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1.0 INTRODUCTION 

GeoEngineers, Inc. (GeoEngineers) has prepared this Draft Final Basis of Design report (report) for the 
Union Soil and Water Conservation District (USWCD). This report provides a summary of our findings 
pertaining to the existing conditions of the Willow Creek Royes Dam project site in Union County near 
Imbler, Oregon, and an explanation of the design process, analyses, and preliminary outcomes for the 
proposed enhancement design. 

GeoEngineers organized the following sections of this report to describe the General Project and Data 
Summary Requirements required by the Bonneville Power Administration (BPA) for regulatory compliance 
coverage under the Habitat Improvement Program (HIP). This report is submitted to satisfy the 30 percent 
design step as part of the BPA Restoration Review Team (RRT) review process. BPA developed the 
requirements to effectively communicate that appropriate planning, analysis, design, and resulting 
construction documentation are met. The conditions of the project reach are described in terms of 
processes that shaped the stream and associated ecosystem within the context of various ecological 
disciplines. This includes discussions on hydrology, hydraulics, fish passage, irrigation facilities, and 
geomorphology. The evaluation and consideration of the site conditions provide the basis for the project 
design. 

■ Appendix A—Draft Final Design Drawings 

■ Appendix B—Site Photographs 

■ Appendix C—Hydrologic and Hydraulic Analysis 

■ Appendix D—Sediment Mobility Analysis 

■ Appendix E—Construction Quantities and Estimate of Anticipated Costs 

■ Appendix F—Monitoring and Adaptive Management Plan 

■ Appendix G—Bonneville Power Administration 30 Percent Submittal Comment Response 

■ Appendix H—Report Limitations and Guidelines for Use 

1.1. Project Responsible Parties 

■ The project sponsor is the USWCD, and the project manager is Aaron Bliesner, 541.963.1313. 

■ The prime design consultant is GeoEngineers, Inc. and the engineer of record is Ryan S. Carnie, PE, 
208.258.8326. 

1.2. Site Location 

Willow Creek is a tributary to the Grande Ronde River in Union County, Oregon. The project site includes 
Royes dam, located approximately 3.8 miles upstream of the confluence with the Grande Ronde River as 
shown in Figure 1. The overall project site and proposed grading areas are shown in Figure 2. 
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Figure 1. Vicinity Map 
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Figure 2. Site Plan 
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2.0 PROJECT BACKGROUND 

The Willow Creek watershed is an important tributary system in the Grande Ronde River basin for summer 
steelhead and spring/summer Chinook Salmon. In its present configuration and operation, Royes Dam 
impedes and often fully blocks adult and juvenile salmonid migration within the Willow Creek system 
because it is a channel spanning structure and lacks effective fish passage facilities. In addition, the 
operation of Royes Dam creates a large low-velocity backwater area, which ultimately facilitates higher 
water temperatures and lower dissolved oxygen levels. Therefore, Royes Dam not only blocks fish 
passage but also degrades water quality conditions to a point that, during some times of the year, are 
potentially lethal to native salmonids. 

The Union Soil and Water Conservation District (USWCD) is leading an effort to improve fish passage and 
irrigation delivery systems upstream of Royes Dam.  

This report presents the process for completing the alternatives analysis; describes existing operation 
conditions; describes the alternative concepts that were analyzed; provides supporting technical 
information for alternative selection; and identifies the recommended alternative. The 30 percent design 
drawings for the alternatives upstream of the dam are presented in Appendix A, Draft Final Design 
Drawings. 

2.1. Project Goal 

The outcome of this project will be implementation-ready designs for improving fish passage at Royes 
Dam. 

2.2. Objectives 

■ Develop fish passage designs for juvenile and adult summer steelhead and spring/summer Chinook 
Salmon during periods of migration that achieve Oregon Department of Fish and Wildlife (ODFW) and 
National Marine Fisheries Service (NMFS) fish passage criteria to the greatest extent practical. 

■ Develop fish passage designs that support and maintain the use of irrigation water for water users. 

■ Minimize long-term maintenance frequency and expense associated with project infrastructure 
following construction. 

■ Provide a sustainable, permittable, maintainable design at a reasonable cost. 

2.3. Constraints 

■ Maintain surface water right delivery to water users within Willow and Mill Creek. 

■ All proposed pumps shall be designed at an elevation greater than the 100-year flow water surface 
elevation. 

2.4. Previous Assessments and Designs 

GeoEngineers completed the design development for the Royes Dam fish passage project and published 
a final basis of design report in April 2021 (GeoEngineers, 2021). The report provided a description of 
existing conditions, design flow rates, hydraulic modeling output and a description of the proposed fish 
passage solution. The design development process followed the Bonneville Power Administration (BPA) 
Habitat Improvement Program (HIP) review process. That process included an alternatives analysis, 
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30 percent, 80 percent, and final design submittals. The design for the GeoEngineers (2021) Royes Dam 
fish passage included a concrete pool-and-weir fishway proposed on the west side of Willow Creek. 
USWCD and local stakeholders have decided to revise the previous design and focus on the alternatives 
described below and include in-channel grade control and pump system upgrades.  

After the 2021 design, GeoEngineers completed a 15 percent design-level alternative analysis, which was 
submitted to BPA. Based on information we have received from USWCD, we evaluated alternatives 
intended to improve fish passage and water quality conditions. Throughout our alternative evaluation, we 
concluded Royes Dam would remain in place as-is, and the manual operation of the dam would no longer 
require placement of channel-spanning boards to maintain the current upstream pool elevation. We 
concluded the irrigators will upgrade their pumping systems upstream of Royes Dam to withdraw water 
from the backwater locations on Willow Creek. We received comments on the 15 percent submittal as 
summarized in Section 4.0 below.  

3.0 EXISTING SITE CONDITIONS 

3.1. Royes Dam Existing Conditions 

The existing Royes Dam consists of three open bays with 12-inch-thick concrete walls in between each 
bay and retaining wall abutments on each end. During a site visit in 2019, we noted the dam had 
corroding steel beams and wood framing supporting an unattached bar-grating deck. We also observed 
deep scour pitting on the upstream faces of the 12-inch-thick walls (Photo 1). Based on these 
observations, we suspected that the walls were not reinforced. No as-built information about the dam was 
available.  

We conducted a subsequent site visit in 2022 and completed data collection upstream and downstream 
of Royes Dam using Oregon Department of State Lands (ODSL) Stream Function Assessment Method 
(SFAM). Downstream of the dam, Willow Creek is an incised and straightened reach with an average 
slope of 0.7 percent. We measured an active channel width of 17 feet. The existing streambed material, 
downstream of Royes Dam, included sands, small gravel and a section of coarser angular material 
spanning the channel approximately 65 feet downstream of the dam. This section of coarser angular 
material appeared to provide a level of grade control. Upstream of the dam, we measured an active 
channel width of approximately 39 feet. The water users manually control the upstream pool water 
surface elevation (WSE) to provide sufficient hydraulic head for irrigation diversion by placing and 
removing boards within the dam’s three bays. The Royes Dam operation presents a fish passage barrier 
starting in late April when irrigation season begins and before spring/summer Chinook Salmon have 
migrated.  
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Photo 1. Existing stop-log operation of Royes Dam facing east, Willow Creek flows from right to left 

3.2. Peak Discharges 

The U.S. Bureau of Reclamation (USBOR) Columbia/Snake Salmon Recovery Office, in coordination with 
the USWCD, developed a Conceptual Design Memorandum for Fish Passage at Royes Dam in June 2018 
(USBOR, 2018). The USBOR calculated peak discharges for Willow Creek at the confluence with the 
Grande Ronde River using a generalized least square prediction equation for the Oregon east side 
watersheds—northeast using the USGS StreamStats Version 4 (USBOR, 2018). The 1.5-year event was 
not reported in the USBOR report. We extracted the 1.5-year flow with a best-fit curve on a log scale graph 
of the reported return periods and peak flows. We analyzed the hydraulic conditions using the reported 
results of the peak discharge calculations identified in Table 1 below. 

TABLE 1. WILLOW CREAK PEAK FLOW ESTIMATES AT THE GRANDE RONDE RIVER CONFLUENCE 

Return Period (yr) Peak Flow (cfs) 

1.5 4801 

2 614 

5 979 

10 1250 
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Return Period (yr) Peak Flow (cfs) 

20 1530 

25 1620 

50 1900 

100 2180 

500 2890 

Notes: 
cfs = cubic feet per second 
1 Extrapolated peak flow 

3.3. Fish Passage Design Flows 

The Oregon Administrative Rules (OARs) and ODFW require a hydraulic assessment of low design flow and 
the high design flow for fish passage (Oregon Secretary of State, 2022). We calculated the 95 and 
5 percent exceedance flows at the project site using StreamStats (USGS, 2023) to assess fish passage 
during the low and high fish passage flows, respectively. StreamStats uses the regression equations 
published by the United States Geological Survey (USGS) for unregulated streams in Oregon for low-flow 
frequency (Risley, Stonewall, & Haluska, 2009). The 95 percent exceedance flow characterizes a low-flow 
condition where 95 percent of stream flows exceed the calculated value. The 5 percent exceedance flow 
characterizes a high fish passage flow condition that 5 percent of stream flows are greater than the 
calculated value. We considered August to be the migration period for adult spring/summer Chinook; 
March and April to be the migration period for adult steelhead; and July and August to be the migration 
period for juveniles of both species. The species, life stages, months of migration and design flow results 
are summarized in Table 2.  

TABLE 2. DESIGN FISH PASSAGE FLOWS 

Species/Life Stage 

Months 
of 

Migration 

5 Percent Exceedance Flow  
Design High Fish Passage Flow 

(cfs) 

95 Percent Exceedance Flow  
Design Low Fish Passage Flow 

(cfs) 

Spring Chinook/Adults August 6.6 2.4 

Steelhead/Adults March 
and April 261.5 20.5 

Steelhead and 
Chinook Juveniles 

July and 
August 11.7 3.5 

3.4. Work-Zone Isolation Monthly Exceedance Flow 

GeoEngineers calculated monthly flow duration statistics using the USGS StreamStats program to inform 
the temporary channel diversion during project implementation. Based on the StreamStats monthly 
duration statistics, the 10 percent, and 50 percent exceedance for are reported in Table 3. The in-water 
work period for Willow Creek is between July 1 and October 15. We recommend work zone isolation 
structures be designed to accommodate 13.0 cfs, which is the highest monthly 10 percent exceedance 
flow during the in-water work period.  
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TABLE 3. MONTHLY EXCEEDANCE FLOW 

Month 
50 Percent Exceedance Flow  

(cfs) 
10 Percent Exceedance Flow  

(cfs) 

January 15.8 66.0 

February 30.0 132.0 

March 46.9 164.0 

April 113.0 235.0 

May 65.4 174.0 

June 13.1 37.7 

July 5.41 13.01 

August 3.21 5.61 

September 2.21 4.81 

October 2.8 6.0 

November 5.1 20.0 

December 11.9 44.6 

Notes: 
1 10 and 50 percent exceedance flow during in-water work period 

3.4.1. Water Rights 

The 2018 USBOR report summarized water rights within Willow Creek based on their research using the 
Oregon Water Resources Department (OWRD) database. The report indicates there are 14 surface water 
rights supported by the Royes Dam operation. The water rights are impacted by senior water rights held 
downstream of Royes Dam, and those require minimum overflow discharges as summarized in Table 4. 
The instream water rights range from 5 cfs to 34 cfs depending on month and available flow within Willow 
Creek. The flow rates identified in the Sum of Rate by Water Right Priority Flow represent discharge 
entering the Royes pool necessary to deliver the priority rate by year. The discharge values identified in 
the Sum Spill-Over Rates for Downstream Rights represent water rights downstream of Royes Dam.  

TABLE 4. PRIORITY RATE BY YEAR (USBOR, 2018) 

Priority Year 
Sum of Rate by Water Right 

Priority Flow (cfs) 
Sum Spill Over Rates for 
Downstream Rights (cfs) 

Sum of Rate for Lower 
Willow Creek 

1947 0 0.57 0.57 

1949 9.86 1.37 11.23 

1950 10.69 1.37 12.06 

1955 10.69 3.62 14.31 

1959 10.69 5.46 16.15 

1960 11.67 9.46 21.13 

1961 11.67 11.00 22.67 

1962 21.90 14.20 36.10 

1965 30.53 14.20 44.73 
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Priority Year 
Sum of Rate by Water Right 

Priority Flow (cfs) 
Sum Spill Over Rates for 
Downstream Rights (cfs) 

Sum of Rate for Lower 
Willow Creek 

1966 30.53 15.16 45.69 

1971 30.53 15.74 46.27 

1973 33.39 15.74 49.13 

1974 33.39 16.74 50.13 

1975 34.36 17.72 52.08 

1991 34.36 22.97 57.33 

3.4.2. Monthly Irrigation Operation 

Based on the 50 percent exceedance discharge calculated with the StreamStats model, there are months 
that all water rights are not available. We summarized the spill-over flow rates by assessing the senior 
rights due downstream of Royes Dam and reporting those as a difference between the 50 percent 
exceedance for each month and the senior rights. For monthly 50 percent exceedance flow less than the 
sum rate of lower Willow Creek flows reported in Table 4, we subtracted the senior right from the 
available flow. Table 5 includes anticipated discharge rates over Royes Dam using monthly 50 percent 
exceedance discharges and subtracting the user water rights  

TABLE 5. MONTHLY LOW-FLOW FREQUENCIES AT HUBER DAM 

Month 
50% Exceedance Flow 

(cfs) 
Spill Over Royes Dam  

(cfs) 

JAN 15.8 15.8 

FEB 30.0 30.0 

MAR 46.9 46.9 

APR 113.0 112.61 

MAY 65.4 31.01 

JUN 13.1 3.61 

JUL 5.41 0.61 

AUG 3.21 0.61 

SEP 2.21 0.61 

OCT 2.8 0.61 

NOV 5.1 5.1 

DEC 11.9 11.9 

Notes: 
1 Months and discharges impacted by water right distribution. Spill over calculated by subtracting senior water rights adjudicated to 
users upstream of Royes Dam..  

3.5. Willow Creek Existing Irrigation Pumps 

The project focuses on providing sufficient pool elevation to serve three in-stream irrigation pump 
deliveries upstream of Royes Dam, as shown in Figure 2, the design drawings in Appendix A, and in the 
site photographs in Appendix B. We assigned pump reference numbers arbitrarily, and information 
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regarding their certification numbers and water rights are included in the individual pump descriptions. All 
existing irrigation pump systems described include a suction pipe and screen that extends into Willow 
Creek. All centrifugal pumps described are located at an elevation higher than the approximate operating 
low-pool elevation between 2684.1 and 2684.4 feet (NAVD88).  

3.5.1. Pump 1 

Pump 1 is located on the channel right side of Willow Creek approximately 100 feet upstream of Royes 
Dam. Pump 1 provides irrigation water under OWRD certification numbers 21743, 32705, 32708, and 
42681. We summarized information regarding the certified water rights in Table 6. We reported flow rates 
as cubic feet per second (cfs). 

TABLE 6. PUMP 1 WATER RIGHTS 

Certification Number Priority Date Flow Rate (cfs) 

21743 08/01/1949 4.00 

32705 02/17/1960 0.98 

32708 01/19/1962 4.94 

42681 10/09/1975 1.25 

Total 11.17 

Pump 1 is a centrifugal pump with a 100-horsepower (hp) 3-phase induction motor. The approximate 
pump elevation is 2690.0 (NAVD88). Pump 1 requires suction lift to provide sufficient hydraulic head for 
the total flow rate. Reference the photo log of pump 1 in Appendix B.  

3.5.2. Pumps 2 and 3 

Pumps 2 and 3 are adjacent to each other and are located on the right-hand side (eastern side) of Willow 
Creek between approximately 2,220 and 2,240 feet upstream of Royes Dam. Pumps 2 and 3 provide 
irrigation water under OWRD certification numbers 42542 and 54095. We summarized information 
regarding the certified water rights in Table 7.  

TABLE 7. PUMP 2 AND 3 WATER RIGHTS 

Certification Number Priority Date Flow Rate (cfs) 

42542 10/04/1965 6.00 

54095 03/01/1973 2.86 

Total 8.86 

Pump 2 is a centrifugal pump with a 75-hp 3-phase motor. Pump 2 is bolted to a concrete slab and 
housed in a shed. The approximate pump elevation is 2,694.6 (NAVD88). The pump 2 system, including 
intake pipe, concrete floor, electronic controls, and outlet pipe appeared to be custom designed and 
dated, and replacement, rather than upgrading, is likely the only option. Pump 3 is a centrifugal pump 
with a 100-hp 3-phase motor. Pump 3 is bolted to a concrete slab and housed in a shed slightly upstream 
of the pump 2 housing. The approximate pump elevation is 2,695.0 (NAVD88). Pumps 2 and 3 require 
suction lift to provide sufficient hydraulic head for the total flow rate (Figures B-3 through B-9 in Appendix 
B). 
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3.5.3. Pump 4 

Pump 4 is located on the right-hand side of Willow Creek approximately 3,430 feet upstream of Royes 
Dam. Pump 4 provides irrigation water under OWRD certification number 42542. We summarized 
information regarding the certified water rights in Table 8.  

TABLE 8. PUMP 4 WATER RIGHTS 

Certification Number Priority Date Flow Rate (cfs) 

42542 10/04/1965 6.00 

Total 6.00 

Pump 4 is a centrifugal pump with a 100-hp 3-phase motor. Pump 4 is bolted to a concrete slab and 
housed in a shed. The approximate pump elevation is 2694.0 (NAVD88). Like pumps 2 and 3, the pump 
4 system including intake pipe, concrete floor, electronic controls, and outlet pipe are uniquely designed 
and is at the end of its design life. Replacement is proposed. The pump 4 intake pipe extends into Willow 
Creek and is adjacent to an existing concrete retaining wall located upstream of the pipe. Pump 4 
requires suction lift to provide sufficient hydraulic head for the total flow rate (Figures B-10 through B-12 
in Appendix B).  

4.0 DESIGN DEVELOPMENT 

GeoEngineers developed design alternatives to achieve the overall project goal and objectives described 
in Section 2.0. We considered the project objectives and project constraints to develop the alternatives. 
We considered the anticipated performance of the alternatives relative to the selection criteria to 
evaluate alternatives and make an informed decision based on site specific conditions.  

We submitted 15 percent basis of design report (BDR) identifying and accompanying conceptual-level 
drawings dated December 22, 2022 (GeoEngineers, 2022). That report identified three alternatives to 
provide fish passage and to provide a minimum water surface elevation to four irrigation pumps upstream 
of Royes Dam.  

■ Single grade control upstream of Royes Dam 

■ Multiple grade controls within Willow Creek without pump upgrades 

■ Multiple grade controls within Willow Creek with pump upgrades 

BPA provided comments on the 15 percent BDR and drawings. The selected alternative includes one 
in-channel constructed riffle grade control feature; one new pump relocated upstream of the proposed 
constructed riffle; and three new irrigation pump intake screens as described in Sections 4.2 through 4.4. 
We anticipate additional design criteria for future design stages following the alternative selection.  

4.1. HIP 4 Biological Opinion Considerations 

The proposed actions for the project include the following categories of action as defined by the BPA HIP 
Guidelines and included in the 15 percent design comments (Bonneville Power Administration, 2021). 
The categories of action may change as design development progresses.  
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■ Category of Action: River, Stream, Floodplain and Wetland Restoration  

 HIP Category 1b. Consolidate or Replace Existing Irrigation Structures 

 HIP Category 1c. Headcut and Grade Stabilization 

■ Project Title: Willow Creek Royes Dam Fish Passage Restoration 

■ HUC 8: 

 Upper Grande Ronde: 17060104 

■ ESA-Listed and State-Listed Species: 

 Mid-Columbia steelhead (Oncorhynchus mykiss) 

 Chinook Salmon (Oncorhynchus tshawytscha) 

4.1.1. HIP Category 1b Conservation Measures 

Project conservation measures are described as HIP Category 1b—consolidate or replace existing 
irrigation structures (Bonneville Power Administration, 2021). The project does not propose to consolidate 
multiple points of diversion. Design guidelines applicable to this category for the proposed elements 
include the following. 

■ The placement of rock structures or constructed riffles to restrict headcutting and provide grade 
stabilization shall follow conservation measures described for activity category 1c (headcut and grade 
stabilization). 

■ HIP will only cover projects that use state-approved regulatory mechanisms (ORS 537.455-.500) for 
ensuring that water savings will be protected as instream water rights. 

■ The project design will include the installation of a totalizing flow meter on the new diversions 
(pumps) for which installation of this device is possible. 

■ The new pump diversions will be designed to incorporate Point of Diversion (POD) flow restrictions to 
limit the diverted flow to satisfy the irrigator’s water right at 95 percent exceedance stream flow 
stage.  

■ Treated wood and copper- or zinc-plated hardware shall not be used in the construction of irrigation 
diversions, including pumps. Concrete must be sufficiently cured or dried (48–72 hours depending on 
temperature) before coming into contact with stream flow.  

■ The three retrofitted intake screens will meet NMFS screen size and impingement velocity 
requirements.  

NMFS engineering review is required for instream diversions greater than or equal to 3 vertical feet or for 
diversions greater than 3 cfs.  

4.1.2. HIP Category 1c Conservation Measures 

The required project conservation measures are also defined as HIP Category 1c—headcut and grade 
stabilization (Bonneville Power Administration, 2021). Design guidelines applicable to this category for 
the proposed elements include the following. 
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■ Provide fish passage over stabilized head-cut or constructed riffle according to NMFS 2011 (or most 
recent version). Passage can be provided through a series of log of rock weir structures or 
constructed riffles (NMFS, 2022).  

■ Armor features intended for grade stabilization with sufficient size and amounts of material to provide 
a structure capable of withstanding a 100-year flow event without further progressing the headcut or 
substantially degrading the riffle.  

■ Headcut stabilization structures and constructed riffles will be constructed utilizing an engineered 
stream simulation bed material, which will be pressure washed into place until surface flow is 
apparent and minimal subsurface material to ensure fish passage immediately following construction 
(if natural flows are sufficient). Successful washing will be determined by minimizing voids within 
placed matrix such that ponding occurs with little to no percolation losses. 

■ For grade stabilization efforts, design considerations should extend beyond the control structure to 
include the plunge pool downstream and the upstream approach. Also consider floodplain return 
flows and flanking that could create potential new headcut conditions, and potential changes in bank 
erosion conditions due to structure placement. 

■ Minimize lateral migration of the channel around the head cut or riffle (“flanking”) by designing the 
downstream face with a lower elevation in the center of the channel cross section to direct flows to 
the middle of channel. 

■ Materials used for construction can be native to the area if gradation is shown to be appropriate.  

NMFS engineering review is required for headcut or grade stabilization actions greater than or equal to 
18 inches in height.  

4.1.3. NMFS and ODFW Design Guidelines 

NMFS anadromous fish passage criteria restricts the design of constructed riffles. The maximum length is 
restricted to 150 longitudinal feet; maximum slope along the constructed riffle is restricted to 6 percent; 
and the minimum hydraulic depth during design low flow (95 percent exceedance) is 1 foot for adult 
passage (NMFS, 2022). Based on NMFS requirements, the effective screen area shall be large enough to 
restrict approach velocity to 0.4 fps for active screens, and the percent open area for any screen material 
must be at least 27 percent. Screen face openings must not exceed 3/32 inch diameter (NMFS, 1996).  

ODFW constructed riffle fish passage design criteria are based on hydraulic model results. Oregon fish 
passage criteria are identified in the Oregon Administrative Rules (OAR) Section 635-412-0035, Fish 
Passage Criteria (Oregon Secretary of State, 2022). The OARs identify constructed riffles as a fishway and 
indicate the applicant must demonstrate how water depths and water velocities provide fish passage. 
Therefore, the NMFS hydraulic model results were considered applicable to demonstrate compliant fish 
passage conditions. The OARs also recommend a minimum width for passage during design low-flow 
conditions of 1 foot (Oregon Secretary of State, 2022). 

The following subsections describe the project elements designed under the responsible charge of an 
engineer licensed in the state of Oregon. Each project element description will be summarized in more 
detail in the subsequent design stages. The general conservation measures are included on the design 
drawings in Appendix A. 
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4.2. Project Element 1 - Constructed Riffle Grade Control and Royes Dam Modification 

The current use of Royes Dam involves the placement of wood boards on the steel frame, perpendicular 
to the channel to create sufficient head for the operation of the existing irrigation pumps. This operation 
creates a fish passage barrier. To discourage the continued use of Royes Dam in a manner that creates a 
fish passage barrier, the project proposes an agreement to remove the existing angle iron currently 
attached to the concrete piers that are used to hold boards in place and to remove the center pier from 
the structure. This proposed action is described by HIP Category 1b—consolidate or replace existing 
irrigation structures (Bonneville Power Administration, 2021). The agreement would require the removal 
of the elements within a 5-year period.  

To replace the Royes Dam fish passage barrier, GeoEngineers designed a constructed riffle to provide 
grade control and maintain a minimum pool elevation sufficient for the operation of the three new 
irrigation pumps. The constructed riffle is located downstream of the pump 1 intake relocation to provide 
a minimum operating pool elevation. A summary of proposed conditions hydraulic modeling results, 
including depth at the proposed pump intakes, is included in Section 5.3. To provide the best practical 
fish passage conditions and maintain a medium risk classification (Bonneville Power Administration, 
2021), the constructed riffle was designed with a crest elevation roughly equal to the current Royes Dam 
operating elevation of 2684.1 feet. The proposed pump 1 motor elevation will be placed above the 
existing conditions 100-year water surface. 

4.3. Proposed Element 2 – Replace Irrigation Pump and Retrofit Irrigation Pump Intakes 

The project proposes to replace one of the four existing irrigation pumps that divert water from Willow 
Creek as described by HIP Category 1b—consolidate or replace existing irrigation structures (Bonneville 
Power Administration, 2021). The project proposes to upgrade the existing intake structures at pumps 2, 
3 and 4 upstream of Royes Dam to meet NMFS criteria for screen size and impingement velocity. The 
project does not propose to consolidate multiple points of diversion. Existing pumps 2 and 3 will be 
replaced with a single pump. Design guidelines applicable to this category for the pump replacement 
proposed element are described in Section 4.1.1. 

The proposed end-of-pipe screens have maximum diameter face openings of 3/32 of an inch, and their 
minimum screen surface areas were calculated assuming a 70 percent open area and a maximum 
velocity of 0.4 fps. Screen sizes for each pump, based on their certified water right, are summarized in 
Table 9. We consulted with a pump specialist and identified intake screen diameters required for the 
water rights identified in Section 3.5 and the minimum intake screen areas identified in Table 9. Screen 
diameters and lengths for each of the four pumps are specified on the design drawings in Appendix A. 

TABLE 9. MINIMUM PUMP SCREEN SIZES 

Pump 
Certified Water 

Right (cfs) 
Minimum Screen 

Size (ft2) 

1 11.17 40 

2 and 3 8.861 32 

4 6.00 21 

Note: 
Pumps 2 and 3 design flow rates assume one replacement pump 
will provide the total permitted water right individually. 
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Turbine-style irrigation pumps allow pump impellers to be located below water surface elevation, which 
limits the required pool elevation. Therefore, a turbine-style pump is proposed to replace existing pump 1 
located immediately upstream of Royes Dam. The locations and a schematic-level drawing of pump 1 and 
the proposed intake screen upgrades are included in Appendix A. We discussed minimum clearance 
above channel bed and minimum depth below pool with pump specialists. We also consulted with the 
water users regarding necessary minimum pool elevations for the operation of the four pumps. Based on 
those conversations, we targeted a minimum low-flow pool elevation of 2684.1 feet (NAVD88) at the 
proposed pump 1 location. The proposed minimum pool elevation provides a vertical separation of 
0.5 feet between the stream bed and the bottom of the intake screen and a minimum depth above the 
top of the intake screens of 1.5 feet during low pool operation. A summary of targeted low-pool elevations 
for each pump location is included in  

Table 10. The resulting low-flow pool elevation at pump 4 is based on channel roughness and longitudinal 
slope. A description of hydraulic model results is included in Section 5.3  

TABLE 10. PROPOSED PUMP MINIMUM POOL ELEVATION 

Pump 

Approximate 
Pump Elevation  

(Ft NAVD88) 

Intake Screen 
Diameter  

(ft) 

Intake Screen 
Bottom/Top 

Elevation  
(Ft NAVD88) 

Minimum Low-Flow 
Pool Elevation  
(Ft NAVD88) 

1 2690.0 3.0 2677.5/2680.5  2682.0 

2 and 3 2694.6 2.5 2679.0/2681.5 2683.0 

4 2694.0 2.5 2680.5/2683.0 2684.5 

4.4. Proposed Element 3 – Sluiceway and Headgate 

We identified sediment deposition upstream of the constructed riffle to be a potential risk to pump 
operations. To mitigate the risk of local sediment deposition and to reduce the maintenance 
requirements for the proposed pump 1 intake, we designed a sluiceway with a manually operated 
headgate on the eastern side of the constructed riffle along the outside bend of the meander. The 
sluiceway will be operated by raising the headgate at the end of irrigation season to accommodate higher 
annual flows over winter and prior to the start of irrigation season during the spring and summer. The 
proposed sluiceway and manually operated headgate are shown in the draft final design drawings in 
Appendix A. 

5.0 HYDRAULIC MODELING AND ANALYSIS 

5.1. Model Development 

GeoEngineers developed a two-dimensional hydraulic model of the project reach using the U.S. Bureau of 
Reclamation’s Sedimentation and River Hydraulics—Two Dimensional (SRH-2D) Version 3.2.3 (USBR, 
2017) computer program, a two-dimensional hydraulic and sediment transport numerical model 
(Aquaveo, 2018). 
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5.1.1. Model Elevation Surface 

The existing conditions channel geometry data in the model were developed from topographic surveys 
performed by Resource Specialists Inc. (RSI) in 2019 and in 2022. The survey data were supplemented 
with publicly available LiDAR. The proposed channel geometry was developed from the proposed grading 
surface created by GeoEngineers, Inc., representing the proposed constructed riffles and the proposed 
bank fill adjacent to pumps 2 and 3.  

5.1.2. Model Domain and Computational Mesh 

The existing conditions hydraulic model includes approximately 525 feet of Willow Creek, downstream of 
the existing Royes Dam, and extends upstream to the confluence of Willow Creek and Mill Creek. The 
upstream model extents are approximately 1,780 feet upstream of pump 4. The model extents include 
approximately 5,700 feet of total channel length.  

The existing conditions mesh, shown in Figure 3, has 26,055 nodes and 38,694 elements. The proposed 
conditions mesh, at the constructed riffles downstream of pump 1 and downstream of pumps 2 and 3, 
are shown in Figure 3. The proposed mesh has 28,913 nodes and 42,172 elements. The computational 
mesh elements were a combination of patched (quadrilateral) and paved (triangular) elements, with finer 
resolution in the channel and larger elements in the floodplain.  
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Figure 3. Existing conditions model computational mesh 

5.1.3. Model Roughness 

Manning’s n is the parameter used to define roughness of dissimilar materials (i.e., surfaces) found 
within the model’s extents. Material coverages that define the extents of Manning’s n regions were 
delineated for the existing and proposed conditions models. We developed material coverages using the 
existing conditions survey, aerial photography, and information gathered from the site assessments. 
Calculations of selected Manning’s n channel values are included in Appendix C, Hydrologic and Hydraulic 
Analysis. 

Manning’s n regions for floodplain areas, roadways, and valley slopes were delineated using aerial 
photography and field visit photos. Manning’s n values representing each roughness region were selected 
from references and were based on observed conditions during the site assessments. The existing and 
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proposed conditions in-channel Manning’s n values are composite values based on combining tabular 
and photographic guidance (Yochum, 2018).  

The existing conditions model contains two in-channel roughness regions. We modeled existing conditions 
in-channel roughness with one coverage and Royes Dam roughness separately. We modeled the existing 
floodplain with three material roughness regions to account for the gravel roads, upland grass, and the 
existing meander scrolls throughout the reach. Specific Manning’s n values and a description of the 
material coverages are included in Table 11. 

The proposed conditions model contains five different in-channel roughness regions. Two are consistent 
with the existing conditions in-channel and the other represents the proposed constructed riffle and 
sluice roughness. We calculated the constructed riffle roughness Manning’s n to account for the 
proposed material gradation (Yochum, 2018). The roughness values of the proposed conditions upland 
areas match those used in the existing conditions model and are included in Table 11. 

TABLE 11. MANNING’S N HYDRAULIC ROUGHNESS COEFFICIENT VALUES USED IN THE SRH-2D MODELS 

Coverage Description Model Condition Manning’s n 

In Channel Existing/Proposed 0.047 

Constructed Riffle Proposed 0.052 

Upland Grass Existing/Proposed 0.070 

Upland Relic Channel Existing/Proposed 0.065 

Gravel Roads Existing/Proposed 0.025 

Royes Dam Existing/Proposed 0.020 

Sluice Way Proposed 0.048 

Sheet Pile Wall Proposed 0.022 

5.1.4. Boundary Conditions 

The SRH-2D model utilizes user-defined boundary conditions to reflect flow entering and exiting the 
model’s mesh. Boundary condition locations for the SRH-2D existing and proposed conditions hydraulic 
models are shown in Figure 4. A downstream, constant normal depth water surface elevation boundary 
condition was applied to all simulations of the existing and proposed condition models. The normal depth 
water surface elevation for each simulated flow was calculated using the downstream average slope 
(0.001 feet/feet) and composite Manning’s n value (0.047) as shown in Table 11.  

Royes Dam was modeled by incorporating the vertical concrete elements into the model surface. Existing 
conditions were modeled under two conditions: with boards in and with boards out. We modeled the 
boards in condition using a weir boundary condition at the location of Royes Dam with a weir crest 
elevation equal to 2684.1 ft (NAVD88). The proposed conditions model assumed boards out at Royes 
Dam for all simulations.  
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Figure 4. Willow Creek hydraulic model boundary conditions 

5.2. Existing Conditions Model Results 

We assessed the existing conditions SRH-2D model results to evaluate current hydraulic conditions for 
the fish passage 5 and 95 percent exceedance flows, the 2-, and 100-year peak flood events for Willow 
Creek through the project reach. Inundation extents and results extracted at selected cross section 
locations are discussed in the following section. We considered the 2-year flow event to be a surrogate for 
channel-forming flows and used hydraulic model results to assess impacts to sediment transport and 
bankfull width. We assessed the 100-year flow event to identify flood risk impacts. Model results were 
extracted at cross sections located at each proposed pump location and downstream of Royes Dam. The 
modeled existing condition WSEs at each proposed pump location are reported in Appendix C.  

5.3. Proposed Conditions Model Results 

We assessed the proposed conditions SRH-2D model results to evaluate resulting pool elevations during 
low-flow conditions to design constructed riffle material gradation, evaluate fish passage, and assess 
sediment transport conditions. Low-flow conditions were modeled using the 95 percent exceedance for 
low-flow fish passage (20.5 cfs) to inform the design under the proposed conditions model. Model results 
were extracted at cross sections located at each proposed pump location and downstream of Royes Dam. 
The modeled proposed condition WSEs at each proposed pump location are reported in Appendix C. 

Inundation extents and results extracted at selected cross section locations are discussed in the following 
section. We considered the 2-year flow event and the 5 percent exceedance for high-flow fish passage to 
be surrogates for channel-forming flows and used hydraulic model results to assess impacts to sediment 
transport and bankfull width. We assessed the 100-year flow event to identify flood risk impacts.  

5.3.1. Irrigation Pump Pool Elevations 

During summer low-flow conditions, Willow Creek conveys discharges that approach zero cfs. Therefore, 
we assumed the minimum pool elevation available for pump discharge within Willow Creek at pump 1, is 
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equal to the design elevation at the constructed riffle downstream of the pump. We are not proposing a 
constructed riffle downstream of pumps 2, 3 and 4, and we modeled the low fish passage design flow for 
summer steelhead reported in Table 2 for the proposed conditions to inform the available pool elevation 
at pumps 2, 3 and 4. The constructed riffle and modeled pool elevations for each proposed pump 
location are included in Table 12. The available pool elevation shown in Table 12 exceed the minimum 
pool elevations assumed for pump replacement reported in Table 10.  

TABLE 12. AVAILABLE LOW POOL WATER SURFACE ELEVATIONS 

Pump 

Existing Condition 
Average Low-Flow Pool 

Elevation 
(ft NAVD88) 

Proposed Condition 
Average Low-Flow Pool 

Elevation  
(Ft NAVD88) 

Difference in Minimum Low-
Flow Pool Elevation (ft 

NAVD88) 

Pump 1 2684.8 2684.8 +2.8 

Pumps 2 and 3 2684.8 2684.8 +1.8 

Pump 4 2684.8 2684.8 +0.3 

Note: 
Elevations based on design constructed riffle grade control elevation. 

5.3.2. Channel Material Stability 

GeoEngineers assessed material stability for the proposed roughened channel and the bank of the 
proposed sluiceway using the United Stated Forest Service (USFS) stream simulation methodology (USFS, 
2008). We calculated a D50 material gradation that was not mobilized during the 100-year peak flow 
event for both facilities. For the constructed riffle, a well-graded material with a maximum aggregate size 
equal to a 8-inch cobble was modeled as stable at the 100-year flow event. For the channel bank on the 
eastern side of the proposed sluiceway, a well-graded material with a maximum aggregate size equal to a 
2.5-inch cobble was modeled as stable at the 100-year flow event. The proposed constructed riffle and 
channel bank of the sluiceway material sizes are shown in Table 13. The design drawings in Appendix A 
indicate the composition percentage and size classes necessary to create the proposed material 
gradations.  

TABLE 13. PROPOSED GRADED STREAMBED MATERIAL 

Di 

Constructed Riffle Material 
Diameter 
(inches) 

Sluiceway Embankment Material 
Diameter 
(inches) 

D16 0.6 0.0 

D50 2.2 0.8 

D84 5.8 2.1 

D95 7.3 2.4 

D100 8.0 2.5 

5.3.3. Headgate Scour and Scour Countermeasure 

The proposed sluiceway headgate uses sheet pile walls to hold the headgate in place and a concrete sill 
at the bottom of the gate. The upstream limits of the sluiceway cause a contraction of flow while the 
headgate is open and flow is directed through the sluiceway. Sheet pile walls used on the eastern 
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channel bank cause a contraction of flow while the headgate is open. We followed methodology published 
in the Federal Highway Administration’s (FHWA) Hydraulic Engineering Circular 18 (HEC-18) to calculate 
contraction scour depths at the upstream entrance into the sluiceway and at the headgate location for 
the 100-year flow. Within FHWA’s Hydraulic Toolbox software program, contraction scour is computed for 
both clear water and live bed conditions (FHWA, 2012). We assessed the proposed sluiceway material 
gradation to identify the scour depth. . We calculated a contraction scour depth of 0.0 feet.  

We designed a riprap scour countermeasure at the headgate location using the FHWA’s Hydraulic Toolbox 
software program and hydraulic modeling results from proposed condition hydraulic model. We selected 
riprap material gradations defined in the Oregon Department of Transportation (ODOT) 2021 standard 
specifications (ODOT, 2021). Based on the results of the Hydraulic Toolbox analysis, an ODOT Class 50 
riprap provides a stable material for the design scour flow event.  

5.3.4. Sediment Transport 

The critical shear method of sediment transport analysis is appropriate for channel with longitudinal 
slopes less than 5 percent (USFS, 2008). GeoEngineers compared the proposed conditions modeled 
shear stress to the existing conditions modeled shear for the design high fish passage flow of 261.5 cfs 
and the 2-year channel forming flow of 614.0 cfs to assess impacts to the sediment transport capacity of 
Willow Creek. Willow Creek sediment transport is controlled by peak runoff events that occur prior to the 
start of the annual irrigation season and prior to the implementation of the elevation controlling 
mechanisms in Royes Dam. The existing conditions model assumed a boards out scenario at Royes Dam 
and the proposed conditions model assumed the proposed headgate within the sluice way was open. The 
hydraulic impacts of Royes Dam are similar in the existing and proposed conditions hydraulic models and 
the model results provide a comparison of shear stress.  

Based on the model results reported in Table 14, the 2-year peak recurrence interval shear stress results 
upstream of the constructed riffles match existing conditions upstream of the pump 1 constructed riffle. 
One-dimensional hydraulic results were extracted at a cross section upstream of the designed 
constructed riffle, at the proposed location of pump 1. The shear stress value modeled upstream of the 
constructed riffle at pump 1 were consistent in the existing and proposed conditions for both flow events 
No constructed riffles are proposed downstream of pumps 2 and 3, and pump 4; therefore, bedload 
transport conditions were not compared between existing and proposed conditions. The results of the 
shear stress analysis indicate that there is minimal risk to sediment deposition at the pump 1 screen 
intake location. The proposed condition pool elevation provides sufficient depth to reduce the risk of 
maintenance requirements to maintain the function of the Pump 1 intake screen.  
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TABLE 14. BEDLOAD TRANSPORT CONDITIONS CROSS SECTION UPSTREAM OF PROPOSED 
CONSTRUCTED RIFFLE  

 
2-YEAR  

(614.0 cfs) 
Design High Fish Passage Flow  

(261.5 cfs) 

Hydraulic Parameter 
Existing 

Condition 
Proposed 
Condition 

Existing 
Condition 

Proposed 
Condition 

Average Velocity 
(fps) 

1.6 1.5 1.4 1.1 

Average Shear 
(lb/sf) 

0.1 0.1 0.1 0.1 

5.3.5. Fish Passage Hydraulic Design 

We assessed the hydraulic design for the fish passage low-flow conditions for the proposed conditions at 
two locations. Hydraulic model results for the fish passage flow criteria listed in Table 2 were calculated 
at cross sections 1 (STA 5+45) and 2 (STA 6+28), shown in Figure 5. Cross section 1 is located at the 
downstream end of the proposed constructed riffle for pump 1. Cross section 2 is located at the crest of 
the constructed riffle for pump 1. Critical velocity at the downstream end of the roughened channel and 
critical depth at the upstream end of roughened are summarized in Tables 13 and 14, respectively. We 
modeled critical depth and critical velocity for spring/summer Chinook adults high fish passage flow 
(6.6 cfs) and low fish passage flow (2.4 cfs), and steelhead and Chinook juvenile high fish passage flow 
(11.7 cfs) and low fish passage flow (3.5 cfs) in FHWA’s Hydraulic Toolbox software program.  

 

Figure 5. Fish passage cross section locations 
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TABLE 15. DESIGN HIGH FISH PASSAGE FLOW VELOCITY 

Location 
Species and Life 

Stage 
Design High Fish Passage 

Flow (cfs) Average Velocity (ft/s) 

XS 1 – Pump 1 Spring Chinook/Adults 6.6 2.2 

XS 1 – Pump 1 Steelhead/Adults 261.5 2.1 

XS 1 – Pump 1 Steelhead & Chinook 
Juveniles 11.7 2.8 

TABLE 16. DESIGN LOW FISH PASSAGE FLOW DEPTH 

Location 
Species and Life 

Stage 
Design Low Fish Passage 

Flow (cfs) Maximum Depth (ft) 

XS 2 – Pump 1 Spring Chinook/Adults 2.4 0.4 

XS 2 – Pump 1 Steelhead/Adults 20.5 0.3 

XS 2 – Pump 1 
Steelhead & Chinook 

Juveniles 3.5 0.5 

6.0 CONSTRUCTION 

6.1. Area of Potential Effects and Conservation Measures 

The area of potential effect (APE) is shown on the design drawings in Appendix A. The APE includes 
access from public rights-of-way, staging and site disturbance boundaries. We recommend work zone 
isolation plans be designed for a flow of 13.0 cfs during construction. This flow is based on the 
10 percent exceedance discharge for the project reach reported in Section 3.4 and Table 3. Conservation 
measures applicable to all actions are also shown on the design drawings in Appendix A. 

6.2. Construction Quantities and Estimate of Anticipated Construction Costs 

GeoEngineers calculated construction quantities and applied unit costs based on recent project 
experiences, engineering judgment, and published documentation (RS Means, 2023). We included a 
summary of the anticipated construction costs in Appendix E, Construction Quantities and Estimate of 
Anticipated Costs. 

7.0 LIMITATIONS 

We have prepared this report for Union Soil and Water Conservation District for the Willow Creek Royes 
Dam Fish Passage Restoration project in Union County, Oregon. Union Soil and Water Conservation 
District may distribute copies of this report to their authorized agents and regulatory agencies as may be 
required for the project. 

Within the limitations of scope, schedule and budget, our services have been executed in accordance 
with generally accepted practices in the field of stream and river habitat enhancement, stabilization and 
restoration design engineering in this area at the time this report was prepared. The conclusions, 
recommendations and opinions presented in this report are based on our professional knowledge, 
judgment and experience. No warranty, express or implied, applies to our services and this report.  

DR
AF
T



  July 5, 2023 | Page 24 
 File No. 19369-003-01 

Any electronic form, facsimile or hard copy of the original document (email, text, table and/or figure), if 
provided, and any attachments should be considered a copy of the original document. The original 
document is stored by GeoEngineers, Inc. and will serve as the official document of record. 
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APPENDIX A 
 Draft Final Design Drawings 
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APPENDIX B 
 Site Photographs 
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Figure B-1

Site Photographs

Pump 1 Photos

Pump 1 with electrical panel facing south 

Willow Creek Fish Passage Royes Dam 

Union County, Oregon

1
9

3
6

9
-0

0
3

-0
1

 D
a

te
 E

xp
o

rt
e

d
: 
 0

7
/
0

5
/
2

3

Pump 1 with delivery pipe facing east
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Figure B-2

Site Photographs

Pump 1 Photos

Pump 1 model and serial number – Cornell Manufacturing Company

Willow Creek Fish Passage Royes Dam 

Union County, Oregon

Pump 1 induction motor
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Figure B-3

Site Photographs

Pump 2 Photos

Willow Creek Fish Passage Royes Dam 

Union County, Oregon

Pump 2 (foreground) and pump 3 (background) – facing south (upstream)
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Figure B-4

Site Photographs

Pump 2 Photos

Willow Creek Fish Passage Royes Dam 

Union County, Oregon

Pump 2 housing facing northwest (downstream)
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Figure B-5

Site Photographs

Pump 2 Photos

Pump 2 (Previously referenced as Pump 9)

Willow Creek Fish Passage Royes Dam 

Union County, Oregon

Pump 2 and motor – outlet pipe to the left

1
9

3
6

9
-0

0
3

-0
1

 D
a

te
 E

xp
o

rt
e

d
: 
 0

7
/
0

5
/
2

3

DR
AF
T



Figure B-6

Site Photographs

Pump 2 Photos

Pump 2 motor – 75 horsepower (Previously referenced as Pump 9)

Willow Creek Fish Passage Royes Dam 

Union County, Oregon
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Figure B-7

Site Photographs

Pump 3 Photos

Pump 3 housing and intake pipe (right) outlet pipe (left) (Previously 

referenced as Pump 10)

Willow Creek Fish Passage Royes Dam 

Union County, Oregon
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Figure B-8

Site Photographs

Pump 3 Photos

Pump 3 motor – 100 horsepower (Previously referenced as Pump 10)

Willow Creek Fish Passage Royes Dam 

Union County, Oregon

Pump 3 and motor (Previously referenced as Pump 10)
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Figure B-9

Site Photographs

Pump 3 Photos

Pump 3 (Previously referenced as Pump 10)

Willow Creek Fish Passage Royes Dam 

Union County, Oregon
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Figure B-10

Site Photographs

Pump 4 Photos

Pump 4 housing, intake right and outlet right, facing west (upstream)

Willow Creek Fish Passage Royes Dam 

Union County, Oregon

Pump 4 intake and concrete wall, facing upstream (Previously referenced 

as Pump 11)
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Figure B-11

Site Photographs

Pump 4 Photos

Pump 4 and electrical control panel (Previously referenced as Pump 11)

Willow Creek Fish Passage Royes Dam 

Union County, Oregon

Pump 4 (Previously referenced as Pump 11)
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Figure B-12

Site Photographs

Pump 4 Photos

Pump 4 motor – 100 horsepower (Previously referenced as Pump 11)

Willow Creek Fish Passage Royes Dam 

Union County, Oregon
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APPENDIX C 
 Hydrologic and Hydraulic Analysis 
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached document. 
GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file is stored by GeoEngineers, Inc. and will 
serve as the official record of this communication.

Cross Sections for Existing and Proposed 
Conditions Model Results Extraction

Willow Creek
Union County, Oregon

Figure C-1
Data Source: SMS Version 13.2 and SRH-2D Version 3.3.1; Simulation Date: April 2023
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached document. 
GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file is stored by GeoEngineers, Inc. and will 
serve as the official record of this communication.

Proposed Conditions Water Surface Elevations
at Cross Sections

Willow Creek
Union County, Oregon

Figure C-2
Data Source: SMS Version 13.2 and SRH-2D Version 3.3.1; Simulation Date: April 2023
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached document. 
GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file is stored by GeoEngineers, Inc. and will 
serve as the official record of this communication.

Existing Conditions Water Surface Elevations
at Cross Sections

Willow Creek
Union County, Oregon

Figure C-3
Data Source: SMS Version 13.2 and SRH-2D Version 3.3.1; Simulation Date: April 2023
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APPENDIX D 
 Sediment Mobility Analysis 
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Notes:
1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached document. 

GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file is stored by GeoEngineers, Inc. and will 

serve as the official record of this communication.

Proposed Constructed Riffle Material Stability 

Worksheet

Willow Creek

Union County, Oregon

Figure D-1
Data Source: SMS Version 13.2 and SRH-2D Version 3.3.1; Simulation Date: April 2023
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References:

Location: Proposed Constructed Riffle United States  Forest Service - Stream Simulation 2008

D100 D84 D50 D16 Appendix E--Methods  for Streambed Mobi l i ty/Stabi l i ty Analys is

ft 0.67 0.48 0.19 0.05 Limitations :

in 8.0 5.8 2.2 0.6 D84 must be between 0.40 in and 10 in

mm 203 146 57.0 14.6 Uniform bed materia l  (Di  < 20-30 times  D50)

Slopes  less  than 5% Yes
Sand/gravel  s treams with high relative submergence Yes

Location: Visual - Donwstream of Royed Dam Influence 2yr-depth 2.31 ft
D100 D84 D50 D16 Relative Submergence: 0.97

ft 0.16 0.11 0.07 0.01 γs 165 specific weight of sediment particle (lb/ft3)

in 2.0 1.4 0.8 0.1 γ 62.4 specific weight of water (1b/ft3)

mm 50 35 20.0 2.0 τD50 0.052

D50 in mm 57.0
 

Flow 2-YR 100-YR 2080 100-YR 500-YR
Streambed Streambed Boulders Average Modeled Shear Stress (lb/ft2) 0.4 1.0 0.0 0.0

[in] [mm] Sediment 4" 6" 8" 10" 12" 12"-18" 18"-28" 28"-36" τci
36.0 914 100 100 100 100 100 100 100 100 100 100.0 2.30 No Motion No Motion No Motion No Motion
32.0 813 100 100 100 100 100 100 100 100 50 100.0 2.22 No Motion No Motion No Motion No Motion
28.0 711 100 100 100 100 100 100 100 100 100.0 2.13 No Motion No Motion No Motion No Motion
23.0 584 100 100 100 100 100 100 100 50 100.0 2.01 No Motion No Motion No Motion No Motion
18.0 457 100 100 100 100 100 100 100 100.0 1.86 No Motion No Motion No Motion No Motion
15.0 381 100 100 100 100 100 100 50 100.0 1.76 No Motion No Motion No Motion No Motion
12.0 305 100 100 100 100 100 100 100.0 1.65 No Motion No Motion No Motion No Motion
10.0 254 100 100 100 100 100 80 100.0 1.56 No Motion No Motion No Motion No Motion
8.0 203 100 100 100 100 80 68 100.0 1.46 No Motion No Motion No Motion No Motion
6.0 152 100 100 100 80 68 57 86.0 1.34 No Motion No Motion No Motion No Motion
5.0 127 100 100 80 68 57 45 77.8 1.27 No Motion No Motion No Motion No Motion
4.0 102 100 100 71 57 45 39 69.7 1.19 No Motion No Motion No Motion No Motion
3.0 76.2 100 80 63 45 38 34 61.5 1.09 No Motion No Motion No Motion No Motion
2.5 63.5 100 65 54 37 32 28 55.9 1.03 No Motion No Motion No Motion No Motion
2.0 50.8 80 50 45 29 25 22 44.3 0.96 No Motion No Motion No Motion No Motion
1.5 38.1 73 35 32 21 18 16 36.5 0.88 No Motion Motion No Motion No Motion
1.0 25.4 65 20 18 13 12 11 28.6 0.78 No Motion Motion No Motion No Motion
0.75 19.1 50 5 5 5 5 5 18.5 0.72 No Motion Motion No Motion No Motion
0.19 4.75 35 10.5
0.02 0.425 16 4.8 D16 0.6 in
0.00 0.0750 7 2.1 D50 2.2 in

0.187 ft
D84 5.8 in
D95 7.3 in

D100 8.0 in

Existing Gradation

dimensionless Shields parameter for D50, use 
table E.1 of USFS manual or assume 0.045 for 

poorly sorted channel bed

--> 100%

Design Gradation: Critical Shear

Determining Aggregate Proportions

0 0 0

% Cobble & Sediment 100.0%

Per WSDOT Standard Specifications 9-03.11
Rock Size Streambed Cobbles

Dsize

% per category 30 0 0 70 0 0
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Notes:
1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached document. 

GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file is stored by GeoEngineers, Inc. and will 

serve as the official record of this communication.

Proposed Constructed Riffle Material Stability 

Worksheet

Willow Creek

Union County, Oregon

Figure D-2
Data Source: SMS Version 13.2 and SRH-2D Version 3.3.1; Simulation Date: April 2023
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Di (ft) Di (in) Di (mm) Di τci (psf) 2-YR 100-YR 2080 100-YR 500-YR
0.048 0.574 14.581 D16 0.66 No Motion Motion No Motion No Motion
0.187 2.25 57.041 D50 1.00 No Motion No Motion No Motion No Motion

0.480 5.755 146.180 D84 1.32 No Motion No Motion No Motion No Motion
0.607 7.286 185.057 D95 1.42 No Motion No Motion No Motion No Motion
0.667 8.000 203.200 D100 1.46 No Motion No Motion No Motion No Motion
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Notes:
1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached document. 

GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file is stored by GeoEngineers, Inc. and will 

serve as the official record of this communication.

Proposed Constructed Sluice Way Material 

Stability Worksheet

Willow Creek

Union County, Oregon

Figure D-3
Data Source: SMS Version 13.2 and SRH-2D Version 3.3.1; Simulation Date: April 2023
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References:

Location: Proposed Sluice Way United States  Forest Service - Stream Simulation 2008

D100 D84 D50 D16 Appendix E--Methods  for Streambed Mobi l i ty/Stabi l i ty Analys is

ft 0.21 0.18 0.06 0.00 Limitations :

in 2.5 2.1 0.8 0.0 D84 must be between 0.40 in and 10 in

mm 63 53 19.1 0.4 Uniform bed materia l  (Di  < 20-30 times  D50)

Slopes  less  than 5% Yes
Sand/gravel  s treams with high relative submergence Yes

Location: Visual - Donwstream of Royed Dam Influence 2yr-depth 6.94 ft
D100 D84 D50 D16 Relative Submergence: 0.11

ft 0.16 0.11 0.07 0.01 γs 165 specific weight of sediment particle (lb/ft3)

in 2.0 1.4 0.8 0.1 γ 62.4 specific weight of water (1b/ft3)

mm 50 35 20.0 2.0 τD50 0.047

D50 in mm 19.1
 

Flow 2-YR 100-YR 2080 100-YR 500-YR
Streambed Streambed Boulders Average Modeled Shear Stress (lb/ft2) 0.3 0.4 0.0 0.0

[in] [mm] Sediment 4" 6" 8" 10" 12" 12"-18" 18"-28" 28"-36" τci
36.0 914 100 100 100 100 100 100 100 100 100 100.0 0.96 No Motion No Motion No Motion No Motion
32.0 813 100 100 100 100 100 100 100 100 50 100.0 0.93 No Motion No Motion No Motion No Motion
28.0 711 100 100 100 100 100 100 100 100 100.0 0.89 No Motion No Motion No Motion No Motion
23.0 584 100 100 100 100 100 100 100 50 100.0 0.84 No Motion No Motion No Motion No Motion
18.0 457 100 100 100 100 100 100 100 100.0 0.78 No Motion No Motion No Motion No Motion
15.0 381 100 100 100 100 100 100 50 100.0 0.74 No Motion No Motion No Motion No Motion
12.0 305 100 100 100 100 100 100 100.0 0.69 No Motion No Motion No Motion No Motion
10.0 254 100 100 100 100 100 80 100.0 0.66 No Motion No Motion No Motion No Motion
8.0 203 100 100 100 100 80 68 100.0 0.61 No Motion No Motion No Motion No Motion
6.0 152 100 100 100 80 68 57 100.0 0.56 No Motion No Motion No Motion No Motion
5.0 127 100 100 80 68 57 45 100.0 0.53 No Motion No Motion No Motion No Motion
4.0 102 100 100 71 57 45 39 100.0 0.50 No Motion No Motion No Motion No Motion
3.0 76.2 100 80 63 45 38 34 100.0 0.46 No Motion No Motion No Motion No Motion
2.5 63.5 100 65 54 37 32 28 100.0 0.43 No Motion No Motion No Motion No Motion
2.0 50.8 80 50 45 29 25 22 80.0 0.40 No Motion No Motion No Motion No Motion
1.5 38.1 73 35 32 21 18 16 72.5 0.37 No Motion No Motion No Motion No Motion
1.0 25.4 65 20 18 13 12 11 65.0 0.33 No Motion Motion No Motion No Motion
0.75 19.1 50 5 5 5 5 5 50.0 0.30 No Motion Motion No Motion No Motion
0.19 4.75 35 35.0
0.02 0.425 16 16.0 D16 0.0 in
0.00 0.0750 7 7.0 D50 0.8 in

0.063 ft
D84 2.1 in
D95 2.4 in

D100 2.5 in
% Cobble & Sediment 100.0%

% per category 100 0 0 0 0 0 0 0 0 --> 100%

dimensionless Shields parameter for D50, use 
table E.1 of USFS manual or assume 0.045 for 

poorly sorted channel bed

Determining Aggregate Proportions
Per WSDOT Standard Specifications 9-03.11

Rock Size Streambed Cobbles
Dsize

Design Gradation: Critical Shear

Existing Gradation
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Notes:
1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached document. 

GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file is stored by GeoEngineers, Inc. and will 

serve as the official record of this communication.

Proposed Constructed Sluice Way Material 

Stability Worksheet

Willow Creek

Union County, Oregon

Figure D-4
Data Source: SMS Version 13.2 and SRH-2D Version 3.3.1; Simulation Date: April 2023
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Di (ft) Di (in) Di (mm) Di τci (psf) 2-YR 100-YR 2080 100-YR 500-YR
0.001 0.017 0.425 D16 0.10 Motion Motion No Motion No Motion
0.063 0.75 19.050 D50 0.30 No Motion Motion No Motion No Motion

0.175 2.100 53.340 D84 0.41 No Motion No Motion No Motion No Motion
0.198 2.375 60.325 D95 0.43 No Motion No Motion No Motion No Motion
0.208 2.500 63.500 D100 0.43 No Motion No Motion No Motion No Motion
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Notes:
1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached document. 

GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file is stored by GeoEngineers, Inc. and will 

serve as the official record of this communication.

Hydraulic Toolbox Contraction Scour at Sluice 

Headgate

Willow Creek

Union County, Oregon

Figure D-5
Data Source: SMS Version 13.2 and SRH-2D Version 3.3.1; Simulation Date: April 2023
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*Negative values imply ‘zero’ scour depth

2-YR Contraction Scour Results

2-YR CONTRACTION SCOUR

Input Parameters

Average Depth Upstream of Contraction 7.13 ft

D50 18.29 mm

Average Velocity Upstream 1.29 ft/s

Results of Scour Condition

  Critical velocity above which bed material of size D and smaller will be transported 6.07 ft/s

  Contraction Scour Condition Clear Water

Clear Water Input Parameters

  Discharge in Contracted Section 134.11 cfs

  Bottom Width in Contracted Section 5.00 ft

  Depth Prior to Scour in Contracted Section 9.34 ft

Results

Diameter of the smallest nontransportable particle in the bed material 22.86 mm

Average Depth in Contracted Section after Scour 4.37 ft

Scour Depth -4.97 ft

2-YR Contraction Scour SMS CoverageDR
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APPENDIX E 
 Construction Quantities and  

Estimate of Anticipated Costs 
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Preliminary Cost Estimate 
Project: Analyst R Carnie
Project Number: Date 6/30/2023

Workbook Description

#REF!

Filename: https://geoengineers.s

Sheet Titles:
Preliminary Cost Estimate 
Unit Costs
Engineers's Construction Cost Estimate
Bid Response Form

Willow Creek Fish Passage
19369-003-01

- This workbook contains spreadsheets that facilitate the analysis and/or design of this project.
 - This spreadsheet lists the general project and workbook information that is consistent throughout the workbook.
 - It also lists the titles of the spreadsheets contained in this workbook.
 - This workbook is limited to the Construction Cost Estimate for modifications identified in the GeoEngineers Construction drawings 
and
      does NOT include the modifications proposed by others.
 - This workbook is intended for use with ENGLISH UNITS.

File No. 22281-002-00

Restoration Cost Workbook Page 1 of 4
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Unit Costs
Project: Analyst Ryan Carnie

Project Number: Latest Revision 6/30/2023

Item No.

NRCS 
Specification 

Pay Item # Specification Pay Item Unit Measure Unit Cost

1 1 Clearing AC 9,927.00$                 

2 3 Structure Removal (Irrigation Intakes) EA 3,500.00$                 

3 5 Pollution Control LS 12,000.00$               

4 6 Seeding, Sprigging, Mulching AC 1,495.00$                 

5 7 Construction Surveys Day 2,500.00$                 

6 8 Mobilization and Demobilization LS 50,000.00$               

7 11 Removal of Water LS 7,500.00$                 

8 13 Sheet Pile SF 58.00$                      

9 21 Excavation CY 35.00$                      

10 23 Earthfill - Constructed Riffle Streambed CY 130.00$                    

11 23 Earthfill - Native Backfill CY 70.00$                      

12 26 Topsoiling CY 31.89$                      

13 27 Diversions and Waterways FT 500.00$                    

14 32 Structure Concrete CY 530.00$                    

15 34 Steel Reinforcement TON 2,600.00$                 

16 53 Ductile Iron Pipe FT 220.00$                    

17 61 Rock Riprap CY 70.00$                      

18 71 Water Control Gates LS 10,000.00$               

19 99 Pump 1 Intake screen and Pump LS 136,648.60$             

20 99 Pump 2/3 Intake and Pump LS 8,000.00$                 

21 99 Pump 4 Intake and Pump LS 8,000.00$                 

22 99 Pump 4 Intake and Pump LS 8,000.00$                 

Taxes 8%

- This spreadsheet calculates the costs associated with site preparation. Unit costs include materials, labor, equipment, overhead and contractor profit. 
 - Reference used for "unit costs" include:
      (1) RS Means Database
      (2) Engineering Experience & Recent Similar Projects
      (3) Contractor or Supplier
 - Inflation adjustment is negligible.
 - Additional adjustments are based on engineering judgement, experience and site-specific degree of difficulty.
 - Blank rows are provided at the bottom for additional items. Add new items & unit costs on this sheet, if necessary. These wil l be used to calculate costs on subsequent 
sheets.
 - General mark-up percentages are also provided at the bottom. 
 - Specification # References the 2022 version of WSDOT's Standard Specifications for Road, Bridge, and Municipal Construction as amended in December 2021. Project-
specific special provisions are affixed with "SP."

File No. 22281-002-00

Restoration Cost Workbook Page 2 of 4
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Engineers's Construction Cost Estimate
Project: Willow Creek Fish Passage Analyst R Carnie
Project No: 19369-003-01 Latest Revision 6/30/2023

Item No.
NRCS 

Specification 
Pay Item #

Specification Pay Item Quantity Unit 
Measure Unit Cost Estimated Cost

1 1 Clearing 1.0 AC $9,927.00 $9,927

2 3 Structure Removal (Irrigation Intakes) 4.0 EA $3,500.00 $14,000

3 5 Pollution Control 1.0 LS $12,000.00 $12,000

4 6 Seeding, Sprigging, Mulching 0.4 AC $1,495.00 $598

5 7 Construction Surveys 2.0 Day $2,500.00 $5,000

6 8 Mobilization and Demobilization 1.0 LS $50,000.00 $50,000

7 11 Removal of Water 1.0 LS $7,500.00 $7,500

8 13 Sheet Pile 2500.0 SF $58.00 $145,000

9 21 Excavation 220.0 CY $35.00 $7,700

10 23 Earthfill - Constructed Riffle Streambed 210.0 CY $130.00 $27,300

11 23 Earthfill - Native Backfill 275.0 CY $70.00 $19,250

12 26 Topsoiling 10.0 CY $31.89 $319

13 27 Diversions and Waterways 300.0 FT $500.00 $150,000

14 32 Structure Concrete 1.0 CY $530.00 $530

15 34 Steel Reinforcement 0.5 TON $2,600.00 $1,300

16 53 Ductile Iron Pipe 380.0 FT $220.00 $83,600

17 61 Rock Riprap 9.0 CY $70.00 $630

18 71 Water Control Gates 1.0 LS $10,000.00 $10,000

19 99 Pump 1 Intake screen and Pump 1.0 LS $136,648.60 $136,649

20 99 Pump 2/3 Intake and Pump 1.0 LS $8,000.00 $8,000

21 99 Pump 4 Intake and Pump 1.0 LS $8,000.00 $8,000

22 99 Pump 4 Intake and Pump 1.0 LS $8,000.00 $8,000

$705,303

$56,424

$0

$761,727FINAL CONSTRUCTION COST

SUBTOTAL CONSTRUCTION COST

8%TAXES

Construction Observation

- This spreadsheet summarizes the costs for construction of the culvert, roadway, and channel restoration measures.

File No. 22281-002-00

Restoration Cost Workbook Page 3 of 4
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Bid Response Form
Project: Willow Creek Fish Passage Analyst
Project Number: Date

Item No.
NRCS 

Specification 
Pay Item #

Specification Pay Item Approx. 
Quantity

Unit 
Measure Unit Cost Estimated Cost

1 1 Clearing 1.0 AC

2 3 Structure Removal (Irrigation Intakes) 4.0 EA

3 5 Pollution Control 1.0 LS

4 6 Seeding, Sprigging, Mulching 0.4 AC

5 7 Construction Surveys 2.0 Day

6 8 Mobilization and Demobilization 1.0 LS

7 11 Removal of Water 1.0 LS

8 13 Sheet Pile 2500.0 SF

9 21 Excavation 220.0 CY

10 23 Earthfill - Constructed Riffle Streambed 210.0 CY

11 23 Earthfill - Native Backfill 275.0 CY

12 26 Topsoiling 10.0 CY

13 27 Diversions and Waterways 300.0 FT

14 32 Structure Concrete 1.0 CY

15 34 Steel Reinforcement 0.5 TON

16 53 Ductile Iron Pipe 380.0 FT

17 61 Rock Riprap 9.0 CY

18 71 Water Control Gates 1.0 LS

19 99 Pump 1 Intake screen and Pump 1.0 LS

20 99 Pump 2/3 Intake and Pump 1.0 LS

21 99 Pump 4 Intake and Pump 1.0 LS

22 99 Pump 4 Intake and Pump 1.0 LS

Construction Sub-Total
Taxes

Final Construction Cost

- This spreadsheet provides an outline of the Bid Response Form for inclusion with the bid package and construction contract.

File No. 22281-002-00

Restoration Cost Workbook Page 4 of 4
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  July 5, 2023 | Page F-1 
 File No. 19369-003-01 

APPENDIX F 
MONITORING AND ADAPTIVE MANAGEMENT PLAN 

INTRODUCTION 

The Willow Creek watershed is an important tributary system in the Grande Ronde River basin for summer 
steelhead and spring/summer Chinook Salmon. The Royes Dam is located approximately 3.8 miles 
upstream of Willow Creek’s confluence with the Grande Ronde River. In its present configuration and 
operation, the dam impedes and sometimes fully blocks adult and juvenile salmonid migration within the 
Willow Creek system because they are channel spanning and lack effective fish passage facilities. The 
project goal is to improve and maintain fish passage that achieve Oregon Department of Fish and Wildlife 
(ODFW) and National Marine Fisheries Service (NMFS) fish passage criteria to the greatest extent 
practical. Fish passage considerations include all life history stages of both steelhead and Chinook 
Salmon. 

Project Elements 

The current use of Royes Dam involves the placement of wood boards on the steel frame perpendicular to 
the channel to create sufficient head for the operation of the existing irrigation pumps. This operation 
creates a fish passage barrier. To discourage the continued use of Royes Dam in a manner that creates a 
fish passage barrier, the project proposes to improve fish passage through installation of a fish passable 
constructed riffle in lieu of the current dam operations. Project element 1 is described by HIP Category 
1b—consolidate or replace existing irrigation structures (Bonneville Power Administration 2021). The 
constructed riffle was designed with a crest elevation roughly equal to the current Royes Dam operating 
elevation of 2684.1 feet.  

Project element 2 proposes to relocate and reconstruct pump 1, and upgrade the existing intake 
structures at pumps 2, 3 and 4 upstream of Royes Dam to meet NMFS criteria for screen size and 
impingement velocity. The project does not propose to consolidate multiple points of diversion. 

Project element 3 includes a sluiceway and a manually operated headgate designed to maintain 
sediment transport through constructed riffle. The constructed riffle is located downstream of the pump 1 
intake relocation to provide a minimum operating pool elevation.  

RESPONSIBLE PARTIES 

The project team consists of representatives from USWCD (sponsor), GeoEngineers, Inc. (GeoEngineers) 
(design professionals), Living Water (irrigation pump supplier and installer) and the landowners. The 
project sponsor’s project manager is Aaron Bliesner, 541.963.1313. 

ASSESSMENT PROTOCOLS 

The National Oceanic and Atmospheric Administration (NOAA) Restoration Center Implementation 
Monitoring (NOAA 2022) identifies channel width, channel gradient, and jump height protocol for fish 
passage monitoring.   
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Objective: Maintain Fish Passage 

The current use of Royes Dam involves the placement of wood boards on the steel frame perpendicular to 
the channel. The project design element, to improve fish passage, is installation of a fish passable 
constructed riffle that controls the water surface elevation currently maintained by dam operations.  

If a failure of the constructed riffle poses a risk to fish passage or sufficient pool elevation for irrigation 
intake operation, USWCD will be notified of the failure. If a system failure does arise, USWCD will work 
immediately with local support and engineers to develop a solution.  

Table F-1 summarizes the monitoring protocols for fish passage based on NOAA monitoring protocol 
(NOAA 2022).  

TABLE F-1. SUMMARY OF MONITORING PROTOCOLS FOR FISH PASSAGE 

Monitoring 
Technique 

Monitoring 
Metrics 

Baseline 
Value 

Design 
Channel (as-

built) 

Desired 
Condition 

Frequency/ 
Duration 

Hand 
Measurement 

Jump height NA = 0 ft < 0.5 ft Annual low 
and high flow 

Water depth NA > (riffle) > 0.4 ft 
Annual low 
flow 

Survey Gradient NA = 4.5% < 6% 

Flows in 
excess of 5-
year or bi-
annual (See 
future survey) 

Objective: Maintain Operable Pool Elevation 

Concurrent with the project goal of providing reliable fish passage is a project objective to provide a pool 
elevation, upstream of the constructed riffle, that supports and maintains the use of irrigation water for 
water users. The project proposes a minimum pool elevation based on low-flow conditions as reported in 
the basis of design report summarized in Table F-2. Monitoring protocol for pool elevation is described 
below with as built and future surveys.  

TABLE F-2. SUMMARY OF LOW-FLOW POOL ELEVATIONS AND MINIMUM OPERATING ELEVATIONS 

Pump 

Intake Screen Bottom / Top 
Elevation  

(Ft NAVD88) 

Minimum Low-Flow Pool 
Elevation  

(Ft NAVD88) 

1 2677.5/2680.5  2682.0 

2 and 3 2679.0/2681.5 2683.0 

4 2680.5/2683.0 2684.5 

ADAPTIVE MANAGEMENT TRIGGERS 

Fish passage restoration of natural streams seeks to combine natural processes with engineering and 
construction techniques to provide fish passage to the greatest extent practicable over the design life of 
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the proposed enhancements. Natural stream systems are expected to experience gradual adjustment of 
the stream system over time; however, rapid channel change is generally not desired and often has a 
negative impact on passage. This monitoring plan includes monitoring attributes to provide a feedback 
loop of the trends and trajectory of the restoration efforts.  The BPA review team will be notified if 
monitoring demonstrates values outside of the below outlined thresholds (Table F-3). If a Monitoring 
Metric is a “Pass,” then there is no action required.  If, however, the Monitoring Metric is a “Fail,” then the 
BPA review team will make an evaluation of the failure and a determination of potential maintenance 
and/or corrective actions depending upon the severity and type of failure.   

TABLE F-3. MONITORING DATA, CONCLUSIONS, AND RESPONSES FOR SELECTED METRICS 

Project Objective Monitoring Metric Thresholds Decision Pathway Applicability 

Fish Passage 

Jump height No barriers 
exceeding 0.5 feet 
hydraulic elevation 
differential 

1. No barriers 
exceeding 0.5 ft 
(Pass) 
2. Barriers 
exceeding 0.5 ft 
present. (Fail) 

Constructed riffle 
 

Water depth  Depth of main 
channel thalweg of 
sufficient depth to 
allow passage of 
fish present 

1. Continuous flow 
(low-flow depth) of 
at least 0.4 ft 
(Pass) 
2. Discontinuous or 
very shallow flow 
depth (Fail) 

Thalweg 

Pool Elevation 
Constructed Riffle 
Crest Elevation 

> 2683.0 
1. Elevation > 
2683.0 (pass) 
2. Elevation < 
2683.0 (fall) 

Crest thalweg 

ASSESSMENT FREQUENCY, TIMING, AND DURATION 

Project Baseline Survey 

The baseline survey was completed as part of the original design. A summary of the topographic, 
bathymetric, geotechnical investigation, and stream function are described in the basis of design report. A 
summary of baseline conditions is that, in the present configuration and operation, Royes Dam impedes 
and sometimes fully blocks adult and juvenile salmonid migration within the Willow Creek system 
because it is channel spanning and lacks effective fish passage facilities. 

In the present configuration and operation, Royes Dam provides operable pool elevations for irrigation 
water right delivery with the use of privately owned and operated pumping systems. The irrigation delivery 
is subject to water right restrictions and outside of this project’s scope. 

As-Built Survey 

An as-built survey is recommended following construction of the proposed project elements. The as-built 
survey shall include four cross-sections through the length of the constructed riffle and four cross 
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sections through the length of the sluiceway. Additional survey requirements include top of bank lines, 
bankfull stage indicators, thalweg, water surface elevation, and the longitudinal profile of the constructed 
riffle and the sluiceway. The constructed riffle crest is crucial in providing a minimum upstream pool water 
surface elevation so the as-built survey will need to include the riffle crest elevation.  

Future Surveys 

After the as-built survey occurs, if no observed changes exceed the identified threshold requiring 
corrective action are detected, then the next survey will take place after an approximate 5-year flood 
event. If changes that require corrective actions occur during the bankfull survey, then monitoring surveys 
will continue to occur after each bankfull event until no corrective action is necessary. As a contingency, 
monitoring surveys will be scheduled for every fifth year after construction so at least three surveys are 
completed in the first ten years following construction. Monitoring will cease after 10 calendar years from 
the date of project construction or as mutually agreed upon by the project review team.   

REFERENCES 

Bonneville Power Administration. 2021. FY 2021 HIP Handbook Guidance of Programmatic 
Requirements and Process . Portland, Oregon: Bonneville Power Administration. 

NOAA . 2022. "NOAA Restoration Center Implementation Monitoring." Guidance for Proposing and 
Conducting Tier 1 Monitoring. National Oceanic and Atmospheric Administration. 
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Project Information: 

Project Name: Willow Creek Royes Dam 

Proposed Implementation: Summer 2024 

BPA Project #: N/A 

Contract #: N/A 

Sponsor: USWCD  

Designer: GeoEngineers 

Area Lead: André L'Heureux, EWU, Lower Snake Lead 

COR/PM: Tracy Hauser 

 

HIP Review Team: 

HIP Program Lead: Daniel A. Gambetta, ECF 

BPA EC Lead: Thomas DeLorenzo 

BPA Technical Lead: Sean P. Welch, P.E., EWL 

NMFS Branch Chief: Bill Lind, NMFS, Southern Snake Branch Chief 

NMFS Biologist:  

NMFS Engineer: Jeff Brown, NOAA Fisheries, West Coast Region 

USFWS Field Office: Marisa Meyers, USFWS La Grande Field Office 

USFWS Reviewer:  

 

Documents Reviewed: 

Willow Creek Royes Dam 15% BDR 

Willow Creek Royes Dam 15% Design 

Willow Creek Royes Dam 30% BDR 

Willow Creek Royes Dam 30% Design 

 

 

Activity Categories: Risk Level: 

1b - Consolidate or Replace Existing Irrigation Structures Medium 

1c - Headcut and Grade Stabilization Medium 

2c - Protect Streambanks Using Bioengineering Methods Low 

  

Overall Project Risk Medium 

 

Review Timeline: Date Completed 

• Conceptual Review (typically 15%) 

o Site visit, if needed Not Started 

o Sponsor to submit conceptual design to EC Lead and COR 12/29/2022  

o EC Lead to submit concept to HIP Review Team to initiate review 12/29/2022 

o EC Lead to send design package to appropriate HIP Review members 12/29/2022 

o EC Lead to compile comments and forward to Sponsor 1/27/2023 

o Sponsor to provide responses to EC Lead 2/23/2023 

o HIP Review Team and Sponsor to resolve “open” comments Not Started 

o EC Lead to notify Sponsor to proceed to preliminary design Not Started 

•  Preliminary Design or Alternatives Analysis Review (typically 30%) 

o Sponsor to submit preliminary design to EC Lead and COR 5/15/2023 

o EC Lead to submit design package to HIP Review Team 5/15/2023 

o EC Lead to submit design to NMFS Engineer if applicable Not Started 

o NMFS Engineer approves project, if applicable Not Started 

o EC Lead to compile comments and forward to Sponsor Not Started 

o Sponsor to provide responses to EC Lead Not Started 

o HIP Review Team and Sponsor to resolve “open” comments Not Started 

o EC Lead to notify Sponsor to proceed with design Not Started 

•  Permit Level Design Review (typically 60% to 80%) 

o Sponsor to submit design package to EC lead and COR Not Started 

o EC Lead to submit design package to HIP Review Team Not Started 

o EC Lead to compile comments and forward to Sponsor Not Started 

o Sponsor to provide responses to EC Lead Not Started 

o HIP Review Team and Sponsor to resolve “open” comments Not Started 

o EC Lead to notify Sponsor to proceed to final design Not Started 

• Final Design Package (100%) 

o Sponsor to submit final designs to EC Lead and COR Not Started 

o EC Lead and BPA Technical Lead to verify no critical changes Not Started 
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Comments: 

# Reviewer 

(Org.) 

Date Document Page/ 

Section 

Comment  Response 

by (Org.) 

Date Response to Comment Status 

(BPA to Update) 

1 BPA 

Functiona

l 

12/29/20

22 

15% BDR  For future design submissions, please 

include the HIP4 General Conservation 

Measures Applicable to All Actions as 

well as the Category Specific 

Conservation Measures in the plan 

packet. These conservation measures 

can be found in the HIP4 Handbook or 

provided by the EC Lead. 

 

At the 15% Design stage, the currently 

applicable HIP categories are: 

 

• 1b) Consolidate or Replace 

Existing Irrigation Structures 

• 1c) Headcut and Grade 

Stabilization 

 

These categories may change as plans 

develop. 

 

 GeoEngin

eers 

June 30, 

2023 

Acknowledged, the HIP4 General 

Conservation Measures Applicable to All 

Actions are included on the draft final 

design drawings. Conservation measures 

and documentation of compliance for 

HIP categories 1b and 1c are described in 

the basis of design report.  

To be Addressed at 

Next Review  

2 BPA 

Functiona

l 

12/29/20

22 

15% Plans  For future design submissions, please 

add the statement “This project was 

designed in accordance with the BPA 

Habitat Improvement Program, 

Programmatic Biological Opinion (HIP 

IV)” on the Cover Sheet of the plans.   

 GeoEngin

eers 

June 30, 

2023 

The statement is included on the draft 

final design drawings.  

To be Addressed at 

Next Review  

3 BPA 

Functiona

l 

12/29/20

22 

15% Plans  For final (100%) designs, please ensure 

that they are sealed by the Project 

Engineer per Oregon Revised Statutes 

672.020 and 025. 

 GeoEngin

eers 

June 30, 

2023 

Acknowledged, the final design drawings 

and associated reporting will be stamped 

and signed by an engineer licensed in the 

state of Oregon.  

To be Addressed at 

Next Review  

4 BPA 

Functiona

l 

12/29/20

22 

15% BDR  As design moves through stages, 

please provide regular updates on any 

new screen designs for pump intakes, 

as well as any applicable 

communications from ODFW, NMFS, 

etc. about fish screens. 

 GeoEngin

eers 

June 30, 

2023 

Screen design specifications applicable 

to ODFW and NMFS are documented in 

the draft final design submittal and will 

be continually updated with each 

submittal milestone.  

For Information 

Only 
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# Reviewer 

(Org.) 

Date Document Page/ 

Section 

Comment  Response 

by (Org.) 

Date Response to Comment Status 

(BPA to Update) 

5 BPA 

Functiona

l 

12/29/20

22 

15% BDR  The prior 106 cultural resources 

consultation for the Royes Dam fish 

ladder did not include the proposed 

project areas. Please provide initial 

estimate of project area scope, 

including potential staging areas and 

access, to the EC Lead with the 30% 

design submission so that a new 106 

process may be initiated. 

 GeoEngin

eers 

June 30, 

2023 

The draft final design submittal includes 

an estimated area of potential effects 

(APE) and it accounts for access and 

staging of the project.  

To be Addressed at 

Next Review  

6 ETS 1/25/202

3 

15% BDR  Obtain and provide BPA approval 

documentation from Oregon 

Department of Fish and Wildlife 

(ODFW) and 

National Marine Fisheries Service 

(NMFS) fish passage criteria that the 

project is compliant with fish passage 

and fish screening criteria. 

 GeoEngin

eers 

June 30, 

2023 

Fish passage approval and 

documentation will be provided to BPA 

upon receipt following the draft final 

design review. 

Open 

(Requirement) 

7 ETS 1/25/202

3 

15% BDR  Obtain and provide BPA approval 

documentation from Oregon 

Department of Water Resources that 

the project is compliant with ODWR 

agencies requirements.  

 USWCD June 30, 

2023 

Actions of this project do not change 

Point of Diversion, Point of Use, or other 

irrigation water regulations pertaining to 

certified water rights. Written 

documentation of no effect has been 

requested from OWRD and will be 

included upon receipt. 

Open 

(Requirement) 

8 ETS 1/25/202

3 

15% BDR  Please describe how the existing 

diversion dam will be modified as 

nonoperational. BPA does not want to 

assume the risk of project 

implementation being compromised 

by landowners reverting to historical 

operations.  

 USWCD June 30, 

2023 

A legal agreement between the project 

sponsor and the land owners outlining 

the duration the Royes Dam will remain 

in place and intact will be drafted. A 

preliminary concept for this agreement is 

to assess the performance of the 

constructed riffle for multiple irrigation 

seasons. Possible contractual solutions 

regarding the Royes Dam include 

potential removal of the existing metal 

braces that currently hold boards and 

potential removal of the center pier.  

Open 
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# Reviewer 

(Org.) 

Date Document Page/ 

Section 

Comment  Response 

by (Org.) 

Date Response to Comment Status 

(BPA to Update) 

9 ETS 1/25/202

3 

15% BDR  Are the pump upgrades being 

proposed as a component of this 

project? If so, what other partners are 

being approached for cost share 

(NRCS OWEB?) 

 USWCD June 30, 

2023 

The pump upgrades are included in the 

scope of the design project. The district 

will pursue all available funding 

opportunities to implement this project 

including through NRCS and OWEB.  

Open 

(Requirement) 

10 ETS 1/25/202

3 

15% BDR  All proposed riffle controls are 

proposed upstream of the existing 

dam. Should an additional riffle be 

proposed below the dam, to tailwater 

up through the structure and 

backwater any existing scour hole – 

jump height issues? 

 GeoEngin

eers 

June 30, 

2023 

The proposed constructed riffle and 

sluiceway present limited impacts to the 

existing hydraulic conditions in Willow 

Creek downstream of the Royes Dam. An 

existing riffle exists between 

approximately 50 and 100 feet 

downstream of Royes Dam. Based on 

site investigation between 2018 and 

2023, the existing riffle has shown no 

signs of erosion or degradation. 

Therefore, we believe the facility 

provides sufficient grade control and no 

additional site disturbance is proposed at 

this location.   

Open 

(Requirement) 

11 ETS 1/25/202

3 

15% BDR  Please more thoroughly describe 

existing sedimentation impacts 

operational impacts to the existing 

irrigation delivery system.  

 GeoEngin

eers 

June 30, 

2023 

The draft final BDR includes a sediment 

transport subsection that shows existing 

conditions hydraulic model results and 

proposed conditions model results 

specific to sediment transport. A 

summary of potential impacts is 

included.  

Open 

(Requirement) 
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# Reviewer 

(Org.) 

Date Document Page/ 

Section 

Comment  Response 

by (Org.) 

Date Response to Comment Status 

(BPA to Update) 

12 ETS 1/25/202

3 

15% BDR  1. Hydrology:  A hydrologic 

analysis shall be utilized to 

determine all pertinent fish 

passage, structural design 

and channel maintenance or 

morphologically significant 

discharges. 

a. A flow duration 

analysis shall be 

performed for this 

period to identify 

the 95% 

exceedance Low 

Fish Passage 

Design Flow 

(LFPDF) and the 

5% High Fish 

Passage Design 

Flow (HFPDF) for 

the period of 

migration defined 

in criteria 1. 

b. A flood frequency 

analysis shall be 

performed to 

determine the 1.5, 

2, 5, 10, 25, 50 and 

100 year return 

interval floods.  

Please describe the irrigation 

withdrawals relative to water rights 

and fish passage flow conditions. It 

appears the water rights are well in 

excess of low flow conditions used in 

the passage analysis. Please also 

document the conditions within the 

stream reach during the low flow 

period (i.e. temperature, downstream 

senior water rights etc.) 

 GeoEngin

eers 

June 30, 

2023 

The draft final BDR summarizes 

hydrologic conditions in Willow Creek 

through the project reach. The reported 

flow rates include the high and low fish 

passage flows as well as the peak annual 

flows. A summary of monthly 

exceedance flow rates, water rights, and 

remaining monthly flow rates are 

included.  
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13 ETS 1/25/202

3 

15% BDR  2. Hydraulics:  A hydraulic 

analysis shall be performed 

of the existing and proposed 

condition that clearly 

identifies pre and post 

project hydraulic effects 

above, through and below 

the project reach. This shall 

include but not be limited 

to, water surface profiles, 

velocity profiles and shear 

stress profiles.  

a. The hydraulic 

analysis shall use 

the HFPDF and 

LFPDF as defined 

above to identify 

proposed features 

effects on fish 

passage. Any 

proposed feature 

shall clearly 

identify how 

minimum depths 

and velocities 

under the LFPDF 

and HFPDF have 

not exceeded the 

sustained 

swimming 

capability of the 

species and life 

stages present. 

b. Proposed features 

shall be designed 

for stability against 

the forces 

generated by the 

depths, velocities 

and shear stress 

occurring during 

 GeoEngin

eers 

June 30, 

2023 

The draft final BDR includes a summary 

of existing and proposed conditions 

hydraulic modeling. The fish passage 

conditions including velocity and depth 

are summarized in the BDR. Material 

stability analysis and gradation designs 

are documented in the BDR for the 

roughened channel and bank 

stabilization sections. The design 

drawings include details for the sheet 

pile wall, sluiceway and headgate.   
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the 50-year return 

period flood (or 

other flood 

magnitude as 

required in project 

specific design 

criteria (e.g. 100 

year flood if base 

flood evaluation 

required) as 

identified above. 

c. All assumptions 

used in the 

hydraulic analysis 

shall be 

documented 

including cross-

section locations, 

manning’s 

coefficients and 

velocity head loss 

coefficients. These 

assumptions may 

be supported 

through site 

photos, aerial 

photography and 

survey 

information. 

Please provide computed water 

surface and velocity profiles through 

the stream reach. Please show all 

critical elevations (low, intermediate 

and high flow WS profiles relative to 

the Thalweg, and critical infrastructure 

elevations, intake inverts, intake 

diameters, sump elevations, riffle 

crest, riffle sluice elevations, dam 

foundation, splash pad etc.  
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# Reviewer 

(Org.) 

Date Document Page/ 

Section 

Comment  Response 

by (Org.) 

Date Response to Comment Status 

(BPA to Update) 

14 ETS 1/25/202

3 

15% BDR  Please provide a draft operations 

manual that outlines recommended 

operational criteria for the project 

design. This document should outline 

recommended procedures for the 

operation of irrigation infrastructure 

to minimize impacts to listed aquatic 

species.  

 GeoEngin

eers 

June 30, 

2023 

A draft Maintenance and Operations 

Manual is included in the draft final 

deliverable milestone.  

 

15 ETS 1/25/202

3 

15% BDR  Please review the HIP Handbook and 

ensure future submittals meet the 

Technical and Functional Review 

Junctures, and BDR requirements,  

 GeoEngin

eers 

June 30, 

2023 

Acknowledged, the HIP handbook has 

been referenced for draft final submittal  

 

16 ETS 6/7/2023 30% Plans  Please consider adding a reinforced 

toe to the proposed FESL bank 

treatment. A detail was provided to 

the sponsor that shows a FESL 

treatment incorporated with a LWD 

toe. 

 GeoEngin

eers 

June 30, 

2023 

The engineered soil lift bank stabilization 

has been removed from the design 

because the elevation of the proposed 

riffle crest provides sufficient pool 

elevation to leave pumps 2, 3 and 4 in 

place. The updated intake and location 

for pumps 2 and 3 is no longer 

necessary.  

 

17 ETS 6/7/2023 30% Plans  The intake locations and intake pipe 

lengths show the proposed passive 

screens in the middle of the channel. 

The required screen sizes appear to be 

fairly large. What is the propensity for 

damage and maintenance issues with 

these system elements extending so 

far into the channel? Will a backflush 

system be incorporated and please 

draw the screens to scale. 

 GeoEngin

eers 

June 30, 

2023 

The additional depth provided by the 

updated constructed riffle and the 

retention of the existing intake locations 

and intake pipe support structures will 

mitigate maintenance issues for pumps 

2, 3 and 4. Pump 1 includes a proposed 

backflush system.  

 

18 ETS 6/7/2023 30% Plans  An alternative passive vertical plate 

vault example was provide to the 

sponsor for consideration. This design 

can also incorporate a sweeper.  

 GeoEngin

eers 

June 30, 

2023 

We appreciate the collaborative review 

and insightful design recommendations. 

A passive vault was not selected as a 

design alternative for the draft final, and 

a sheet pile wall was included to provide 

a sluiceway to convey sediment during 

high annual runoff conditions.  
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# Reviewer 

(Org.) 

Date Document Page/ 

Section 

Comment  Response 

by (Org.) 

Date Response to Comment Status 

(BPA to Update) 

19 ETS 6/7/2023 30% Plans  Please provide all the necessary 

details for all project elements in the 

80% design (pump design, layout & 

elevations, foundation designs, vault 

designs, screen designs, riffle design 

etc. with pertinent structural details, 

excavation and compaction 

requirements, and resource plans 

(water management, work area 

isolation, site restoration – planting, 

erosion control, etc.).  

 GeoEngin

eers 

June 30, 

2023 

The draft final design includes 

specifications on pump screen sizes, 

sheet pile wall, headgate and 

constructed riffle details. The pump 1 

relocation and replacement, along with 

electrical connections are part of a 

proprietary pump manufacturer design 

layout and will be provided at final 

design.  

 

20 ETS 6/7/2023 30% Plans  Please see the alternative riffle 

sluicing detail provided to the sponsor. 

 GeoEngin

eers 

June 30, 

2023 

The draft final design utilizes a sheet pile 

wall as provided for reference. We 

appreciate the collaborative design 

process and considerations provided by 

BPA.  

 

21 ETS 6/7/2023 30% Plans  There are inconsistencies in the 

presented low flow pool elevations at 

pump 4 (please check all locations) 

Page 23 of BDR LFP = 2684.4, Sheet 

4.4 LFP = 2683.6, Table 8 BDR LFP = 

2683.5. Per comment above, please 

provide all of these corrected 

elevations on the project profiles.  

 GeoEngin

eers 

June 30, 

2023 

The updated design drawings reflect 

hydraulic model results for the high fish 

passage flow and low fish passage flow.   

 

22 ETS 6/7/2023 30% Plans  The hydraulic sections in the appendix 

only show 3 feet of depth at pump 4, 

the BDR identifies a 4 foot depth as 

criteria.  

 GeoEngin

eers 

June 30, 

2023 

The updated BDR reflects water surface 

elevations representative of the 

heightened constructed riffle design. 

This error has been corrected on the 

draft final design drawings.  
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# Reviewer 

(Org.) 

Date Document Page/ 

Section 

Comment  Response 

by (Org.) 

Date Response to Comment Status 

(BPA to Update) 

23 ETS 6/7/2023 30% Plans  Please ensure the 30% - 80% design 

process includes an assessment of 

landowner feasibility and 

understanding of the project. The LO 

will have the best available insight into 

pumping withdrawals relative to 

maintenance, channel impacts and 

operational needs. The sponsor 

described an upstream diversion with 

a passive screen that works well, and 

is a potential reference condition for 

this site. Please include this 

information as narrative in the BDR.    

 GeoEngin

eers 

June 30, 

2023 

The draft final design includes a 

constructed riffle crest elevation that 

mimics the operating Royes Dam 

elevation of 2684.1 so landowners will 

experience similar pool elevations as the 

current operation.  
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APPENDIX H 
REPORT LIMITATIONS AND GUIDELINES FOR USE1  

This appendix provides information to help you manage your risks with respect to the use of this report.  

Read These Provisions Closely 

Some clients, design professionals and contractors may not recognize that stream and river engineering 
analysis and design practices are less exact than other engineering and natural science disciplines. Such 
misunderstanding can create unrealistic expectations, sometimes leading to disappointments, claims and 
disputes. GeoEngineers includes these explanatory “limitations” provisions in our reports to help reduce 
such risks. Please confer with GeoEngineers if you are unclear how these “Report Limitations and 
Guidelines for Use” apply to your project or site. 

Stream and River Design Engineering Services Are Performed for Specific Purposes, Persons and 
Projects 

This report has been prepared for Union Soil and Water Conservation District and their authorized agents 
and regulatory agencies for use on the Project(s) specifically identified in the report. The information 
contained herein is not applicable to other sites or projects.  

GeoEngineers structures its services to meet the specific needs of its clients. No party other than Union 
Soil and Water Conservation District may rely on the product of our services unless we agree to such 
reliance in advance and in writing. Within the limitations of the agreed scope of services for the Project(s), 
and its (their) schedule and budget, our services have been executed in accordance with our Agreement 
with the Client dated September 1, 2022 and generally accepted practices in this area at the time this 
report was prepared. We do not authorize and will not be responsible for, the use of this report is not 
recommended for any purposes or projects other than those identified in the report. 

A Stream or River Design Engineering Report is Based on a Unique Set of Project-Specific 
Factors 

This report has been prepared for the Willow Creek Royes Dam Fish Passage Restoration project 
(“Project”) in Union County, Oregon. GeoEngineers considered a number of unique, project-specific 
factors when establishing the scope of services for this project and report. Unless GeoEngineers 
specifically indicates otherwise, it is important not to rely on this report if it was: 

■ not prepared for you, 

■ not prepared for your project, 

■ not prepared for the specific site, or 

■ completed before project changes were made. 

■ For example, changes that can affect the applicability of this report include those that affect: 

 

1 Developed based on material provided by GBA, GeoProfessional Business Association; www.geoprofessional.org.  
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■ the function of the proposed design and/or structure; 

■ elevation, configuration, location, orientation or weight of the proposed structures;  

■ composition of the design team; or 

■ project ownership. 

If changes occur after the date of this report, GeoEngineers cannot be responsible for any consequences 
of such changes in relation to this report unless we have been given the opportunity to review our 
interpretations and recommendations in the context of such changes. Based on that review, we can 
provide written modifications or confirmation, as appropriate. 

Conditions Can Change 

This report is based on conditions that existed at the time the study/design was performed. The findings 
and conclusions of this report may be affected by the passage of time, by man-made events such as 
construction on or adjacent to the site, new information or technology that becomes available subsequent 
to the report date, or by natural events such as floods, earthquakes, slope instability, stream flow 
fluctuations or stream channel fluctuations. If more than a few months have passed since issuance of our 
report or work product, or if any of the described events may have occurred, please contact GeoEngineers 
before applying this report for its intended purpose so that we may evaluate whether changed conditions 
affect the continued reliability or applicability of our conclusions and recommendations. 

Report Recommendations and Designs Are Not Final 

The recommendations included in this report are preliminary and should not be considered final. The 
designs depicted herein are approximate and are intended to express the overall design intent of the 
Project, and need to be adjusted in the field during construction in order to meet the specific-site 
conditions and intended function. GeoEngineers’ recommendations can be finalized only by observing 
actual site-specific conditions revealed during construction.  

We recommend that you allow sufficient monitoring and consultation by GeoEngineers during 
construction to confirm that the conditions encountered are consistent with those indicated in the report, 
to provide recommendations for design changes if the conditions revealed during the work differ from 
those anticipated and to evaluate whether construction activities are completed in accordance with our 
recommendations. GeoEngineers cannot assume responsibility for the recommendations in this report if 
we do not perform construction observation.  

Report Could Be Subject to Misinterpretation 

Misinterpretation of this report by members of the design team or by contractors can result in costly 
problems. GeoEngineers can help reduce the risks of misinterpretation by conferring with appropriate 
members of the design team after submitting the report, reviewing pertinent elements of the design 
team’s plans and specifications, participating in pre-bid and preconstruction conferences, and providing 
construction observation.  

To help reduce the risk of problems, we recommend giving contractors the complete report, including 
these “Report Limitations and Guidelines for Use.” When providing the report, you preface it with a clearly 
written letter of transmittal that:  
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■ advises contractors that the report was not prepared for purposes of bid development and that its 
accuracy is limited; and 

■ encourages contractors to confer with GeoEngineers and/or to conduct additional study to obtain the 
specific types of information they need or prefer.  

Hazards of Instream Habitat Structures 

Instream habitat structures (“Structures”) create potential hazards, including, but not limited to: 

■  persons falling from the Structures and associated injury or death;  

■ collisions of recreational users’ and their watercraft with the Structures, and associated risk of injury, 
and damage of the watercraft;  

■ mobilization of a portion or all of the Structures during high water flow conditions and related damage 
to downstream persons and property; 

■ flooding;  

■ erosion; and  

■ channel avulsion.  

In some cases, instream habitat structures are only intended to be temporary, providing temporary 
stabilization while riparian vegetation becomes established while or stream/river processes stabilize. This 
gradual deterioration with age and vulnerability to major flood events make the risks with temporary 
Structures inherently greater with their increasing age.  

GeoEngineers strongly recommends that the Client appropriately address safety concerns, including but 
not limited to warning construction workers of hazards associated with working in or near deep and fast 
moving water and on steep, slippery and unstable slopes. In addition, signs should be placed along the 
enhanced stream reaches in prominent locations to warn third parties, such as nearby residents and 
recreational users, of the potential hazards noted above.  

Increased Flood Elevations and Wetland Expansion Are Possible  

The proposed stream enhancements may result in increased flood elevations and expansion of wetlands. 
These impacts are generally considered advantageous for aquatic and riparian habitat in the project 
locations of these stream systems, but the analysis, consideration and quantification of these impacts is 
beyond the scope of this report, unless expressly included within GeoEngineers’ scope of services. 

Channel Erosion and Migration Are Possible 

In general, river and stream enhancements result in more stable streambeds, banks and floodplains. In 
some cases, stream enhancement and channel stability includes reestablishing the natural balance of 
sediment erosion, distribution and deposition, which in some cases may induce channel meandering and 
migration. Therefore, channel erosion, channel migration and/or avulsions can occur over time.  

Importance of Monitoring and Maintenance 

In some instances, GeoEngineers may have purposely excluded piles, anchors, chains, cables, reinforcing 
bars, bolts and similar fasteners from woody habitat structures with the intent of mimicking naturally-
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occurring instream wood structures. In other instances, GeoEngineers may have purposely included such 
fasteners may have purposely been included in woody habitat Structures, if considered appropriate. While 
GeoEngineers designs Structures to be relatively stable during flood events, some movement of these 
Structures is expected. We recommend that the Client implement appropriate monitoring and 
maintenance procedures to minimize potential adverse impacts at or near areas of concern, such as at 
downstream road, bridge and/or culvert crossings, including replacing, adjusting and removing damaged, 
malfunctioning or deteriorated components of Structures, particularly after a major storm event.  

Contractors Are Responsible for Site Safety on Their Own Construction Projects 

Our recommendations are not intended to direct the contractor’s procedures, means, methods, schedule 
or management of the work site. The contractor is solely responsible for job site safety and for managing 
construction operations to minimize risks to on-site personnel and adjacent properties. 

Information Provided by Others 

GeoEngineers has relied upon certain data or information provided or compiled by others in the 
performance of our services. Although we use sources that we reasonably believe to be trustworthy, 
GeoEngineers cannot warrant or guarantee the accuracy or completeness of information provided or 
compiled by others. 
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