County of SLO Consultant/Legal Team: Ethan Bell,Sharon Shu, Sharon Kramer, Rebeca Hays Barho, 
Wendy Katagi, Blair Hurst,  Vincent Autier 
USFWS: Joseph Brandt, Kirby Bartlett 
NOAA/NMFS: Mandy Ingham, Matt McGoogan 
CDFW: Kristine Atkinson, Zach Crum 

Meeting Objective(s) 

Discuss Proposed Flow Enhancement/Water Management 
Discuss Proposed Volitional Passage Study Screening Analysis 

Meeting Agenda                                                                                                                                              Time 

1. Agency Updates 5 minutes 5 minutes

2. Covered Activities-Flow Enhancement/Water Management 55 minutes 55 minutes

3.     Conservation Strategy- Volitional Fish Passage Feasibility 60 minutes 60 minutes 

Next Meeting Topic 

a. Covered Activities 
b. Conservation Strategies 

  Vincent Autier 

Lisa Bugrova, 

Wendy Katagi, 
 Joseph Brandt, Kirby Bartlett  

Jeff Meyer
Eileen Kataga
John O'Brien
Katherine Ayres

 Ethan Bell,  Rebeca Hays Barho, 

Jean Castello

 Kate Ballantyne, 

 Matt McGoogan 

 Kate Shea,  David Spiegel,  

 Zach Crum 

Sharon Kramer, ,Sharon Shu, ,  

 Mandy Ingham, 

 Nola Engelskirger 

 Kristine Atkinson, 



An effective partner for the achievement of water resources sustainability in all areas of the county. 
 

Public Works Department 
Lopez HCP Interagency Pre-Application Meeting Agenda 
Tuesday June 24, 2025 @ 1:30PM 
Location – 1120 Mill St, San Luis Obispo and via TEAMS  
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Meeting Minutes
To: David Spiegel

San Luis Obispo County
Date: 06/26/2025

From: Wendy Katagi, CEP
McMillen, Inc.

Job no: 25-062

cc: Meeting Attendees 

Project: Steelhead Passage Feasibility Assessment of Lopez Dam

Subject: Lopez HCP Interagency Pre-Application Meeting Agenda

1.0 Introduction and Roll Call

This memorandum documents the Interagency Pre-Application Meeting held on June 24, 2025. 
The meeting started at 1:30 p.m., Pacific Standard Time (PST) and was adjourned at 
approximately 3:30 p.m. The following people attended the meeting:

Name Organization

Kate Ballantyne County of San Luis Obispo

David Spiegel, PE County of San Luis Obispo

Lisa Burgova County of San Luis Obispo

Kate Shea County of San Luis Obispo

Nola Engelskirger County of San Luis Obispo

Ethan Bell Stillwater Sciences

Jeff Meyer Stillwater Sciences

Sharon Shu H.T. Harvey & Associates

Sharon Kramer H.T. Harvey & Associates

Rebeca Hays Barho Nossaman LLP

Wendy Katagi, CEP McMillen Inc.

Vincent Autier, PE McMillen Inc.

John O’Brien

Joseph Brandt USFWS

Kirby Bartlett USFWS

Mandy Ingham NOAA/NMFS

Matt McGoogan NOAA/NMFS
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Name Organization 

Jean Castello NOAA/NMFS 

Kristine Atkinson CDFW 

Zach Crum CDFW 

Jeff Wilkinson  

Katherine Ayres  
 

2.0 Agency Updates 

None 

3.0 Covered Activities – Flow Enhancement/Water Management 

1. Stillwater Sciences (Jeff Meyer and Ethan Bell) presented the Preliminary Draft Lopez 
Downstream Release Plan, including Baseflows, Migration Flows, and Constraints 

 Baseflows are established for each season 

 Migration flows (up to 2 in the winter, 10-day duration) are synchronized with natural 
flow events illustrated by sand bar/berm at beach being open 

 Constraints preclude migration flow releases if reservoir is below 20,000 acre-feet 

2. Hydrologic model runs for low, median, and high discharge water years were presented and 
show the number of pulse releases and spills in each condition. 

3. Ethan explained goals for steelhead: 

 Support adult migration and increased spatial distribution of adult steelhead by 
increasing migration opportunities and timing 

 Synchronize with watershed events 

 Habitat value, suitability, and water temperature all goals for steelhead 

4. Release Plan Methodology models steelhead migration in response to proposed flow; 
includes: 

 Qualitative habitat and flow assessment 

 Comparative temperature and hydrograph analyses 

 California Environmental Flows Framework (CEFF) considerations 

 Scenarios: 

o Pre-Dam 
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o Existing Conditions (Baseline) 

o Proposed Operations 

 To include adult migration opportunities and spatial distribution and sensitivity analysis 

5. Questions/discussion of the methodology and modeling: 

 The model is an R program, developed with Chris Caudel, University of Idaho.  

 CDFW SOPs are being followed and critical riffles will be included/part of an adaptive 
management plan 

 Flow models have not been verified given timelines, but available data was used to 
create unimpaired hydrology that is the best available data  

 Ethan offered that they could share an outline draft of the monitoring program, 
including a table that captures key metrics for monitoring 

 Will not have different water year types for downstream releases – Arroyo Grande 
gage indicates whether berms open up 

 The sandbar is tricky and sometimes hard to describe if open or closed with high tide 
being a factor as well 

 Discussion of what daily averages represent and how far in a day we can deviate from 
the daily averages. Zach prefers something different if legally mandated, as its good to 
be clear the model isn’t cranking flow up to meet minimum criteria, compliance, and 
adequate stream flow 

4.0 Conservation Strategy – Volitional Fish Passage Feasibility 

Problem & Goal Statements: 

 Problem: Lopez Dam in an impassable barrier on Arroyo Grande Creek, blocking fish 
passage 

 Goal: The purpose of the Project is to identify and describe technically feasible 
upstream and downstream fish passage options for the South-Central California Coast 
(SCCC) Distinct Population Segment (DPS) steelhead trout while preserving the dam’s 
primary function 

 Goal: Assess volitional fish passage feasibility at Lopez Dam 

Vincent emphasized the importance of reviewing all options, that there are no bad ideas at this 
time. Options will be assessed for what is volitional or not. 
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Two technical memorandums (TM) were prepared and provided to the TAC on June 9 for 
review and input. The purpose of this presentation is to receive feedback on the TMs: 

 TM002 – Design Criteria: 

o Biological – fish species, migration season 

o Lopez Reservoir Fluctuation – large water surface differentials during migration 

 About 70’ during upstream migration 

 About 62’ during downstream migration 

o Hydrology & Hydraulics – hydraulic drop, swimming strength 

o Others provided in TM; all shown because we don’t yet know what alternatives 
may look at 

 TM003 – Alternatives: tabulated all known fish passage options and provided high-
level evaluation and recommendations 

o Additional feedback/options are welcomed 

 Volitional & Nature-Like Fishways were discussed and examples presented: 

o Clackamas River North Fork Dam Fishway includes 20 exit pools (no longer in 
operation) 

o Soda Springs Fishway has 14 exit pools 

o To accommodate Lopez Dam water surface fluctuations, 70 exit pools would be 
required 

o Examples of successful volitional fishways were provided, noting the total head 
and water surface fluctuation are on a much smaller scale than Lopez Dam (e.g., 
9 to 30 ft total head with 1 to 3 ft fluctuation compared to 168 ft total head 
with 60 to 70 ft fluctuation). 

 Technologies for upstream and downstream passage were reviewed. Technologies 
recommended to advance include: 

o Upstream: 
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 Vertical Slot – pre-looked at potential reduction in number of exit pools; 
still have 168 pools. Need agency guidance on flow rates (typically 
about 30 cfs per vertical slot; we have about 10 times that) 

 Trap and Haul 

o Downstream: 

 Bypass Pipe – use floating surface collector to get fish before putting 
them in the bypass pipe. Earth fill profile of the dam will put collector 
further away. About 1000- 2000 cfs attraction flow is needed, which 
will require pumps.   

 Barrier/Guidance Nets – e.g., Helix system by USBR. Estimated $1M. 

 Trap and Haul – In-tributary trapping with Fyke nets; need to divert river 
into a barrier/screen to trap and collect 

 Selected technologies will be developed and evaluated using a rigorous quantitative 
process 

o This is a collaborative process  

 The updated version of the slide deck (presented at the meeting) will be distributed. 
This version includes the Clackamas River  

 Wendy provided her email address for additional questions or feedback on the 
alternatives: katagi@mcmillen.com  
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An effective partner for the achievement of water resources sustainability in all areas of the county.

Public Works Department
Lopez HCP Interagency Pre-Application Meeting Agenda
Tuesday July 22, 2025 @ 1:30PM
Location – 1120 Mill St, San Luis Obispo and via TEAMS

Invitees

County of San Luis Obispo: Kate Ballantyne, David Spiegel, Lisa Bugrova, Kate Shea, Nola Engelskirger
County of SLO Consultant/Legal Team: Ethan Bell, Sharon Kramer, Sharon Hsu, Rebeca Hays Barho, 
Wendy Katagi, Blair Hurst, Vincent Autier
USFWS: Joseph Brandt, Kirby Bartlett
NOAA/NMFS: Mandy Ingham, Matt McGoogan
CDFW: Kristine Atkinson, Zach Crum

Meeting Objective(s)

Discuss Effects of Flow Proposal
Discuss Conservation Strategies, Monitoring and Adaptive Mangement
Receive Federal Agency Feedback

Meeting Agenda                                                                                                                                              Time

1. Effects of flow proposal
Improvements in baseflows
Improvements in migration flows
Fish migration modeling results 

1:30pm-2:00pm

2. Other Conservation Strategies
Pond conversion restoration
Gravel augmentation
Volitional Fish Passage

2:00pm-2:30pm

3. Monitoring and Adaptive Management
Monitoring goals, measurable objectives, methods, management action

2:30pm-3:00pm

4. Federal Agency Feedback on Previously Covered Topics 
Covered Species
Permit Area
Permit Term

3:00pm-3:30pm

Next Meeting Topics

a. Fish Passage Alternatives 
b. Conservation Strategies



An effective partner for the achievement of water resources sustainability in all areas of the county.

Public Works Department
Lopez HCP Interagency Pre-Application Meeting Agenda
Tuesday July 22, 2025 @ 1:30PM
Location – 1120 Mill St, San Luis Obispo and via TEAMS
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