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1.0 INTRODUCTION 

GeoEngineers, Inc. (GeoEngineers) has prepared this Final Basis of Design report (report) for the Nez Perce 
Tribe (NPT). This report provides a summary of our findings pertaining to the existing conditions of the 
Lapwai Creek Reach 14 Habitat Restoration project site near Culdesac, Idaho, 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 final 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, habitat, and geomorphology. The evaluation and 
consideration of the site conditions provide the basis for the project design. 

■ Appendix A—Final Design Drawings 

■ Appendix B—Site Photographs 

■ Appendix C—Hydrologic and Hydraulic Analyses 

■ Appendix D—Rock Weir Gradation  

■ Appendix E—Large Wood Stability Calculations  

■ Appendix F—Construction Quantities and Estimate of Anticipated Costs 

■ Appendix G. HIP Project Review Comment Tracking 

■ Appendix H—Report Limitations and Guidelines for Use 

1.1. Project Responsible Parties 

■ The project sponsor is the Nez Perce Tribe, and the project manager is Travis House, 208.621.4739. 

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

1.2. Site Location 

The Lapwai Creek Reach 14 project site is located along U.S. Highway 95 (US 95) near milepost 285.1 on 
the Nez Perce Indian Reservation in Nez Perce County, Idaho, upstream (south) of Culdesac, Idaho (Vicinity 
Map, Figure 1). Lapwai Creek generally flows southeast to northwest towards the Clearwater River. Lapwai 
Creek combines with Mission Creek, Sweetwater Creek, and Tom Beall Creek prior to the confluence with 
Clearwater River. 
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2.0 PROJECT BACKGROUND 

The overall intent of the project is to improve habitat conditions for native salmonids, particularly 
Endangered Species Act (ESA)-listed steelhead by stabilizing the channel and adding complex structure. 
More specifically, this project will provide improved juvenile fish rearing habitat, encourage recruitment of 
spawning appropriate gravels, and restore native riparian communities. 

2.1. Project Goals, Objectives, and Constraints 

Working in conjunction with NPT and BPA the following project goals, objectives, and constraints have been 
defined as follows: 

2.1.1. Goal 

The primary goal of the project is to provide a stable and complex channel that provides spawning and 
rearing habitat for ESA-listed steelhead (Oncorhynchus mykiss). 

2.1.2. Objectives 

To achieve the project goal, outlined above, the following objects have been developed: 

■ Increase channel complexity with channel morphology closer to historical, functional form. 

■ Increase quantity and quality of native fish habitat, especially cover and pools. 

■ Increase channel stability to limit negative impacts to US 95. 

■ Increase the native extent and density of the riparian community. 

2.1.3. Constraints 

Approximately 400 feet upstream of the project reach, a corrugated metal pipe (CMP) was projecting out 
of the US 95 roadway embankment on the river right bank (Photograph 8, Appendix B, Site Photographs). 
The culvert conveys surface water runoff from the eastern valley hillside, underneath US 95 (Appendix A, 
Final Design Drawings). All conceptual design components are proposed downstream of the culvert and will 
not impact culvert conditions, roadway embankment stability, or conveyance capacity. Additionally, the 
general proximity of US 95 to Lapwai Creek and its floodplain greatly impacts the overall ecological function 
of the stream. 

Typically, streams do not have side channels or a step-pool geomorphic condition with a slope greater than 
3 percent; constructed side channels create a risk of channel avulsion (WDFW 2012). The location of the 
existing incised main channel is consistent with a previously designed side channel. Proposed conditions 
should look to fill in the existing side channels and add surface roughness elements throughout the project 
reach’s floodplain. 

3.0 EXISTING CONDITIONS 

3.1. Project Site 

Upper limits of the project reach begin at the Idaho Transportation Department (ITD) US 95 gravel pullout 
along the southbound lane (Photograph 3, Appendix B). The downstream limits of the project reach are 
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approximately 1,100 feet downstream (northwest) of the most confining point on the pullout, which is at 
approximate existing river station 12+50 (Appendix A). 

3.1.1. Site Assessment (April 2021) 

Throughout the project reach, Lapwai Creek’s channel geometry has been greatly altered following peak 
runoff events in 2019 and 2020. On average, the existing reach has a bankfull width (BFW) of 27 feet and 
is approximately 4 feet deep (Photographs 1 and 2, Appendix B). Bank slopes are near vertical, a common 
outcome of the channel incision (Photograph 1, Appendix B). The reach currently has an average slope of 
3.2 percent and an approximate sinuosity value of 1.1 (Appendix A) compared to a range of slopes between 
3.3 to 6.4 percent and sinuosity of 1.3, called for in the previous design plans (Alta Science & Engineering 
2018). The active floodplain width varies from 50 to 150 feet, measured between US 95’s road 
embankment to the toe of the western valley hillslope (Appendix A). 

3.1.2. Adjacent Reaches 

GeoEngineers assessed a representative section of Lapwai Creek approximately 500 feet downstream of 
the project reach in April 2021. Compared to the incised and headcut section within the project reach, the 
downstream channel geometry had a greater width-to-depth ratio with a BFW of 32 feet. The downstream 
reach was also less incised and had a more developed riparian zone along the banks and within the 
floodplain (Photograph 5, Appendix B). The section downstream of the project reach included step-pool 
geomorphic characteristics with steps comprised of 18-inch-diameter and larger boulders. The downstream 
reach also included some response indicators such as depositional bars due to the continued streambed 
material adjusting following the of the 2019 and 2020 peak runoff events. 

GeoEngineers assessed a section of Lapwai Creek starting at the upstream limits of the project reach and 
extending upstream approximately 800 feet. This reach included a section confined by the US 95 pullout. 
The channel included a depositional bar centered in the channel and split flow conditions immediately 
upstream of the confining pullout between approximate stations 14+50 and 16+00 (Appendix A and 
Photograph 3, Appendix B). Further upstream, and beyond the apparent impact of the confining highway 
pullout, the reach included step-pool features and depositional material within the BFW. The steps were 
spaced at approximately two to three bankfull widths (Photograph 4, Appendix B). We measured the BFW 
as approximately 25 feet. We took the measurement upstream of the channel impacted by the pullout 
confinement using vegetation, material size variation, and grade breaks as indicators.  

3.1.3. Project Reach 

The existing project reach lacks instream and floodplain large woody material (LWM). Few pieces of LWM 
from the 2018 restoration project remain and those pieces still on site are perched above seasonal average 
flows due to the channel migration and incision (Photographs 6 and 9, Appendix B). Due to the lateral 
channel migration that occurred in 2019 and 2020, the channel’s alignment was offset from the areas of 
established mature deciduous and coniferous trees, decreasing the opportunities for natural wood 
recruitment and stream shade. Multiple high-flow side channels were present along the project reach, most 
likely formed prior to the channel constructed in 2018 (Photograph 7, Appendix B). 

There is a distinct lack of vegetation throughout the project reach. Much of the floodplain vegetation planted 
during the 2018 restoration project has either eroded during peak runoff events or has not successfully 
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been established. Few pockets of grasses and native woody shrubs have established near the edge of the 
current channel (Photograph 9, Appendix B); however, they are sparse and ecologically inconsequential. 

3.1.4. Previous Restoration Efforts 

A restoration project was previously implemented at Lapwai Creek Reach 14 in October and 
November 2018 (Photograph 11, Appendix B). During the spring high-flow events of 2019 and 2020, the 
project site experienced extensive lateral channel migration and incision along an approximate 
600-foot-long section of newly constructed stream channel (Photograph 12, Appendix B). Consequently, 
habitat objectives were not being met and channel instability could be a threat to US 95. Additional site 
photographs from GeoEngineers’ 2021 site assessment are included in Appendix B. 

3.2. Hydrology 

Lapwai Creek’s watershed originates at Mason Butte, approximately 9 miles south of the project site. From 
Mason Butte, the river flows north through various farmlands and the town of Winchester, Idaho before 
entering the US 95 corridor. Through the highway corridor, Lapwai Creek drains the highway as well as the 
adjacent hillslopes (Watershed Map, Figure 2). 

The United States Geologic Survey’s (USGS) online application “StreamStats” was used to delineate 
watershed area for both the project site and the nearby stream gage (Gage ID 13342450) (USGS 2019). 
The estimated drainage basin area at the project site was 29.1 square miles, and the estimated drainage 
basin area at the OWRD gage was 264 square miles. 

3.2.1. Peak Recurrence Interval Flows 

GeoEngineers performed a hydrologic assessment of Lapwai Creek at NPT’s Reach 14. Annual peak flows 
at the project site were estimated using the nearby USGS gage. USGS gage ID 13342450 is located along 
the Lapwai Creek, approximately 10 miles downstream of the project site. The peak flow analysis was 
performed using instantaneous flow measurements from water year 1975 to present day (up to the day of 
data extraction on August 3, 2021). Water years 1992, 2005, and 2006 did not include a full dataset. 
These years were not included in the analysis. Instantaneous flow data during water year 2021 was also 
not included because of the incomplete data set at the time of hydrologic analysis. 

The U.S. Army Corps of Engineers, Hydrologic Engineering Center’s (HEC) Statistical Software Package 
(HEC-SSP) version 2.2 was used to perform a Log Pearson III (LP3) Bulletin 17C analysis (flow frequency 
analysis) for the Lapwai Creek at the USGS gage 13342450 location. HEC-SSP fits the stream gage record 
data to a LP3 statistical distribution to estimate peak flows at specified recurrence intervals (USACE 2019).  

The drainage area at the Lapwai Creek Reach 14 site is smaller than the drainage area at the Lapwai 
Creek’s stream gage. To account for this, the resulting flows were scaled to the project area using USGS’ 
Region 3 scaling equation (USGS 2002). Peak flow results at the project site are summarized in Table 1 
below. Hydrologic analysis can be seen in Appendix C, Hydrologic and Hydraulic Analyses. 

3.2.2. Low-Flow Hydrology 

GeoEngineers also performed a low-flow hydrologic analysis for Lapwai Creek at Reach 14 using daily flow 
measurements from the same USGS gage. A typical summer low flow (August 50 percent) and typical spring 
high flow (April 50 percent exceedance) were calculated. Low-flow design flows used to inform work zone 
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isolation requirements during the allowed in-water work window. The resulting flows were again scaled to 
the project area using USGS’ Region 3 scaling equation. 

TABLE 1. DESIGN FLOWS 

Annual Chance Probability (%) Return Period (years) Project Site Flow (cfs) 

67 1.5 76 

50 2 104 

10 10 280 

2 50 503 

1 100 620 

August 50% Exceedance 1 

3.3. Geomorphology 

Lapwai Creek Reach 14 has an average thalweg slope of 3.2 percent with a valley slope of 3.5 percent 
(sinuosity of 1.1). Existing conditions through the reach have an average BFW of 27 feet and an average 
bankfull depth of 4 feet (width/depth ratio of 6.8). These values were measured from the survey completed 
in November 2020. Lapwai Creek’s channel follows a plane bed formation with intermediate steps and 
pools. Wolman pebble counts were conducted by GeoEngineers during the site visit (Section 3.1.1) to help 
characterize the existing channel sediment gradation. The average gradation of the sediment gradation is 
presented in Table 2 shows a gravel/cobble mix. 

TABLE 2. AVERAGE EXISTING CHANNEL SEDIMENT GRADATION 

Unit D100 D84 D50 D16 

ft 0.7 0.4 0.2 0.1 

in 8.4 5.1 2.6 1.3 

mm 213.4 129.5 66.0 33.0 

 
Lapwai Creek’s floodplain is mostly restricted to the left bank because of the location of US 95’s 
embankment (Photograph 12, Appendix B). Relict side channels currently exist along the left bank from the 
avulsion experienced in 2020 as well as remnant from the 2018 design (Alta Science & Engineering 2018). 

4.0 DESIGN DEVELOPMENT 

Lapwai Creek Reach 14’s design development focused on stabilizing the degraded section of Lapwai Creek, 
while increasing the instream complexity to provide juvenile steelhead rearing habitat; increase floodplain 
connectivity; potential recruitment of spawning appropriate gravels; and restoring native plant 
communities. Proposed actions were developed following the BPA HIP Guidelines (Section 4.1). Actions 
involve the reconstruction of Lapwai Creek Reach 14’s alignment and channel geometry, placement of 
instream structures, and the enhancement of riparian vegetation planting (Appendix A). Following a 
broad-level stream classification of the reach (Stream Type B), the design aims to meet a moderate 
entrenchment ratio, defined as the width of the floodprone area divided by the width of the bankfull 
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channel, of 1.4 to 2.2 at a moderate gradient between 2 and 3.9 percent. Stream Type B tend to be riffle 
dominated and have pool infrequently spaced along the alignment (NRCS 2007).  

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 (Bonneville Power Administration 2021). 

■ Category of Action: River, Stream, Floodplain and Wetland Restoration  

 HIP Category 2a. Improve Floodplain Connectivity 

 HIP Category 2d. Install Habitat-Forming Natural Material Instream Structures (Large Wood, 
Small Wood, and Boulders) 

 HIP Category 2d. Riparian and Wetland Vegetation Planting 

 HIP Category 2f. Channel Reconstruction 

The following subsections describe the project elements designed under the responsible charge of an 
Idaho-licensed engineer. 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. 

4.2. Proposed Project Element 1: Channel and Floodplain Grading 

Following the high-flow events in 2019 and 2020, Lapwai Creek Reach 14 experienced channel avulsion 
and downcutting that developed near vertical channel banks, disconnected the floodplain, and removed 
most of the instream complexity. Project element 1 will restore the reach’s horizontal alignment and 
channel geometry. As shown within the project’s plan set (Appendix A), proposed grading will occur from 
approximately station 3+20 to 10+00. Along the alignment, the stream profile will have an average slope 
of 3.3 percent. Instream grade control structures such as constructed riffles, LWM Type D structures, and 
rock weirs (Section 4.3) will help to stabilize the reach. Following each instream grade control structure, 
small pools will be constructed. Additionally, two riffle pool sequences are proposed at the upstream limits 
of the channel grading (Section 4.3). It is expected that natural variation will be incorporated in the grading 
and stream profile during construction. Specific location and elevation of each instream grade control 
structure can be seen in Appendix A. 

During GeoEngineers’ field investigation, an average BFW of 32 feet was measured downstream of the 
project reach (Section 3.1.2). The proposed channel bottom, 17 feet total, slopes towards to the thalweg 
at a slope of 1 percent. Channel banks lay outwards at a 1H:1V slope for 4 feet. From the top of bank, 
grading is proposed to catch the existing ground as shown in Appendix A. The distance and slope vary along 
the horizontal alignment. A proposed channel typical section can be seen in Appendix A. Floodplain grading 
has been extended to fill in the relict channels and to balance the excavation volume of the proposed 
channel.  

4.3. Proposed Project Element 2: Instream and Floodplain Structures 

Various instream and floodplain structures are proposed within the project reach. As previously mentioned, 
two of the structure types—LWM Type D and Rock Weir—are specifically designed to help stabilize the 
stream profile through the reach. The other instream structures look to increase channel complexity by 
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forcing small local pools and promote sediment sorting. Structure log schedules and log dimensions can 
be seen in Tables 3 and 4 below, respectively. Additionally, racking logs, slash material, and habitat 
boulders are to be incorporated into the structures (Table 3). Structure details can be seen in Appendix A. 

4.3.1. Structure Types 

■ LWM Type A—Bank Rootwads (Small): Bank rootwads will create diverse fish habitat within the active 
channel. Rootwads should be placed along the channel bed and interact directly with all flows.  

■ LWM Type B—Longitudinal Log: Type B structures to create diverse fish habitat along the channel 
banks. Similar to Bank Rootwad structures, these structures look improve edge habitat and provide 
cover over local pools. 

■ LWM Type C—Bank Rootwads (Large): LWM Type C structures are similar to Type A structures but 
include additional Type 1 logs and additional racking, slash, and habitat boulders. 

■ LWM Type D—Step Turn: This instream grade control structure is to be constructed using two Type 1 
logs that are constructed with only the crown of the top log showing. This structure is also meant to rely 
on habitat boulders to help maintain the project reach’s grade. 

■ LWM Type E—Sweeper Logs: Sweeper logs will be placed within or alongside other LWM structures to 
add additional hydraulic diversity by locally redirecting flow and creating scour. 

■ LWM Type F—Whole Tree: Whole trees, or buried snags, are designed to be partially buried in the 
channel banks, while also interacting with other instream structures. Type F structures help to slow 
stream velocities, encourage sediment sorting, and develop floodplain roughness. 

■ LWM Type G—Floodplain Wood: Floodplain structures are scattered throughout the project reach, 
outside of the active channel. The function of these structures is meant to develop additional roughness 
to slow down velocities during overbank flow events. 

■ Rock Weir: Rock weirs are meant to perform in a similar manner to the LWM Type D structures. These 
instream grade control structures are made up of only rock. In multiple instances, other LWM structures 
have been designed to interact and complement the rock weirs. It is anticipated that minor, local scour 
holes will develop at the downstream end of the rock weirs. Boulders making up the rock weirs have 
been designed to be stable through the 100-year flow event. The design gradation can be seen in 
Appendix E, Large Wood Stability Calculations. 

■ Boulder Cluster: Habitat boulders have been strategically placed along the proposed alignment. Each 
grouping of boulders are to be spaced between one to two channel widths apart. The increase in 
diversity and complexity that the habitat boulders provide are meant to collect gravel and provide 
high-flow refugia. Boulders making up the blusters have been designed to be stable through the 
100-year flow event. 

■ Constructed Riffle Pool Sequences: Two constructed riffles are proposed at the upstream limits of the 
proposed channel. Each constructed riffle is designed to have a longitudinal grade of approximate 
4.3 percent and to have a grade break near their upstream limits to act as a deformable grade control. 
The material gradation for the two constructed riffles was designed to resist incipient motion during a 
channel forming flow event (1.5-year) with an additional relative bed stability factor of 1.2. Therefore, 
they will be constructed using existing material supplemented with additional 8- to 10-inch-diameter 
boulders. Each riffle is positioned upstream of a pool. Each pool was designed with a pool depth 
approximate twice the bankfull depth and a pool length roughly equal to one BFW of 25 feet.  
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TABLE 3. INSTREAM AND FLOODPLAIN STRUCTURE LOG SCHEDULE 
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A 4 2 1  4 1 4 

B 5 3 1  2 1 6 

C 4 5 1  6 1 10 

D 2 2     10 

E 4  2     

F 6   1 2 1  

G 11 3      

Total 36 80 21 6 62 19 106 

TABLE 4. LOG TYPE DIMENSIONS 

Log 
Type 

Length 
(ft) 

Minimum 
Dia  
(ft) 

Maximum 
Dia 
(ft) 

Average Dia  
(ft) 

Rootwad 
(Y/N) Whole Tree (Y/N) 

1 30 1 1.5 1.25 Y* N 

2 30 1 1.5 1.25 N N 

3 30 1 1.5 1.25 Y* Y 

Racking 10 0.5 1 0.75 N N 

Notes: 
* Rootwads must be at least 2x log DBH 

4.4. Proposed Project Element 3: Riparian Vegetation Planting  

The proposed revegetation plan is shown within the design drawings in Appendix A. All disturbed areas, 
including temporary access routes and staging areas, will be seeded with a native seed mix following 
construction with the exception of the current vehicular use area in the US 95 pullout.  

Project site revegetation will be implemented throughout the site in all areas where disturbance occurred, 
including access routes. The exception to this will be the staging area that is serving as a US 95 pullout. 
Revegetation of the site will include willow (Salix sp.) and alder (Alnus rubra) trench planting. Trenches 
should be constructed such that the depth of the trench intercepts shallow groundwater. Next, stakes 
should be installed approximately every 1 foot within each trench, then the trench should be backfilled with 
native material. Stakes should be between ¾- and 1.5-inch-diameter and be of sufficient length so at least 
2 inches of the stake base is submerged in shallow groundwater and extends at least 1 foot above the 
ground surface (see Drawings 6.0 and 6.1 in Appendix A). Additionally, stakes should be installed in and 
around LWM structures prior to backfilling. 

Prior to completely demobilizing from the project area, seeding with a native grass mix should occur in all 
disturbed areas of the site. Hydroseeding or broadcast seeding methods are acceptable provided that the 
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species composition is approved by the Nez Perce Tribe. The specific see mix will likely be based on 
commercially available mixes; however, a suggested mix is provided on Drawings 6.0 and 6.1 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 Dimension (SRH-2D) Version 3.2.3 (USBR 2017) 
computer program, a two-dimensional hydraulic and sediment transport numerical model (Aquaveo 2018). 

5.1.1. Model Domain 

The model encompasses an approximate 1,650-foot reach of Lapwai Creek including the project site. 
Laterally the model spans roughly 300 feet. Appendix C shows the model domain. 

5.1.2. Model Elevation Surface 

SRH-2D requires a topographic surface to represent bathymetric and overbank areas in the model. We 
obtained bathymetric survey data from Resource Specialists, Inc. (RSI) that was completed in June 2021. 
RSI used the survey data to develop a two-dimensional surface. We used the two-dimensional surface to 
prepare the existing conditions model elevation surface. GeoEngineers developed the proposed conditions 
model elevation surface by modifying the existing two-dimensional model elevation surface to reflect 
conditions described as the proposed project elements (Section 4.0). 

5.1.3. Mesh Development 

SRH-2D requires development of a mesh, which is a network of triangles and quadrilaterals that make up 
the computational cells (elements) of the model in which model results are computed. Element size is 
dictated through definition of node spacing within breaklines. Breaklines are created in the mesh to define 
important features in the surface (e.g., roads, the river channel, riverbanks, levees, etc.). GeoEngineers 
created an existing conditions model mesh with breaklines at the top and toe of the banks to better model 
rapid elevation changes. Each point in the mesh (node) has an elevation associated with it, which is defined 
from the topographic surface input. 

5.1.4. Model Roughness 

Manning’s n is a parameter used in the model to represent roughness of surfaces. Manning’s n values are 
defined within SRH-2D using coverages that define Manning’s n regions with polygons. Manning’s n regions 
throughout the existing model domain include the channel, floodplain, adjacent road and embankment, as 
well as the proposed conditions instream and floodplain structures. GeoEngineers used Manning’s n 
roughness values published in V. T. Chow’s Open Channel Hydraulics Manning’s reference table (Chow 
1959). Manning’s n coverage values and extents are shown in Table 5 and Appendix C, respectively.  
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TABLE 5. MANNING’S N VALUES 

Category Manning’s n Value 

Channel 0.048 

Forest  0.120 

Floodplain 0.052 

Road 0.011 

Riprap 0.024 

Instream and Floodplain Structures 0.200 

Rock Weirs and Riffles 0.052 

5.1.5. Boundary Conditions 

The SRH-2D hydraulic model requires upstream and downstream boundary conditions. GeoEngineers 
defined upstream boundary conditions as an inflow boundary to introduce flow into the model (Table 1). 
GeoEngineers developed a downstream boundary condition as a normal depth water surface elevation 
calculated by SRH-2D using the digital elevation surface, a composite Manning’s n, the downstream 
channel slope, and the design flow. 

5.2. Existing Model Results 

Existing hydraulic model results for this report include visual and tabular results for three peak annual flows 
including the 1.5-year, 2-year, and 100-year flow. Tables 6 and 7 reflect maximum cross-sectional data for 
water depth, velocity, shear stress, and water surface elevation values for the existing model conditions. 
Cross-sectional data was extracted at two cross sections upstream and downstream of the proposed 
elements. Specific data extraction locations can be seen in Appendix C. Visual plan-view hydraulic results 
for water depth, velocity, and shear stress are also presented in Appendix C. 

TABLE 6. EXISTING CONDITIONS MODEL RESULTS AT UPSTREAM SECTION 

Flow Event 
Max. Depth 

(ft) 
Max. Velocity 

(ft/s) 
Max. Shear 

Stress (lb/sf) 

Max. Water 
Surface 

Elevation 
(ft, NAVD88) 

1.5-year 1.7 6.7 2.9 2383.0 

2-year 2.0 7.3 3.1 2383.2 

100-year 3.8 12.2 7.3 2385.2 

TABLE 7. EXISTING CONDITIONS MODEL RESULTS AT DOWNSTREAM SECTION 

Flow Event 
Max. Depth 

(ft) 
Max. Velocity 

(ft/s) 
Max. Shear 

Stress (lb/sf) 

Max. Water 
Surface 

Elevation 
(ft, NAVD88) 

1.5-year 0.9 4.5 1.5 2351.5 

2-year 1.0 5.0 1.8 2351.5 

100-year 2.0 8.6 4.2 2352.5 
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5.3. Proposed Model Results 

GeoEngineers extracted the proposed conditions hydraulic model results and included visual and tabular 
results for three peak annual flows including the 1.5-year, 2-year, and 100-year flow in Appendix C. Tables 
6, 9, 10, and 11 reflect maximum cross-sectional data for water depth, velocity, shear stress, and water 
surface elevation values for the proposed conditions hydraulic model. Cross-sectional data was extracted 
at four cross sections. Those sections include one upstream of the project grading extent; one downstream 
of the project grading extent; one within the proposed project extent near the upstream limits; and one 
within the project extent near the downstream limits of the project reach. Specific data extraction locations 
can be seen in Appendix C. Visual plan-view hydraulic results for water depth, velocity, and shear stress are 
also presented in Appendix C. 

TABLE 8. PROPOSED CONDITIONS MODEL RESULTS AT UPSTREAM SECTION 

Flow Event 
Max. Depth 

(ft) 
Max. Velocity 

(ft/s) 
Max. Shear 

Stress (lb/sf) 

Max. Water 
Surface 

Elevation 
(ft, NAVD88) 

1.5-year 2.2 4.8 1.9 2383.1 

2-year 2.5 5.2 2.0 2383.6 

100-year 4.7 9.9 4.7 2385.7 

TABLE 9. PROPOSED CONDITIONS MODEL RESULTS AT DOWNSTREAM SECTION 

Flow Event 
Max. Depth 

(ft) 
Max. Velocity 

(ft/s) 
Max. Shear 

Stress (lb/sf) 

Max. Water 
Surface 

Elevation 
(ft, NAVD88) 

1.5-year 1.0 3.5 2.5 2352.0 

2-year 1.1 3.8 3.0 2351.9 

100-year 2.3 6.3 6.4 2353.0 

TABLE 10. PROPOSED CONDITIONS MODEL RESULTS AT UPSTREAM GRADING SECTION (RIFFLE) 

Flow Event 
Max. Depth 

(ft) 
Max. Velocity 

(ft/s) 
Max. Shear 

Stress (lb/sf) 

Max. Water 
Surface 

Elevation 
(ft, NAVD88) 

1.5-year 1.0 4.4 1.7 2377.6 

2-year 1.2 5.0 3.0 2377.8 

100-year 3.5 8.4 3.7 2380.1 

TABLE 11. PROPOSED CONDITIONS MODEL RESULTS AT DOWNSTREAM GRADING SECTION (POROUS 
WEIR) 

Flow Event 
Max. Depth 

(ft) 
Max. Velocity 

(ft/s) 
Max. Shear 

Stress (lb/sf) 

Max. Water 
Surface 

Elevation 
(ft, NAVD88) 

1.5-year 1.2 3.5 1.5 2362.9 

2-year 1.4 3.9 1.6 2363.1 

100-year 3.3 8.4 3.6 2365.2 
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5.3.1. Instream and Floodplain Structure Stability 

GeoEngineers completed a risk assessment for all proposed wood greater than 15 feet in length and 
12 inches in diameter located within the project site (Appendix G, HP Project Review Comment Tracking). 
Guidance from the Bureau of Reclamation’s Large Woody Material—Risk Based Design Guidelines was used 
to determine appropriate factor of safety (FOS) (Bureau of Reclamation 2014). Structure safety factors and 
reach safety factors were combined to evaluate the overall public safety risk. A risk category was based on 
the combined Reach User plus Structure-Specific scores. The proposed LWM structures were rated as low 
public safety risk. Property damage risk was evaluated using stream response potential and adjacent 
property and project characteristics. The proposed LWM structures were rated as moderate property risk 
because of the highly dynamic stream response potential and proximity to adjacent agricultural resources 
(Appendix E). 

TABLE 12. DESIGN FACTOR OF SAFETY OF LWM STRUCTURE MEMBERS 

Stability Calculation Factor of Safety 

FOSsliding1 1.5 

FOSbouyancy2 1.75 

FOSrotational3  1.5 

Notes: 
1 Sliding factor of safety is calculated as the ratio of resistant forces (bed friction, passive soil resistance) over driving forces (drag, 
rotational moment). 
2 Buoyancy factor of safety is calculated as the ratio of resistant forces (weight of log, ballast) over driving forces (buoyancy, lift force). 
3 Rotational factor of safety is calculated as the ratio of resistant forces (friction, passive soil resistance, bed friction) over driving 
forces (rotational moment).  

Structures were designed to either be self-ballasting (stabilized by their own weight), ballasted using habitat 
boulders, or ballasted with bank overburden. Buoyancy was evaluated by comparing uplift forces from the 
logs with the weight of the structure including the weight of the wood, the weight of the logs, and soil ballast. 
Resistance against buoyancy from pile skin friction was calculated using methods described in Large Woody 
Material—Risk Based Design Guidelines (Bureau of Reclamation 2014). Stability calculations were 
completed using workbooks included in Appendix E. All structures are designed to be stable up to the 
100-year flow event. 

5.3.2. Proposed Conditions Porous Rock Weir, Boulder Cluster, and Constructed Riffle Stability 

Stability of the proposed gradation for the porous rock weirs was analyzed using the Critical Shear Method 
(United States Forest Service 2008). The Critical Shear Method of sediment transport calculations is 
appropriate for channels with well-graded sediment and longitudinal slopes less than 4 percent. Maximum 
modeled shear stress values were extracted from SRH-2D model for the 100-year flow. Based on results of 
the Critical Shear Method assessment, the proposed gradation should be stable under the proposed 
conditions as indicated in Appendix D, Rock Weir Gradation. 

We designed the proposed construction riffle material gradation to resist insipient motion during a 
channel-forming bankfull event (1.5-year) with a relative bed stability factor of 1.2. A relative bed stability 
factor represents the modeled shear stress divided by the critical shear stress for the median grain size 
(D50) of the proposed material. We followed the Critical Shear Method outlined above and calculated a 
minimum D50 material gradation size of approximately 4.2 inches. The proposed gradation shown in Table 
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13 includes a mix of approximately 85 percent existing material (Table 2) and approximately 15 percent 
10-inch to 12-inch rounded cobble.   

TABLE 13. CONSTRUCTED RIFFLE SEDIMENT GRADATION 

Unit D100 D84 D50 D16 

in 12.0 8.0 4.2 1.3 

6.0 CONSTRUCTION  

6.1. Disturbance Areas and Conservation Measures 

Project disturbance areas are defined and shown on the design drawings in Appendix A. Conservation 
measures applicable to all actions are also shown on the design drawings in Appendix A. 

The restored portion of the Lapwai Creek Reach 14 channel proposed in this report and shown in the plans 
(Appendix A) will be approximately 1,000 feet long. We used topographic/bathymetric survey data, 
upstream and downstream reference conditions, and the previous channel design to inform this design. 
Owing to the relatively narrow valley constrained by US 95 (right bank) and bedrock wall (left bank) options 
for locating the channel were limited. However, to the extent practical, we used portions of the existing 
alignment to streamline construction and minimize excavation and grading. Key features of the restored 
condition include: 

■ A single-thread channel with an average slope of 3.3 percent, average width of 25 feet, and average 
depth of 3 feet. 

■ Five rock weirs constructed with large boulders that will function as grade control in a step-pool channel 
morphology. These structures will be placed in the channel bed and banks and look like natural riffles. 

■ Six types of LWM structures will be placed in the channel and banks to provide complex habitat and 
also support the step-pool channel morphology. In some cases, the LWM structures will incorporate 
habitat boulders for additional channel complexity and structure ballast.  

■ Floodplain LWM will be placed outside the ordinary high water mark of the channel to add roughness 
in the floodplain. 

To minimize disturbance to fish, construction will occur in dry conditions. To accomplish that, fish will be 
collected throughout the construction zone and relocated either upstream and/or downstream of the 
construction zone. A temporary bypass channel will be constructed adjacent to the proposed channel so 
water can be diverted around the construction work zone. The bypass channel will be approximately 18 feet 
wide and 2 feet deep to convey the anticipated flow during the in-water work period and will provide 
upstream and downstream passage for migrating fish throughout construction. When construction of the 
proposed channel is completed, water will be slowly metered into it until it is carrying the full channel flow 
and the bypass channel will be backfilled and blended into the natural floodplain topography.  

It is anticipated that construction equipment for this project will primarily be implemented with 
track-mounted excavators. Track-mounted excavators will be used to shape both the proposed channel and 
bypass channel. Also, track-mounted excavators will be used to install the rock weirs, LWM structures, and 
habitat boulders. Off-road dump trucks may be used to move and distribute excavated material throughout 
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the site and a small dozer might be used for final grading and blending in the floodplain. The proposed 
grading plan was developed to minimize the need for off-site export of excavated material. Variation 
between existing topographic surface and proposed design surface models may exist and we recommend 
a qualified design representative be on site during construction to provide guidance on placement of excess 
material.  

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 (Oman Systems 2020). We included a 
summary of the anticipated construction costs in Appendix F, Construction Quantities and Estimate of 
Anticipated Costs. 

7.0 LIMITATIONS 

We have prepared this report for the Nez Perce Tribe and their authorized agents for the Lapwai Creek 
Reach 14 Floodplain and Habitat Restoration 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.  

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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Final Design Drawings 
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 Site Photographs 

 



Figure B-1

Site Photographs

Photograph 1. Existing channel incision along Lapwai Creek.

Lapwai Creek Reach 14

Nez Perce County, Idaho

Photograph 2. Existing downcutting along Lapwai Creek.
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Figure B-2

Site Photographs

Photograph 3. Existing conditions upstream of highway 95 pullout.

Lapwai Creek Reach 14

Nez Perce County, Idaho

Photograph 4. Existing Lapwai Creek step-pool configuration, upstream of project reach.
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Figure B-3

Site Photographs

Photograph 5. Bankfull width measurement downstream of project reach.

Lapwai Creek Reach 14

Nez Perce County, Idaho

Photograph 6. Existing downcutting within Lapwai Creek. Previously constructed large woody material now perched.
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Figure B-4

Site Photographs

Photograph 7. Disconnected Lapwai Creek channel.

Lapwai Creek Reach 14

Nez Perce County, Idaho

Photograph 8. Existing Idaho Department of Transportation’s culvert, upstream of project site.
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Figure B-5

Site Photographs

Photograph 9. Existing vegetation and large woody, downstream project reach.

Lapwai Creek Reach 14

Nez Perce County, Idaho

Photograph 10. Existing mobile sediment gradation. Photograph taken downstream of project reach.
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Figure B-6

Site Photographs

Photograph 11. Overview of the proposed project area post construction (looking downstream). Photograph taken 

in December 2018 by NPT.

Lapwai Creek Reach 14

Nez Perce County, Idaho

Photograph 12. Overview of the project area post flood events (looking downstream). Photograph taken on 

February 19, 2020 by NPT.
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APPENDIX C 
 Hydrologic and Hydraulic Analyses 
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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.

3. Data Source: SMS Version 13.1

4. Horizontal Projection: ID State Plane, W Zone, NAD83, International Feet

5. Vertical Projection: NAVD88

Figure C-1

Existing Conditions Mesh

Lapwai Creek Reach 14 

Nez Perce County, Idaho
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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.

3. Data Source: SMS Version 13.1

4. Horizontal Projection: ID State Plane, W Zone, NAD83, International Feet

5. Vertical Projection: NAVD88

Figure C-2

Existing Conditions Manning’s n

Lapwai Creek Reach 14

Nez Perce County, Idaho

Manning’s n roughness 

polygon (typ.)
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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.

3. Data Source: SMS Version 13.1

4. Horizontal Projection: ID State Plane, W Zone, NAD83, International Feet

5. Vertical Projection: NAVD88

Figure C-3

Existing Conditions Hydraulic Cross Section 
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Notes:
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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.

3. Data Source: SMS Version 13.1

4. Horizontal Projection: ID State Plane, W Zone, NAD83, International Feet

5. Vertical Projection: NAVD88

Figure C-4

Proposed Conditions Mesh
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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.

3. Data Source: SMS Version 13.1

4. Horizontal Projection: ID State Plane, W Zone, NAD83, International Feet

5. Vertical Projection: NAVD88

Figure C-5

Proposed Conditions Manning’s n

Lapwai Creek Reach 14

Nez Perce County, Idaho
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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.

3. Data Source: SMS Version 13.1

4. Horizontal Projection: ID State Plane, W Zone, NAD83, International Feet

5. Vertical Projection: NAVD88

Figure C-6

Proposed Conditions Hydraulic Cross Section 

Extraction Locations

Lapwai Creek Reach 14
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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.

3. Data Source: SMS Version 13.1

4. Horizontal Projection: ID State Plane, W Zone, NAD83, International Feet

5. Vertical Projection: NAVD88

Figure C-7

Hydraulic Cross Section Extraction Locations 

for Structure Stability

Lapwai Creek Reach 14

Nez Perce County, Idaho
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Existing Conditions

Design Flow: 1.5-year

Water Depth (feet)

Velocity (feet / second)

Shear Stress (pounds / square foot)

Figure C-8

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.

3. Data Source: SMS Version 13.1

4. Background aerial and existing surface from RSI (2021)

5. Horizontal Projection: OR State Plane, N Zone, NAD83, International Feet

6. Vertical Projection: NAVD88

Lapwai Creek Reach 14

Nez Perce County, Idaho
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Existing Conditions

Design Flow: 2-year

Water Depth (feet)

Velocity (feet / second)

Shear Stress (pounds / square foot)

Figure C-9

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.

3. Data Source: SMS Version 13.1

4. Background aerial and existing surface from RSI (2021)

5. Horizontal Projection: OR State Plane, N Zone, NAD83, International Feet

6. Vertical Projection: NAVD88

Lapwai Creek Reach 14

Nez Perce County, Idaho
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Existing Conditions

Design Flow: 100-year

Water Depth (feet)

Velocity (feet / second)

Shear Stress (pounds / square foot)

Figure C-10

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.

3. Data Source: SMS Version 13.1

4. Background aerial and existing surface from RSI (2021)

5. Horizontal Projection: OR State Plane, N Zone, NAD83, International Feet

6. Vertical Projection: NAVD88

Lapwai Creek Reach 14

Nez Perce County, Idaho
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Existing Conditions

Design Flow: April 50 Percent Exceedance

Water Depth (feet)

Velocity (feet / second)

Shear Stress (pounds / square foot)

Figure C-11

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.

3. Data Source: SMS Version 13.1

4. Background aerial and existing surface from RSI (2021)

5. Horizontal Projection: OR State Plane, N Zone, NAD83, International Feet

6. Vertical Projection: NAVD88

Lapwai Creek Reach 14

Nez Perce County, Idaho
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Proposed Conditions

Design Flow: 1.5-year

Water Depth (feet)

Velocity (feet / second)

Shear Stress (pounds / square foot)

Figure C-12

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.

3. Data Source: SMS Version 13.1

4. Background aerial and existing surface from RSI (2021)

5. Horizontal Projection: OR State Plane, N Zone, NAD83, International Feet

6. Vertical Projection: NAVD88

Lapwai Creek Reach 14

Nez Perce County, Idaho
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Proposed Conditions

Design Flow: 2-year

Water Depth (feet)

Velocity (feet / second)

Shear Stress (pounds / square foot)

Figure C-13

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.

3. Data Source: SMS Version 13.1

4. Background aerial and existing surface from RSI (2021)

5. Horizontal Projection: OR State Plane, N Zone, NAD83, International Feet

6. Vertical Projection: NAVD88

Lapwai Creek Reach 14

Nez Perce County, Idaho
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Proposed Conditions

Design Flow: 100-year

Water Depth (feet)

Velocity (feet / second)

Shear Stress (pounds / square foot)

Figure C-14

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.

3. Data Source: SMS Version 13.1

4. Background aerial and existing surface from RSI (2021)

5. Horizontal Projection: OR State Plane, N Zone, NAD83, International Feet

6. Vertical Projection: NAVD88

Lapwai Creek Reach 14

Nez Perce County, Idaho
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Proposed Conditions

Design Flow: April 50 Percent Exceedance

Water Depth (feet)

Velocity (feet / second)

Shear Stress (pounds / square foot)

Figure C-15

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.

3. Data Source: SMS Version 13.1

4. Background aerial and existing surface from RSI (2021)

5. Horizontal Projection: OR State Plane, N Zone, NAD83, International Feet

6. Vertical Projection: NAVD88

Lapwai Creek Reach 14

Nez Perce County, Idaho
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Hydrology

Lapwai Creek Reach 14

Nez Perce County, Idaho

Gage Data (USGS)
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Region 3 Scaling Equation

Recurrence Interval Exponent a

2-year 0.864

5-year 0.842

10-year 0.837

25-year 0.833

50-year 0.832

100-year 0.831

500-year 0.832

Basin
Drainage Area

Square Miles Square Feet

Project Site 29.1
18,591.93 

Gage 13342450 264.0
168,959.32 
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APPENDIX D 
 Rock Weir Gradation 

 
 



References:

Location: Location: 8:10

D100 D84 D50 D16 D100 D84 D50 D16 Appendix E--Methods for Streambed Mobility/Stability Analysis

ft 3.0 2.8 2.3 1.4 ft 0.0 0.0 0.0 0.0 Limitations:

in 36.0 33.4 28.0 16.8 in D84 must be between 0.40 in and 10 in

mm 914.4 849.4 711.2 426.7 mm Uniform bed material (Di < 20-30 times D50)

Slopes less than 5%

Sand/gravel streams with high relative submergence

Location: Location: 1.5yr-depth 1.2 ft

D100 D84 D50 D16 D100 D84 D50 D16 Relative Submergence: 23.3

ft 0.00 0.00 0.00 0.00 ft 0.00 0.00 0.00 0.00 γs 165 specific weight of sediment particle (lb/ft
3
)

in in γ 62.4 specific weight of water (1b/ft
3
)

mm mm τD50 0.045

Existing Gradation: https://projects.geoengineers.com/sites/0057102100/Technical%20Analysis/Sediment/Poley-Allen_ExistingGradation.xlsx?web=1 

Link to Model Results: https://projects.geoengineers.com/sites/0057102200/Final/80%20Percent%20Basis%20of%20Design%20Report/LapwaiCreek_80PercentBOD.docx?web=1 

Flow Prop 1.5-YR Prop 100-YR

Streambed Streambed Boulders Average Modeled Shear Stress (lb/ft
2
) 1.70 3.70

[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 11.62 No Motion No Motion No Motion No Motion

32.0 813 100 100 100 100 100 100 100 100 50 75.0 11.21 No Motion No Motion No Motion No Motion

28.0 711 100 100 100 100 100 100 100 100 50.0 10.77 No Motion No Motion No Motion No Motion

23.0 584 100 100 100 100 100 100 100 50 35.0 10.16 No Motion No Motion No Motion No Motion

18.0 457 100 100 100 100 100 100 100 20.0 9.44 No Motion No Motion No Motion No Motion

15.0 381 100 100 100 100 100 100 50 10.0 8.93 No Motion No Motion No Motion No Motion

12.0 305 100 100 100 100 100 100 0.0 8.35 No Motion No Motion No Motion No Motion

10.0 254 100 100 100 100 100 80 0.0 7.91 No Motion No Motion No Motion No Motion

8.0 203 100 100 100 100 80 68 0.0 7.40 No Motion No Motion No Motion No Motion

6.0 152 100 100 100 80 68 57 0.0 6.79 No Motion No Motion No Motion No Motion

5.0 127 100 100 80 68 57 45 0.0 6.43 No Motion No Motion No Motion No Motion

4.0 102 100 100 71 57 45 39 0.0 6.01 No Motion No Motion No Motion No Motion

3.0 76.2 100 80 63 45 38 34 0.0 5.51 No Motion No Motion No Motion No Motion

2.5 63.5 100 65 54 37 32 28 0.0 5.22 No Motion No Motion No Motion No Motion

2.0 50.8 80 50 45 29 25 22 0.0 4.88 No Motion No Motion No Motion No Motion

1.5 38.1 73 35 32 21 18 16 0.0 4.48 No Motion No Motion No Motion No Motion

1.0 25.4 65 20 18 13 12 11 0.0 3.96 No Motion No Motion No Motion No Motion

0.75 19.1 50 5 5 5 5 5 0.0 3.64 No Motion Motion No Motion No Motion

No. 4 0.19 4.75 35 0.0

No. 40 0.02 0.425 16 0.0

No. 200 0.00 0.0750 7 0.0 D16 16.8 in

D50 28.0 in

2.3 ft

D84 33.4 in

D100 36.0 in
% Cobble & Sediment 0.0%

20 30 50 --> 100%

Determining Aggregate Proportions
Per WSDOT Standard Specifications 9-03.11

Rock Size Streambed Cobbles

Dsize

% per category

Proposed Gradation

dimensionless Shields parameter for D50, use table E.1 of 

USFS manual or assume 0.045 for poorly sorted channel bed



 

 

APPENDIX E 
 Large Wood Stability Calculations 

 



Public Safety Risk Matrix Structure Description: Proposed LWM

S
co

re

2 6 7 2

1
7

.0
T

o
ta

l 
=

 

H
ig

h

B
e

g
in

n
e

r

G
o

o
d

O
ft

e
n

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

4
.3

F
re

q
u

e
n

cy
 o

f 
U

se

S
k

il
l 

Le
v

e
l

A
cc

e
ss

C
h

il
d

 P
re

se
n

ce

A
v

e
ra

g
e

 S
co

re
 =

 

--
--

--
--

--
--

--
--

--

- -
--

--
--

--
--

--
--

--

--
--

--
--

--
--

--
--

--

--
--

--
--

--
--

--
--

--

Lo
w

A
d

v
a

n
ce

d

P
o

o
r

N
e

v
e

r

Project:

Lapwai Creek Restoration Structure Characteristics
Score

Evaluator: No --------------------------------------- Active Channel? --------------------------------------- Yes 1

A. Morton No --------------------------------------- Outside of Bend? --------------------------------------- Yes 3

Low --------------------------------------- Strainer Potential --------------------------------------- High 4

Concurrence: High --------------------------------------- Egress Potential --------------------------------------- Low 2

R. Carnie High ---------------------------------------- Sight Distance --------------------------------------- Low 2

Low --------------------------------------- Depth x Velocity --------------------------------------- High 4

Date:

7/30/2021 Average Score = 2.7 Total Score = 16.0
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Property Damage Risk Matrix Structure Description: Proposed LWM
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Project:

Lapwai Creek Restoration

Stream Response Potential
Evaluator: Score

A. Morton Stream Type: Bedrock (source >10%) --------------------------------------- Transport (3-10%) --------------------------------------- Response (<3%) 4

Riparian Corridor: Continuous/Wide --------------------------------------- Discontinuous/narrow --------------------------------------- Urbanized/Levee Confined 7

Concurrence: Bed Scour: Boulder/Clay bed --------------------------------------- Gravel/Cobble --------------------------------------- Sand/Silt 7

R. Carnie Hydrologic Regime: Spring-fed Snowmelt Rain Rain-on-Snow Thunderstorm 7

Bank Erosion: Naturally Non-erodible ---------------------------------------- Erosion Resistant --------------------------------------- Highly Erodible 6

Date: Average Score = 6.2 Total Score = 31.0

7/30/2021
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Lapwai Creek Reach 14

Factors of Safety and Design Constants

Symbol Description Value

FSV Factor of Safety for Vertical Force Balance 1.75

FSH Factor of Safety for Horizontal Force Balance 1.50

FSM Factor of Safety for Moment Force Balance 1.50

Symbol Description Units Value

CLrock Coefficient of lift for submerged boulder (D’Aoust, 2000) - 0.17

CDrock Coefficient of drag for submerged boulder (Schultz, 1954) - 0.85

g Gravitational acceleration constant ft/s
2

32.174

DFRW Diameter factor for rootwad (DFRW = DRW/DTS) - 3.00

LFRW Length factor for rootwad (LFRW = LRW/DTS) - 1.50

SGrock Specific gravity of quartz particles - 2.65

γrock Dry unit weight of boulders lb/ft
3

165.0

γw Specific weight of water at 50⁰F lb/ft
3

62.40

η Rootwad porosity from NRCS Tech Note 15 (2001) - 0.20

ν Kinematic viscosity of water at 50⁰F ft/s
2

1.41E-05

Spreadsheet developed by 

Michael Rafferty, P.E.



Lapwai Creek Reach 14

Hydrologic and Hydraulic Inputs

100 yr

Type A 8+50 620 3.9 4.1 32.0 68.7 1,000.0

Type B 6+00 620 3.7 3.3 32.0 68.7 1,000.0

Type C 10+25 620 4.70 5.95 32.0 69 1,000

Type D 10+90 620 5.38 2.62 32.0 69 1,000

Type E 7+70 620 3.4 4.1 32.0 68.7 1,000

Type F 6+75 620 3.64 3.42 32.0 69 200

Type G 5+60 620 3.44 2.81 32.0 69 1,000

Spreadsheet developed by                                

Michael Rafferty, P.E.

Radius of 

Curvature, 

Rc (ft)

Site ID

Average 

Velocity, 

uavg (ft/s)

Design 

Discharge, 

Qdes (cfs)

Bankfull 

Width, 

WBF (ft)

Maximum 

Depth, dw 

(ft)

Wetted 

Area, AW 

(ft
2
)

Proposed 

Station

Average Return Interval (ARI) of Design Discharge:



Lapwai Creek Reach 14

Stream Bed Substrate Properties

Type A 8+50 70.40 Small Cobble 4 134.5 83.7 41
Type B 6+00 70.40 Small Cobble 4 134.5 83.7 41
Type C 10+25 70.40 Small Cobble 4 134.5 83.7 41
Type D 10+90 70.40 Small Cobble 4 134.5 83.7 41

Type E 7+70 70.40 Small Cobble 4 134.5 83.7 41
Type F 6+75 70.40 Small Cobble 4 134.5 83.7 41
Type G 5+60 70.40 Small Cobble 4 134.5 83.7 41

Source:

1 gbed (kg/m3) = 1,600 + 300 log D50 (mm)    (from Julien 2010)
1 kg/m3 = 0.062 1 lb/ft3

Site ID

Stream 

bed D50          

(mm)

Bed 

Soil 

Class

Proposed 

Station

Friction 

Angle, 

fbed (deg)

Compiled from Julien (2010) and Shen and Julien (1993); soil classes 
from NRCS Table TS14E–2 Soil classification

Spreadsheet developed by 

Michael Rafferty, P.E.

Stream Bed 

Substrate Grain Size 

Class

Dry Unit 

Weight
1
,   

gbed (lb/ft
3
)

Buoyant Unit 

Weight,   g'bed 

(lb/ft
3
)



Type A 8+50
Type B 6+00
Type C 10+25
Type D 10+90

Type E 7+70
Type F 6+75
Type G 5+60

Site ID
Proposed 

Station

Lapwai Creek Reach 14

Bank Soil Properties

Gravel/cobble 4 137.0 85.3 41
Gravel/cobble 4 137.0 85.3 41
Gravel/cobble 4 137.0 85.3 41
Gravel/cobble 4 137.0 85.3 41

Gravel/cobble 4 137.0 85.3 41
Gravel/cobble 4 137.0 85.3 41
Gravel/cobble 4 137.0 85.3 41

Bank 

Soil 

Class

Bank Soils (from 

field observations)

Dry Unit 

Weight,   

gbank (lb/ft
3
)

Friction 

Angle, 

fbank (deg)

Buoyant Unit 

Weight, g'bank 

(lb/ft
3
)

Spreadsheet developed by 

Michael Rafferty, P.E.



Lapwai Creek Reach 14

Large Wood Properties

Project Location: Mountain West

Selected Species Common Name Scientific Name

Tree Type #1: Douglas-fir, Interior north Pseudotsuga menziesii var. glauca 33.5 38.0
Tree Type #2:
Tree Type #3:
Tree Type #4:
Tree Type #5:
Tree Type #6:
Tree Type #7:
Tree Type #8:
Tree Type #9:

Tree Type #10:

Source for timber unit weights:

Spreadsheet developed by 

Michael Rafferty, P.E.

Timber Unit Weights

U.S. Department of Agriculture, U.S. Forest Service. (2009) Specific Gravity and Other Properties of Wood and 
Bark for 156 Tree Species Found in North America. Research Note NRS-38. Table 1A.

1 Air-dried unit weight, gTd = Average unit weight of wood after exposure to air on a 12% moisture content 
volume basis.  Air-dried unit weight is used in the force balance calculations for the portion of wood that is above 
the proposed thalweg elevation (assuming unsaturated conditions).
2 Green unit weight, gTgr = Average unit weight of freshly sawn wood when the cell walls are completely 
saturated with water. Green unit weight is used in the force balance calculations as a conservative estimate of the 
unit weight for the portion of wood that is below the proposed thalweg elevation (assuming saturated conditions). 
For comparison, Thevenet, Citterio, & Piegay (1998) determined wood unit weight typically increases by more 
than 100% after less than 24 hours exposure to water.

Air-dried
1 

gTd (lb/ft
3
)

Green
2
 gTgr 

(lb/ft
3
)



Date of Last Revision:

Lapwai Creek Reach 14

LWM Type A Stability Analysis

Reference for Companion Paper:

Rafferty, M. 2016. Computational Design Tool for Evaluating the Stability of Large Wood Structures. Technical 

Note TN-103.1. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, National Stream & Aquatic 

Ecology Center. 27 p.
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Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type A Straight 8+50 3.91 31.25 4.11

Layer Log ID

N/A RW#1

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,378.3

Top LB 19.0 2,377.8

Toe LB 34.0 2,372.7

Thalweg 45.0 2,372.6

Toe RB 56.0 2,372.8

Top RB 61.0 2,375.2

Fldpln RB 90.0 2,379.0

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

274.0 -2.0 54.00 2,372.76 2,372.71 2,375.76 5.05

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 24.43 4.48 2.49

Small Cobble
Gravel/cobble

Channel Geometry Coordinates

Define Fixed Point

Wood Species

Douglas-fir, Interior north

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Rootwad Right bank

Rootwad: Bottom

Structure 

Geometry

Multi-Log 

Structures

Material

WSE

LB

RB

2,371

2,372

2,373

2,374

2,375

2,376

2,377

2,378

2,379

2,380

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type A Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.04

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 3

↓WS↑Thw 22.4 4.1 26.5 888 1,652
↓Thalweg 0.0 0.0 0.0 0 0 FB (lbf) 1,652 

Total 22.4 4.1 26.5 888 1,652 FL (lbf) 3 

WT (lbf) 888 

Fsoil (lbf) 5,713 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 397 

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 10.5 50.0 60.6 5,713 S FV (lbf) 5,343 

Total 10.5 50.0 60.6 5,713 FSV 4.23

ATp / AW FrL CDi Cw CD* FD (lbf)

0.07 0.73 1.10 0.22 1.54 128 FD (lbf) 128 ➔

FP (lbf) 13,754 

FF (lbf) 4,645 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 2.00 0.87 328 FA,H (lbf) 0

Bank 4.81 13,754 26.32 0.87 4,317 S FH (lbf) 18,271 

Total - 13,754 28.32 - 4,645 FSH 144.19

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 30,952

16.6 26.8 27.2 16.6 12.2 13.1 16.2 Mr (lbf) 441,762

*Distances are from the stem tip Stem Tip FSM 14.27

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Soil Ballast Force

Drag Force

Rootwad

Additional Soil Ballast

Boulder Ballast

Anchor Forces

Horizontal Force Balance

Moment Force Balance

Horizontal Force Analysis

Resisting Moment Centroids

Passive Soil Pressure

Mechanical Anchors

Friction Force

Point of Rotation:

Moment Force Balance

Vertical Force Balance

Vertical Force Analysis
Net Buoyancy Force Lift Force

Driving Moment Centroids



Type A Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

Header Above Gravity 10.0 -397 -3,050 397  0

0

0

0

Rootwad

Interaction Forces with Adjacent Logs



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type A Straight 8+50 3.91 31.25 4.11

Layer Log ID

N/A RW#2

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,378.3

Top LB 19.0 2,377.8

Toe LB 34.0 2,372.7

Thalweg 45.0 2,372.6

Toe RB 56.0 2,372.8

Top RB 61.0 2,375.2

Fldpln RB 90.0 2,379.0

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

290.0 -2.0 54.00 2,372.76 2,372.71 2,375.76 6.97

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 24.11 4.26 2.38

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Rootwad Right bank

Channel Geometry Coordinates

Multi-Log 

Structures

Structure 

Geometry

Define Fixed Point

Rootwad: Bottom

Wood Species

Douglas-fir, Interior north

Material

Small Cobble
Gravel/cobble

WSE

LB

RB

2,371

2,372

2,373

2,374

2,375

2,376

2,377

2,378

2,379

2,380

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type A Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.04

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 5

↓WS↑Thw 22.4 4.1 26.5 888 1,652
↓Thalweg 0.0 0.0 0.0 0 0 FB (lbf) 1,652 

Total 22.4 4.1 26.5 888 1,652 FL (lbf) 5 

WT (lbf) 888 

Fsoil (lbf) 5,309 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 397 

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 8.4 48.8 57.2 5,309 S FV (lbf) 4,937 

Total 8.4 48.8 57.2 5,309 FSV 3.98

ATp / AW FrL CDi Cw CD* FD (lbf)

0.10 0.73 1.10 0.22 1.64 187 FD (lbf) 187 ➔

FP (lbf) 12,781 

FF (lbf) 4,292 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 2.00 0.87 306 FA,H (lbf) 0

Bank 4.81 12,781 26.02 0.87 3,985 S FH (lbf) 16,885 

Total - 12,781 28.02 - 4,292 FSH 91.17

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 32,597

16.6 26.6 27.1 16.6 12.0 13.0 16.0 Mr (lbf) 406,394

*Distances are from the stem tip Stem Tip FSM 12.47

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Rootwad

Vertical Force Analysis
Net Buoyancy Force Lift Force

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Boulder Ballast



Type A Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

Header Above Gravity 10.0 -397 -3,050 397  0

0

0

0

Rootwad

Interaction Forces with Adjacent Logs



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type A Straight 8+50 3.91 31.25 4.11

Layer Log ID

N/A RW#3

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,378.3

Top LB 19.0 2,377.8

Toe LB 34.0 2,372.7

Thalweg 45.0 2,372.6

Toe RB 56.0 2,372.8

Top RB 61.0 2,375.2

Fldpln RB 90.0 2,379.0

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

260.0 -2.0 54.00 2,372.76 2,372.71 2,375.76 5.78

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 24.36 4.43 2.46

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Rootwad Right bank

Channel Geometry Coordinates

Multi-Log 

Structures

Structure 

Geometry

Define Fixed Point

Rootwad: Bottom

Wood Species

Douglas-fir, Interior north

Material

Small Cobble
Gravel/cobble

WSE

LB

RB

2,371

2,372

2,373

2,374

2,375

2,376

2,377

2,378

2,379

2,380

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type A Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.03

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 3

↓WS↑Thw 22.4 4.1 26.5 888 1,652
↓Thalweg 0.0 0.0 0.0 0 0 FB (lbf) 1,652 

Total 22.4 4.1 26.5 888 1,652 FL (lbf) 3 

WT (lbf) 888 

Fsoil (lbf) 5,624 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 397 

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 10.1 49.8 59.8 5,624 S FV (lbf) 5,253 

Total 10.1 49.8 59.8 5,624 FSV 4.17

ATp / AW FrL CDi Cw CD* FD (lbf)

0.08 0.73 1.10 0.22 1.58 150 FD (lbf) 150 ➔

FP (lbf) 13,539 

FF (lbf) 4,567 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 2.00 0.87 322 FA,H (lbf) 0

Bank 4.81 13,539 26.32 0.87 4,244 S FH (lbf) 17,956 

Total - 13,539 28.32 - 4,567 FSH 120.97

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 31,556

16.6 26.8 27.2 16.6 12.2 13.1 16.2 Mr (lbf) 434,986

*Distances are from the stem tip Stem Tip FSM 13.78

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Rootwad

Vertical Force Analysis
Net Buoyancy Force Lift Force

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Boulder Ballast



Type A Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

Header Above Gravity 10.0 -397 -3,050 397  0

0

0

0

Rootwad

Interaction Forces with Adjacent Logs



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type A Straight 8+50 3.91 31.25 4.11

Layer Log ID

N/A Header

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,378.3

Top LB 19.0 2,377.8

Toe LB 34.0 2,372.7

Thalweg 45.0 2,372.6

Toe RB 56.0 2,372.8

Top RB 61.0 2,375.2

Fldpln RB 90.0 2,379.0

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

No 30.0 1.00 -              -              33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

181.0 0.0 66.00 2,373.76 2,373.76 2,374.76 0.00

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 30.00 1.19 1.16

Material

Small Cobble
Gravel/cobble

Structure 

Geometry

Define Fixed Point

Root collar: Bottom

Wood Species

Douglas-fir, Interior north

Channel Geometry Coordinates

Multi-Log 

Structures

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Log Vane Right bank

WSE

LB

RB

2,371

2,372

2,373

2,374

2,375

2,376

2,377

2,378

2,379

2,380

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type A Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.00

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 0

↓WS↑Thw 23.6 0.0 23.6 790 1,470
↓Thalweg 0.0 0.0 0.0 0 0 FB (lbf) 1,470 

Total 23.6 0.0 23.6 790 1,470 FL (lbf) 0

WT (lbf) 790 

Fsoil (lbf) 2,973 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 0

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 0.0 34.8 34.8 2,973 S FV (lbf) 2,293 

Total 0.0 34.8 34.8 2,973 FSV 2.56

ATp / AW FrL CDi Cw CD* FD (lbf)

0.00 0.73 1.07 0.00 1.06 0 FD (lbf) 0

FP (lbf) 7,156 

FF (lbf) 1,993 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 2.00 0.87 125 FA,H (lbf) 0

Bank 4.81 7,156 30.00 0.87 1,868 S FH (lbf) 9,149 

Total - 7,156 32.00 - 1,993 FSH 18,302.38

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 22,069

15.0 0.0 0.0 15.0 15.0 15.0 15.0 Mr (lbf) 228,075

*Distances are from the stem tip Root Collar FSM 10.33

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Boulder Ballast

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Log Vane

Vertical Force Analysis
Net Buoyancy Force Lift Force
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Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

0 0

0 0

0 0

0 0

Interaction Forces with Adjacent Logs

Log Vane
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LWM Type B Stability Analysis



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type B Straight 6+00 3.65 31.25 3.33

Layer Log ID

Footer Footer

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,369.0

Top LB 29.0 2,367.8

Toe LB 34.0 2,365.3

Thalweg 45.0 2,365.2

Toe RB 56.0 2,365.3

Top RB 61.0 2,367.8

Fldpln RB 90.0 2,368.4

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

359.0 0.0 55.98 2,365.31 2,364.31 2,367.31 5.78

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 0.00 0.00 0.00

Multi-Log 

Structures

Material

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Rootwad Right bank

Root collar: Bottom

Structure 

Geometry

Small Cobble
Gravel/cobble

Channel Geometry Coordinates

Define Fixed Point

Wood Species

Douglas-fir, Interior north

WSE
LB

RB

2,364

2,365

2,366

2,367

2,368

2,369

2,370

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type B Footer Log ID Footer Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.02

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 2

↓WS↑Thw 22.4 3.4 25.8 865 1,609
↓Thalweg 0.0 0.7 0.7 26 43 FB (lbf) 1,652 

Total 22.4 4.1 26.5 891 1,652 FL (lbf) 2 

WT (lbf) 891 

Fsoil (lbf) 0

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 3,477 

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 0.0 0.0 0.0 0 S FV (lbf) 2,715 

Total 0.0 0.0 0.0 0 FSV 2.64

ATp / AW FrL CDi Cw CD* FD (lbf)

0.08 0.59 1.10 0.09 1.43 89 FD (lbf) 89 ➔

FP (lbf) 0

FF (lbf) 2,360 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 2.00 0.87 155 FA,H (lbf) 0

Bank 4.81 0 28.42 0.87 2,205 S FH (lbf) 2,271 

Total - 0 30.42 - 2,360 FSH 26.55

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 23,393

16.6 29.3 15.0 16.6 0.0 14.2 0.0 Mr (lbf) 130,577

*Distances are from the stem tip Rootwad FSM 5.58

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Driving Moment Centroids Moment Force Balance

Vertical Force Balance

Vertical Force Analysis
Net Buoyancy Force Lift Force

Additional Soil Ballast

Boulder Ballast

Anchor Forces

Horizontal Force Balance

Moment Force Balance

Horizontal Force Analysis

Resisting Moment Centroids

Passive Soil Pressure

Mechanical Anchors

Friction Force

Point of Rotation:

Soil Ballast Force

Drag Force

Rootwad



Type B Footer Log ID Footer Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

Top #1 Above Gravity 15.0 -1,021 -9,137 1,021  0

Top #2 Above Gravity 25.0 -1,021 -9,137 1,021  0

Top #3 Above Gravity 17.5 -1,435 -9,879 1,435  0

0 0

Interaction Forces with Adjacent Logs

Rootwad



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type B Straight 6+00 3.65 31.25 3.33

Layer Log ID

Stacked Top #1

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,369.0

Top LB 29.0 2,367.8

Toe LB 34.0 2,365.3

Thalweg 45.0 2,365.2

Toe RB 56.0 2,365.3

Top RB 61.0 2,367.8

Fldpln RB 90.0 2,368.4

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

271.0 -2.5 55.98 2,366.31 2,365.06 2,368.37 4.29

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 24.86 2.26 1.43

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Rootwad Right bank

Channel Geometry Coordinates

Multi-Log 

Structures

Structure 

Geometry

Define Fixed Point

Root collar: Bottom

Wood Species

Douglas-fir, Interior north

Material

Small Cobble
Gravel/cobble

WSE

LB
RB

2,365
2,365

2,366
2,366
2,367
2,367
2,368
2,368
2,369

2,369
2,370

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type B Stacked Log ID Top #1 Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.05

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 2

↓WS↑Thw 22.3 4.1 26.4 885 1,647
↓Thalweg 0.1 0.0 0.1 3 4 FB (lbf) 1,652 

Total 22.4 4.1 26.5 888 1,652 FL (lbf) 2 

WT (lbf) 888 

Fsoil (lbf) 3,027 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 0

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 0.0 35.5 35.5 3,027 S FV (lbf) 2,261 

Total 0.0 35.5 35.5 3,027 FSV 2.37

ATp / AW FrL CDi Cw CD* FD (lbf)

0.06 0.59 1.10 0.37 1.67 77 FD (lbf) 77 ➔

FP (lbf) 7,287 

FF (lbf) 1,966 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 2.00 0.87 137 FA,H (lbf) 0

Bank 4.81 7,287 26.62 0.87 1,828 S FH (lbf) 9,175 

Total - 7,287 28.62 - 1,966 FSH 119.53

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 29,570

16.6 27.2 27.5 16.6 12.4 13.3 16.5 Mr (lbf) 228,337

*Distances are from the stem tip Stem Tip FSM 7.72

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Rootwad

Vertical Force Analysis
Net Buoyancy Force Lift Force

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Boulder Ballast



Type B Stacked Log ID Top #1 Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

0 0

0 0

0 0

0 0

Rootwad

Interaction Forces with Adjacent Logs



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type B Straight 6+00 3.65 31.25 3.33

Layer Log ID

Stacked Top #2

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,369.0

Top LB 29.0 2,367.8

Toe LB 34.0 2,365.3

Thalweg 45.0 2,365.2

Toe RB 56.0 2,365.3

Top RB 61.0 2,367.8

Fldpln RB 90.0 2,368.4

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

271.0 -2.5 55.98 2,366.31 2,365.06 2,368.37 4.29

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 24.86 2.26 1.43

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Rootwad Right bank

Channel Geometry Coordinates

Multi-Log 

Structures

Structure 

Geometry

Define Fixed Point

Root collar: Bottom

Wood Species

Douglas-fir, Interior north

Material

Small Cobble
Gravel/cobble

WSE

LB
RB

2,365
2,365

2,366
2,366
2,367
2,367
2,368
2,368
2,369

2,369
2,370

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type B Stacked Log ID Top #2 Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.05

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 2

↓WS↑Thw 22.3 4.1 26.4 885 1,647
↓Thalweg 0.1 0.0 0.1 3 4 FB (lbf) 1,652 

Total 22.4 4.1 26.5 888 1,652 FL (lbf) 2 

WT (lbf) 888 

Fsoil (lbf) 3,027 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 0

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 0.0 35.5 35.5 3,027 S FV (lbf) 2,261 

Total 0.0 35.5 35.5 3,027 FSV 2.37

ATp / AW FrL CDi Cw CD* FD (lbf)

0.06 0.59 1.10 0.37 1.67 77 FD (lbf) 77 ➔

FP (lbf) 7,287 

FF (lbf) 1,966 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 2.00 0.87 137 FA,H (lbf) 0

Bank 4.81 7,287 26.62 0.87 1,828 S FH (lbf) 9,175 

Total - 7,287 28.62 - 1,966 FSH 119.53

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 29,570

16.6 27.2 27.5 16.6 12.4 13.3 16.5 Mr (lbf) 228,337

*Distances are from the stem tip Stem Tip FSM 7.72

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Rootwad

Vertical Force Analysis
Net Buoyancy Force Lift Force

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Boulder Ballast



Type B Stacked Log ID Top #2 Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

0 0

0 0

0 0

0 0

Rootwad

Interaction Forces with Adjacent Logs



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type B Straight 6+00 3.65 31.25 3.33

Layer Log ID

Stacked Top #3

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,369.0

Top LB 29.0 2,367.8

Toe LB 34.0 2,365.3

Thalweg 45.0 2,365.2

Toe RB 56.0 2,365.3

Top RB 61.0 2,367.8

Fldpln RB 90.0 2,368.4

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

No 30.0 1.00 -              -              33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

271.0 -2.5 55.00 2,366.31 2,365.00 2,367.30 3.57

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 25.46 2.33 1.49

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Log Vane Right bank

Channel Geometry Coordinates

Multi-Log 

Structures

Structure 

Geometry

Define Fixed Point

Root collar: Bottom

Wood Species

Douglas-fir, Interior north

Material

Small Cobble
Gravel/cobble

WSE

LB
RB

2,365
2,365

2,366
2,366
2,367
2,367
2,368
2,368
2,369

2,369
2,370

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type B Stacked Log ID Top #3 Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.05

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 2

↓WS↑Thw 23.4 0.0 23.4 784 1,458
↓Thalweg 0.2 0.0 0.2 7 12 FB (lbf) 1,470 

Total 23.6 0.0 23.6 791 1,470 FL (lbf) 2 

WT (lbf) 791 

Fsoil (lbf) 3,220 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 0

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 0.0 37.8 37.8 3,220 S FV (lbf) 2,539 

Total 0.0 37.8 37.8 3,220 FSV 2.72

ATp / AW FrL CDi Cw CD* FD (lbf)

0.05 0.59 0.93 0.34 1.41 54 FD (lbf) 54 ➔

FP (lbf) 7,753 

FF (lbf) 2,207 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 2.00 0.87 151 FA,H (lbf) 0

Bank 4.81 7,753 27.22 0.87 2,056 S FH (lbf) 9,906 

Total - 7,753 29.22 - 2,207 FSH 183.16

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 23,596

15.0 27.8 27.8 15.0 12.7 13.6 16.9 Mr (lbf) 247,910

*Distances are from the stem tip Stem Tip FSM 10.51

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Log Vane

Vertical Force Analysis
Net Buoyancy Force Lift Force

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Boulder Ballast



Type B Stacked Log ID Top #3 Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

0 0

0 0

0 0

0 0

Log Vane

Interaction Forces with Adjacent Logs
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Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type C Straight 10+25 4.70 31.25 5.95

Layer Log ID

N/A RW#1

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,384.6

Top LB 28.6 2,383.6

Toe LB 35.1 2,378.6

Thalweg 42.3 2,377.7

Toe RB 45.2 2,378.0

Top RB 62.6 2,382.7

Fldpln RB 90.0 2,383.9

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

95.0 -2.0 39.00 2,377.50 2,377.45 2,380.50 4.59

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 25.18 5.83 4.51

Small Cobble
Gravel/cobble

Channel Geometry Coordinates

Define Fixed Point

Wood Species

Douglas-fir, Interior north

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Rootwad Left bank

Rootwad: Bottom

Structure 

Geometry

Multi-Log 

Structures

Material

WSE

LB

RB

2,377

2,378

2,379

2,380

2,381

2,382

2,383

2,384

2,385

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type C Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.15

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 23

↓WS↑Thw 21.9 4.1 25.9 870 1,618
↓Thalweg 0.5 0.0 0.5 21 34 FB (lbf) 1,652 

Total 22.4 4.1 26.5 890 1,652 FL (lbf) 23 

WT (lbf) 890 

Fsoil (lbf) 11,238 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 2,072 

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 30.6 82.5 113.2 11,238 S FV (lbf) 12,525 

Total 30.6 82.5 113.2 11,238 FSV 8.48

ATp / AW FrL CDi Cw CD* FD (lbf)

0.07 1.05 0.98 0.05 1.18 186 FD (lbf) 186 ➔

FP (lbf) 27,054 

FF (lbf) 10,888 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 3.35 0.87 1,235 FA,H (lbf) 0

Bank 4.81 27,054 26.17 0.87 9,653 S FH (lbf) 37,757 

Total - 27,054 29.52 - 10,888 FSH 204.39

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 33,173

16.6 28.8 27.6 16.6 12.5 13.7 16.7 Mr (lbf) 948,822

*Distances are from the stem tip Stem Tip FSM 28.60

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Soil Ballast Force

Drag Force

Rootwad

Additional Soil Ballast

Boulder Ballast

Anchor Forces

Horizontal Force Balance

Moment Force Balance

Horizontal Force Analysis

Resisting Moment Centroids

Passive Soil Pressure

Mechanical Anchors

Friction Force

Point of Rotation:

Moment Force Balance

Vertical Force Balance

Vertical Force Analysis
Net Buoyancy Force Lift Force

Driving Moment Centroids



Type C Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

Header Above Gravity 10.0 -2,072 -7,838 2,072  0

0

0

0

Rootwad

Interaction Forces with Adjacent Logs



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type C Straight 10+25 4.70 31.25 5.95

Layer Log ID

N/A RW#2

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,384.6

Top LB 28.6 2,383.6

Toe LB 35.1 2,378.6

Thalweg 42.3 2,377.7

Toe RB 45.2 2,378.0

Top RB 62.6 2,382.7

Fldpln RB 90.0 2,383.9

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

100.0 -2.0 41.00 2,377.50 2,377.45 2,380.50 7.00

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 23.18 5.75 4.43

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Rootwad Left bank

Channel Geometry Coordinates

Multi-Log 

Structures

Structure 

Geometry

Define Fixed Point

Rootwad: Bottom

Wood Species

Douglas-fir, Interior north

Material

Small Cobble
Gravel/cobble

WSE

LB

RB

2,377

2,378

2,379

2,380

2,381

2,382

2,383

2,384

2,385

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y
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Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.10

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 25

↓WS↑Thw 21.9 4.1 25.9 870 1,618
↓Thalweg 0.5 0.0 0.5 21 34 FB (lbf) 1,652 

Total 22.4 4.1 26.5 890 1,652 FL (lbf) 25 

WT (lbf) 890 

Fsoil (lbf) 10,129 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 2,072 

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 26.6 76.0 102.6 10,129 S FV (lbf) 11,415 

Total 26.6 76.0 102.6 10,129 FSV 7.81

ATp / AW FrL CDi Cw CD* FD (lbf)

0.10 1.05 0.98 0.05 1.28 308 FD (lbf) 308 ➔

FP (lbf) 24,386 

FF (lbf) 9,923 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 3.95 0.87 1,399 FA,H (lbf) 0

Bank 4.81 24,386 24.07 0.87 8,524 S FH (lbf) 34,001 

Total - 24,386 28.02 - 9,923 FSH 111.44

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 36,281

16.6 27.7 26.6 16.6 11.6 13.0 15.4 Mr (lbf) 804,399

*Distances are from the stem tip Stem Tip FSM 22.17

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Rootwad

Vertical Force Analysis
Net Buoyancy Force Lift Force

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Boulder Ballast



Type C Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

Header Above Gravity 10.0 -2,072 -7,838 2,072  0

0

0

0

Rootwad

Interaction Forces with Adjacent Logs



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type C Straight 10+25 4.70 31.25 5.95

Layer Log ID

N/A RW#3

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,384.6

Top LB 28.6 2,383.6

Toe LB 35.1 2,378.6

Thalweg 42.3 2,377.7

Toe RB 45.2 2,378.0

Top RB 62.6 2,382.7

Fldpln RB 90.0 2,383.9

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

120.0 -2.0 40.00 2,377.50 2,377.45 2,380.50 8.28

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 23.38 5.65 4.33

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Rootwad Left bank

Channel Geometry Coordinates

Multi-Log 

Structures

Structure 

Geometry

Define Fixed Point

Rootwad: Bottom

Wood Species

Douglas-fir, Interior north

Material

Small Cobble
Gravel/cobble

WSE

LB

RB

2,377

2,378

2,379

2,380

2,381

2,382

2,383

2,384

2,385

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type C Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.12

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 34

↓WS↑Thw 21.9 4.1 25.9 870 1,618
↓Thalweg 0.5 0.0 0.5 21 34 FB (lbf) 1,652 

Total 22.4 4.1 26.5 890 1,652 FL (lbf) 34 

WT (lbf) 890 

Fsoil (lbf) 9,904 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 2,072 

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 25.2 75.7 100.9 9,904 S FV (lbf) 11,181 

Total 25.2 75.7 100.9 9,904 FSV 7.63

ATp / AW FrL CDi Cw CD* FD (lbf)

0.12 1.05 0.94 0.05 1.28 363 FD (lbf) 363 ➔

FP (lbf) 23,844 

FF (lbf) 9,720 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 4.10 0.87 1,399 FA,H (lbf) 0

Bank 4.81 23,844 24.37 0.87 8,320 S FH (lbf) 33,200 

Total - 23,844 28.47 - 9,720 FSH 92.39

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 38,036

16.6 28.3 26.7 16.6 11.6 13.2 15.5 Mr (lbf) 795,617

*Distances are from the stem tip Stem Tip FSM 20.92

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Rootwad

Vertical Force Analysis
Net Buoyancy Force Lift Force

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Boulder Ballast



Type C Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

Header Above Gravity 10.0 -2,072 -7,838 2,072  0

0

0

0

Rootwad

Interaction Forces with Adjacent Logs



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type C Straight 10+25 4.70 31.25 5.95

Layer Log ID

N/A RW#4

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,384.6

Top LB 28.6 2,383.6

Toe LB 35.1 2,378.6

Thalweg 42.3 2,377.7

Toe RB 45.2 2,378.0

Top RB 62.6 2,382.7

Fldpln RB 90.0 2,383.9

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

75.0 -2.0 42.00 2,377.50 2,377.45 2,380.50 8.47

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 22.06 5.69 4.36

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Rootwad Left bank

Channel Geometry Coordinates

Multi-Log 

Structures

Structure 

Geometry

Define Fixed Point

Rootwad: Bottom

Wood Species

Douglas-fir, Interior north

Material

Small Cobble
Gravel/cobble

WSE

LB

RB

2,377

2,378

2,379

2,380

2,381

2,382

2,383

2,384

2,385

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type C Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.09

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 28

↓WS↑Thw 21.9 4.1 25.9 870 1,618
↓Thalweg 0.5 0.0 0.5 21 34 FB (lbf) 1,652 

Total 22.4 4.1 26.5 890 1,652 FL (lbf) 28 

WT (lbf) 890 

Fsoil (lbf) 9,483 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 2,072 

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 24.3 72.1 96.4 9,483 S FV (lbf) 10,766 

Total 24.3 72.1 96.4 9,483 FSV 7.41

ATp / AW FrL CDi Cw CD* FD (lbf)

0.12 1.05 1.14 0.05 1.55 450 FD (lbf) 450 ➔

FP (lbf) 22,829 

FF (lbf) 9,358 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 4.25 0.87 1,466 FA,H (lbf) 0

Bank 4.81 22,829 22.88 0.87 7,892 S FH (lbf) 31,738 

Total - 22,829 27.13 - 9,358 FSH 71.59

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 39,857

16.6 26.8 26.1 16.6 11.0 12.5 14.7 Mr (lbf) 727,241

*Distances are from the stem tip Stem Tip FSM 18.25

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Rootwad

Vertical Force Analysis
Net Buoyancy Force Lift Force

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Boulder Ballast



Type C Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

Header Above Gravity 10.0 -2,072 -7,838 2,072  0

0

0

0

Rootwad

Interaction Forces with Adjacent Logs



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type C Straight 10+25 4.70 31.25 5.95

Layer Log ID

N/A RW#5

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,384.6

Top LB 28.6 2,383.6

Toe LB 35.1 2,378.6

Thalweg 42.3 2,377.7

Toe RB 45.2 2,378.0

Top RB 62.6 2,382.7

Fldpln RB 90.0 2,383.9

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

80.0 -2.0 39.00 2,377.50 2,377.45 2,380.50 5.18

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 25.12 5.82 4.49

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Rootwad Left bank

Channel Geometry Coordinates

Multi-Log 

Structures

Structure 

Geometry

Define Fixed Point

Rootwad: Bottom

Wood Species

Douglas-fir, Interior north

Material

Small Cobble
Gravel/cobble

WSE

LB

RB

2,377

2,378

2,379

2,380

2,381

2,382

2,383

2,384

2,385

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type C Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.14

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 26

↓WS↑Thw 21.9 4.1 25.9 870 1,618
↓Thalweg 0.5 0.0 0.5 21 34 FB (lbf) 1,652 

Total 22.4 4.1 26.5 890 1,652 FL (lbf) 26 

WT (lbf) 890 

Fsoil (lbf) 11,177 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 2,072 

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 30.3 82.3 112.6 11,177 S FV (lbf) 12,461 

Total 30.3 82.3 112.6 11,177 FSV 8.43

ATp / AW FrL CDi Cw CD* FD (lbf)

0.08 1.05 1.08 0.05 1.32 235 FD (lbf) 235 ➔

FP (lbf) 26,907 

FF (lbf) 10,832 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 3.50 0.87 1,284 FA,H (lbf) 0

Bank 4.81 26,907 26.02 0.87 9,548 S FH (lbf) 37,504 

Total - 26,907 29.52 - 10,832 FSH 160.34

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 34,626

16.6 28.8 27.6 16.6 12.5 13.7 16.7 Mr (lbf) 943,965

*Distances are from the stem tip Stem Tip FSM 27.26

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Rootwad

Vertical Force Analysis
Net Buoyancy Force Lift Force

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Boulder Ballast



Type C Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

Header Above Gravity 10.0 -2,072 -7,838 2,072  0

0

0

0

Rootwad

Interaction Forces with Adjacent Logs



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type C Straight 10+25 4.70 31.25 5.95

Layer Log ID

N/A Header

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,384.6

Top LB 28.6 2,383.6

Toe LB 35.1 2,378.6

Thalweg 42.3 2,377.7

Toe RB 45.2 2,378.0

Top RB 62.6 2,382.7

Fldpln RB 90.0 2,383.9

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

No 30.0 1.00 -              -              33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

181.0 0.0 20.00 2,379.02 2,379.02 2,380.02 0.00

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 30.00 3.87 3.86

Material

Small Cobble
Gravel/cobble

Structure 

Geometry

Define Fixed Point

Root collar: Bottom

Wood Species

Douglas-fir, Interior north

Channel Geometry Coordinates

Multi-Log 

Structures

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Log Vane Left bank

WSE

LB

RB

2,377

2,378

2,379

2,380

2,381

2,382

2,383

2,384

2,385

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type C Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.00

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 0

↓WS↑Thw 23.6 0.0 23.6 790 1,470
↓Thalweg 0.0 0.0 0.0 0 0 FB (lbf) 1,470 

Total 23.6 0.0 23.6 790 1,470 FL (lbf) 0

WT (lbf) 790 

Fsoil (lbf) 12,141 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 0

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 43.9 71.9 115.7 12,141 S FV (lbf) 11,461 

Total 43.9 71.9 115.7 12,141 FSV 8.80

ATp / AW FrL CDi Cw CD* FD (lbf)

0.00 1.05 1.07 0.00 1.06 0 FD (lbf) 0

FP (lbf) 29,230 

FF (lbf) 9,963 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 2.00 0.87 623 FA,H (lbf) 0

Bank 4.81 29,230 30.00 0.87 9,341 S FH (lbf) 39,193 

Total - 29,230 32.00 - 9,963 FSH 78,401.70

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 22,069

15.0 0.0 0.0 15.0 15.0 15.0 15.0 Mr (lbf) 953,791

*Distances are from the stem tip Root Collar FSM 43.22

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Boulder Ballast

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Log Vane

Vertical Force Analysis
Net Buoyancy Force Lift Force



Type C Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

0 0

0 0

0 0

0 0

Interaction Forces with Adjacent Logs

Log Vane
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Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type D Straight 10+90 5.38 31.25 2.62

Layer Log ID

Stacked Bot

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,384.6

Top LB 31.0 2,385.1

Toe LB 39.9 2,380.4

Thalweg 46.4 2,379.5

Toe RB 52.5 2,380.3

Top RB 58.1 2,384.6

Fldpln RB 80.1 2,385.2

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

No 30.0 1.50 -              -              33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

105.0 0.0 31.40 2,376.51 2,376.50 2,378.01 0.00

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 13.05 2.34 1.92
Bank 137.0 85.3 41.0 4 16.95 6.85 4.84

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Log Weir Full span

Channel Geometry Coordinates

Multi-Log 

Structures

Structure 

Geometry

Define Fixed Point

Stem tip: Bottom

Wood Species

Douglas-fir, Interior north

Material

Small Cobble
Gravel/cobble

WSELB RB

2,376
2,377

2,378
2,379
2,380
2,381
2,382
2,383
2,384

2,385
2,386

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type D Stacked Log ID Bot Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.00

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 0

↓WS↑Thw 0.0 0.0 0.0 0 0
↓Thalweg 53.0 0.0 53.0 2,015 3,308 FB (lbf) 3,308 

Total 53.0 0.0 53.0 2,015 3,308 FL (lbf) 0

WT (lbf) 2,015 

Fsoil (lbf) 13,622 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 4,135 

Bed 0.0 37.7 37.7 3,153 FA,V (lbf) 0

Bank 0.0 122.7 122.7 10,469 S FV (lbf) 16,463 

Total 0.0 160.4 160.4 13,622 FSV 5.98

ATp / AW FrL CDi Cw CD* FD (lbf)

0.00 0.38 1.13 0.00 1.13 0 FD (lbf) 0

FP (lbf) 32,794 

FF (lbf) 14,311 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 7,591 15.05 0.87 6,731 FA,H (lbf) 0

Bank 4.81 25,203 16.95 0.87 7,581 S FH (lbf) 47,106 

Total - 32,794 32.00 - 14,311 FSH 94,230.16

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 49,636

15.0 0.0 0.0 15.0 15.0 15.0 15.0 Mr (lbf) 1,312,140

*Distances are from the stem tip Root Collar FSM 26.44

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Log Weir

Vertical Force Analysis
Net Buoyancy Force Lift Force

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Boulder Ballast



Type D Stacked Log ID Bot Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

Top Above Gravity 0.0 -4,135 24,794 4,135  0

0 0

0 0

0 0

Log Weir

Interaction Forces with Adjacent Logs



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type D Straight 10+90 5.38 31.25 2.62

Layer Log ID

Stacked Top

Proposed x (ft) y (ft)

Fldpln LB 0.0 2,384.6

Top LB 31.0 2,385.1

Toe LB 39.9 2,380.4

Thalweg 46.4 2,379.5

Toe RB 52.5 2,380.3

Top RB 58.1 2,384.6

Fldpln RB 80.1 2,385.2

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

No 30.0 1.50 -              -              33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

105.0 0.0 31.40 2,378.01 2,378.00 2,379.51 0.00

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 13.05 0.84 0.42
Bank 137.0 85.3 41.0 4 16.95 5.35 3.34

Small Cobble
Gravel/cobble

Channel Geometry Coordinates

Define Fixed Point

Wood Species

Douglas-fir, Interior north

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Log Weir Full span

Stem tip: Bottom

Structure 

Geometry

Multi-Log 

Structures

Material

WSELB RB

2,377

2,378

2,379

2,380

2,381

2,382

2,383

2,384

2,385

2,386

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type D Stacked Log ID Top Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.00

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 0

↓WS↑Thw 0.0 0.0 0.0 0 0
↓Thalweg 53.0 0.0 53.0 2,015 3,308 FB (lbf) 3,308 

Total 53.0 0.0 53.0 2,015 3,308 FL (lbf) 0

WT (lbf) 2,015 

Fsoil (lbf) 7,910 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 0

Bed 0.0 8.3 8.3 694 FA,V (lbf) 0

Bank 0.0 84.6 84.6 7,215 S FV (lbf) 6,616 

Total 0.0 92.9 92.9 7,910 FSV 3.00

ATp / AW FrL CDi Cw CD* FD (lbf)

0.00 0.38 1.13 0.00 1.13 0 FD (lbf) 0

FP (lbf) 19,043 

FF (lbf) 5,751 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 1,672 15.05 0.87 2,705 FA,H (lbf) 0

Bank 4.81 17,371 16.95 0.87 3,046 S FH (lbf) 24,794 

Total - 19,043 32.00 - 5,751 FSH 49,598.51

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 49,636

15.0 0.0 0.0 15.0 15.0 15.0 15.0 Mr (lbf) 620,025

*Distances are from the stem tip Root Collar FSM 12.49

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Soil Ballast Force

Drag Force

Log Weir

Additional Soil Ballast

Boulder Ballast

Anchor Forces

Horizontal Force Balance

Moment Force Balance

Horizontal Force Analysis

Resisting Moment Centroids

Passive Soil Pressure

Mechanical Anchors

Friction Force

Point of Rotation:

Moment Force Balance

Vertical Force Balance

Vertical Force Analysis
Net Buoyancy Force Lift Force

Driving Moment Centroids



Type D Stacked Log ID Top Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

0 0

0 0

0 0

0 0

Log Weir

Interaction Forces with Adjacent Logs
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Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type E Straight 7+70 3.39 31.26 4.13

Layer Log ID

N/A N/A

Proposed x (ft) y (ft)

Fldpln LB 0.00 2,373.78

Top LB 28.93 2,372.97

Toe LB 33.93 2,370.47

Thalweg 44.97 2,370.36

Toe RB 55.92 2,370.47

Top RB 70.43 2,375.36

Fldpln RB 89.98 2,376.13

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

No 30.0 1.00 -              -              33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

110.0 0.5 45.00 2,371.36 2,370.36 2,371.62 11.94

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 16.07 1.69 1.41

Small Cobble
Gravel/cobble

Channel Geometry Coordinates

Define Fixed Point

Wood Species

Douglas-fir, Interior north

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Log Vane Left bank

Root collar: Crown

Structure 

Geometry

Multi-Log 

Structures

Material

WSE
LB

RB

2,369

2,370

2,371

2,372

2,373

2,374

2,375

2,376

2,377

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type E Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.01

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 2

↓WS↑Thw 23.6 0.0 23.6 790 1,470
↓Thalweg 0.0 0.0 0.0 0 0 FB (lbf) 1,470 

Total 23.6 0.0 23.6 790 1,470 FL (lbf) 2 

WT (lbf) 790 

Fsoil (lbf) 1,931 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 0

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 0.0 22.6 22.6 1,931 S FV (lbf) 1,250 

Total 0.0 22.6 22.6 1,931 FSV 1.85

ATp / AW FrL CDi Cw CD* FD (lbf)

0.17 0.73 1.12 0.14 1.87 370 FD (lbf) 370 ➔

FP (lbf) 4,650 

FF (lbf) 1,086 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 13.48 0.87 462 FA,H (lbf) 0

Bank 4.81 4,650 18.23 0.87 625 S FH (lbf) 5,367 

Total - 4,650 31.70 - 1,086 FSH 15.52

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 30,649

15.0 29.8 23.1 15.0 8.0 14.9 10.7 Mr (lbf) 111,798

*Distances are from the stem tip Stem Tip FSM 3.65

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Soil Ballast Force

Drag Force

Log Vane

Additional Soil Ballast

Boulder Ballast

Anchor Forces

Horizontal Force Balance

Moment Force Balance

Horizontal Force Analysis

Resisting Moment Centroids

Passive Soil Pressure

Mechanical Anchors

Friction Force

Point of Rotation:

Moment Force Balance

Vertical Force Balance

Vertical Force Analysis
Net Buoyancy Force Lift Force

Driving Moment Centroids



Type E Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

0 0

0 0

0 0

0 0

Log Vane

Interaction Forces with Adjacent Logs
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Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type F Straight 6+75 3.64 6.25 3.42

Layer Log ID

N/A N/A

Proposed x (ft) y (ft)

Fldpln LB 0.00 2,371.16

Top LB 28.89 2,370.08

Toe LB 33.89 2,367.62

Thalweg 44.95 2,367.47

Toe RB 55.88 2,367.58

Top RB 60.88 2,370.03

Fldpln RB 90.00 2,372.62

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

155.0 -2.0 34.50 2,366.00 2,365.95 2,369.00 3.54

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 27.28 3.40 2.33

Small Cobble
Gravel/cobble

Channel Geometry Coordinates

Define Fixed Point

Wood Species

Douglas-fir, Interior north

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Rootwad Left bank

Rootwad: Bottom

Structure 

Geometry

Multi-Log 

Structures

Material

WSE
LB

RB

2,365

2,366

2,367

2,368

2,369

2,370

2,371

2,372

2,373

0 20 40 60 80 100

Proposed Cross-Section and Structure Geometry (Looking D/S)
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y



Type F Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.00

↑WSE 0.0 0.0 0.0 0 0 FL (lbf) 0

↓WS↑Thw 2.1 2.1 4.2 141 262
↓Thalweg 20.3 2.0 22.3 846 1,390 FB (lbf) 1,652 

Total 22.4 4.1 26.5 987 1,652 FL (lbf) 0

WT (lbf) 987 

Fsoil (lbf) 5,394 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 0

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 0.0 63.2 63.2 5,394 S FV (lbf) 4,730 

Total 0.0 63.2 63.2 5,394 FSV 3.86

ATp / AW FrL CDi Cw CD* FD (lbf)

0.05 0.60 0.76 0.04 0.89 36 FD (lbf) 36 ➔

FP (lbf) 12,987 

FF (lbf) 4,112 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 3.43 0.87 440 FA,H (lbf) 0

Bank 4.81 12,987 28.57 0.87 3,671 S FH (lbf) 17,062 

Total - 12,987 32.00 - 4,112 FSH 478.36

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 28,263

16.5 0.0 28.7 16.5 13.6 15.0 18.1 Mr (lbf) 456,913

*Distances are from the stem tip Stem Tip FSM 16.17

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Soil Ballast Force

Drag Force

Rootwad

Additional Soil Ballast

Boulder Ballast

Anchor Forces

Horizontal Force Balance

Moment Force Balance

Horizontal Force Analysis

Resisting Moment Centroids

Passive Soil Pressure

Mechanical Anchors

Friction Force

Point of Rotation:

Moment Force Balance

Vertical Force Balance

Vertical Force Analysis
Net Buoyancy Force Lift Force

Driving Moment Centroids



Type F Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

0 0

0 0

0 0

0 0

Rootwad

Interaction Forces with Adjacent Logs
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Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type G Straight 5+60 3.44 31.25 2.81

Layer Log ID

Stacked Surface

Proposed x (ft) y (ft)

Fldpln LB 35.13 2,367.92

Top LB 59.03 2,366.59

Toe LB 64.03 2,364.10

Thalweg 75.04 2,363.98

Toe RB 86.02 2,364.09

Top RB 91.02 2,366.57

Fldpln RB 150.00 2,367.75

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

315.0 1.0 96.00 2,366.80 2,365.77 2,368.77 10.89

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 0.00 0.00 0.00

Multi-Log 

Structures

Material

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Floodplain Right bank

Root collar: Bottom

Structure 

Geometry

Small Cobble
Gravel/cobble

Channel Geometry Coordinates

Define Fixed Point

Wood Species

Douglas-fir, Interior north

WSELB RB

2,363

2,364

2,365

2,366

2,367

2,368

2,369

2,370

0 20 40 60 80 100 120 140 160

Proposed Cross-Section and Structure Geometry (Looking D/S)

x

y



Type G Stacked Log ID Surface Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.29

↑WSE 14.9 1.7 16.6 558 0 FL (lbf) 24

↓WS↑Thw 7.5 2.4 9.8 330 614
↓Thalweg 0.0 0.0 0.0 0 0 FB (lbf) 614 

Total 22.4 4.1 26.5 888 614 FL (lbf) 24 

WT (lbf) 888 

Fsoil (lbf) 0

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 1,781 

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 0.0 0.0 0.0 0 S FV (lbf) 2,031 

Total 0.0 0.0 0.0 0 FSV 4.18

ATp / AW FrL CDi Cw CD* FD (lbf)

0.16 0.50 0.76 0.00 1.09 91 FD (lbf) 91 ➔

FP (lbf) 0

FF (lbf) 1,766 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 2.00 0.87 1,766 FA,H (lbf) 0

Bank 4.81 0 0.00 0.87 0 S FH (lbf) 1,675 

Total - 0 2.00 - 1,766 FSH 19.50

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 9,945

16.6 15.0 15.0 16.6 0.0 30.0 0.0 Mr (lbf) 38,611

*Distances are from the stem tip Rootwad FSM 3.88

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Driving Moment Centroids Moment Force Balance

Vertical Force Balance

Vertical Force Analysis
Net Buoyancy Force Lift Force

Additional Soil Ballast

Boulder Ballast

Anchor Forces

Horizontal Force Balance

Moment Force Balance

Horizontal Force Analysis

Resisting Moment Centroids

Passive Soil Pressure

Mechanical Anchors

Friction Force

Point of Rotation:

Soil Ballast Force

Drag Force

Floodplain



Type G Stacked Log ID Surface Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

Buried Above Gravity 15.0 -1,781 10,214 1,781  0

0 0

0 0

0 0

Interaction Forces with Adjacent Logs

Floodplain



Lapwai Creek Reach 14

Site ID Meander Station dw (ft) Rc/WBF udes (ft/s)

Type G Straight 5+60 3.44 31.25 2.81

Layer Log ID

Stacked Buried

Proposed x (ft) y (ft)

Fldpln LB 35.13 2,367.92

Top LB 59.03 2,366.59

Toe LB 64.03 2,364.10

Thalweg 75.04 2,363.98

Toe RB 86.02 2,364.09

Top RB 91.02 2,366.57

Fldpln RB 150.00 2,367.75

Rootwad LT (ft) DTS (ft) LRW (ft) DRW (ft) gTd (lb/ft
3
) gTgr (lb/ft

3
)

Yes 30.0 1.00 1.50 3.00 33.5 38.0

q (deg) b (deg) xT (ft) yT (ft) yT,min (ft) yT,max (ft) ATp (ft
2
)

315.0 -10.0 96.00 2,367.25 2,362.30 2,369.48 4.22

Soils gs (lb/ft
3
) g's (lb/ft

3
) f (deg) Soil Class LT,em (ft) db,max (ft) db,avg (ft)

Stream Bed 134.5 83.7 41.0 4 0.00 0.00 0.00
Bank 137.0 85.3 41.0 4 20.18 3.78 1.90

Spreadsheet developed by 

Michael Rafferty, P.E.

Single Log Stability Analysis Model Inputs

Structure Type Structure Position

Floodplain Right bank

Channel Geometry Coordinates

Multi-Log 

Structures

Structure 

Geometry

Define Fixed Point

Root collar: Bottom

Wood Species

Douglas-fir, Interior north

Material

Small Cobble
Gravel/cobble

WSELB RB

2,361

2,362

2,363

2,364

2,365

2,366

2,367

2,368

2,369

2,370

0 20 40 60 80 100 120 140 160

Proposed Cross-Section and Structure Geometry (Looking D/S)
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Type G Stacked Log ID Buried Page 2

Wood VTS (ft
3
) VRW (ft

3
) VT (ft

3
) WT (lbf) FB (lbf) CLT 0.00

↑WSE 1.5 3.1 4.6 154 0 FL (lbf) 0

↓WS↑Thw 15.5 1.0 16.5 554 1,030
↓Thalweg 5.4 0.0 5.4 203 334 FB (lbf) 1,364 

Total 22.4 4.1 26.5 912 1,364 FL (lbf) 0

WT (lbf) 912 

Fsoil (lbf) 3,257 

Soil Vdry (ft
3
) Vsat (ft

3
) Vsoil (ft

3
) Fsoil (lbf) FW,V (lbf) 0

Bed 0.0 0.0 0.0 0 FA,V (lbf) 0

Bank 0.0 38.2 38.2 3,257 S FV (lbf) 2,805 

Total 0.0 38.2 38.2 3,257 FSV 3.06

ATp / AW FrL CDi Cw CD* FD (lbf)

0.06 0.50 0.76 0.43 1.36 44 FD (lbf) 44 ➔

FP (lbf) 7,842 

FF (lbf) 2,438 

Soil KP FP (lbf) LTf (ft) m FF (lbf) FW,H (lbf) 0

Bed 4.81 0 2.00 0.87 178 FA,H (lbf) 0

Bank 4.81 7,842 25.42 0.87 2,260 S FH (lbf) 10,236 

Total - 7,842 27.42 - 2,438 FSH 234.45

cT,B (ft) cL (ft) cD (ft) cT,W (ft) csoil (ft) cF&N (ft) cP (ft) Md (lbf) 23,295

16.5 0.0 24.8 16.5 10.1 12.7 13.4 Mr (lbf) 216,013

*Distances are from the stem tip Stem Tip FSM 9.27

VAdry (ft
3
) VAwet (ft

3
) cAsoil (ft) FA,Vsoil (lbf) FA,HP (lbf) Type cAm (ft) Soils FAm (lbf)

0 0 0

0

Position Dr (ft) cAr (ft) Vr,dry (ft
3
) Vr,wet (ft

3
) Wr (lbf) FL,r (lbf) FD,r (lbf) FA,Vr (lbf) FA,Hr (lbf)

0 0

0 0

0 0

Floodplain

Vertical Force Analysis
Net Buoyancy Force Lift Force

Drag Force

Horizontal Force Balance

Vertical Force Balance

Soil Ballast Force

Horizontal Force Analysis

Point of Rotation:

Anchor Forces
Additional Soil Ballast Mechanical Anchors

Passive Soil Pressure Friction Force

Moment Force Balance
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance

Boulder Ballast



Type G Stacked Log ID Buried Page 3

Applied Forces from other Logs

Log ID Position Link cWI (ft) FW,V (lbf) FW,H (lbf) FW,V (lbf) FW,H (lbf)

0 0

0 0

0 0

0 0

Floodplain

Interaction Forces with Adjacent Logs



Lapwai Creek Reach 14

Notation, Units, and List of Symbols

Notation Notation (continued)

Symbol Description Unit Symbol Description Unit

AW Wetted area of channel at design discharge ft2 FV Resultant vertical force applied to log lbf
ATp Projected area of wood in plane perpendicular to flow ft2 FrL Log Froude number -
cD Centroid of the drag force along log axis ft FSV Factor of Safety for Vertical Force Balance -

cAm Centroid of a mechanical anchor along log axis ft FSH Factor of Safety for Horizontal Force Balance -
cAr Centroid of a ballast boulder along log axis ft FSM Factor of Safety for Moment Force Balance -

cAsoil Centroid of the added ballast soil along log axis ft g Gravitational acceleration constant ft/s2

cF&N Centroid of friction and normal forces along log axis ft KP Coefficient of Passive Earth Pressure -
cL Centroid of the lift force along log axis ft LT,em Total embedded length of log ft
cP Centroid of the passive soil force along log axis ft LRW Assumed length of rootwad ft

csoil Centroid of the vertical soil forces along log axis ft LT Total length of tree (including rootwad) ft
cT,B Centroid of the buoyancy force along log axis ft LTf Length of log in contact with bed or banks ft
cT,W Centroid of the log volume along log axis ft LTS Length of tree stem (not including rootwad) ft
cWI Centroid of a wood interaction force along log axis ft LTS,ex Exposed length of tree stem ft

CLrock Coefficient of lift for submerged boulder - LFRW Length factor for rootwad (LFRW = LRW/DTS) -
CLT Effective coefficient of lift for submerged tree - Md Driving moment about embedded tip lbf
CDi Base coefficient of drag for tree, before adjustments - Mr Driving moment about embedded tip lbf
CD* Effective coefficient of drag for submerged tree - N Blow count of standard penetration test -
CDi Base coefficient of drag for tree, before adjustments - po Porosity of soil volume -
CW Wave drag coefficient of submerged tree - Qdes Design discharge cfs

db,avg Average buried depth of log ft R Radius ft
db,max Maximum buried depth of log ft Rc Radius of curvature at channel centerline ft

dw Maximum flow depth at design discharge in reach ft SGr Specific gravity of quartz particles -
D50 Median grain size in millimeters (SI units) mm SGT Specific gravity of tree -
Dr Equivalent diameter of boulder ft uavg Average velocity of cross section in reach ft/s

DRW Assumed diameter of rootwad ft udes Design velocity ft/s
DTS Nominal diameter of tree stem (DBH) ft um Adjusted velocity at outer meander bend ft/s

DFRW Diameter factor for rootwad (DFRW = DRW/DTS) - Vdry Volume of soils above stage level of design flow ft3

e Void ratio of soils - Vsat Volume of soils below stage level of design flow ft3

FA,H Total horizontal load capacity of anchor techniques lbf Vsoil Total volume of soils over log ft3

FA,HP Passive soil pressure applied to log from soil ballast lbf VRW Volume of rootwad ft3

FA,Hr Horizontal resisting force on log from boulder lbf VS Volume of solids in soil (void ratio calculation) ft3

FAm Load capacity of mechanical anchor lbf VT Total volume of log ft3

FA,V Total vertical load capacity of anchor techniques lbf VTS Total volume of tree ft3

FA,Vr Vertical resisting force on log from boulder lbf VV Volume of voids in soil ft3

FA,Vsoil Vertical soil loading on log from added ballast soil lbf VAdry Volume of ballast above stage of design flow ft3

FB Buoyant force applied to log lbf VAwet Volume of ballast below stage of design flow ft3

FD Drag forces applied to log lbf Vr,dry Volume of boulder above stage of design flow ft3

FD,r Drag forces applied to boulder lbf Vr,wet Volume of boulder below stage of design flow ft3

FF Friction force applied to log lbf WBF Bankfull width at structure site ft
FH Resultant horizontal force applied to log lbf Wr Effective weight of boulder lbf
FL Lift force applied to log lbf WT Total log weight lbf
FL,r Lift force applied to boulder lbf x Horizontal coordinate (distance) ft
FP Passive soil pressure force applied to log lbf y Vertical coordinate (elevation) ft

Fsoil Vertical soil loading on log lbf yT,max Minimum elevation of log ft
FW,H Horizontal forces from interactions with other logs lbf yT,min Maximum elevation of log ft
FW,V Vertical forces from interactions with other logs lbf



Greek Symbols Abbreviations

Symbol Description Unit Notation Description

b Tilt angle from stem tip to vertical deg ARI Average return interval
gbank Dry specific weight of bank soils lb/ft3 Avg Average

gbank,sat Saturated unit weight of bank soils lb/ft3 DBH Diameter at breast height
g'bank Effective buoyant unit weight of bank soils lb/ft3 deg Degrees
gbed Dry specific weight of stream bed substrate lb/ft3 Dia Diameter
g'bed Effective buoyant unit weight of stream bed substrate lb/ft3 Dist Distance
grock Dry unit weight of boulders lb/ft3 D/S Downstream
gs Dry specific weight of soil lb/ft3 ELJ Engineered log jam
g's Effective buoyant unit weight of soil lb/ft3 Ex Example
gTd Air-dried unit weight of tree (12% MC basis) lb/ft3 Fldpln Floodplain
gTgr Green unit weight of tree lb/ft3 H&H Hydrologic and hydraulic
gw Specific weight of water at 50⁰F lb/ft3 ID Identification
h Rootwad porosity - i.e. That is
q Rootwad (or large end of log) orientation to flow deg LB Left bank
m Coefficient of friction - LW Large wood
n Kinematic viscosity of water at 50⁰F ft/s2

Max Maximum
S Sum of forces - MC Moisture content

fbank Internal friction angle of bank soils deg Min Minimum
fbed Internal friction angle of stream bed substrate deg ML Multi-log

SL Single log
N/A Not applicable
no Number

Units Pt Point
Notation Description rad Radians

cfs Cubic feet per second RB Right bank
ft Feet RW Rootwad
lb Pound SL Single log
lbf Pounds force Thw Thalweg (lowest elevation in channel bed)
kg Kilograms Typ Typical
m Meters U.S. United States

mm Millimeters WS Water surface
s Seconds WSE Water surface elevation
yr Year ↑ Above

↓ Below
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Channel Construction Cost Workbook
Project: Analyst: AM / RC

Project Number: Latest Revision: 04/14/22

Workbook Description

1

Sheet Titles:

Total Summary

Project Total Bid Sheet

Lapwai Creek Reach 14

00571-022-00

Channel Construction Cost Workbook

Unit Costs

- 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.

Restoration Cost Workbook Page 1 of 2



Project Total Bid Sheet
Project: Lapwai Creek Reach 14 Analyst: AM / RC

Project Number: 00571-022-00 Latest Revision: 4/14/2022

Item # Item Description Units Unit Cost
No. of 

Units

Total Cost         

($)

1 Mobilization and Demobilization LS 1

2 Erosion and Sediment Control LS 1

3 Environmental Protections LS 1

4 Temporary Work Area Isolation LS 1

5 Temporary Stream Diversion CY 1000

6 Clearing and Grubbing AC 2

7 Excavation CY 3727

8 Placement of Stockpiled Material CY 3727

9 Riffle Cobbles (10 In - 12 in) CY 35

10 In-stream structure LWM Type A EA 4

11 In-stream structure LWM Type B EA 5

12 In-stream structure LWM Type C EA 4

13 In-stream structure LWM Type D EA 2

14 In-stream structure LWM Type E EA 4

15 In-stream structure LWM Type F EA 6

16 In-stream structure LWM Type G EA 11

17 Rock Weirs EA 8

18 Boulder Clusters EA 50

19 Permanent Seeding, Fertilizing Mulching and Weed Control AC 2

20 Planting EA 4250

Construction Total

- This spreadsheet summarizes the construction quantities for all preliminary construction bid items. 

Restoration Cost Workbook Page 2 of 2
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Project Information: 

Project Name: Lapwai Reach 14A 

BPA Project #: 1999-017-00 

Contract #: 74017 REL 71 

Sponsor: Nez Perce Tribe, Travis House 

Designer: GeoEngineers 

Area Lead: Eric Leitzinger, EWM, Upper Snake Lead 

COR/PM: Jennifer Lord, EWM 

HIP Program Lead: Daniel A. Gambetta, ECF 

 

HIP Review Team: 

BPA EC Lead: Carolyn Sharp  

BPA Technical Lead: Christopher J. Nygaard, P.E., EWL 

NMFS Branch Chief: Kenneth Troyer, NMFS, Northern Snake Branch Chief 

NMFS Biologist: name 

NMFS Engineer: Dropdown Menu 

USFWS Field Office: N/A 

USFWS Reviewer: name 

 

Documents Reviewed: 

Lapwai Reach 14 15% Conceptual Design Memo – June 25, 2021 

Lapwai Reach 14 80% BOD – dated Aug 25, 2021 

 

 

Activity Categories: Risk Level: 

2a - Improve Secondary Channel and Floodplain Connectivity Medium 

2d - Install Habitat-Forming Instream Structures Medium 

2e - Riparian and Wetland Vegetation Planting Low 

2f - Channel Reconstruction Medium 

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 6/30/2021  

o EC Lead to submit concept to HIP Review Team to initiate review 6/30/2021 

o EC Lead to send design package to appropriate HIP Review members 6/30/2021 

o EC Lead to compile comments and forward to Sponsor 7/8/2021 

o Sponsor to provide responses to EC Lead 9/2/2021 

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

o EC Lead to notify Sponsor to proceed to preliminary design 7/8/2021 

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

o Sponsor to submit design package to EC lead and COR 8/31/2021 

o EC Lead to submit design package to HIP Review Team 8/31/2021 

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 7/1/21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

General  Mark drawings according to Idaho 

Statute 54-1215(b): The seal, signature 

and date shall be placed on all final 

specifications, land surveys, reports, 

plats, drawings, plans, design 

information and calculations, 

whenever presented to a client or any 

public or governmental agency. Any 

such document presented to a client 

or public or governmental agency that 

is not final and does not contain a 

seal, signature and date shall be 

clearly marked as "draft," "not for 

construction" or with similar words to 

distinguish the document from a final 

document. 

 

 GeoEngin

eers 

08/26/21 The 80 Percent design drawings include a 

note that indicates they are preliminary 

and not for construction.  Because the 

report, design drawings and 

specifications are not final, they have not 

been stamped by an engineer licensed in 

the state of Idaho.  

For Information 

Only 

2 BPA  7/1/21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9/2/21 

General  The conceptual memo and plans 

clearly articulate project goals and 

design direction.  BPA supports the 

design approach and proposes to 

advance and plans, specification and 

reporting directly to the 80% submittal 

with one interim technical check-in by 

video conference.  Please plan for a 1-

2 hour project development check-in 

at the approximate 30-60% design 

phase.  For the interim check-in , 

please prepare to present project 

planning, H&H analysis, draft plans 

showing all major project features, 

channel cross sections and profiles, 

draft quantities and project costs. 

Update: Comment closed 

 GeoEngin

eers 

8/30/21 A draft version of the 80 percent design 

drawings were submitted to BPA on 

August 25, 2021. GeoEngineers attended 

a coordination call regarding the draft 80 

percent design drawing submittal on 

August 26, 2021. 

Closed 
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# Reviewer 

(Org.) 

Date Document Page/ 

Section 

Comment  Response 

by (Org.) 

Date Response to Comment Status 

(BPA to Update) 

3 BPA  7/1/21 General  Please review HIP Handbook General 

and Activity Specific conservation 

measures (provided with HIP review 

comments) and ensure that they are 

incorporated into the design package.  

In particular, ensure that the plan 

properly addresses HIP requirements 

for timing (In water work window), 

access, staging, water crossings and 

workplace isolation.   

 

Update: Given space constraints of 

narrow stream corridor and adjacent 

roadway, staging area identified is the 

only appropriate option.   

 GeoEngin

eers 

08/31/21 The 80 percent design drawings address 

the in-water work window, access and 

staging, water crossings and workplace 

isolation.  The refueling and staging 

location does not meet the minimum 

150-foot separation from the ordinary 

high water mark.  The design mitigates 

that with the inclusion of a spill 

prevention BMP and a required spill kit. 

There is one proposed water crossing 

and a two-phased stream diversion plan. 

The basis of design report (BDR) 

references project elements specific to 

the relevant activities listed here.   

Closed 

4 BPA  7/1/21 

 

 

9/2/21 

General  Please include HIP general 

conservation measure in the plan set. 

 

Update: Comment closed 

 GeoEngin

eers 

08/31/21 The HIP general conservation measures 

are included on the 80 percent design 

drawings.  

Closed 

5 BPA  7/1/21 

 

 

 

 

 

 

 

 

9/2/21 

BDR  A Basis of Design report with 

appropriate technical appendices will 

be required for the project.  Please 

provide appropriate hydrologic and 

hydraulic analysis along with a 

geomorphic stability assessment in the 

80% submittal.  Please include large 

wood and rock stability calculations in 

the 80% submittal. 

Update: Comment closed 

 GeoEngin

eers 

08/21/21 The 80 percent BDR includes hydrologic, 

hydraulic, streambed material and 

proposed boulder stabilization 

calculations in the appendix. A large 

wood risk assessment and stability 

calculations are included in the 

appendix.  

Closed 

6 BPA  7/1/21 

 

 

9/2/21 

Plans  The project will require a water 

management and re-watering plan.  

Please include in the 80% submittal. 

Update: Comment closed 

 GeoEngin

eers 

08/31/21 The 80 percent design drawings include a 

construction sequence design that 

illustrates a two-phased stream diversion 

and rewatering plan. 

Closed 

7 BPA 7/6/21 

 

 

 

9/3/21 

BDR  Plans refer to presence of bull trout by 

error of the consultant.  Reminder to 

delete reference.  

 

Update: Comment Closed 

 GeoEngin

eers 

08/31/21 The reference to the presence of bull 

trout that was included in the 15 percent 

design submittal has been removed and 

is not included in the 80 percent design 

submittal.  

Closed 
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# Reviewer 

(Org.) 

Date Document Page/ 

Section 

Comment  Response 

by (Org.) 

Date Response to Comment Status 

(BPA to Update) 

8 BPA 9/2/21 Plans 1.1 Please identify if excess cut material 

will be generated at the site.  If there 

is excess material, add the estimated 

quantity to construction quantities 

table on plan sheet 1.1 and identify 

where the fill is to be placed.  HIP 

requires location outside of 100 year 

flood plain. 

Note that if excavation is in excess of 

20 cy, HIP Handbook (pg 29) requires a 

site assessment for potential site 

contamination. 

 GeoEngin

eers 

9/14/21 The final design drawings reflect a 

balanced cut and fill quantity. The 

placement of excavated material as fill 

on the project site is proposed outside of 

the 100-year floodplain. The site does 

propose more than 20 CY of excavation 

and a site assessment along with 

documentation consistent with HIP 

requirements will be completed by the 

Project Sponsor. 

Open 

(Requirement) 

9 BPA 9/2/21 Plans 4.2 Please add a rood wad size 

specification to plan sheet 4.2 to 

supplement the wood schedule. 

 GeoEngin

eers 

9/14/21 The final design drawings include 

specifications for rootwad dimensions 

and acceptance of large wood material 

to be determined by the contracting 

officer. We are recommending rootwad 

size to be 2x DBH. 

Open 

(Recommendation) 

10 BPA 9/2//21 Plans 5.3 Please add additional clarity to the 

boulder diameter specification on 

sheet 5.3.  The current statement 

would allow all 24” boulders.  

Recommend stating a minimum % of 

each intended class.  Recommend 

specifying Footer Boulders separate 

from Header Boulders to align with 

plan call-outs. 

 GeoEngin

eers 

9/14/21 The final design drawings include specific 

footer and header boulder size 

requirements. The design drawings also 

identify the percentage by weight for 

specified size classes for the boulders.  

Open 

(Recommendation) 

11 BPA 9/2/21 Plans 4.1 Recommend removing the 50% slope 

from typical channel detail on sheet 

4.1 and state “varies”.  The math 

doesn’t line up if intent is 32 ft top of 

bank consistent with horizontal length 

summation and detail on sheet 5.3.  

 GeoEngin

eers 

9/15/21 The final design drawings have provided 

approximate cross-sectional side slopes 

and maximum allowed where 

appropriate.  

Open 

(Recommendation) 
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# Reviewer 

(Org.) 

Date Document Page/ 

Section 

Comment  Response 

by (Org.) 

Date Response to Comment Status 

(BPA to Update) 

12 BPA 9/3/21 Plans 6.1 Revegetation plan seed mix consists of 

all non-natives.  Discussion at meeting 

9/2/21 indicated that more work 

needed on reveg plan in general, 

including planting details.  Please 

make sure to select a native seed mix 

per HIP Category 2e Riparian and 

Wetland Vegetation Planting. 

 GeoEngin

eers 

9/15/21 The final design reflects native seeding 

and planting species specifications.  

Open 

(Requirement) 

13 BPA 9/3/21 BOD Section 

6.0 

Construction details: please include a 

narrative of methods, materials, 

equipment that would likely be 

needed during construction.  

Discussed during 9/2/21 meeting. 

 GeoEngin

eers 

9/15/21 The final basis of design report includes a 

summary description of proposed in-

channel construction activities. The 

summary is included in Section 6 of the 

report.  

Open 

(Requirement) 

14 BPA 9/3/21 BOD Drawin

g 2.0 

Non-HIP comment for NPT to address: 

Drawing 2.0 shows property 

ownership. Does this show that the 

underlying land is private, but project 

is within ITD ROW? We’ve talked 

about needing agreements with IDT 

for use of the pullout for staging.  

What other agreements are 

needed/planned?  

 NPT 9/30/21  Not a HIP review 

comment 

15 BPA 9/3/21 BOD Drawin

g 3.0 

Non-HIP comment for NPT to address: 

please provide a .shp file of the 

Project Disturbance Limits to the EC 

Lead to compare the APE with the 

2018 project to figure out if additional 

cultural resource survey will need to 

be scheduled before implementation 

planned for next year.  

 NPT 9/30/21  Not a HIP review 

comment 
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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 the Nez Perce Tribe 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 the Nez 
Perce Tribe 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 Nez Perce Tribe dated 
August 11, 2020 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 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 Lapwai Creek habitat restoration project in Nez Perce County, Idaho. 
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 ASFE, Professional Firms Practicing in the Geosciences; www.asfe.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 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 include 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 structures with the intent of mimicking naturally-occurring instream 
structures. In other instances, GeoEngineers may have purposely included such fasteners, if considered 
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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. 

 




	1.0 INTRODUCTION
	1.1. Project Responsible Parties
	1.2. Site Location

	2.0 PROJECT BACKGROUND
	2.1. Project Goals, Objectives, and Constraints
	2.1.1. Goal
	2.1.2. Objectives
	2.1.3. Constraints


	3.0 EXISTING CONDITIONS
	3.1. Project Site
	3.1.1. Site Assessment (April 2021)
	3.1.2. Adjacent Reaches
	3.1.3. Project Reach
	3.1.4. Previous Restoration Efforts

	3.2. Hydrology
	3.2.1. Peak Recurrence Interval Flows
	3.2.2. Low-Flow Hydrology

	3.3. Geomorphology

	4.0 DESIGN DEVELOPMENT
	4.1. HIP 4 Biological Opinion Considerations
	4.2. Proposed Project Element 1: Channel and Floodplain Grading
	4.3. Proposed Project Element 2: Instream and Floodplain Structures
	4.3.1. Structure Types

	4.4. Proposed Project Element 3: Riparian Vegetation Planting 

	5.0 HYDRAULIC MODELING AND ANALYSIS
	5.1. Model Development
	5.1.1. Model Domain
	5.1.2. Model Elevation Surface
	5.1.3. Mesh Development
	5.1.4. Model Roughness
	5.1.5. Boundary Conditions

	5.2. Existing Model Results
	5.3. Proposed Model Results
	5.3.1. Instream and Floodplain Structure Stability
	5.3.2. Proposed Conditions Porous Rock Weir, Boulder Cluster, and Constructed Riffle Stability


	6.0 CONSTRUCTION 
	6.1. Disturbance Areas and Conservation Measures
	6.2. Construction Quantities and Estimate of Anticipated Construction Costs

	7.0 LIMITATIONS
	8.0 REFERENCES
	FIGURES
	Figure 1. Vicinity Map
	Figure 2. Watershed Map

	APPENDICES
	Appendix A. Final Design Drawings
	Drawing 1.0—Cover Sheet
	Drawing 1.1—General Notes, Quantities and Legend
	Drawing 2.0—Existing Conditions Plan and Profile
	Drawing 3.0—Construction Access and Staging
	Drawing 3.1—Construction Sequencing and Water Management Plan Phase 1 
	Drawing 3.2—Construction Sequencing and Water Management Plan Phase 2
	Drawing 3.3—Erosion and Sediment Control Details
	Drawing 4.0—Proposed Conditions Grading Plan and Profile
	Drawing 4.1—Proposed Conditions Grading Sections and Details
	Drawing 4.2—Proposed Conditions Structures Plan
	Drawing 5.0—LWM Details 1
	Drawing 5.1—LWM Details 2
	Drawing 5.2—LWM Details 3
	Drawing 5.3—Rock Weir Details
	Drawing 5.4---Riffle Details
	Drawing 6.0—Revegetation Plan
	Drawing 6.1—Revegetation Details
	Drawings 7.0 through 7.2—HIP IV General Conservation Measures

	Appendix B. Site Photographs
	Figures B-1 through B-6—Site Photographs

	Appendix C. Hydrologic and Hydraulic Analyses
	Figure C-1—Existing Conditions Mesh
	Figure C-2—Existing Conditions Manning’s n
	Figure C-3—Existing Conditions Hydraulic Cross Section Extraction Location
	Figure C-4—Proposed Conditions Mesh
	Figure C-5—Proposed Conditions Manning’s n
	Figure C-6—Proposed Conditions Hydraulic Cross Section Extraction Location
	Figure C-7—Hydraulic Cross Section Extraction Locations for Structure Stability
	Figure C-8—Existing Conditions Design Flow: 1.5-year
	Figure C-9—Existing Conditions Design Flow: 2-year
	Figure C-10—Existing Conditions Design Flow: 100-year
	Figure C-11—Existing Conditions Design Flow: April 50 Percent Exceedance
	Figure C-12—Proposed Conditions Design Flow: 1.5-year
	Figure C-13—Proposed Conditions Design Flow: 2-year
	Figure C-14—Proposed Conditions Design Flow: 100-year
	Figure C-15—Proposed Conditions Design Flow: April 50 Percent Exceedance
	Figure C-16—Hydrology

	Appendix D. Rock Weir Gradation
	Appendix E. Large Wood Stability Calculations
	Appendix F. Construction Quantities and Estimate of Anticipated Costs
	Appendix G. HIP Project Review Comment Tracking
	Appendix H. Report Limitations and Guidelines for Use

	LapwaiCreek_ConstructionCostEstimate_rev



