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INTRODUCTION 

GeoEngineers Inc., (GeoEngineers) developed the Touchet River Baileysburg Restoration Design Project 
as a community-wide collaboration to improve habitat for native salmonids including ESA listed steelhead 
and bull trout.  The Project Reach includes the North Fork Touchet River bound on the downstream side 
by the South Touchet Road Bridge and bound on the upstream side by the Baileysburg Road Bridge.  
Guidance for the project development was provided through collaboration with project area landowners 
and Snake River Salmon Recovery Board’s (SRSRB) Regional Technical Team (RTT).  

Project Background 

GeoEngineers completed a geomorphic assessment for the upper Touchet River watershed in  
November 2011 (GeoEngineers, 2011).  Included in those services was an alternatives assessment and 
conceptual design for a portion of the North Fork Touchet River, upstream from the City of Dayton, 
Washington.  Subsequent to our November 2011 report, the City received funding to develop the 
preferred concept to a final design.  GeoEngineers was contracted for that work in an agreement dated 
April 8, 2013.   

Between May 16, 2013 and March 21, 2014, GeoEngineers met with project area landowners and other 
interested stakeholders on nine occasions to discuss alignments and other logistical constraints.  On 
each occasion, concepts were modified to accommodate the landowner concerns within the habitat 
restoration objectives of the project.   

In May 2014 a concept was agreed to by the landowners.  GeoEngineers refined that concept and 
submitted it for review on June 16, 2014.  No comments were provided on that concept and 
GeoEngineers developed those into the preliminary design included in a preliminary basis of design report 
dated August 5, 2014.  We have made revisions to the preliminary report, following review comments 
provided by the Washington Recreation and Conservation Office (RCO).  Those revisions are included in 
this report. 

Report Overview 

The body of this report provides a summary of rationale and analyses supporting the proposed design as 
represented on the accompanying design drawings (Appendix A). GeoEngineers prepared this report with 
input from the collaborative planning group that included the project area landowners and interested 
entities noted above. This design report, drawings and supporting technical analyses are intended to 
present proposed plans to the City of Dayton, SRSRB, RCO, regulatory agencies and interested entities. 

Contractual Authorization 

GeoEngineers has developed this design as authorized by the City of Dayton on April 8, 2013 and 
amended on June 9, 2014.  This project is referred to as the Touchet River Baileysburg Restoration 
Design.  The scope of services GeoEngineers performed under these agreements is described in the 
Scope of Services Section, below. 
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SCOPE OF SERVICES 

Task 1  Landowner/Kickoff Meeting 

GeoEngineers participated in a landowner/kickoff meeting on May 16, 2013 to provide a project 
understanding and to accommodate landowner concerns.  The meeting was hosted by the SRSRB.  The 
meeting was attended by two of the four landowners in the project area footprint.  At this meeting we 
made adjustments to the concept to accommodate landowner concerns.  Due to limited representation 
by all landowners and changing landowner concerns, eight other landowner meetings were held between 
June 2013 and May 2014 to accomplish project understanding and buyoff.  

Task 2  Field Reconnaissance 

GeoEngineers performed field reconnaissance through the project site on June 15, 2013.  Our field 
reconnaissance included the collection of: 

■ Locations of infrastructure and “off-limits areas”  

■ Floodplain and riverbank observations to document site specific concerns (i.e. hazards, existing 
structures, potential large woody debris [LWD], etc.) 

■ Locations of habitat enhancement techniques  

■ Landownership boundaries 

■ Sediment transport and response zones 

■ Measurements of channel geometry 

■ Location of existing instream structures that were placed as part of separate projects 

■ Location of existing levees 

■ Location of access, staging, stockpiling and disposal areas 

Task 3  Update Hydraulic Model 

GeoEngineers prepared a hydraulic analysis for this report by utilizing a HEC-RAS hydraulic model.  The 
geometry file for the existing and proposed conditions was updated from the conceptual design for this 
phase of the project using the proposed grading enhancements.  For the details, see Hydraulic Analysis 
(GeoEngineers, 2011). 

Task 4  Prepare Preliminary 50 Percent Design for Stakeholder Review 

Under the agreement authorized on April 8, 2013, it was assumed that alignments and landowner 
agreement would be finalized by mid-summer 2013.  However, complete landowner buyoff or 
concurrence was not able to be obtained to advance the project to the 50 percent level.  On 
October 28, 2013 GeoEngineers met with landowners to discuss project alignments and concepts that 
were re-developed to address concerns that some landowners had.  At this meeting landowners 
requested further modifications to the plans, which, in our professional opinion, would not achieve project 
objectives.  The modifications and constraints proposed by the landowners are described in further detail 
in the Proposed Improvements Section below.  Based on the constraints to the project at that point, on 
December 17, 2013, GeoEngineers recommended that the project should not be advanced to the 
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50 percent level.  Subsequent to that recommendation, the landowners agreed to a concept that could 
achieve the project objectives. 

When the landowners agreed to the concept presented in this report, GeoEngineers agreement with the 
City of Dayton had to be amended to extend the project timeline.  To accommodate the new schedule, the 
amended agreement replaced this 50 percent design task with a Preliminary Design task for RCO review, 
which was delivered on August 5, 2014.   

Task 5  50 Percent Design Review Meeting 

Similar to Task 4, above, we modified this task to include RCO review of the Preliminary Design, which 
was delivered on August 5, 2014.  In accordance with the modified agreement, this task included 
addressing RCO comments in lieu of the 50 Percent Design Review meeting contained in the original 
agreement.  The RCO provided their comments to GeoEngineers in an email dated August 7, 2014.  The 
final designs have incorporated those comments. 

Task 6  Prepare 90 Percent Design 

Per the Modified Agreement, the 90 Percent Design task was eliminated to accommodate the project 
schedule and budget.  As mentioned in the Task 5 description final designs were developed based on 
comments received by the RCO on the Preliminary Design Report. 

Task 7  Prepare Final Design 

This Final Design Report represents the final deliverable for this project.   

SITE DESCRIPTION/EXISTING CONDITIONS 

General 

The project reach between the Baileysburg Bridge and the South Fork Touchet Road Bridge, is a minimally 
entrenched channel with an accessible floodplain.  The main channel resides within a high-flow corridor 
that includes smaller side channels within the floodplain.  Some of these channels have been 
disconnected from the main stem by small discontinuous push-up dikes.  This reach is predominately a 
sediment transport reach with stream bed material sizes in the range of coarse gravels to small cobbles. 

Habitat conditions for native salmonids throughout the project reach are generally poorly suited for 
spawning and rearing.  Decades of anthropogenic development and land-use have resulted in channel 
simplification and disconnection with the floodplain.  In a few locations throughout the project reach, rock 
weirs and barbs have been installed but appear to be measures intended to protect channel banks and 
attenuate channel migration.  In some cases the structures have failed and are generally not providing 
hydraulic complexity sufficient to support pools and other low-velocity refugia areas, necessary for 
juvenile rearing.  Further, the lack of hydraulic complexity, commonly associated with large roughness 
elements (e.g. LWD), has resulted in a relatively poorly sorted sediment distribution, which limits 
spawning habitat availability.  Channel confinement and disconnection with the floodplain has 
functionally eliminated side channels and considerably reduced the riparian area’s ability to provide cover 
and shade. 
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PROPOSED IMPROVEMENTS 

Background 

The overall intent of the proposed improvements is to provide a channel that is more geomorphically 
appropriate to the landscape and uses large roughness elements to increase channel complexity and 
habitat diversity.  Included in this design are treatments that will increase side channel length, which will 
provide low-velocity refugia and support a wider and more robust riparian community.  Additionally, as we 
understand it, this project will be paired with conservation easements through the Blue Mountain Land 
Trust to protect the enhanced habitat conditions. 

GeoEngineers conducted several site visits and met with adjacent land owners on several occasions.  The 
landowners provided feedback during these various site visits and at the design review meeting on 
October 28, 2013 identified above.  The following is a summary of the suggestions provided by the 
various land owners. 

■ Do not reduce the flood protection currently provided by the existing berms located south of the 
channel between approximate stations 34+00 to 36+00 and 41+00 to 48+00.  

■ Protect the availability of irrigation water south of the main channel at approximate station 38+00. 

■ Do not provide a side channel north of the main channel between approximate stations 43+00 and 
49+00. 

■ Limit the disturbance of the floodplain south of the main channel to one side channel between 
approximate stations 48+00 and 56+00. 

■ Do not disturb the location of the existing main channel between approximate stations 58+00 and 
67+00. 

We developed the enhancements included on the design drawings in Appendix A following the agreement 
between SRSRB in May of 2014.  That agreement included the addition of the side channel on the north 
side of the channel between stations 43+00 and 49+00, an additional side channel south of the main 
channel between stations 48+00 and 56+00 and the relocation of the main channel within the south 
floodplain between stations 58+00 and 67+00. 

Through the coordination meetings with landowners and some stakeholder groups, GeoEngineers 
understands the local community is concerned with flooding.  It must be noted that this design was 
intended to improve habitat conditions for native salmonids only.  This design is not intended to, and 
cannot be expected to attenuate flood elevations and associated flood risks to landowners or the 
community.  The risk of flooding and potential damages associated with it, will remain unchanged through 
the implementation of this design.  Due to the community concerns regarding flooding, GeoEngineers 
recommends that, prior to construction, public meetings be held so the community does not interpret the 
intent of this design and project incorrectly.    

Channel Configuration 

GeoEngineers designed a main channel and side channel configuration to meet the project vision, goals 
and objectives shown on Sheet 1.2.  The main channel will include stretches without modification to the 
channel geometry and profile.  Together, the main channel and side channels will accommodate the 
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bankfull discharge of 700 cubic feet per second (cfs).  Flows above that will begin accessing the 
floodplain incrementally as discharges increase beyond bankfull.  We provided improved floodplain 
connectivity with channel grading and side channel enhancement and left existing berms in place per 
suggestions of project area landowners.  The proposed stream planform and cross sectional geometry 
were designed to achieve a streambed gradient that will balance sediment conveyance in a 
geomorphically appropriate manner throughout the project reach.  We designed the main channel with 
alternating pools and riffles.  The riffles contain on-site cobbles and gravels with additional boulders to 
provide stability and spawning habitat.  We included boulders to provide channel stability upstream of 
proposed pools and at the inlets of proposed side channels.  We anticipate increased shear stress at 
these locations because of the proposed pools located downstream of the riffles.  We also propose 
boulders to provide additional resistance to degradation at the riffles because inundation of the side 
channels is sensitive to main channel elevations.  The proposed boulders also improve aquatic habitat 
with local scour and deposition for sediment sorting and by providing velocity refugia.  We designed the 
side channels to convey water throughout the annual hydrograph.  The side channels have a positive 
slope throughout their length to provide positive drainage and minimize fish stranding during low-flow 
events.  The following describes the channel improvements generally from downstream to upstream and 
refers to locations within the main channel of the North Fork Touchet River and various side channels.  
Refer to Sheets 3.2 through 3.4 in Appendix A for the locations of these proposed improvements.   

The design will revise the existing meander bend to create a larger radius between approximate river 
stations 37+00 and 46+00.  Two riffles and two pools are proposed within this channel segment.  Wood 
structures shall be installed at the outside bends of the two channel meanders within this segment to 
temporarily resist channel migration and to improve sediment sorting.  The design includes the 
enhancement of a series of side channels through the channel left floodplain.  These side channels are 
designed to convey water during the seasonal low-flow discharge.   

There are no enhancements proposed within the main channel between approximate stations 46+00 and 
49+00.  However, we have designed a side channel through the existing floodplain between the channel 
and the existing roadway embankment north of the channel.  We identified the proposed condition 
channel alignment and profile on Sheet 3.2 of the Restoration Design Plans located in Appendix A.   

The design revises the existing meander bend to create a larger radius between approximate river 
stations 49+00 and 55+50.  The revised meander bend will include a pool and riffle sequence.  The 
embankment on the right channel bank, between approximate stations 52+50 and 54+00, currently 
includes an unstable cut bank.  To help stabilize the bank in this segment, the main channel shall be 
shifted to the south thus flattening the excessive channel bank slope in this location.  This treatment will 
also include wood structures that simultaneously improve habitat complexity and attenuate channel 
migration through this segment.  The design includes the enhancement of a series of side channels 
through the channel left floodplain.  These side channels are designed to convey water during the 
seasonal low-flow discharge.   

There are no enhancements proposed between approximate stations 55+50 and 57+50.  We identified 
the proposed condition channel alignment and profile on Sheet 3.3 of the Preliminary Restoration Design 
Plans located in Appendix A.   

Between approximately river stations 57+50 and 67+00 a new meander bend was designed by filling the 
main channel and excavating the floodplain left of the existing channel.  One riffle and pool sequence is 
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designed within this channel segment.  Wood structures are to be installed at the outside bend of the 
channel meander, within this segment, to provide stabilization to resist channel migration and to improve 
sediment sorting.  The design includes the excavation of a side channel through the floodplain right of the 
proposed channel.  The side channel is designed to convey water during the seasonal low-flow discharge.  
We identified the proposed condition channel alignment and profile on Sheet 3.4 of the Preliminary 
Restoration Design Plans located in Appendix A.   

A summary of the channel geometry at bankfull discharge in both the existing and proposed conditions is 
shown in Table 1. 

TABLE 1. SUMMARY OF EXISTING AND PROPOSED CHANNEL GEOMETRY AT BANKFULL CONDITIONS 

Parameter Existing Condition Proposed Condition 

Bankfull Width (ft) 60 40–48 

Bankfull Depth (ft) 3.2 2.3–2.5 

Width Depth Ratio (ft) 18.6 16.0–20.9 

Sinuosity (ft/ft) 1.19 1.24 

Slope (ft/ft) 0.0106 0.0104 

D50 (material) Gravel/Cobble Gravel/Cobble 

 
Instream Habitat Structures 

Instream habitat structures, coupled with the creation of side channels, are intended to trap spawning 
gravels and create hydraulic/habitat complexity, thus improving habitat for both adult and juvenile life 
history stages of native salmonids.  These are intended to be naturally appearing, naturally functioning 
tree or rock structures placed in the stream, streambanks and floodplains.  Types and locations of 
proposed wood habitat structures are shown on Sheets 3.2 through 3.4 in Appendix A. 

Structures included in this design are intended to dissipate energy, stabilize the streambanks and bed, 
and creates localized habitat benefits.  Each individual structure performs very specific functions such as 
directing stream flow, scouring pools or sorting gravel based on known hydraulic forces and the design 
intent.  Knowledge of hydraulic forces throughout the enhancement reach improves, creates and 
maintains habitat features including vegetated banks, pools and riffles, which help create habitat 
complexity, cool water temperatures, and provide cover for protection and a source of food.  These 
features, in turn, enhance and diversify habitat for fish spawning, rearing and migration.  Additional 
benefits to macroinvertebrates, amphibians and other aquatic and terrestrial species are also 
anticipated.  Typical details of each instream large woody debris structure can be found on Sheets 5.2 
through 5.6 in Appendix A.  These details include notes that describe the purpose of each structure as 
well as design specifics. 

Re-Vegetation Plan 

The establishment of healthy, self-sustaining native vegetative communities throughout the project reach 
is vital to the success of a stream habitat enhancement project.  Such communities promote short-term 
and long-term bank stabilization, shade for cooler water, protective cover for fish, habitat for terrestrial 
wildlife (birds, mammals, amphibians and macroinvertebrates) and will provide woody debris recruitment 
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in the future.  A robust riparian plant community also provides greater protective cover, food sources, 
habitat complexity and diversity, and migration continuity for the larger ecosystem. 

The species of plants shown in Sheets 6.1 through 6.4 are suggestions only and may be modified by the 
project sponsor to achieve the desired effect.  Plant communities shown vary in relation to the stream’s 
bankfull elevation, with the more hydrophytic plants closer to the stream and the more drought-tolerant 
species at higher elevations.  The proposed vegetation consists of plant species native to the area that 
are typically found at similar sites within the region.  In order to establish both an over story tree canopy 
and understory shrub layer, this planting plan suggests to install relatively quick growing early 
successional species such as black cottonwood (Populus trichocarpa) and willows (Salix exigua).  Small 
quantities of late successional species including Ponderosa pine (Pinus ponderosa) are incorporated into 
this plan as well to provide a seed base for future establishment by volunteers of these species.   

Re-vegetation activities will occur immediately following earth moving activities.  Once the final grade has 
been attained, all disturbed areas will be replanted as appropriate.  It is anticipated that supplemental 
irrigation may be required to assist with vegetation establishment.  This need for supplemental irrigation 
will be determined during the planting phase.    

Planting Zones and Application  

Two planting zones have been identified based on proposed bankfull elevation of the river.  These zones 
include Bank Zone A and Wet/Riparian Zone B.  Specific plant communities have been suggested for 
each zone that reflects the anticipated hydrology available for each zone.  Descriptions of each zone and 
respective plant communities are contained in the following sections. 

Bank Zone A  
Streambank vegetation will be dominated by a dense shrub community with a small amount of Black 
Cottonwood over story.  The suggested vegetation will consist primarily of live cuttings and plugs.  The 
densities of cuttings/plugs will vary based on their respective locations along the stream channel.  
However, in most cases, the willow cuttings should be spaced at approximately 4-foot on-center intervals 
when located on the outside of channel meanders and further apart (6-foot on-center intervals) in areas 
where streambank protection is less of a concern (for example, inside of channel meanders and along 
straight sections).  Black Cottonwood (cuttings) clusters should be planted approximately 12 feet or 
further apart.  Sheet 6.2 identifies the suggested planting configurations in the Bank Zone A.   

Wet/Riparian Zone B 
The suggested vegetation structure for the Wet/Riparian Zone B will consist of a tall, closed to partially 
open canopy forest, in narrow to wide bands along the stream corridor.  The suggested vegetation will be 
applied as a combination of live cuttings or bare roots.  The species suggested for the Wet/Riparian Zone 
B are listed on Sheet 6.2. 

HYDROLOGY 

General 

This section briefly summarizes the hydrology of the North Fork Touchet River at the project location.  
GeoEngineers addressed the hydrology of the North Fork Touchet River at this site in a previous submittal 
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titled Geomorphic Assessment, Touchet River, Upstream of Dayton, Washington, dated  
November 28, 2011 (GeoEngineers, 2011).  A detailed hydrologic analysis is contained in that document.   

Peak Discharges 

To estimate annual instantaneous peak flows for the Implementation Reach, GeoEngineers utilized four 
methods for comparison.  First, we completed a regression analysis on the historical gauge 
(USGS Gauge 14016500) within the Implementation Reach.  We evaluated the historic gauge data with 
an artificially extended record using the downstream USGS gauges (USGS Gauge 14017500, 
14017000).  We analyzed its historical gauge data along with the historic data from the nearby 
Washington Department of Ecology (DOE) gauge (Gauge DOE-32E050).  We used the USGS StreamStats 
program for the fourth method as well as to validate our assumptions used in the watershed-scale 
assessment.  We statistically analyzed the historic data using the USGS PeakFQ program to estimate flow 
discharges at various exceedance probabilities or flood return intervals (USGS, 2009).  The USGS PeakFQ 
program utilizes the Log Pearson Type III statistical distribution as described in Bulletin 17B from the 
USGS to estimate the discharges at selected exceedance probabilities (USGS, 1982).  We used the flood 
frequency distribution from the original historic record from 1941-1968 to develop peak discharge 
relationships for the North Fork Touchet at the confluence with the South Fork Touchet. To maintain 
consistency, the 100-year flood discharge used in our analysis is based on the effective Federal 
Emergency Management Agency (FEMA) discharge of 5,030 cfs.  We have summarized the resulting peak 
discharge values in Table 2. 

TABLE 2. DISCHARGE SUMMARY TABLE (CFS) 

Flow Reach 
Flood Frequency (Years) 

1.5 2 5 10 25 50 100 

North Fork Touchet 700 882 1570 2113 2981 3762 5030 

CHANNEL GEOMETRY 

The applied channel design methodology results in multiple stable channel geometries accounting for 
differing channel slopes found throughout the project reach.  There are two channel sections within the 
implementation reach that do not include channel geometric modifications.  Table 3 includes channel 
geometries by river station, according to the range of riffle slopes represented in that reach. 

TABLE 3. CHANNEL GEOMETRY 

Main Channel 
Station Range, 

Channel ID 
Bankfull Width 

(ft) 
Bottom Width 

(ft) 
Bankfull Depth 

(ft) 
Side Slope 

(H:V) 

Channel 
Slope 

(%) 

37+50–46+00 48 30 2.3 4:1 0.87–1.00 

46+00–49+15 Match Existing 

49+15–55+50 48 30 2.3 4:1 1.06–1.47 

55+50–57+80 Match Existing 

57+80–66+87 40 24 2.5 3:1 0.72–0.81 
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HYDRAULIC MODELING 

Hydraulic Model  

GeoEngineers performed a hydraulic analysis of the Touchet River Baileysburg Restoration Design using 
Version 4.1.0 of the USACE’s HEC-RAS (USACE 2010) hydraulic computer model.  HEC-RAS is a 
one-dimensional, steady-state, hydraulic model that computes water surface elevations using a step-wise 
methodology.  We analyzed the project’s hydraulic characteristics using a mixed flow regime.  We used 
the results from this hydraulic model to analyze water surface elevations and channel stability along the 
project reach.  Detailed output and graphics from the hydraulic analysis are shown in the Hydrologic and 
Hydraulic Analysis, Appendix B. 

Model Development 

We developed the proposed conditions hydraulic model by constructing cross sections at locations of 
interest beginning just upstream of the Baileysburg Bridge and extending approximately 4,025 feet 
downstream, terminating approximately 90 feet past the South Touchet Road Bridge.  We imported two 
cross sections from the Existing Conditions Model GeoEngineers previously developed located at the 
upstream and downstream limits of the project.  The imported cross sections are located outside the 
limits of the proposed construction and are used as upstream and downstream boundary conditions.   

Model Results 

Water Surface Elevation Comparison 

We compared the water surface elevations produced from the hydraulic model to the water surface 
elevations contained in the FEMA FIS Report, dated July 19, 2000 (FEMA 2000).  The table below 
compares water surface elevations taken at FIS cross sections, located within the project reach.  We 
performed a datum conversion using version 3.3 of the National Oceanic and Atmospheric Administration 
(NOAA)’s VDatum datum conversion program (NOAA, 2014) to convert the elevations in the FIS from 
NGVD 1929 datum to NAVD 1988 datum.  For the project reach, the average conversion factor of 
3.33 feet was used to convert from the NGVD 1929 datum to the NAVD 1988 datum.  We developed 
hydraulic model results using the FEMA 100 year discharge of 5030 cfs. 

TABLE 4. BASE FLOOD ELEVATIONS 

FEMA FIS  
Cross Section 

FEMA  
(NGVD 1929, ft) 

FEMA 
(NAVD 1988, ft) 

Proposed  
(NAVD 1988, ft) 

Difference 
(ft) 

D 1703.6 1706.93 1706.79 -0.14 

E 1708.8 1712.13 1709.80 -2.33 

F 1718.0 1721.33 1720.31 -1.02 

G 1726.1 1729.43 1729.16 -0.27 

Channel Stability/Incipient Motion Analysis 

We assessed channel stability by means of an incipient motion analysis.  We evaluated the bed shear 
stresses located at riffle locations during the bankfull discharge of 700 cfs, produced by the hydraulic 
model.  We applied Shield’s Equation to the riffle gradation to determine the critical shear stress required 
for incipient motion of the riffle gradation.  We then compared the critical shear stress required to induce 
incipient motion of the riffle gradation to the bed shear stress produced by the hydraulic model.  We 
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adjusted the stability of the riffle gradation by adding a variety of boulders to the gradation.  The resulting 
mix of native stream bed material and additional boulders results in a relative bed stability of 1.73.  
Relative bed stability is the ratio of critical shear stress (stress required for incipient motion of bed 
material) divided by the calculated bed shear stress produced from the hydraulic model.  Detailed 
analysis of bed stability output is listed in Appendix C – Hydraulic Analysis.   

SUMMARY AND CONCLUSIONS 

GeoEngineers worked the City of Dayton, the SRSRB and stakeholders in developing a design that 
captured the overarching vision for the enhancement of the North Fork Touchet River at the Baileysburg 
Site.  More detailed goals, objectives and treatments, which specifically targeted the project’s vision, were 
subsequently identified and refined into a host of distinct conceptual-level enhancement alternatives. We 
compared these alternatives against one another that resulted in identifying the enhancement alternative 
that best achieves the project’s vision and met the desires of the local landowners.  The proposed 
enhancement plan was further refined to a preliminary-level of design of which this report is an integral 
part.  This report summarizes this process. 

The proposed habitat enhancement will improve the existing condition by reconfiguring the stream into a 
more complex channel alignment and stabilizing the channel in selected areas.  We expect enhancement 
of natural physical processes to result in ecological responses such as increased biological production 
and biodiversity for both aquatic and terrestrial organisms. 

The enhancements proposed to achieve these results include: 

■ Realigning the North Fork Touchet River to accentuate channel planform complexity. 

■ Creating additional side channels and backwater channels to increase habitat diversity and provide 
rearing habitat.  This habitat is intended to accommodate native salmonids and represent an 
increase in the habitat types that are limiting factors within the Project Reach. 

■ Sculpting pools and riffles and incorporating instream wood and boulder structures to direct flows 
naturally (rather than forcefully resist flows).  This enables the stream to maintain itself by proper 
substrate conveyance and sorting. 

■ Using native vegetation for long-term streambank stability and habitat diversification.   

The proposed improvements will result in enhancing, expanding and diversifying the function and values 
of the aquatic and riparian habitat along the stream corridor itself, while enhancing the continuity to the 
larger mosaic of upland habitats.  As such, in this design, we expect some side channels to be moderately 
transient and flow volumes in them will vary based on sediment deposition/transport at either end of 
each side channel.  The transient nature of side channels increases diversity and improves the overall 
health of the ecosystem in which it exists. 

It is important to note that proposed habitat enhancement will require monitoring and maintenance.  This 
has been accommodated as well as possible into the design, but may still prove problematic before 
construction or in the early years post-construction in the event of a large or prolonged runoff event or 
extreme low-flows. 
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LIMITATIONS 

We have prepared this report for the City of Dayton and their authorized agents for the Touchet River 
Baileysburg Restoration Design Project located in Columbia County, Washington as illustrated Sheet 1.1 
in Appendix A. 

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. 

Please refer to the appendix titled “Report Limitations and Guidelines for Use” for additional information 
pertaining to the use of this report. 
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 Final Design Drawings 
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Hydrologic Analysis 

 

 



USGS Stream Gage Analysis

Project: Touchet River Site: N. Fork Touchet

Project Number: 10291-002-01 Analyst: ESM / RSC

Watercourse: N. Fork Touchet River Latest Revision: 8/5/2014

Workbook Description

Filename: C:\Users\esmiller\Desktop\[USGS Gage Analysis - Touchet River.xlsx]Gage Information

Sheet Titles:

USGS Stream Gage Analysis

Peak Instantaneous Discharge Results

- This workbook is:
- proprietary to GeoEngineers, Inc.,
- contains spreadsheets that facilitate the analysis and/or design of this project,
- lists the general project and workbook information that is consistent throughout the workbook,
- lists the titles of the spreadsheets contained in this workbook, and
- is intended for use with ENGLISH UNITS.



Peak Instantaneous Discharge Results

Project: Touchet River Site: N. Fork Touchet

Project Number: 10291-002-01 Analyst: ESM / RSC

Watercourse: N. Fork Touchet River Latest Revision: 8/5/2014

Spreadsheet Description

0.9900 0.8 0.66667 0.5 0.2 0.1 0.04 0.02 0.01 0.005 0.002

1.0101 1.25 1.5 2 5 10 25 50 100 200 500

357 USGS 17-B 1606 2049 2635 4252 5426 7004 8238 9517 10840 12680

357 USGS StreamStats 1780 4380 6060 7500 9060 13300

727 USGS 17-B 791 2145 2827 3777 6652 8943 12260 15040 18060 21370 26190

727 USGS StreamStats 2200 5770 8120 10100 12300 18300

107 USGS 17-B 230 516 659 862 1504 2046 2879 3617 4463 5432 6929

107 USGS 17-B Mod I 274 537 664 839 1379 1824 2497 3085 3755 4517 5687

107 USGS 17-B Mod II 587 739 947 1574 2076 2816 3447 4147 4926 6092

107 USGS StreamStats 939 2350 3290 4100 4980 7420

115 USGS StreamStats 963 2420 3390 4230 5140 7670

115 Area Ratio 538 688 899 1569 2135 3004 3774 4657 5668 7230

115 USGS Ratio 700 882 2113 2981 3762 4640 7256

115 FEMA 2570 4200 5030 7360

Note: USGS Ratio discharge results used as project discharge rates

NF Confluence

Discharge (cfs) Estimates From Various Methodology

Probability of Exceedance of Flow

USGS 14017000

USGS 14017500

USGS 14016500

River Location Basin Area (mi
2
) Discharge Method

- This spreadsheet contains the results from the hydrologic study of the N. Fork Touchet River.  Gages analysed (USGS 14017000, USGS 14017500, USGS 14016500).
- Methods utilized (USGS Bulletin 17-B, USGS Stream Stats, Area ratio, USGS ratio)
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Reference: Model output obtained from HEC-RAS v4.1.0

HEC-RAS Results
Plan View

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-1



Reference: Model output obtained from HEC-RAS v4.1.0

HEC-RAS Results
Profile View

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-2



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-3
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-4
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-5
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-6
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-7
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-8
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-9
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-10
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-11
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-12
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-13
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-14
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-15
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-16
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Cross Sections

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-17
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Model Output Table
1.5-Year Discharge

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-18
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Model Output Table

2-Year Discharge

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-19
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Model Output Table
10-Year Discharge

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-20
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Model Output Table
25-Year Discharge

Touchet River Baileysburg Restoration Design
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Figure C-21
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Model Output Table
50-Year Discharge

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-22
Reference: Model output obtained from HEC-RAS v4.1.0



HEC-RAS Results
Model Output Table

FEMA 100-Year Discharge

Touchet River Baileysburg Restoration Design
Dayton, Washington

Figure C-23
Reference: Model output obtained from HEC-RAS v4.1.0



Stable Channel Design Results - Copeland Method
    d84(mm) = 120, D50(mm) = 71, D16(mm) = 33
    Temperature (F) 55
    Specific Gravity of Sediments 2.65
    Unit Weight of Water (lb/cu ft) 62.385
    Viscosity (sq ft/s) 1.315E-05
    Discharge (cfs) 700

Upstream Channel
    Sediment Concentration (ppm) 0
    Base Width (ft) 33
    Channel Slope (ft/ft) 0.007

Left Right
    Side Slope 5 5
    Roughness Eq  Manning Manning
    Roughness Value 0.035 0.035

Stable Channel
    Valley Slope(ft/ft) 0.011

Left Right
    Side Slope 4 4
    Roughness Eq  Manning Manning
    Roughness Value 0.035 0.035

Computed Stable Channels

Bottom Energy Comp Hyd Froude Shear
Width Depth Slope n-Value Radius Velocity Number Stress

5.0 4.6 0.007163 0.0358 2.51 6.50 0.53 2.06
11.0 4.0 0.007577 0.0366 2.46 6.45 0.57 1.90
16.0 3.6 0.008022 0.0371 2.39 6.40 0.59 1.80
21.0 3.2 0.008564 0.0374 2.29 6.34 0.62 1.73
26.0 2.9 0.009076 0.0379 2.20 6.29 0.65 1.67
32.0 2.6 0.009797 0.0382 2.08 6.22 0.67 1.61
37.0 2.4 0.010384 0.0389 1.99 6.17 0.70 1.57
42.0 2.2 0.011066 0.0391 1.89 6.12 0.72 1.55
48.0 2.1 0.011888 0.0392 1.78 6.05 0.74 1.52
53.0 1.9 0.012577 0.0394 1.69 6.01 0.76 1.51
58.0 1.8 0.013287 0.0394 1.61 5.96 0.78 1.49
63.0 1.7 0.013999 0.0395 1.54 5.92 0.80 1.48
69.0 1.6 0.014881 0.0396 1.45 5.87 0.82 1.47
74.0 1.5 0.015594 0.0396 1.39 5.83 0.84 1.46
79.0 1.4 0.016328 0.0397 1.33 5.79 0.85 1.45
85.0 1.3 0.017217 0.0397 1.27 5.75 0.87 1.45
90.0 1.3 0.017943 0.0397 1.22 5.71 0.89 1.44
95.0 1.2 0.018682 0.0397 1.17 5.68 0.90 1.44
101.0 1.2 0.019730 0.0394 1.11 5.64 0.92 1.44
106.0 1.1 0.020308 0.0397 1.08 5.62 0.93 1.43

*******Solution for Minimum Stream Power*******
0.0 0.0 0.000000 0.0000 0.00 0.00 0.00 0.00

Downstream Stability Analysis
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Stable Channel Design Results - Copeland Method
    d84(mm) = 160, D50(mm) = 84, D16(mm) = 38
    Temperature (F) 55
    Specific Gravity of Sediments 2.65
    Unit Weight of Water (lb/cu ft) 62.385
    Viscosity (sq ft/s) 1.315E-05
    Discharge (cfs) 700

Upstream Channel
    Sediment Concentration (ppm) 2.85
    Base Width (ft) 35
    Channel Slope (ft/ft) 0.01

Left Right
    Side Slope 4 4
    Roughness Eq  Manning Manning
    Roughness Value 0.035 0.035

Stable Channel
    Valley Slope(ft/ft) 0.011

Left Right
    Side Slope 3 3
    Roughness Eq  Manning Manning
    Roughness Value 0.035 0.035

Computed Stable Channels

Bottom Energy Comp Hyd Froude Shear
Width Depth Slope n-Value Radius Velocity Number Stress

5.0 4.7 0.008768 0.0343 2.61 7.70 0.62 2.59
11.0 4.0 0.008180 0.0332 2.55 7.56 0.66 2.05
16.0 3.5 0.008114 0.0325 2.45 7.49 0.70 1.78
21.0 3.1 0.008198 0.0321 2.33 7.44 0.74 1.59
26.0 2.8 0.008454 0.0314 2.19 7.37 0.78 1.46
32.0 2.4 0.008832 0.0309 2.03 7.30 0.82 1.35
37.0 2.2 0.009350 0.0305 1.90 7.23 0.85 1.29
42.0 2.0 0.009797 0.0302 1.78 7.16 0.89 1.24
48.0 1.8 0.010300 0.0301 1.67 7.10 0.92 1.19
53.0 1.7 0.010885 0.0297 1.56 7.03 0.95 1.16
58.0 1.6 0.011391 0.0295 1.48 6.98 0.97 1.14
63.0 1.5 0.011975 0.0295 1.40 6.93 1.00 1.12
69.0 1.4 0.012658 0.0294 1.32 6.87 1.02 1.10
74.0 1.9 0.004696 0.0368 1.90 4.22 0.55 0.55
79.0 1.3 0.013746 0.0292 1.20 6.77 1.07 1.07
85.0 1.6 0.005470 0.0371 1.71 4.24 0.58 0.56
90.0 1.6 0.004712 0.0366 1.72 4.00 0.55 0.48
95.0 1.5 0.005795 0.0374 1.60 4.18 0.60 0.54
101.0 -1.0 -901.000000 0.0000 0.00 22.93 0.00 0.00
106.0 1.0 0.010000 0.0281 1.10 5.59 0.97 0.64

*******Solution for Minimum Stream Power*******
100.5 -1.0 -901.000000 0.0000 0.00 8.52 0.00 0.00

Upstream Stability Analysis
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Gradation Calculation Workbook

Project: Touchet River Baileysburg Reach
Project Number: 10291-02-01
Client: City of Dayton, WA
Consultant: GeoEngineers, Inc

Workbook Description

Filename: https://projects.geoengineers.com/sites/1029100201/Technical Analysis/[Touchet Channel Grad
Project: Touchet River Baileysburg Restoration Design
Project No: 10291-002-01
Client: City of Dayton, WA
Consultant: GeoEngineers, Inc
Sub-Consultant: N/A
Designer: RSC/ESM
Latest Revision: August 1, 2014

Sheet Titles:

Gradation Calculation Workbook

Enhanced Gradation

Shield's Parameter Check

Copyright© 2005 by GeoEngineers, Inc.  All rights reserved.

Disclaimer: Any electronic form, facsimile or hard copy of the original document (email, text, table, and/or figure), if provided, and any attachments are only a 
copy of the original document.  The original document is stored by GeoEngineers, Inc. and will serve as the official document of record.

- This workbook is proprietary to GeoEngineers, Inc.
- This wookbook contains spreadsheets that facilitate the general design of channel material gradation.
- This workbook provides a rough gradation curve by combining two or more material gradations.
- This spreadsheet lists the General Project Information that is consistent throughout the workbook.
- It also lists the titles of the spreadsheets contained in this workbook.



Enhanced Gradation
Touchet River Baileysburg Reach
City of Dayton, WA

Spreadsheet Description

Area (SF) 1000 Volume (CY) 74
Depth (ft) 2

No. Boulders, 
Percent Exist, 

Percent of 
Import 

Sediment
Volume 

Existing (CY)

Volume 
Streambed 
Sediment 

(CY)

Volume 
Boulders 

(CY) Weight (lbs)

Updated 

Gradation 

(Existing, 

Streambed and 

Boulders) Cumulative %

Assumed 
In-Place 

Bulk 
Density 
(lbs/CF)

Exist D15 (ft) 0.1250 0.15 9 0 28690 12% 12%
Exist D50 (ft) 0.2750 0.35 22 0 66944 28% 40%
Exist D84 (ft) 0.5100 0.34 22 0 65031 27% 68%
Exist D100 (ft) 0.6700 0.16 10 0 30603 13% 81%

1.7 50 4.8 20065 8% 89%
2.5 20 6.1 25525 11% 100%

Total 70 63 0 10.8 236859 100%

y X
y coef a coef b X (FT) X (IN)

Goal Seek to y = 0.15 0.15 0.2868 0.7938 D15 = 0.11 1.27
Goal Seek to y = 0.5 0.50 0.2868 0.7938 D50 = 0.36 4.30

0.84 0.2868 0.7938 D84 = 1.17 14.09
0.10 0.2868 0.7938 D10 = 0.09 1.07
0.30 0.2868 0.7938 D30 = 0.18 2.15
0.60 0.2868 0.7938 D60 = 0.51 6.11

Goal Seek

Cu 5.73
Cc 0.71

112

156

Diameter (ft unless noted)

Goal Seek to y = 0.84
Goal Seek to y = .10

Used for determination of Cc and CuGoal Seek to y = .30
Goal Seek to y = .60

Additional Boulders

y = 0.2868ln(x) + 0.7938
R² = 0.9363

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.1 1.0 10.0

Grain Size (ft)

Percent Passing

‐ This spreadsheet calculates the adjusted riffle gradation based on existing field gradation data and the addition of additional material and  
boulders.
‐ The user shall input the representative area and depth of the proposed riffle.  The number of calculated boulders represents an average 
density for this given area for riffle design.
‐ The user shall input the size of the four categories of material gradation in the colored squares for the existing material.
‐ The user shall input the size of any additional selected materials to mix with the existing material gradation.
‐ The user shall sort materials excluding the boulders by size (column C) and include columns A through I in the data sort selection.
‐ The number of boulders per given area is input for the various minimum boulder diameters.
‐ Revise the coefficients and the equations to match the trend line from the graph.
‐ Goal seek to solve the equation for the appropriate gradation.

Well Graded Soil:   1 < Cc < 3 and Cu > 4 for gravels or Cu > 6 for sands
Poorly Graded Soil:  Cc or Cu fail the criteria above
Note:  Gradation criteria Cu and Cc are referenced from: (An Introduction to GeoTechnical Engineering, Holtz and Kovacs, 1981)



Shield's Parameter Check

Touchet River Baileysburg Reach GeoEngineers, Inc
City of Dayton, WA 01-Feb-14

Spreadsheet Description

Filename: https://projects.geoengineers.com/sites/1029100201/Technical Analysis/[Touchet Channel Gradation Calculator.xlsm]

Gradation parameters from the Enhanced Gradation tab
Direct Input

ft in mm
0.4 4.30 109.34  = D50 For Proposed Riffle Bed Material

1.2 14.09 357.99  = D84 For Proposed Riffle Bed Material

Input From hydraulic analysis output
1.4  = t = Shear Stress in Channel (lbs/sf)

Shear Stress Analysis   (Using D84)
Typical Constants (Input)

2.65  = Ss = Specific Gravity of Sediment
62.4  = gammaw = Specific Weight of Water (lbs/sf)
32.2  = g = Acceleration due to Gravity (ft/s2)
1.94  = dw = (gammaw/g) = Density of Water (slugs/cf)
0.4  = D50 = Mean Diameter of Bed Material (From Above) (ft)

0.045  = Theta = Shield's dimensionless coefficient (0.09 for streambed armor)
0.7  = x = slope of power relationship (usually 0.7)

Results (Shield's Equation)
165.4  = gammas = Specific Weight of Sediment (lbs/sf)
5.1  = ds = (gammas/g) = Density of Sediment (slugs/cf)

0.020  = tci* = critical dimensionless shear stress to entrain partical
2.37  = tci* = critical shear stress to entrain partical (lbs/sf)
1.73  = RBS = Relative Bed Stability (dimensionless)

D84 is stable

- This spreadsheet calculates the critical shear stress for a channel's bed material for the proposed condition using hydraulic modeling 
output. 
- The bed material listed below should be used as the minimum material size for the riffle cross-sections.
- This comparison is represented in the Relative Bed Stability (RBS) factor. Incipient motion occurs when the RBS is 1.0. If the RBS is < 
1.0, the material is mobile. A channel's bed material becomes more stable as the RBS increases (above 1.0).
- The shear stress analysis uses the D84.
- The Shield's equation is used for this stability analysis.  A Shield's parameter value of 0.045 is used and represents the proposed riffle 
(Reid and Dunne 1996).
- Note, these equations are generalizations, and should be used with caution and judgement.
- Only input information into the shaded cells.
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Channel Construction Cost Workbook
Project: Analyst: ESM/RSC
Project Number: Latest Revision: 08/14/14

Workbook Description

Filename: https://projects.geoengineers.com/sites/1029100201/Draft/[Cost Estimate Touchet.xlsx]Intro

Sheet Titles:

Summary of Construction Costs

N. Fork Touchet River
10291-002-01

Channel Construction Cost Workbook
Unit Costs
Bid Schedule

- This workbook contains spreadsheets that facilitate the analysis and/or design of this project.
- This spreadsheet lists the general project and workbook information that is consistent throughout the workbook.
- It also lists the titles of the spreadsheets contained in this workbook.
- This workbook is limited to the Construction Cost Estimate for modifications identified in the GeoEngineers Construction drawings and

does NOT include the modifications proposed by others.
- This workbook is intended for use with ENGLISH UNITS.

File No. 2698-006-01
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Unit Costs
Project: N. Fork Touchet River Analyst: ESM/RSC

Project Number: 10291-002-01 Latest Revision: 8/14/2014

3.81  = Adjustment for inflation from to 2012 to 2014 (Construction) (%)
-4.6  = Location Factor (Enter Location) (%)  (Adjustment from national average) Richland, Washington

0  = Additional Location Factor (Enter Location)  (%)

Specification #

Item Description
Ref.  
ID Ref. # Page # Units

Unit Cost   
($)

Inflation & 
Location 

Adjustments  
(%)

Additional 
Adjustments  

(%)
Adjusted Unit Price   

($)

2100 Environmental Controls - Best Management Practices 3 LS 2,300.0 0 2300.00

3110 Mobilization and Demobilization 2 LS 5,000.0 0 5000.00

3120 Construction Staking 1 01-71-23.13-1100 20 Day 1,075.0 -0.79 1066.51

3130 Project Temporary Traffic Control 2 LS 1,000.0 0 1000.00

3210 Clearing, Grubbing, Stockpile and Disposal 1 31-11-10.10-0250 AC 3,925.0 -0.79 3893.99

3220 Dewatering 1 31-23-19.20-0600 233 LS 2,150.0 -0.79 2133.02

3310 Excavation and Stockpile 2 CY 5.0 0 5.00

3320 Import and Stockpile Boulders (1.5' - 2') 1 31-37-13.10-0300 268 EA 35.0 -0.79 34.72

3320 Import and Stockpile Boulders (2' - 3') 1 31-37-13.10-0300 268 EA 40.0 -0.79 39.68

3410 Woody Habitat Structures Import and Placement 2 EA 700.0 0 700.00

3420 Boulder Placement 2 EA 70.0 0 70.00

3430 Riffle Construction 2 CY 9.0 0 9.00

3510 Temporary Channel Diversion Blocks 2 LF 20.0 0 20.00

3610 Site Cleanup and Repair 2 LS 2,500.0 0 2500.00

(consumer price index calculator http://www.bls.gov/data/inflation_calculator.htm)

(consumer price index calculator http://www.bls.gov/data/inflation_calculator.htm)

- This spreadsheet calculates the costs associated with site preparation. Unit costs include materials, labor, equipment, overhead and contractor profit. 
- Reference used for "unit costs" include:

(1) R.S. Means Heavy Construction Cost Data Manual, 2012 (Means) 
(2) Engineering Experience & Recent Similar Projects
(3) Contractor or Supplier

- Additional adjustments are based on engineering judgement, experience and site-specific degree of difficulty.
- Blank rows are provided at the bottom for additional items. Add new items & unit costs on this sheet, if necessary. These will be used to calculate costs on subsequent sheets.
- General mark-up percentages are also provided at the bottom. 
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Bid Schedule
Project: N. Fork Touchet River Analyst: ESM/RSC
Project Number: 10291-002-01 Latest Revision: 8/14/2014

Item # Item Description Units Unit Cost
No. of 
Units

Total Cost     
($)

2100 Environmental Controls - Best Management Practices LS 1.0

3110 Mobilization and Demobilization LS 1.0

3120 Construction Staking Day 3.0

3130 Project Temporary Traffic Control LS 1.0

3210 Clearing, Grubbing, Stockpile and Disposal AC 12.0

3220 Dewatering LS 1.0

3310 Excavation and Stockpile CY 36540.0

3320 Import and Stockpile Boulders (1.5' - 2') EA 1778.0

3320 Import and Stockpile Boulders (2' - 3') EA 710.0

3410 Woody Habitat Structures Import and Placement EA 137.0

3420 Boulder Placement EA 2488.0

3430 Riffle Construction CY 3734.0

3510 Temporary Channel Diversion Blocks LF 1000.0

3610 Site Cleanup and Repair LS 1.0

Final Construction Cost

- This spreadsheet summarizes the construction quantities for all design componenents. 
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Summary of Construction Costs

Project: N. Fork Touchet River Analyst: ESM/RSC

Project No: 10291-002-01 Latest Revision: 8/14/2014

Summary Table

Specification 
#

Item Description Units
Unit Cost      

($)
No. of Units

Total Cost     
($)

2100 Environmental Controls - Best Management Practices LS 2300.00 1.0 $2,300

3110 Mobilization and Demobilization LS 5000.00 1.0 $5,000

3120 Construction Staking Day 1066.51 3.0 $3,200

3130 Project Temporary Traffic Control LS 1000.00 1.0 $1,000

3210 Clearing, Grubbing, Stockpile and Disposal AC 3893.99 12.0 $46,728

3220 Dewatering LS 2133.02 1.0 $2,133

3310 Excavation and Stockpile CY 5.00 36540.0 $182,700

3320 Import and Stockpile Boulders (1.5' - 2') EA 34.72 1778.0 $61,738

3320 Import and Stockpile Boulders (2' - 3') EA 39.68 710.0 $28,176

3410 Woody Habitat Structures Import and Placement EA 700.00 137.0 $95,900

3420 Boulder Placement EA 70.00 2488.0 $174,160

3430 Riffle Construction CY 9.00 3734.0 $33,606

3510 Temporary Channel Diversion Blocks LF 20.00 1000.0 $20,000

3610 Site Cleanup and Repair LS 2500.00 1.0 $2,500

$656,640FINAL CONSTRUCTION COST

- This spreadsheet summarizes the costs for construction of the in channel stabilization measures. 

File No. 2698-006-01
Restoration Cost Workbook Page 4 of 4



 

APPENDIX E 
 Report Limitations and Guidelines for Use 

 

 



 

APPENDIX E 
REPORT LIMITATIONS AND GUIDELINES FOR USE1  

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

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

This report has been prepared for the City of Dayton, Washington (City) and their authorized agents.  The 
information contained herein is not applicable to other sites.   

GeoEngineers structures our services to meet the specific needs of our clients.  No party other than the 
City and their authorized agents may rely on the product of our services unless we agree to such reliance 
in advance and in writing.  This is to provide our firm with reasonable protection against open-ended 
liability claims by third parties with whom there would otherwise be no contractual limits to their actions.  
Within the limitations of scope, schedule and budget, our services have been executed in accordance 
with our Agreement with the City executed on April 8, 2013 and amended on June 9, 2014 and generally 
accepted practices in this area at the time this report was prepared.  Use of this report is not 
recommended for any purpose or project except the one originally contemplated. 

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

This report has been prepared for the City and their authorized agents.  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 

■ completed before important project changes were made. For example, changes that can affect the 
applicability of this report include those that affect: 

■ the function of the proposed design; 

■ neighboring projects;  

■ composition of the design team; or 

■ project ownership. 

If important changes are made after the date of this report, we recommend that GeoEngineers be given 
the opportunity to review our interpretations and recommendations.  Based on that review, we can 
provide written modifications or confirmation, as appropriate. 

1 Developed based on material provided by ASFE, Professional Firms Practicing in the Geosciences; www.asfe.org.  
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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, 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 

Do not over-rely on the recommendations included in this report.  These recommendations are not final, 
because they were developed principally from GeoEngineers’ professional judgment and opinion.  
GeoEngineers’ recommendations can be finalized during subsequent design phases of the project.  

We recommend that you allow sufficient monitoring and consultation by GeoEngineers during subsequent 
design and construction phases of this project to provide recommendations for 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 is unable to assume responsibility 
for the recommendations in this report without performing further studies, designs and/or construction 
observation as required by the specific concept under consideration. 

The concepts depicted herein are approximate and are intended to express the overall intent of the 
project.  These are planning-level concepts and will need to undergo detailed final designs in order to 
meet the specific-site conditions and intended function. 

Report Could Be Subject to Misinterpretation 

Misinterpretation of this report by stakeholders, 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, participating in pre-bid and preconstruction conferences, and providing construction 
observation.   

To help prevent costly problems, we recommend giving contractors the complete report, but preface it 
with a clearly written letter of transmittal.  In that letter, advise contractors that the report’s accuracy is 
limited.  In addition, encourage them to confer with GeoEngineers and/or to conduct additional study to 
obtain the specific types of information they need or prefer.   

Instream Habitat Structures 

Instream habitat, stabilization, enhancement and/or restoration structures and artificial (Structures) 
involve the placement of large logs,  logs with root wads, large rocks and other natural and artificial 
materials and/or features in and adjacent to creeks, streams and rivers (streams).  They are designed for 
various purposes including but not limited to: improvement of aquatic and riparian habitat; stabilization of 
eroding stream banks and channels; restoration of stream channels; creation or improvement of 
recreational uses; irrigation; and flood management.   
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Hazards of Instream Habitat Structures 

Instream habitat structures create potential hazards, including, but not limited to: humans falling from 
the Structures and associated injury or death; collisions of recreational users’ watercraft with the 
Structures and associated risk of injury or death, with partial or total damage of the watercraft; 
mobilization of a portion or all of the structures during high water flow conditions and related damage to 
downstream properties, utilities, roads, bridges and other infrastructure, and injury or death to humans; 
flooding; erosion; and channel avulsion.  In some cases, instream habitat structures are only intended to 
be temporary, providing temporary stabilization while riparian vegetation becomes established or 
stream/river processes stabilize.  This gradual deterioration with age and vulnerability to major flood 
events make temporary Structures inherently dangerous with increasing age.  

It is strongly recommended that the Client address the necessary safety concerns appropriately.  This 
would include 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 recreational users of the potential hazards 
noted above and pamphlets should be distributed to nearby residents warning of the potential hazards to 
children and adults posed by these Structures.   

Increased Flood Elevations and Wetland Expansion Are Possible  

The proposed stream enhancements may result in increased flood elevations and expansion of wetlands.  
The analysis of these impacts, which are generally considered advantageous for aquatic and riparian 
habitat, may need to be considered and quantified if they were beyond the context of GeoEngineers’ 
scope of services. 

Channel Erosion and Migration Are Possible 

In general, river and stream enhancements are intended to result in more stable streambeds, banks and 
floodplains.  In some cases, stream enhancement and channel stability means re-establishing the natural 
balance of sediment erosion, distribution and deposition, which induces channel meandering and 
migration.  Therefore, channel erosion, channel migration and/or avulsions can be expected to occur over 
time.   

Importance of Monitoring and Maintenance 

Piles, anchors, chains, cables, reinforcing bars, bolts and similar fasteners may have purposely been 
excluded from woody habitat structures with the intent of mimicking naturally-occurring instream wood 
structures.  Conversely, such fasteners may have purposely been included in woody habitat Structures if 
considered appropriate.  While the Structures are designed to be relatively stable during flood events, 
movement of these Structures should be expected.  As noted in the text of this report, 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.  This would include replacing, adjusting and removing damaged, malfunctioning or deteriorated 
components of Structures, particularly following a major storm event.   
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Contractors Are Responsible for Site Safety on Their Own Construction Projects 

Our recommendations are not intended to direct the contractor’s procedures, 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.  Further, 
contractors are responsible for all utility locates and other infrastructure locations. 

  August 14, 2014 | Page E-4 
 File No. 10291-002-01 



Have we delivered World Class Client Service? 

Please let us know by visiting www.geoengineers.com/feedback.  



www.geoengineers.com 
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