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Executive Summary
Mason Conservation District (MCD) has contracted with Cardno to evaluate the feasibility of implementing
two alternative road alignments of Skokomish Valley Road between Mileposts (MPs) 4.0 and 4.5. MCD is
a special purpose district located in Mason County, Washington, that provides technical and financial
assistance to local landowners in order to support the sustainable use, conservation, and restoration of
the natural resources in the community. MCD was awarded a grant to conduct a feasibility assessment
and complete conceptual designs for relocating a portion of Skokomish Valley Road to improve salmonid
habitat and improve ingress and egress for valley residents during flood conditions.
The Skokomish Valley Road bisects the historical floodplain of the South Fork Skokomish River near the
Vance Creek confluence. The road was constructed near native grade, and flooding of the road at this
location has been estimated (and anecdotally confirmed by valley residents) to occur when flows at the
South Fork gage (U.S. Geological Survey [USGS] Station 12060500) are in excess of 3,000 cubic feet per
second (cfs), which historically occurs between 10 and 15 days annually.
Two principal alternatives have been proposed by MCD and Mason County Public Works (MCPW) to
realign and/or raise the road to provide flood relief; a third alternative was developed during the course of
the study. In this report, these three alternatives are evaluated in the context of:
> Potential to reduce road flooding;
> Potential to increase the avulsion risk from Vance Creek or the South Fork Skokomish River into the
road or floodplain properties;
> Potential for salmonid habitat improvement;
> Geotechnical and constructability issues;
> Permitting considerations; and
> Cost.
Following the completion of the technical analyses conducted in support of this feasibility study, MCD
determined that the preferred alternative would likely be a modification of one of the alternatives
presented in this report. This document presents the bulk of the technical studies completed to
characterize the site hydrology, geomorphology, hydraulics, and overall feasibility of road realignment in
the context of the physical characteristics of the site. A report addendum was developed following
completion of this study to present a preferred alternative that drew heavily from the analysis presented in
this study. The preferred alternative was selected to best optimize the potential for flood relief and habitat
uplift, while minimizing costs.
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1

Introduction

1.1

Study Purpose and Objectives

The objective of this study is to determine the feasibility of permitting and constructing two potential road
modification plans, which have been proposed by Mason Conservation District (MCD) and Mason County
Public Works (MCPW). The purpose of the proposed road improvements is to alleviate chronic flooding
along this section of Skokomish Valley Road.
In addition to evaluating the feasibility of construction and permitting for each alternative, this study also
considers the potential effects of each alternative on ingress/egress along the road corridor during flood
conditions, the effects of road modifications on floodplain processes, wetlands, and aquatic habitat, and
the potential channel response or change in avulsion hazard resulting from the proposed alternatives. A
data-driven, quantitative approach was used to evaluate the relative costs and benefits of each alternative
presented by MCD, and a third alternative is also considered. This report summarizes each proposed
alternative, describes the major project elements of each alternative, describes the methods used to
evaluate the feasibility and cost of each alternative, and provides a summary of findings. Mapbooks
depicting the concepts for each alternative, floodplain and road inundation impacts, and habitat suitability
for juvenile Chinook salmon are presented in Appendix A of the report. Appendix B provides cost
estimates for each alternative. Shannon and Wilson completed a geotechnical investigation under
contract to Cardno to evaluate constructability-related issues for each alternative, and their geotechnical
report is provided in Appendix C.

1.2

Site Description

The project area sits in Mason County, Washington, in the lower Skokomish River valley along the South
Fork Skokomish River. The upper and lower limits are marked by the confluence with Vance Creek on the
upstream (western) end and the historical North Fork Skokomish River confluence on the downstream
end. West Skokomish Valley Road is currently aligned along the floodplain that experiences frequent
flooding. Along the roadway, the project limits are marked by bridges across Vance Creek on the upper
end and Swift Creek on the lower end. Streams within the reach include the South Fork Skokomish River,
Vance Creek, and Swift Creek.

1.3

Historical Flooding

This project is driven in large part by the desire to protect Skokomish Valley Road from chronic flooding
between the Swift and Vance Creek bridges. Hydraulic modeling completed by Cardno (Section 3.1)
predicts that flooding of the road occurs when flow levels in the South Fork Skokomish River reach
between 4,000 and 5,000 cubic feet per second (cfs) in the project reach (roughly 3,000 cfs at the USGS
Gage on the South Fork [ID:12060500]), initiated via a series of low points and ditches, and then leading
to complete overtopping. This flow volume corresponds to a flood return interval that is more frequent
than the annual flood, and gage records indicate that flows of this magnitude occurs between 10 to 15
times per year, which corresponds to anecdotal evidence of flood frequency provided by MCD, MCPW,
and valley residents.

1.4

Feasibility Study Considerations

Specific criteria are used to assess the feasibility, constructability, and overall environmental impacts of
the road improvement alternatives presented in this report. The intent of this study is to present a
comparison of each alternative, using criteria requested by MCD, to enable the evaluation and ultimate
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selection of a preferred alternative to be pursued in the future. The feasibility criteria that were assessed
as part of this investigation and are presented in the report include:
> Estimated costs of each alternative;
> Constructability of each alternative, considering geotechnical constraints such as soft soils, steep
slopes, landslide hazards, liquefaction potential, and shallow groundwater;
> Permittability (permit pathway, schedule, mitigation requirements, and likelihood of permit approvals)
of each alternative;
> Changes to flooding frequency of the roadway and improvements to ingress/egress offered by each
alternative;
> Long-term maintenance requirements of each alternative;
> Impacts of each alternative on existing wetland and aquatic habitat and predicted changes in habitat
resulting from each alternative;
> Predicted channel response or expected changes in channel morphology resulting from each
alternative; and
> Channel avulsion hazard on each road alignment or any change in avulsion potential resulting from
each alternative.

1-2 Introduction
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2

Description of Alternatives

2.1

Alternative 1 – Full Road Realignment

Alternative 1 as developed by MCD proposes removal and abandonment of the current road alignment
between MPs 4.0 and 4.5. This alternative would relocate the road to the toe of the southern valley wall
(Appendix A: Sheet 6), avoiding existing wetlands to the extent practicable and avoiding cutting into the
hillslope. Existing bridges over Swift and Vance Creeks would be removed and replaced with new bridges
at the proposed crossing locations, each with a span of approximately 150 feet (ft). The Alternative 1 road
alignment requires wetland fill and relocation of the upper reaches of Swift Creek, which is a valley wall
spring-fed stream system at this location. The current road alignment would be abandoned, utilities
relocated under the new road, and minor grading conducted to better connect flow pathways from the
main channel to the floodplain complex. The elevation of the proposed road alignment is set to provide
flood relief to a flood frequency between the 5- and 10-year flood events; road elevations can be modified
in future designs to vary the level of desired flood protection.

2.2

Alternative 2 – Maintain and Raise Current Road

Alternative 2 as developed by MCD proposes to maintain the existing road alignment and to provide flood
relief through elevating the road prism. This alternative would require raising the road between the Swift
and Vance Creek bridges to address the flood pathways that currently inundate the road on an annual
basis. Bridge or culvert crossings are provided along the elevated portion of the roadway (Appendix A:
Sheet 12) to meet two objectives: (1) maintain flood conveyance levels from the river into the Swift Creek
forested floodplain complex; and (2) limit any hydraulic rise to meet Federal Emergency Management
Agency (FEMA) no-rise policies. The number, location, and span width of the proposed crossings shown
in Sheet 9 were developed following hydraulic model optimization to meet the above-listed criteria. Riprap
along the southern bank of the South Fork Skokomish River is proposed in this alternative to be replaced
with a series of engineered log jams (ELJs) along the bank, which can be designed to limit bank erosion,
push the thalweg northward, and assist in maintaining the inlets to the culverts/bridges free of sediment
accumulation. This alternative also proposes removal and replacement of the Vance Creek bridge from a
90-ft span structure to a more geomorphically appropriate span length (between 120 and 150 ft) along the
same alignment. Though the bridge replacement is included as part of the overall alternative concept, this
component could be pursued separately from the remainder of the project and is not considered essential
to providing flood relief along Skokomish Valley Road.

2.3

Alternative 2A – Partial Road Realignment

Alternative 2A was developed by Cardno following an initial review of Alternatives 1 and 2 and proposes a
partial realignment of the roadway (Appendix A: Sheet 18). The intent of Alternative 2A is to provide a
solution that optimizes the benefits and reduces the impacts of the first two alternatives; more detail is
provided in subsequent sections of the report. This alternative would realign a shorter section of
Skokomish Valley Road—the portion that is most susceptible to flooding and channel impingement. The
road would be raised to provide a similar level of flood protection as Alternative 2, and flood conveyance
through culverts or bridges is provided to match existing inundation frequency of the forested floodplain
and minimize hydraulic rise per FEMA requirements. Alternative 2A also includes riprap removal and
placement of a series of ELJs along the southern bank to limit channel migration into the setback road
prism. Hydraulic modeling of Alternative 2A, discussed in Section 3.1.2, shows that flood conveyance
through the crossings occurs at a more hydraulically favorable angle (perpendicular flow vectors) as
opposed to Alternative 1 (parallel flow vectors). Alternative 2A requires utility relocation at crossing
locations and along the setback section of the road. This alternative also proposes removal and
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replacement of the Vance Creek bridge from a 90-ft span structure to a more geomorphically appropriate
span length (between 120 and 150 ft) along the same alignment. Though the bridge replacement is
included as part of the overall alternative concept, this component could be pursued separately from the
remainder of the project and is not considered essential to providing flood relief along Skokomish Valley
Road.

2-2 Description of Alternatives
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3

Technical Analyses

3.1

Hydrologic and Hydraulic Analyses

3.1.1

Hydrology

The western extent of the project reach is located at the confluence of the South Fork Skokomish River
and Vance Creek, which both primarily drain the southern foothills of the Olympic Mountain range. In the
downstream portion of the project reach is the historical confluence between the North and South Forks of
the Skokomish River. The North Fork Skokomish River drains the southern Olympic Mountains and is
highly regulated by a series of reservoirs. Swift Creek, a spring-fed tributary, enters the lower reach from
the southern valley wall. The Skokomish River is a tributary of Hood Canal, a fjord that forms the western
lobe of Puget Sound, and part of the broader Salish Sea. Stream gages used in the hydrologic analysis of
this investigation are presented in Table 3-1.
Table 3-1

Streams and Tributaries Project Reach

Stream

Drainage Area (square miles)

U.S. Geological Survey Gage Station ID

South Fork Skokomish
River

79

12060500

North Fork Skokomish
River

129

12059500

Vance Creek

29

NA

Swift Creek

<1

NA

Mainstem Skokomish*

227

12061500

* This gage is located well below the project reach, but was used in the hydrologic analysis.

To maintain consistency with previous modeling efforts, peak flow inputs to hydraulic models were, with
the exception of Swift Creek, taken directly from a study completed by the U.S. Bureau of Reclamation
(2011), and are shown in Table 3-2. The constant flow of 200 cfs from the North Fork reflects the highly
regulated nature of flows and the suppressed nature of peak flows. Swift Creek discharge was held
constant at its approximate observed field discharge, which is largely spring-fed. During high flows, it is
expected that Swift Creek flows are overwhelmed by overbank flows from the South Fork Skokomish
River and Vance Creek. These flows assume no mismatch in timing between South Fork and Vance
Creek peak flows—future engineering designs should evaluate these timing differences as they have
potentially significant effects on the downstream hydrology.
River discharges reported throughout this document reflect flows at the South Fork USGS gage, unless
otherwise noted. For the purposes of this feasibility study, the relationship between flows at the South
Fork USGS gage and the project reach (downstream of Vance Creek) is nearly constant, with flows in the
project reach being 1.44 times those at the South Fork gage.
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Table 3-2

Peak Flow Volumes Used as Inputs to the Hydraulic Model

Peak Flow Recurrence
Interval (years)

South Fork Q,
cfs*

Vance Creek Q,
cfs

North Fork Q,
cfs

Swift Creek Q,
cfs

1.33

9,270

4,030

200

10

1.5

10,300

4,400

200

10

2

12,100

5,200

200

10

5

16,200

7,000

200

10

10

18,400

8,300

200

10

25**

20,800

9,800

200

10

50**

22,300

11,000

200

10

100

23,700

12,100

200

10

Source: U.S. Bureau of Reclamation 2011
* South Fork flow upstream of the confluence with Vance Creek
** Flow not run in model, provided for context

A hydrologic analysis was completed to estimate flows in the project reach on the dates that calibration
data (water surface elevations) for the hydraulic model were collected (March 30, 2017, and June 06,
2017). To estimate flows at the project site, instantaneous flow data were analyzed for the three active
gages listed in Table 3-1. Since flows were rapidly declining on March 30, travel time corrections were
necessary. Travel time between the gages on the forks and the mainstem was estimated to be about 5
hours, based on timing differences in flow peaks in the preceding week. Flows at Vance and Swift Creeks
were estimated by subtracting travel time-adjusted North and South Fork Skokomish River flows from the
mainstem. The remaining flows (e.g., the difference in mainstem and forks flows) were then scaled by the
respective drainage areas of Vance and Swift Creeks. The resultant flows used for calibration are
summarized below in Table 3-3. Flows on June 6 were quite stable and therefore flows were determined
by estimating Vance and Swift Creek in the same manner as described above.
Table 3-1

Estimated Flows in the Project Reach on the Two Dates when Model
Calibration Data were Collected
Calibration Flows (cfs)
Dates

South Fork
Skokomish

North Fork
Skokomish

Vance Creek

Swift Creek

Total

March 30, 2017

2,040

620

1,320

40

4,020

June 6, 2016

400

130

160

15

705

3.1.2

Hydraulic Modeling Methods

A two-dimensional (2-D) hydraulic model was developed for the project reach using the U.S. Army Corps
of Engineers’ (USACE’s) Hydrologic Engineering Center Hydraulic River Analysis System (HEC-RAS)
version 5.0.3. HEC-RAS is designed to perform one-dimensional (1-D) and 2-D hydraulic computations in
a wide variety of natural and constructed systems. 2-D computations are far superior to 1-D in dynamic
river systems with large flat floodplains and multiple channels. As such, the project reach was modeled
using the 2-D capabilities of HEC-RAS. When performing 2-D computations, HEC-RAS allows the user to
choose whether the software solves the full momentum equations or the diffusive wave simplification,
which is generally more suitable for large, flat floodplains with minor changes in local acceleration of flow.
The full momentum equations were utilized for this project, given the highly dynamic nature of the overall
river system.

3-2 Technical Analyses
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3.1.2.1

Existing Conditions Model Development

The existing conditions model was developed based on a topographic surface developed from
topobathymetric (green) light detection and ranging (LiDAR) data collected in 2016, with a raster cell size
of 3 ft (9 ft2). The average cell size for the computational mesh was set at 1,587 ft2, with smaller cells in
areas such as channel constriction points, bridge openings, and smaller floodplain channels where more
detailed analysis was required. The model extends from approximately 1.5 miles upstream of the
confluence of Vance Creek and the South Fork Skokomish River to just downstream of the historical
North and South Fork Skokomish River confluence, for a total reach length of approximately 3.7 river
miles. The boundaries of the model were placed a sufficient distance from the project reach, such that
uncertainties associated with the boundary conditions would not significantly impact model results for the
project reach.
Five separate upstream hydrograph inputs were used as boundary conditions to add flow to the
computational mesh, and the downstream boundary condition was set as normal depth with an estimated
friction slope of 0.002 ft/ft. The estimated Swift Creek flows were divided into two separate input
hydrographs, to represent the two major spring inputs to the creek. All of the input hydrographs represent
steady flow conditions, with only a single flow value and no rising or receding limbs.
To adequately represent channel and floodplain hydraulic roughness, a spatially varying Manning’s
roughness layer was developed by classifying LiDAR canopy height, and then refined based on aerial
imagery and field reconnaissance. Final Manning’s roughness values from the calibrated model are
presented in Table 3-4.
Table 3-2

Final Manning’s Roughness Values from the
Calibrated Model
Classification

n

Main Channel

0.03

Road

0.013

Grass Floodplain

0.035

Forest Floodplain

0.068

Brushy Floodplain Channel

0.06

Clean Floodplain Channel

0.04

Restored Road

0.07

There are currently no 2-D bridge computation capabilities in HEC-RAS, and therefore existing bridge
crossings were modeled as open channels. Because the modeling results were used to provide relative
comparisons between existing and proposed conditions and a majority of the analyses were conducted at
lower flow events, the impacts of bridges on the overall results were assumed to be negligible.
3.1.2.2

Proposed Conditions Model Development

The proposed condition surfaces for the three alternatives were built in AutoCAD Civil 3D software
utilizing the existing LiDAR surface. The proposed conditions terrains were developed to reflect the three
road improvement alternatives, and according to limitations posed by the existing topography and
wetlands. To determine the elevation of the roadway for Alternative 1, the results from the existing
conditions model were used to set the crown of the roadway to remain passible at flows between the 5year and 10-year event. For Alternatives 2 and 2A, a simulated wall was meshed into the existing model,
assuming all riverward flow was blocked by the road, to indicate at what minimum elevation the road
would have to be placed to remain passable at flows between the 5-year and 10-year event. As this
assumed that zero flow would be conveyed through the roadway prism, the addition of bridges and
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culverts would make this a conservative estimate. The roadway cross-section in all alternatives was
assumed to have a width of 40 ft with a tie-back slope of 3:1 to the existing terrain.
Once the proposed surfaces were created, they were then merged with the larger existing conditions
surface directly in HEC-RAS. The computational mesh was adjusted from existing conditions where
necessary, to accurately reflect the associated changes in topography for each alternative. The existing
conditions model was tested with the proposed condition computational mesh, to ensure that minor
changes in cell orientation were not significantly impacting results. Roughness polygons were also
adjusted to reflect the addition of new road alignments and restoration of the existing road alignment.
Because there are no bridge computation capabilities in HEC-RAS, openings in the proposed roadways
were modeled using box culverts of varying lengths. Openings were strategically placed in the proposed
terrain models based on preferential flow paths that were determined from the existing conditions output.
Energy losses associated with culvert entrances were assumed to be low, given that the openings could
also potentially represent full-span bridges, which are expected to have minimal energy losses at lower
flows. Culvert lengths were varied substantially for each alternative, to test the sensitivity between total
opening length and computed flow through the openings. The sensitivity analyses show that increasing
total culvert length by 50% corresponds to a flow increase of approximately 8%, which suggests that
strategic placement of culverts is more important than substantially increasing culvert length.
3.1.2.3

Model Calibration

Calibration data were collected on two separate occasions in 2017: during moderately high flows on
March 30, 2017, and during relatively low flows on June 6, 2017. Flows on March 30 were declining
rapidly as the data were being collected, and input hydrographs were estimated according to the
methodology outlined in Section 3.1.1 above. Flows on June 6 were much more stable, and were
estimated using the same methodology.
The model was calibrated by adjusting the Manning’s roughness values within acceptable ranges until the
resultant water surface elevations were reasonably close to the observed water surface elevations. The
model calibrated well to both flow events, with a root mean squared error (RMSE) of 0.5 ft between
modeled and observed water surface elevations. The largest difference between modeled and observed
water surface elevations was 0.8 ft and the smallest was −0.2 ft. The larger difference could be due to a
number of factors such as uncertainties in flow rates or changes in topography since the LiDAR data were
collected. However, the overall calibration suggests that the model results are sufficiently accurate,
especially for relative comparisons between existing conditions and proposed alternatives.
The estimated flows for both calibration events, along with the results of the calibration simulations, are
presented in Table 3-5.
Table 3-5
Survey Date
March 30, 2017
June 6, 2017

Summary of Model Calibration Results
Estimated Flow
at Project Reach
(cfs)
4,020
705

Observed (ft)

Computed Water
Surface Elevation (ft)

Difference
(ft)

68.3

68.7

0.4

50.8

51.6

0.8

66.0

66.4

0.4

49.2

49.0

−0.2

Root mean square error

0.5

In addition to the calibration data, anecdotal observations of flooding were also available, as
communication with landowners in the project area suggested that the existing road becomes inundated
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10 to 15 days per year. These observations provide an additional point of reference for model calibration,
and are consistent with model results, which indicate initial road overtopping between 4,000 and 5,000 cfs
(as measured below Vance Creek), which are exceeded 15 and 10 days per year, respectively (Figure 31).

Figure 3-1

3.1.2.4

Maps showing modeled road overtopping at flows of rough 4,000 and 5,000 cfs in
the project reach (2,700 cfs and 3,500 cfs at the South Fork USGS Gage).
These flows are exceeded 15 and 10 days per year, respectively (in an average
year).
Sensitivity Testing

Model sensitivity was tested for two input parameters that can be somewhat subjective, Manning’s
roughness and downstream boundary condition. The initially assumed Manning’s roughness values were
increased by 30% and decreased by 20%, to assess the impacts on average water surface elevation in
the model. Similarly, the friction slope of the normal depth boundary condition was increased from 0.002
to 0.01 ft/ft, and decreased to 0.0005 ft/ft to assess the impacts on average water surface elevation in the
model. Results of the sensitivity analysis show that the model is marginally sensitive to changes in
roughness value, and changes in the boundary condition slope are essentially negligible. These results
are summarized in Table 3-6.
Table 3-6

Summary of Sensitivity Testing Results
Manning’s n Change

Mean Water Surface
Elevation in Model (ft)

Absolute Difference
from Default (ft)

Default n value

66.68

--

30% increase

67.13

0.45

20% decrease

66.47

−0.21

Default: 0.002 ft/ft

66.68

--

Increased: 0.01 ft/ft

66.72

0.04

Decreased: 0.0005 ft/ft

66.61

-0.07

Normal depth slope change
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3.1.3

Hydraulic Modeling Results and Flood Impacts

The results of the hydraulic modeling were used to assess water surface elevations at various flood
events, flood impacts for existing and proposed conditions, inputs for habitat suitability modeling, and the
overall functionality of the system for existing conditions and the three proposed alternatives.
The existing conditions model was initially used to determine expected water surface elevations at the
three proposed road alignment locations, which were then used to set target road elevations. The model
was also used to determine the extents and duration of flooding when the existing roadway overtops, the
locations where frequent flooding is expected to occur, and preferential flow paths throughout the
floodplain.
As discussed in Section 3.1.2.3, the existing roadway is expected to overtop at flows of approximately
2,700 cfs (4,000 cfs in the in the project reach). At flows of approximately 3,500 cfs (5,000 cfs at the
project reach), which are expected to occur approximately 10 days per year, the existing road likely
becomes impassable, with flow entering the roadway via multiple connection points along the river and
maximum depths along the road reaching 1.5 ft. Inundation maps for these flows are displayed in
Appendix A: Sheet 2. In addition to assessing the frequency at which the road overtops, a flow
accumulation analysis was conducted for the 1.33-year event (approximately 9,270 cfs at the South Fork
gage) along the road to determine where flow was entering from the river. As displayed in Figure 3-2, a
majority of the flow enters the roadway between cross-sections 2 and 3, with additional accumulations
occurring in a downstream direction.
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Figure 3-2

Flow accumulation along the existing West Skokomish Valley Road at the 1.33-year
flood.

The proposed alternatives were targeted to alleviate flooding at flows that are expected to occur much
less frequently, and correspond with a recurrence interval between 5 and 10 years. The results show that
the proposed roadways for Alternatives 2 and 2A remain dry during a 10-year event, while the Alternative
1 roadway remains dry during a 5-year event and is likely passable during a 10-year event with a
maximum depth of approximately 0.6 ft. Minor additional fill for Alternative 1 would provide flood relief up
to the 10-year event as well. A visual comparison between existing conditions and the three alternatives
at the point where the roadway becomes inundated is provided in Appendix A, Sheets 2,7,13, and 19.
Flooding was also assessed at the 100-year event (approximately 36,000 cfs in the mainstem
Skokomish), in order to assess the impacts of the proposed alternatives on the regulatory flood event.
The estimated changes in water surface elevations resulting from each alternative, as compared to
existing conditions, are provided in Appendix A, Sheets 11, 17, and 23. The average change in water
surface elevation was computed for an area extending from approximately 2,500 ft upstream of the Vance
Creek confluence to approximately 2,000 ft downstream of the Swift Creek confluence, extending from
valley wall to valley wall. This area was divided along the existing West Skokomish Valley Road
alignment, in order to assess flooding impacts on the river and floodplain side of the existing road. The
maximum increase on the river side is approximately 0.05 ft (Alternative 2A), and the maximum increase
on the floodplain side is also 0.05 ft (Alternative 1). The estimated changes in average water surface
elevations are summarized in Table 3-7. The conclusion of the hydraulic modeling effort is that the
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proposed road improvements can protect the road from flooding up to the 10-year flood event with
negligible effects on the flood elevations during the 100-year flood event.
Table 3-3

Changes in Average Water Surface Elevations During the 100-year
Event for Either Side of West Skokomish Valley Road
Average Water Surface Elevation (ft)

Change from Existing (ft)

River side of West Skokomish Valley Road
Existing

67.97

--

Alternative 1

67.99

0.02

Alternative 2

68.02

0.04

Alternative 2A

68.02

0.05

Floodplain side of West Skokomish Valley Road
Existing

67.58

--

Alternative 1

67.63

0.05

Alternative 2

67.37

−0.21

Alternative 2A

67.43

−0.15

* Negative numbers indicate a decrease in water surface elevation from existing elevation

3.2

Geomorphic Analysis

The following section discusses geomorphic analyses of sediment dynamics, channel migration, and
avulsion potential as they relate to potential future conditions under the three alternatives. The discussion
refers to the “project reach,” which extends from the Vance Creek confluence to the old North Fork
confluence.
3.2.1

Sediment Dynamics

The lower Skokomish River has a well-documented history of sediment aggradation, which has
implications for flooding and avulsion hazards in the project reach. However, the causes for this
aggradation have been a subject of debate, with two alternative explanations: (1) increased sediment
supply from the South Fork resulting from historical timber harvesting and clear-cutting (focused in the
1970s and 80s, but occurring as early as the turn of the last century) (Amato 1995; Stover and
Montgomery 2001); and (2) reduction in sediment transport capacity resulting from flow regulation by the
Cushman Project (constructed in the 1930s) on the North Fork Skokomish River. Regardless of
underlying cause, sediment aggradation continues to occur and has potential impacts within the project
reach, which are discussed below.
Previous studies have documented varying trends in bed elevation change, depending on position in the
Skokomish River watershed. At the U.S. Geological Survey (USGS) gage on the South Fork (upstream of
the project reach), Stover and Montgomery (2001) documented a trend of bed degradation averaging
about 0.8 ft per decade from the 1930s to 1960s, and then relatively static bed conditions since that time.
Conversely, the bed at the mainstem USGS gage (below the project reach at the Highway 101 bridge)
lacked an obvious trend until the mid-twentieth century, at which time the bed began aggrading at roughly
1 ft per decade (a trend that has continued through the present day, as documented in the Skokomish
River Ecosystem Restoration Environmental Impact Statement [USACE 2014]). Bed change at
reoccupied channel cross-sections provides a more detailed picture of aggradation from 1994 to 2007
(see USACE 2014: Figure 8, Geomorphology Appendix), with the greatest aggradation during this 13year period occurring along the mainstem between the current North Fork confluence and Highway 106

3-8 Technical Analyses

Cardno

February 2018

Feasibility Study
Skokomish Valley Road Realignment

(0.5–2.5 ft), and significant upstream aggradation in the present project reach (between Vance Creek and
the old North Fork confluences) of about 1 ft (equivalent to about 0.8 ft/decade).
Two separate LiDAR datasets collected in 2002 (Puget Sound LiDAR Consortium) and 2016 (MCD) also
have captured topographic change, providing a recent and detailed documentation of longitudinal bed
elevation changes (i.e., aggradation and degradation) along the project reach and vicinity (Figures 3-3
and 3-4). As shown in Figure 3-3, the bed transitions from degradation upstream of the project reach to
aggradation within and below the project reach. Within the project reach, aggradation is most prevalent
near the Vance Creek (up to 1.2 ft, or 0.9 ft/decade) and old North Fork confluences (up to 1.6 ft, 1.1
ft/decade), with a short intervening stretch of negligible bed change in the middle of the project reach.
These longitudinal patterns are consistent with recent cross-section measurements recording bed change
from 2007 to 2016 (B. Collins, unpublished data, August 2017). Taken together, the above data document
aggradation in the project reach at roughly 1 ft/decade since at least the 1990s. These recent rates
through the project reach are similar to those observed at the mainstem USGS gage during the same
timeframe.

Figure 3-3

February 2018

Map showing topographic change within the South Fork Skokomish River active
channel area of the two LiDAR datasets.
Blue areas show aggradation, and red areas show degradation. Active channels at
approximately the time of two LiDAR flights are shown. The two were combined
into a composite active channel area for the analysis period, and then divided into
250-ft measurement bins. Note that the elevation changes shown do not account
for adjustment made for bathymetry and error between the two LiDAR datasets
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determined on stable road surfaces (see caption for associated chart). Data
sources: 2002 LiDAR – Puget Sound LiDAR Consortium; 2016 LiDAR – MCD).

Figure 3-4

Summary graphs of volumetric and elevation changes of the Skokomish River bed
as measured between LiDAR datasets collected in 2002 and 2016.
Individual points represent 250-ft measurement bins as shown in Figure 3-3. Prior
to plotting these data, change values were adjusted for the lack of bathymetry in
the 2002 dataset and to correct for average vertical errors measured on stable
roadway surfaces. The bathymetry correction involved estimation of average depth
(using Manning), width, and length within each bin, and amounted to 400 cubic
yards per bin, or about 0.08 vertical ft difference. The road surface in the 2016
LiDAR averaged 0.35 ft below the 2002 LiDAR road surface.

Historical trends in active channel width can help inform our understanding of the timing of bed changes—
channel widening is often, though not exclusively, associated with bed aggradation. Figure 3-5 shows
active channel widths from 1938 to 2016 in the project reach (blue) and along a reach of similar length
upstream of Vance Creek (orange). The reach upstream of the Vance Creek confluence lacks artificial
constraint, and is shown to provide context for the project reach where artificial bank stabilization and
levees have potential to influence channel width. The two reaches have roughly consistent width through
time following a temporary increase in width in the 1950s. These temporal patterns are not consistent with
a sudden pulse of timber harvest-derived sediment, given that the most intense logging occurred in the
1970s and 1980s.
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Figure 3-5

Active channel widths in the project reach and in a reach directly upstream of
Vance Creek with little artificial constraint.

The above data allow us to make the following interpretations about sedimentation trends and patterns in
the project reach:
> Aggradation is likely to continue in the project reach into the future. This interpretation is based on the
monotonic, near-uniform rates of USGS-documented channel aggradation at the mainstem gage at
Highway 101 for more than a half-century, with no indication of abatement. Regardless of underlying
cause, recognizing this trend and assuming its continuation is fundamental to any localized actions
within the lower Skokomish River valley.
> Bed aggradation in the project reach has occurred at roughly 1 ft per decade since at least the 1990s,
but rates have varied locally, with high rates near the Vance Creek confluence, negligible bed change
in the middle reach where the channel abuts the road, and increasing rates again toward the old North
Fork confluence. These patterns suggest varying drivers of bed change:
- In the upper project reach, Vance Creek is associated with local aggradation, suggesting that
Vance Creek sediment input is a local driver of aggradation.
- The middle portion of the project reach along the road has experienced relatively little bed elevation
change. The presence of riprap and bank stabilization may actually promote sediment transport
through this portion of the reach, and thus limit the rate of aggradation.
- Recent aggradation in the lower project reach is likely associated with aggradation in the vicinity of
the old North Fork confluence. Re-routing of the North Fork into the northern floodplain has resulted
in a significantly reduced sediment transport capacity on the former mainstem below the old
confluence. The downstream increasing aggradation (2002–2016) toward the old confluence must
have resulted in a gradient reduction in the lower project reach. Specifically, bed elevation change
of about 1.6 ft at the old confluence corresponds to roughly 20% reduction in channel slope relative
to the middle project reach, where the bed elevation remained relatively static from 2002 to 2016.
> Aggradation rates in the project reach, likely to be as high as 1 ft per decade, will increase the
frequency of bank overtopping and may increase avulsion potential as well (discussed further in
Section 3.2.3).
The above findings have significant implications for evaluating road modification design alternatives:
> Future roadway designs should be raised above existing target flood elevations to accommodate rising
flood elevations associated with bed aggradation.
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> Road crossings proposed adjacent to the active South Fork Skokomish River channel are likely to
experience sediment deposition, thus requiring some level of effort/cost to maintain conveyance and
fish passage (Alternative 2), making bridges the potentially more favorable crossing type in these
channel-adjacent locations. Crossings located more distant from the active South Fork channel on
floodplain surfaces are less likely to experience sediment deposition (and accumulation of organic
debris) and will thus be more favorable for culverts.
3.2.2

Channel Migration

Lateral migration of the South Fork Skokomish River is also a consideration for future road realignment
options. Currently, a section of the South Fork abuts the existing roadway, where riprap has been placed
to stabilize the bank. Recently, an expanding zone of bank erosion approximately 500 ft downstream has
caused Mason County to pursue permits for additional bank treatment. The intent with this channel
migration analysis is to evaluate historical rates and, in turn, project channel migration rates and potential
hazards/opportunities for the alternatives under consideration.
3.2.2.1

Channel Migration Methodology

To analyze historical channel migration, lateral movement of active channel banklines was analyzed to
evaluate patterns and rates of channel movement. The analysis used channel positions digitized from
historical maps and aerials from 1938, 1956, 1965, 1977, 1990, 2000, 2005, and 2016. The 1938 to 2000
channel outlines were digitized by GeoEngineers (2007) and the latter two (2005 and 2016) were digitized
for this study. The quantitative measurement of rates focused on movement of the right channel bank
adjacent to the roadway along nine cross-channel transects (see Figure 3-6). Two transects are located
upstream of Vance Creek in a reach lacking artificial confinement (and thus represent background
migration rates), and seven record channel migration within the project reach itself.
3.2.2.2

Historical Channel Migration

Channel migration rates measured in transects 1 and 2 provide an approximation of natural channel
migration rates expected for the broader valley segment encompassing the project reach, and are
particularly relevant for road realignment alternatives with removal of bank protection. Channel migration
in this reach of the South Fork above Vance Creek has averaged 6 to 7 ft per year (1938–2016; see
Table 3-8) along the two transects, with rates varying between 1 and up to 35 ft per year recorded within
individual measurement periods. Natural variation in migration rates through time often is related to
temporal variation in flooding.
Historical migration of the South Fork Skokomish River has generally been to the south in the project
reach. For transects 3 through 6 near the existing road, average rates range from near-zero to 3 ft per
year in the last four decades. Right bank erosion rates in these four transects increase in a downstream
direction, with subtle northward (negative in Table 3-8) movement along transect 3. This movement to the
north seems to at least partially reflect influence from Vance Creek, which was realigned around 1960
(discussed further below). Transects 4 and 5 intersect the riprap protecting the road, so migration rates
along these transects is almost certainly suppressed below natural rates. Right bank migration has
progressed at roughly 3 ft per year along transect 6, where there has been no riprap historically (but the
riprap upstream has likely had some effect in maintaining the bank alignment and moderating bank
erosion rates). Lower in the project reach where the channel and roadway are farther apart, transects 7
through 9 record low average rates, which reflect shifting directions of channel movement that result in
little net movement toward or away from the roadway.
Historical movement of Vance Creek provides additional context for this feasibility study. Prior to the
1950s, Vance Creek ran along a sinuous course in the right floodplain of the South Fork (Figure 3-6)—
Vance Creek’s historical channel is still visible in LiDAR topography and now carries Swift Creek flow.
Reports by Canning et al. (1988) indicate that a landslide in the early 1950s partially diverted the channel
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and necessitated building the existing bridge over present-day Vance Creek. The bridge was ultimately
constructed in 1959, which is assumed to represent the date that the channel was fully switched to its
current northward alignment toward the South Fork Skokomish River (although, the historical channel
must have conveyed at least some flow through the mid-1960s, as reflected by the mapped 1965 active
channel). This realignment also caused a significant shift northward in the South Fork channel (near
transect 3, Figure 3-6), demonstrating that Vance Creek’s current alignment imposes lateral constraint on
the South Fork.
Although lower Vance Creek migrated at negligible rates for multiple decades following its realignment,
the two LiDAR datasets document more recent right bank erosion to the east (Figure 3-7). Figure 3-6
shows cross-sections sampled from the two LiDAR datasets, and documents about 65 ft of bank erosion
and corresponding point bar growth over the 14-year period. In planview, these lateral movements appear
to have developed a subtle meander bend in the stretch of channel immediately upstream of the bridge.
While the bank erosion itself is unlikely to threaten any infrastructure, it is removing natural levees that
help to prevent avulsion of Vance Creek back to its original alignment (as discussed further in the
avulsion analysis section below; see Figure 3-7).

Figure 3-6

February 2018

Map showing transects used to measure historical channel migration, with
selected historical active channel traces shown.
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Table 3-8

Summary of Average Channel Migration Rates along Each Transect

Measurement
Transect

Average Right Bank
Migration Rate (ft/year)*

Time Period Averaged

1

−7.2

1938–2016

2

−5.9

1938–2016

3

−0.7

1977–2016 (after effects of Vance Creek avulsion)

4

1.2

1977–2016 (after effects of Vance Creek avulsion)

5

2.1

1977–2016 (after effects of Vance Creek avulsion)

6

3.2

1977–2016 (after effects of Vance Creek avulsion)

* Positive rates reflect rightward movement, and negative rates reflect leftward movement.

Figure 3-7

3.2.2.3

Bank erosion in Lower Vance Creek as documented between two LiDAR datasets
collected in 2002 and 2016.
The map (left) shows 2016 LiDAR and the cross-section used for comparison on
the right.
Channel Migration and the Road Alternatives

Channel migration and bank erosion have differing impacts on the proposed alternatives, as discussed
below.
Alternative 1 almost certainly has the least concern from a bank erosion and channel migration
perspective, which is in line with the proposed removal of existing bank protection. Migration could be
expected to progress in the following manner:
> At “natural” rates of 7 ft per year, the channel would reach the Alternative 1 road alignment within
about 110 years (Figure 3-8; although this estimate is likely conservative, as discussed below).
> Armoring removal could initially induce bank erosion rates that exceed “natural” rates as the bend
establishes its preferred geometry (as opposed to its current riprap-constrained alignment). After an
estimated 150 to 200 ft of this accelerated migration, the channel migration rates would likely settle
toward natural rates observed upstream.
> Vance Creek is likely to continue constraining the South Fork channel to its current confluence
position, meaning net southward migration near the confluence is likely to be small.
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The typical migration behavior of braided rivers is also worth considering when projecting migration rates
and hazard areas many decades into the future. Braided rivers like the South Fork Skokomish maintain
their naturally low sinuosity (as measured along the active channel centerline) by frequently switching
channels and cutting off their bends. Though dynamic, this natural process of shifting can limit the spatial
influence of channel migration through time, as the channel switches back upon itself (O’Connor et al.
2003). Applying this concept to Alternative 1, it would be reasonable to expect that the South Fork
channel would migrate southward for a period, and then switch back northward (potentially repeating this
process multiple times). Therefore, simple travel time calculations using constant migration rates over
multiple decades or more (like the calculation discussed above, and shown in Figure 3-8) are likely
conservative estimates.
Alternative 2 involves maintaining the current road alignment, along which bank erosion and maintenance
of bank protection is likely to be a long-term recurring cost.
Alternative 2A’s partially realigned road is setback from the right bank protected channel segment and
what appears the greatest migration potential. The proposed road setback averages about 300 ft from the
current right bank (with as little as 200-ft separation). This buffer provides between 30 and 50 years of
separation between the channel and road, if the channel migrates at the natural rates of 7 ft per year
observed in unconstrained reaches upstream (see Figure 3-8). If the existing riprap were removed from
the right bank, the channel could plausibly migrate faster than these “natural” rates while the channel
reestablishes its naturally curved bank alignment (as discussed with Alternative 1). In this case, a more
conservative rate assumption is in order. At the maximum measured rate in the unconstrained transects 1
and 2 of 35 ft per year, the proposed buffer distance of 300 ft provides just less than 10 years of
protection before the channel could impinge upon the new road alignment. As currently proposed, the
current Alternative 2A alignment includes ELJs along this eroding bank section, which would provide
multiple decades or more of additional protection.
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Figure 3-8

3.2.3

Map showing potential right bank of the South Fork Skokomish River migration in
terms of distance and travel time.
The mapped migration contours assume “natural” unconstrained rates of 7 ft/year.
Contours are spaced in increments of calculated distance traveled (140 ft) over
two-decade increments. Contours are provided simply as reference, with the
recognition that rates likely vary longitudinally within the project reach. In the
upper part of the reach near Vance Creek, the channel is far less likely to migrate
southward at rates of 7 ft/year, given the apparent natural constraint imposed by
Vance Creek. Along the section of river abutting the existing roadway, short-term
migration rates could far exceed the 7 ft/year rate if bank protection were removed.
Over longer time periods of multiple decades, the 7 ft/year projection becomes
increasingly conservative, as the likelihood of the South Fork channel switching
northward increases.
Avulsion Hazards

Historical aggradation in the mainstem and a locally elevated Skokomish River channel above the
surrounding floodplain has raised potential concern for avulsion to the adjacent floodplain. This analysis
first evaluates avulsion potential in the existing condition, and then evaluates whether the proposed
alternatives are likely to increase avulsion potential over existing conditions. If an avulsion were to occur,
it would almost certainly involve either the South Fork Skokomish or Vance Creek channels switching
toward the lower elevation floodplain along the southern valley wall. The analysis correspondingly focuses
on avulsion potential in this south floodplain.
The avulsion analysis herein extends upon a previous study (GeoEngineers 2007), which evaluated and
mapped avulsion potential across the entire lower Skokomish River valley. Given the broad study area,
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their avulsion hazard mapping approach was relatively qualitative in nature, involved overlay of floodplain
topography, field observations, and maps of locally observed overbank flow vectors to identify avulsion
pathways. This mapping analysis did identify a potential avulsion pathway in the right floodplain of the
project reach (which is further analyzed below), with an associated Avulsion Potential Zone within their
associated Channel Migration Zone mapping.
3.2.3.1

Analysis Methodology

Analyzing the potential for avulsion must make use of theory first presented almost two decades ago
(Slingerland and Smith 1998), which postulated that the balance between sediment-transporting capacity
of the avulsing channel (termed a “crevasse channel”) and the sediment being supplied from the main
flow would determine whether a breach in channel margin would expand, heal, or remain stable. Their
theoretical formulation showed avulsive behavior was most dependent on the ratio of the initial crevasse
slope to the main channel slope, although the ratio of the crevasse height relative to the main channel
depth was also a significant factor (Figure 3-9). In this evaluation, the critical slope ratio is one key metric
used to evaluate avulsion potential corresponding to avulsion potential. Slingerland and Smith (1998)
found that critical slope ratios over four were associated with avulsions.

Figure 3-9

Schematic of a crevasse channel and its associated main channel.
The ratio of the initial crevasse slope to the main channel slope is Sc to the main
channel water-surface slope (Sm, not shown); the ratio of the crevasse height
relative to the main channel depth is I/H. Modified from Figure 1 of Slingerland and
Smith (1998).

This avulsion analysis uses a second common metric for evaluating avulsion potential, channel
superelevation, which is a measure of how far the main channel is perched above the surrounding
floodplain by virtue of (natural) levees. This phenomenon is widely recognized in alluvial rivers, where the
top of the levee demarking the bankfull discharge stands above the level of the floodplain, and so flow in
the river is partly suspended above the elevation of the floodplain. Superelevation can be normalized by
the bankfull depth of the flow, such that a superelevation ratio of zero would place the top of the bankfull
flow at the level of the floodplain (i.e., no levees), whereas a superelevation ratio of 1 would mean that the
bottom of the channel was at the same elevation as that of the floodplain. Mohrig et al. (2000) concluded
that superelevation ratios were a reasonable discriminator of avulsive behavior, and that a ratio of no less
than 0.6 is needed for avulsion to occur in the systems they studied.
Cautionary notes are required before embarking on any avulsion study using the generalized criteria
discussed above. Kleinhans et al. (2013:52) noted “A favourable superelevation or slope cannot be a
sufficient condition for avulsion, because high slope ratios exist along most of the length of many lowland
rivers yet avulsions are uncommon (Törnqvist and Bridge 2002). One additional requirement is that
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overbank flows must be able to incise…Another requirement for lasting avulsion is that if flows spilling
over the bank top are to form more than a crevasse splay they must become channeled on the
floodplain…A further necessary condition for channelization is that the flood flow over the floodplain is
sufficiently fast and long-lasting.” Thus, any attempt to predict the likelihood of future avulsion at a site
must proceed with caution, with guidance but not excessive reliance on seemingly rigorous but ultimately
limited analytical/theoretical approaches.
This study used the following detailed methodology:
> Evaluated critical slope ratios along four mapped potential avulsion pathways (three diverging from the
South Fork channel, and one from Vance Creek to its historic channel). Relative slopes were
measured using modeled water surfaces. This initial mapping was relatively liberal in identifying
potential pathways.
> Evaluated channel superelevation ratios along a series of valley cross-sections sampled from
topobathymetric LiDAR (MCD 2016).
> Compared modeled shear stresses at the 100-year flow along the four avulsion pathways for existing
conditions and the three proposed alternatives to evaluate the potential for out-of-bank flows to erode
a new channel.
3.2.3.2

Results

Critical slope ratios along the four avulsion pathways are summarized in the Table 3-9. The three mapped
pathways (Figure 3-10) from the South Fork channel (one of which aligns with the pathway identified by
GeoEngineers [2007]) apparently have little associated avulsion risk from a slope advantage standpoint
given that critical slopes ratios in these three pathways are all below 1.3 (recall that slope ratios of 4 are
indicative of high avulsion potential, based on theory by Slingerland and Smith [1998]).
Slope ratios ranging from 2.5 to 10 (see Table 3-9) between the historical and existing Vance Creek do
indicate some avulsion potential. Potentially exacerbating avulsion risk from Vance Creek is active right
bank erosion near the potential crevasse (see Figure 3-7). The two LiDAR datasets (2002–2016) record
between 15 and 60 ft (1–4 ft/yr) of bank erosion on the right bank, and significant point bar growth on the
left bank of Vance Creek. This action has potential to erode through the natural levee that currently acts
to reduce avulsion potential.
Figure 3-11 shows that superelevation ratios along a series of valley sections between the South Fork
Skokomish channel and low floodplain areas to the right generally increase in a downstream direction. In
the upper project reach, superelevation ratios are of low concern (below 0.6) but increase to values
exceeding 0.6 in the middle and lower reach. Fortunately, few direct and steep pathways exist between
the main South Fork channel and these low areas (as demonstrated by the critical slope ratios above),
suggesting relatively low avulsion risk. Superelevation ratios were not explored for Vance Creek, given its
valley-perpendicular orientation and lack of obvious endpoint for a channel-perpendicular profile.
The aggradation (~1 ft/year) discussed in sections above is likely to modestly increase superelevation
and thus avulsion potential in the project reach. The effects of aggradation are likely modulated by a
couple of factors, including: (1) Aggradation is likely to occur variably along channel cross-sections, and is
likely to be relatively less in the deepest point of the channel used for the calculation of superelevation
ratios; and (2) Aggradation is also likely to cause associated overbank deposition and levee building in
adjacent floodplain areas, thereby helping to maintain bankfull depths. In addition, as discussed above
superelevation ratios alone do not reflect the lack of steep and direct pathways to low areas in the right
floodplain.
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Table 3-9

Avulsion Path Slopes and Slope Ratios for Four Potential Pathways for Avulsion

Path Name

Main Channel Water
Surface Slope*, ft/ft

Path Water Surface
Slope*, ft/ft

Critical Slope Ratio

Upper from SF**

0.0032

0.0042

1.3

Middle from SF

0.0032

0.0032

1

Lower from SF

0.0032

0.0036

1.125

Historic Vance from
Existing Vance

0.0005-0.002***

0.005

2.5-10

* Measured from modeled water surface slope at 10-yr recurrence interval flood
** Follows the avulsion path identified by GeoEngineers (2007)
*** Slope in Vance Creek depends on measurement location relative to relatively abrupt changes in the water surface profile.

Figure 3-10

February 2018

Map of potential avulsion pathways and valley sections analyzed in the avulsion
hazard analysis.
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Figure 3-11

Valley sections showing superelevation ratios (“SE” on the cross-sections)
between the active South Fork Skokomish River channel and low points on the
right floodplain.

Figure 3-12 shows modeled shear stresses during the 100-year flow along the four potential avulsion
paths, allowing comparisons of existing conditions and the three alternatives. Though shear stresses
alone do not determine avulsion potential, changes in shear stress between alternatives can be illustrative
of relative avulsion potential of the alternatives compared to existing conditions. The results indicate
marginal change in floodplain shear stresses between existing conditions and the three alternatives,
suggesting each alternative is unlikely to increase avulsion potential.

3-20 Technical Analyses

Cardno

February 2018

Feasibility Study
Skokomish Valley Road Realignment

Figure 3-2

Comparisons of modeled shear stresses in the South Fork Skokomish River
(during the 100-year peak discharge) sampled along the four potential avulsion
paths.
Error bars show the range defined by one standard deviation.

The above analysis leads to the following conclusions about avulsion potential in the project reach:
> Existing avulsion potential from the South Fork channel is relatively low based on slope ratios and
superelevation ratios. These pathways also run through heavily forested areas (and across roadways),
providing additional resistance to erosion of the floodplain surface.
> Existing avulsion potential from Vance Creek is a reasonable concern based on its historical channel
having significant slope advantage over the current channel. Additionally, right bank erosion of Vance
Creek is acting to remove natural levees that likely provide protection against avulsion.
> The three alternatives show no indication of increasing avulsion potential in the reach.
> The lower portion of Alternative 1 realignment near the hatchery could be impacted by an avulsion, if it
were to occur; however, the proposed roadway would also likely act as an avulsion barrier.

3.3

Habitat Uplift Potential

A qualitative and quantitative approach was used to evaluate habitat type and extents throughout the
project area in the existing and proposed alternative conditions.
3.3.1

Existing Conditions

The project area can be broadly described as a forested riverine wetland floodplain complex. The habitat
area to be potentially influenced by the proposed road improvement alternatives encompasses a roughly
100-acre zone, which includes Vance Creek to the west, Swift Creek to the east, and the South Fork
Skokomish River to the north, and an 80-acre forested wetland and spring-fed stream system in between.
The historical Vance Creek channel, abandoned following an avulsion (discussed in the Geomorphic
Analysis above), occupies an alignment along the toe of the southern valley wall, and is fed cool, clear
water by a series of seeps and springs, forming modern-day Swift Creek. Forested wetlands adjacent to
Swift Creek are assumed to have been formed following the Vance Creek avulsion and sustained through
a combination of groundwater inflow, overflow from Vance Creek, and overtopping of the roadway from
the South Fork Skokomish River (estimated at >10x/year).
A site-specific wetland delineation was conducted by BGE Environmental, LLC between November 2016
and January 2017 to identify wetlands south of West Skokomish Valley Road on a parcel owned by the
Skokomish Tribe (Parcel Number 52113-10-00010). The survey identified 10 wetlands—three Category I,
four Category II, and three Category III, which are presented in Table 3-10 and Figure 3-13, which also
displays other major habitat-forming elements in the project area.
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Figure 3-13

Table 3-10

Existing habitat features in the project area.
Wetland mapping was completed by BGE (2017), and ratings are based on
Washington Department of Ecology’s Wetland Rating System (Hruby 2014).
Wetland Typing and Area within Project Area

Wetland Rating/HGM
Class

Wetland ID

Cowardin Classification

Acres

Category I - Riverine

A

Palustrine Emergent/Palustrine Forested

25

Category I - Riverine

B

Palustrine Forested

<1

Category I - Riverine

C

Palustrine Forested

<1

Category II - Depressional

D

Palustrine Open

<1

Category II - Depressional

E/G1

Palustrine Forested

1.5

Category II - Depressional

F

Palustrine/Palustrine Forested

1

Category III - Depressional

H

Palustrine/Palustrine Forested

0.5

Category III - Depressional

I

Palustrine/Palustrine Forested

<0.25

Category III - Depressional

J

Palustrine

0.02

Source: BGE Environmental, LLC 2017
1

Combined due to proximity of boundaries

Modifications to the project area resulting from road realignment, bridge modifications, and grading have
the potential to change inundation patterns and frequency into floodplain areas, the forested wetland
complex, and in Vance Creek, Swift Creek, and the South Fork Skokomish channels. A basic assumption
driving the design and habitat analysis approach is that maintenance of inundation frequency throughout
the project area is beneficial to habitat, as observations suggest the habitat quality throughout the project
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area is high. Therefore, design of bridges and culverts in each alternative was predicated on conveying
similar flood frequency and inundation into the project area as currently is provided via Vance and South
Fork Skokomish River overbank flows.
3.3.2

Methodology

Habitat suitability for the three alternatives was determined through a modified Habitat Suitability Index
(HSI) analysis using hydraulic model output to evaluate areas of suitable juvenile Chinook salmon rearing
depth and velocity within the project area. Juvenile Chinook habitat suitability was selected for the
analysis since the project area contains significant off-channel areas suitable for salmonid rearing, highflow refugia, and over-wintering habitat. To quantify suitable versus unsuitable areas, habitat preference
curves for juvenile Chinook salmon rearing depth and velocity from Washington Department of Fish and
Wildlife (WDFW) (Beecher 2016), which rank habitat suitability on a preference scale from 0 to 1, were
applied. The modified HSI analysis was conducted assuming that a minimum preference value of 0.5
would provide a reasonable benchmark for quantifying significant changes in habitat for each of the three
alternatives as compared to existing conditions.
Depth and velocity outputs from the 1.33-year flood (75% annual exceedance probability, approximately
9,270 cfs at the USGS South Fork Skokomish gage) model results were analyzed spatially using ArcGIS
software. Depths were constrained to a minimum of 1.35 ft, and velocities were constrained to a minimum
of 0.3 ft/s and a maximum of 1.8 ft/s. Areas that met both depth and velocity criteria were then combined
to determine the total area of habitat exceeding a preference of 0.5 for existing conditions and each of the
three alternatives. The areas that were analyzed were contained within a floodplain analysis area, which
extends from Vance Creek to the West Skokomish Valley Road crossing at Swift Creek, and from the
valley wall along Swift Creek to the left bank of the South Fork Skokomish River. The total area used for
quantitative habitat analysis is approximately 116 acres and is shown in the habitat maps in Appendix A.
Results of the habitat analysis for existing conditions and each alternative are discussed in the following
sections, and the recommended velocity and depth preference curves from Beecher (2016) are displayed
in Figure 3-14.

Figure 3-14

February 2018

Depth and velocity preference curves for juvenile Chinook salmon rearing (Source:
Beecher 2016).
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3.3.3

Proposed Conditions

3.3.3.1

Alternative 1

3.3.3.1.1

Wetlands

The existing wetland delineation does not encompass the entire alignment; thus, an additional delineation
would be required to fully characterize impacts from Alternative 1. Based on current data, a total of 3.1
acres of Category I wetlands would be directly impacted by construction activities. A total of 1.91 acres of
wetlands would be permanently converted for realignment of the roadway. This includes impacts to the
largest wetland complex in the project area, which is influenced by Swift Creek and would be permanently
altered by the proposed road alignment. The 1.2 acres of floodplain grading, and associated roadway
removal, could result in direct, temporary impacts to existing wetlands. Upon project completion it would
be expected that affected wetlands would rehabilitate and new wetlands could be created due to
increased floodplain inundation.
In addition to the direct impacts described above, Mason County regulations dictate a 100-ft buffer be
applied for work in Category I forested wetlands. Application of the buffer identifies an additional 4.91
acres of Category I wetlands that could be indirectly affected by construction and operation of the new
roadway.
3.3.3.1.2

Floodplain Complex

Analysis of the floodplain complex for Alternative 1 at the 1.33-year event (9,270 cfs) suggests that the
total area of combined suitable depth and velocity areas with a preference greater than 0.5 remains
relatively consistent with existing conditions. The total combined area decreases from existing conditions
by 1.1 acres, while suitable depth area increases by 0.6 acre, and suitable velocity area decreases by 2.7
acres. The percentage of the total inundation area that is considered suitable remains very similar at
32.2% under existing conditions and 31.6% for Alternative 1. When qualitatively assessing the differences
between existing conditions and Alternative 1 (Appendix A), it appears that a majority of the suitable area
is being lost due to fill from the proposed roadway. Conversely, some area is being added along the
decommissioned existing road alignment. A summary of the quantitative results for existing conditions
and the three alternatives is provided in Table 3-11.
Table 3-11

Suitable Depth and Velocity Area with a Juvenile Chinook Rearing Habitat
Preference Greater Than 0.5 for the 1.33-year Event (13,500 cfs)
Percentage of
Total Inundation
Area that is
Suitable
Combined Area

Total Inundation
Area

Suitable
Depth Area
(Ac)

Suitable
Velocity Area
(Ac)

Suitable Combined
Depth/Velocity
Area (Ac)

Existing

106.8

66.6

66.2

34.4

32.2%

Alternative 1

105.4

67.2

63.5

33.3

31.6%

Alternative 2

101.9

59.2

67.8

32.1

31.5%

Alternative 2A

103.8

64.2

67.1

34.5

33.2%

Alternative

Note: Depth/velocity suitability criteria obtained from Beecher 2016

3.3.3.1.3

South Fork Skokomish Channel Habitat

The changes in suitable depth and velocity areas in the South Fork Skokomish River are essentially
negligible as velocities in the channel typically exceed the maximum 0.5 preference criteria of 1.8 ft/s.
Therefore, there is not much area that would be considered suitable within the channel, with the exception
of the channel margins. However, it appears that the minor grading associated with decommissioning the
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existing road does provide some additional connection between suitable areas along the right bank at the
upstream end of the analysis area. This result suggests that a greater opportunity may exist to provide
additional habitat area through strategic minor grading.
3.3.3.2

Alternative 2

3.3.3.2.1

Wetlands

Alternative 2 would directly affect 0.023 acre of Category II wetlands, which would be obliterated during
grading of the new roadway prism. This area would be permanently converted to non-wetland use. In
addition to direct impacts, Mason County regulations dictate a 75-ft buffer for work in Category II
wetlands. Application of the buffer identifies an additional 0.34 acre of Category II/III wetlands that could
be indirectly affected by construction and operation of the new roadway. Overall, it is expected that
Alternative 2 would result in a net benefit to wetlands due to the increased connection to the Skokomish
River.
3.3.3.2.2

Floodplain Complex

There is a measurable decrease in the total area meeting both depth and velocity criteria between
Alternative 2 and existing conditions. The total combined depth/velocity area decreases by 2.3 acres,
while suitable depth area decreases by more than 7 acres. The decrease in depths on the floodplain is
primarily due to the decrease in total inundation, as the raised road alignment prevents a significant
portion of the floodwaters from reaching the floodplain on the south side of the road. There is a slight
increase in suitable velocity area, which is to be expected given the overall decrease in flooding and
associated decrease in floodplain velocities. These results indicate that suitable rearing habitat on the
floodplain is depth limited, and reducing the amount of water inundating the floodplain leads to an overall
reduction in suitable area. These results are summarized in Table 3-11.
3.3.3.2.3

South Fork Skokomish Channel Habitat

The changes in suitable areas within the South Fork Skokomish River associated with Alternative 2 are
negligible, as raising the existing road alignment does not have a significant impact on velocities in the
main river channel. As previously mentioned, velocity is the limiting factor in the channel, and therefore
any increases in depths along the project reach are not expected to cause a significant change in
suitability of the in-channel habitat.
3.3.3.3

Alternative 2A

3.3.3.3.1

Wetlands

Alternative 2A was designed to avoid direct wetland impacts, both with the new road alignment and
removal of the existing roadway. There are 0.58 acre of Category II/III wetlands within the 75-ft buffer of
the existing and proposed roadway that could be indirectly affected by construction activities; however,
these impacts would be expected to be temporary and short term. Alternative 2A avoids direct
construction impacts and would result in a net benefit to wetlands due to the increased connection to the
Skokomish River.
3.3.3.3.2

Floodplain Complex

The changes in suitable area within the floodplain complex for Alternative 2A are relatively minor by most
metrics, as the total combined depth and velocity area increases from existing conditions by 0.1 acre.
Although the total inundation area decreases by 3 acres, the percentage of that area that is considered
suitable increases by 1%. A qualitative comparison between the maps provided in Appendix A
demonstrates that the south side of the proposed road alignment remains relatively unchanged from a
suitability standpoint, while there is an increase in combined area on the north side of the road. As
expected, a majority of the area loss occurs as a direct result of fill placement for the proposed road,
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which is also likely the reason for the overall reduction in inundation area. A summary of quantitative
results for Alternative 2A and existing conditions is provided in Table 3-11.
3.3.3.3.3

South Fork Skokomish Channel Habitat

Similar to the other alternatives, Alternative 2A does not result in any major change directly in the main
channel. However, the setback placement of the proposed road alignment and the minor grading
associated with decommissioning the existing road do provide additional suitable areas that are directly
connected to the river. While the overall change in suitable area within the floodplain complex is
essentially negligible, the addition of these areas that are directly connected to the river demonstrates
potential for habitat uplift that could possibly be improved further with strategic minor grading.

3.4

Constructability and Geotechnical Considerations

Shannon and Wilson completed a geotechnical investigation of the project area and made
recommendations on constructability for each alternative. Please see Appendix C for the Geotechnical
Report completed by Shannon and Wilson. Below is a summary of key relevant information from their
investigation.
3.4.1

Geologic Considerations

This section discusses the geologic hazards present in the project area and considerations to be
considered in road design of each alternative to mitigate for these hazards. Potential geologic hazards
within the project area that affect road design were evaluated based on a review of geologic maps, a
detailed site reconnaissance, and experience in geotechnical engineering and road design in similar
settings.
3.4.1.1

Steep Slopes

The slopes on the south side of the Skokomish River valley are mantled with soft/loose colluvial deposits
and numerous areas of surficial landsliding. Sloughing from these slopes could clog drainage ditches and
cover roads, as has occurred at the hatchery access road. The slopes could also experience large-scale
landsliding that could cover roads and send debris several hundred feet out into the valley.
3.4.1.2

Liquefaction

The valley bottom generally consists of saturated, loose alluvial sand and gravel deposits. When
subjected to earthquake loads, these soils can lose strength and liquefy. Liquefaction can cause
settlement that can damage embankments and shallow foundations.
3.4.1.3

Poor Subgrade

Areas of soft/organic soil would be unsuitable as subgrade for a roadway embankment. If unmitigated, the
poor subgrade could cause settlement and pavement distress. Areas of poor subgrade are likely to exist
in wet/saturated areas, or in areas where existing facilities have experienced settlement. However, areas
of poor subgrade could be present anywhere in the project area.
3.4.2

Geologic Design and Construction Considerations

3.4.2.1

Alternative 1

The following mitigation measures are recommended to address geotechnical issues related to
Alternative 1:
> Placing 1,000 ft of catchment fence along the hillslope to mitigate landslide debris impacting the
roadway;
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> Excavating and replacing 1,500 ft of unsuitable subgrade to an average depth of 3 ft;
> Placing 500 ft of geosynthetic reinforcement to mitigate differential settlement; and
> Driving four 80-ft-long steel piles at each of four bridge abutments to mitigate liquefaction-induced
settlement.
Alternative 1 presents the great risk due to the unknown nature of the soil at the toe of the slope. As the
design progresses subsurface explorations would need to be conducted. Drilling equipment access may
be limited because of nearby wetlands; more expensive, hand-portable drilling equipment might be
required.
Alternative 1 as currently laid out, would require stop controlled intersections at both tie in connection at
the SE end of the alignment and at the hatchery. Though this will not significantly add to costs, further
coordination with Mason County would be required to discuss feasibility.
3.4.2.2

Alternative 2

The following mitigation measures are recommended to address geotechnical issues related to
Alternative 2:
> Excavating and replacing 200 ft of unsuitable subgrade to an average depth of 3 ft;
> Placing 200 ft of geosynthetic reinforcement to mitigate differential settlement;
> Constructing 750 ft of geosynthetic-reinforced soil slopes to mitigate river scour of the roadway
embankment and improve habitat;
> Driving four 80-ft-long steel piles at each of six bridge abutments to mitigate liquefaction-induced
settlement.
3.4.2.3

Alternative 2A

The following mitigation measures are recommended to address geotechnical issues related to for
Alternative 2A:
> Excavating and replacing 800 ft of unsuitable subgrade to an average depth of 3 ft;
> Placing 500 ft of geosynthetic reinforcement to mitigate differential settlement; and
> Driving four 80-ft-long steel piles at each of seven abutments to mitigate liquefaction-induced
settlement.

3.5

Permitting and Environmental Compliance

Project permitting and environmental compliance requires the organization, sequencing, and
documentation of a complex series of proposed activities and corresponding environmental controls,
involving multiple agencies over an extended duration of time. Thorough environmental review is required
and generally must be coordinated in consultation with several permitting agencies and stakeholders.
Each alternative described in Section 2 will require some level of permitting; however, permits required
vary by proposed activities and funding sources. A review of each alternative and potential permit
requirements is provided below. Upon selection of the preferred alternative, MCD will need to initiate
additional conversations with local, state, and federal agencies to solidify the actual permit pathway
required.
As described above under Section 3.3, Habitat Uplift Potential, a wetlands delineation was prepared by
BGE Environmental, LLC for the majority of the project area. Development of the alternatives within
wetlands would be largely governed by Mason County Resource Ordinance 8.52, which outlines
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regulations to minimize and/or mitigate impacts with the end goal of no net loss of wetland acreage,
function, or value. As part of this ordinance, a Mason Environmental Permit must be obtained from the
county prior to any undertaking within a wetland or the prescribed buffer area. Prescribed buffer areas are
determined by the county from land use (high to low development) and the Washington state wetlands
rating. Additional wetland permitting requirements, based on wetland types and county regulations, are
described for each alternative below.
3.5.1

Alternative 1

Alternative 1 would realign 6,075 ft of West Skokomish Valley Road between Swift Creek bridge and
Vance Creek bridge. The new alignment would be constructed to the south, against the valley wall, along
the southern edge of the FEMA mapped flood hazard area. The abandoned roadway and bridges would
be removed. Construction of this alternative would include work in and around Waters of the United
States (WOUS) that would cause a loss of more than 0.5 acre of wetlands. Alternative 1 would require
federal, state, and local permits. A list of permits and environmental compliance requirements that are
expected to be required for this alternative are provided in Table 3-12. A more detailed description of
permit requirements is provided below.
Table 3-12

Alternative 1 – Expected Permit Requirements

Agency

Permit

Rationale

Submission
Requirements

Timeline

USACE

Section 404 Individual Permit

Work in WOUS

JARPA

6–12 months

Washington
Department of
Ecology

Section 401 Individual Water
Quality Certification

Dredge or fill
material into
WOUS

JARPA, mitigation plan

Up to 1 year

NPDES General
Construction Stormwater
Permit

Soil disturbance
greater than 1
acre

Notice of Intent

60 days prior
to construction

Washington
Department of
Fish and
Wildlife

Hydraulic Project Approval

Work below
ordinary high
water/effects to
aquatic habitat

JARPA, plan set, proof of
NEPA/SEPA compliance

45 days

Mason County

Environmental/Conditional
Use

Presence of
critical areas

JARPA

3 months

Shoreline Substantial
Development and
Conditional Use Permit

Work within 200
ft of the
shoreline

JARPA, NEPA/SEPA
document, plan set,
building permit
application, stormwater
plan, environmental
permit, Biological
Assessment,
geotechnical report

3 months

Land Modification/Grading
Permit

More than 200
yd3 of
excavation/fill

Mason County Grading
Permit Application,
engineer stamped
grading plan (if grading
>5,000 yd3)

3 months

Demolition Permit

Bridge/road
removal

Mason County Demolition
Permit Application

3 months
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Table 3-12
Agency

Other
Requirements

Alternative 1 – Expected Permit Requirements
Submission
Requirements

Timeline

New
construction

Critical area review
complete, Mason County
Building Permit
Application

To be
submitted with
Shoreline
Permit
Application

NEPA Documentation

Required for
USACE
Individual Permit

Environmental
Assessment

6 to 9 months

Wetlands Delineation/Report

Requirement for
Section 404/401
permits

Additional area to be
delineated

1 month

Section 7 Endangered
Species Act Biological
Assessment

Requirement for
Section 404
permit

Biological Assessment to
initiate consultation

30 days
informal
consultation

Section 106 Cultural
Assessment

Requirement for
Section 404
permit

Cultural resource
inventory to initiate
consultation

90 days–6
months
depending on
findings

Permit

Rationale

Building Permit

JARPA = Joint Aquatic Resources Permit Application NEPA = National Environmental Policy Act, NPDES = National Pollutant
Discharge Elimination System; SEPA = State Environmental Policy Act, USACE = U.S. Army Corps of Engineers, WOUS =
Waters of the United States

Due to the amount of WOUS that would be affected, Alternative 1 would not meet the criteria for a Section
404 Nationwide Permit; therefore, an individual 404 and 401 permit would need to be acquired. A Joint
Aquatic Resource Permit Application (JARPA) would be required to apply for Section 404 and 401
permits, and the Hydraulic Project Approval (HPA). Mason County would require a critical areas review at
the onset of the process. The county accepts the JARPA for their environmental and shoreline permits. A
Mason County permit application would need to be filled out for grading, demolition, and building permits.
In addition to the JARPA and Mason County permit applications, the following environmental compliance
documentation would need to be prepared: National Environmental Policy Act (NEPA) documentation,
wetlands delineation report, Section 7 Biological Assessment (BA), and Section 106 cultural resource
inventory.
Due to the requirement for a Section 404 individual permit, a NEPA analysis would need to occur. This
alternative does not meet nationwide permit conditions and a Categorical Exclusion (CatEx) would not
likely be applicable; therefore, an Environmental Assessment (EA) would need to be prepared. The EA
would determine the level of impact associated with the project. After public comments are received and
considered, a determination of the significance of the impacts would be made. If, after completing the EA,
it is evident that there are no significant impacts associated with the project, a finding of no significant
impact (FONSI) would be prepared. Issuance of a FONSI would conclude the process and document the
decision. NEPA documentation would be used to meet State Environmental Policy Act (SEPA)
requirements, and a separate SEPA Checklist would not need to be prepared.
As described above, a wetland delineation was performed and report issued. However, the delineation
only covers the Skokomish tribal parcel and does not encompass the entire alignment; thus, an additional
delineation would be required to characterize the area outside this parcel where work would occur. Based
on current information Alternative 1 would require compensatory mitigation for 7.71 acres of wetland
impacts. General cost of compensatory mitigation was studied in a 1994 Environmental Protection
Agency (EPA) Technical Summary of Wetland Restoration Costs, which determined that the driving factor
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of restoration or wetland creation is the size of the impacted area (see formula below). It should be noted
that this may include some shared costs related to general permitting and construction.

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 30,706 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 −0.3596

Based on the enhancement and creation regulations from Mason County, the above formula has been
adapted below to include the 4:1 ratio required for Category I wetlands.

𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡 = 30,706 ∗ (4 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)−0.3596

Alternative 1 wetland mitigation fees would cost approximately $275,963.78 ($8,948.24/acre) for the
creation of 30.84 acres of wetlands. This cost could increase if additional wetlands are identified outside
the Skokomish tribal parcel.
The U.S. Fish and Wildlife Service (USFWS) and National Marine Fisheries Service (NMFS) databases
were reviewed to identify federally listed threatened and endangered species with the potential to be
affected by Alternative 1. USFWS-managed species with the potential to occur in Mason County include
the marbled murrelet (Brachyramphus marmoratus), streaked horned lark (Eremophila alpestris strigata),
yellow-billed cuckoo (Coccyzus americanus), and bull trout (Salvelinus confluentus) and their designated
critical habitat. NMFS-managed species with the potential to occur in Mason County include Chinook
salmon (Oncorhynchus tshawytscha) and steelhead (O. mykiss) as well as their designated critical
habitat. A BA would need to be prepared to assess impacts to these species and their critical habitat from
project actions. Upon completion of the BA, Section 7 Endangered Species Act (ESA) consultation would
be initiated with USFWS and NMFS. Given the project would be designed to reduce impacts to ESA-listed
species and increase connectivity to the Skokomish River, it is expected an informal consultation would
be sufficient and would be complete 30 days from submittal of the BA to the agencies.
An initial review of the Washington Information System for Architectural and Archaeological Records Data
(WISAARD) indicates that no cultural resource surveys have been performed in the project area. A
JARPA could be submitted without performing surveys; however, given the high risk designation of the
project area it is assumed that USACE would require a cultural resources inventory. Performing the
inventory early in the process instead of waiting for USACE to request it, would avoid additional delays in
issuance of permits. Upon completion of the resource inventory, consultation would be complete between
90 days to 6 months depending on the type of resources identified.
While it is possible Alternative 1 may be permitted, it is unlikely USACE and Washington Department of
Ecology would grant permits given other alternatives meet the project need with significantly lower
wetland impact. In addition, if Alternative 1 were pursued it would be costly and time consuming given the
need for individual permits, additional environmental compliance, and the extensive wetland impacts that
would need to be mitigated.
3.5.2

Alternative 2

Alternative 2 would maintain the existing West Skokomish Valley Road alignment between Swift Creek
bridge and Vance Creek bridge, but raise it in place and add 150 ft of new bridge and culvert structures to
allow passage of floodwaters under the road. Select floodplain grading and installation of large wood
debris structures would provide bank stabilization and fish habitat. While some work would occur in and
around WOUS, construction of this alternative generally avoids wetlands and would provide a net benefit
to aquatic habitat. Alternative 2 would require federal, state, and local permits. A list of expected permits
and environmental compliance requirements that are expected to be required for this alternative are
provided in Table 3-13. A more detailed description of permit requirements is provided below.
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Table 3-13

Alternative 2 – Expected Permit Requirements

Agency

Permit

Rationale

Potential Submission
Requirements

Timeline

USACE

Section 404 Nationwide 14
Permit – Linear
Transportation

Work in WOUS

JARPA

1 month

Washington
Department of
Ecology

Section 401 Water Quality
Certification

Dredge or fill
material into WOUS

JARPA

Follows 404
permit

NPDES General
Construction Stormwater
Permit

Soil disturbance
greater than 1 acre

Notice of Intent

60 days prior
to
construction

Washington
Department of
Fish and
Wildlife

Hydraulic Project Approval

Work below
ordinary high
water/effect to
aquatic habitat

JARPA, plan set, proof of
SEPA compliance

45 days

Mason County

Environmental/Conditional
Use

Presence of critical
areas

JARPA

3 months

Shoreline Substantial
Development and
Conditional Use Permit

Work within 200 ft
of the shoreline

JARPA, NEPA/SEPA
document, plan set,
building permit application,
stormwater plan,
environmental permit,
Biological Assessment,
geotechnical report

3 months

Land Modification/Grading
Permit

More than 200 yd3
of excavation/fill

Mason County Grading
Permit Application,
engineer stamped grading
plan (if grading >5,000
yd3)

3 months

Demolition Permit

Bridge/road
removal

Mason County Demolition
Permit Application

3 months

Building Permit

New construction

Critical area review
complete, Mason County
Building Permit Application

To be
submitted
with
Shoreline
Permit
Application

SEPA Documentation

Required for
JARPA

SEPA Checklist

Section 7 Endangered
Species Act Biological
Assessment

Requirement for
Section 404 permit

Biological Assessment

30 days
informal
consultation;
135 days
formal
consultation

Section 106 Cultural
Assessment

Requirement for
Section 404 permit

Cultural resource inventory

90 days–6
months
depending
on findings

Other
Requirements

JARPA = Joint Aquatic Resources Permit Application NEPA = National Environmental Policy Act, NPDES = National Pollutant
Discharge Elimination System; SEPA = State Environmental Policy Act, USACE = U.S. Army Corps of Engineers, WOUS =
Waters of the United States

February 2018

Cardno

Technical Analyses 3-31

Feasibility Study
Skokomish Valley Road Realignment

Alternative 2 would be expected to be covered under Nationwide Permit 14 – Linear Transportation
Projects for Section 404 and 401 permits. A JARPA would be required to apply for Section 404, 401, and
the HPA. Mason County would require a critical areas review at the onset of the process. The county
accepts the JARPA for their environmental and shoreline permits. A Mason County permit application
would need to be filled out for grading, demolition, and building permits. In addition to the JARPA and
Mason County permit applications, the following environmental compliance documentation would need to
be prepared: SEPA Checklist, ESA Section 7 BA, and Section 106 cultural resource inventory.
A SEPA Checklist would allow government agencies to analyze and determine the level of environmental
impacts associated with the project. If significant impacts are expected, which is unlikely under Alternative
2, SEPA provides a mechanism to assist in determining if there are additional avoidance, minimization, or
mitigation measures that could be implemented to address probable impacts.
Under Nationwide Permit 14 if more than 0.1 acre of wetlands are lost, compensatory mitigation is
required. Alternative 2 would directly impact 0.023 acre of Category II wetland, which is significantly less
than 0.1 acre. In addition, it is expected that Alternative 2 would result in a net increase in wetlands in the
project area due to the increased connection to the Skokomish River. Given the limited direct effects and
long-term benefit of this alternative, it is not expected that compensatory mitigation would be required.
However, the final determination would be made by the USACE district engineer.
ESA-listed species with the potential to be affected by Alternative 2 would be the same as under
Alternative 1. A BA would need to be prepared to assess impacts to these species and their critical
habitat from project actions. Upon completion of the BA, Section 7 ESA consultation would be initiated
with USFWS and NMFS. Given the project would ultimately benefit listed species, an informal
consultation should be sufficient and would be complete 30 days from submittal of the BA to the agencies.
No cultural resource surveys have been performed in the project area. Given that Alternative 2 would
have limited new disturbance, the potential for impacting cultural resources is minimized. A JARPA could
be submitted without performing surveys; however, given the high risk designation of the project area it is
assumed that USACE would require a cultural resources inventory. Performing the inventory early in the
process, instead of waiting for USACE to request it, would avoid additional delays in issuance of permits.
Upon completion of the resource inventory, consultation would be complete between 90 days to 6 months
depending on the type of resources identified.
Alternative 2 addresses the need to provide flood protection to West Skokomish Valley Road while
limiting environmental impacts. Given this alternative follows the existing alignment, it has the lowest
probability of affecting cultural resources and it is expected that the alternative could be permitted.
3.5.3

Alternative 2A

Alternative 2A would keep the West Skokomish Valley Road on its existing alignment, except for a 0.3mile stretch where it would be moved south, away from the South Fork Skokomish River. The remaining
existing roadway would be raised in place. Select floodplain grading and installation of large wood debris
structures would provide bank stabilization and fish habitat. While some work would occur in and around
WOUS, construction of this alternative would provide a net benefit to ESA-listed species and aquatic
habitat. Alternative 2A would require the same federal, state, and local permits as Alternative 2 (see Table
3-13 and previous section). While permit requirements would be the same, a slightly different level of
impact would be expected for wetlands and cultural resources under Alternative 2A, which is described
below.
Under Nationwide Permit 14, wetland impacts in excess of 0.1 acre require compensatory mitigation.
Alternative 2 would not directly impact any wetland. In addition, it is expected that Alternative 2A would
result in a net increase in wetlands in the project area due to the increased connection to the South Fork
Skokomish River. Given the lack of direct effects and the long-term benefit of this alternative
compensatory mitigation would not be required.
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No cultural resource surveys have been performed in the project area. A JARPA could be submitted
without performing surveys; however, given the high risk designation of the project area and the proposed
new road alignment, it is assumed that USACE would require a cultural resource inventory. Performing
the inventory early in the process, instead of waiting for USACE to request it, would avoid additional
delays in issuance of permits. Upon completion of the cultural resource inventory, consultation would be
complete between 90 days to 6 months depending on the type of resources identified.
Alternative 2A addresses the need to provide flood protection to West Skokomish Valley Road while
limiting environmental impacts and ultimately providing a net habitat benefit to ESA-listed species. This
alternative would have the lowest wetland impacts and it is expected that this alternative could be
permitted.
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4

Feasibility Evaluation

4.1

Cost Estimate

The following assumptions have been made in development of the engineer’s cost estimate for each
alternative:
> All unit prices are a reflection of Washington State Department of Transportation (WSDOT) Unit Bid
Analysis.
- Unit Costs from Mason County Cost Estimates associated with Skokomish Valley Road
Realignment Study prepared by Mason County supersede the WSDOT Unit Bid Analysis.
> All volumes are based on neat line quantities.
- All volumes are based off of surface development and comparisons to MCD-provided Existing
Topo-Bathymetric LiDAR
> Tonnage for HMA CL 1/2 PG 64-22 based on 2 tons per cubic yard.
> Streambed cobbles will be required for all bridges/culvert openings.
- Assumed 2-ft thickness
> Roadway width assumed to be 40 ft.
- Roadway section to include 4-inch HMA over 15-inch CSBC
> Guardrail is required at all bridges/culverts.
> All estimates include a contingency of 20%, recommended because this is a scoping level design
effort.
> All estimates include 10% for estimated engineering design fees.
> Land acquisition includes 2007 Market Value for Parcel 52113-10-00010.
> Costs currently assume no water quality treatment elements.
Detailed engineer’s cost estimates for each conceptual alternative are presented in Appendix B and a
summary table of major cost elements is shown in Table 4-1.
Table 4-1

Summary of Major Cost Elements for All Alternatives

Cost Element

Alternative 1

Alternative 2

Alternative 2A

Design and Construction
Estimate

$19,192,000

$21,177,943

$25,356,892

Permit Fees + Environmental
Compliance Support Estimate

$200,000

$100,000

$100,000

4.2

Feasibility Summary Discussion

The advantages and disadvantages of the alternatives are discussed below relative to specific topic areas
of constructability, flood relief, geologic hazard mitigation, long-term maintenance, habitat impacts, and
permitting and compliance. In addition to the qualitative discussion below, Table 4-2 supports the
discussion with various quantitative metrics and ratings to define feasibility of each alternative.
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4.2.1

Alternative 1

Construction and Constructability – Full relocation of the road along the valley wall allows for a relatively
flat roadway at the floodplain margins, which allows optimization of road elevations to minimize flooding
frequency with relatively little impact to flood elevations (from a no-rise perspective). This alternative has
the lowest cost of the three options, which is related in large part to fewer required bridges for flood
conveyance and the ability during construction to allow traffic use of the existing road (thereby minimizing
need for traffic control). This option does require greater mitigation for geohazards, such as a series of
drainage ditches and culverts given its hillslope adjacent position, and slope protection netting to minimize
impact from landslides. It would also likely require some land acquisition in order to maintain the right-ofway.
Flood, Hazards, and Maintenance – For most of the proposed roadway, flood hazards are minimized by
full realignment. In the concept developed for this study, the roadway was placed to stay dry between the
5-year and 10-year flood recurrence interval (although the current model shows slight, localized
inundation at 1.5-year, but road remains passable). This road profile would likely be adjusted in sections
of the roadway at a later phase in design. The valley margin position minimizes the influence from
channel migration and bank erosion for the foreseeable future, thereby eliminating associated
maintenance costs. However, this option has potentially high maintenance costs associated with
geotechnical instability of the steep hillslope adjacent to the proposed road alignment.
Habitat – Although this alternative provides maximum connectivity between the South Fork Skokomish
River and its floodplain, it also requires significant impacts to Category 1 wetlands that are made
accessible to fish throughout the year by hillside springs and access via Swift Creek. In addition, modeling
of habitat suitability suggests that floodplain habitat is not demonstrably better than in other alternatives,
as measured by habitat suitability mapping for juvenile Chinook salmon.
Permitting and Compliance – Disturbance of Category I wetlands represents a significant permitting
hurdle, from both a cost and feasibility standpoint. Permitting requirements are likely to be the most
lengthy, costly, and with uncertain outcomes under this alternative.
4.2.2

Alternative 2

Construction and Constructability – From a construction and constructability standpoint, maintenance of
the current road alignment offers few advantages, with relatively more disadvantages. Of the alternatives,
this option is marginally more expensive than Alternative 1, mostly due to the number of bridges required
for flood conveyance. Maintenance of the existing road alignment presents greater constructability issues
due mostly to the increased traffic control requirements. Right-of-way impacts are relatively minimal with
this alternative, which represents an additional benefit.
Flood, Hazards, and Maintenance – This alternative was developed to provide flood relief to at least the
5-year flood, which is a significant improvement over the existing flooding. The number of bridge spans
and level of road raising could be adjusted to meet cost and flooding targets. This option does require
bank stabilization, which represents a long-term maintenance issue. The alternative currently includes
replacement of riprap with targeted grading and ELJs, which may need to be expanded downstream in
the future in the event that right bank erosion continues in the lower project area. In addition, ongoing
sediment aggradation in the South Fork is reasonably likely to drive sediment deposition in channeladjacent crossings (where most conveyance is achieved), adding additional potential long-term
maintenance costs for conveyance and fish passage. Given these maintenance costs, funding for
adaptive management should be obtained.
Habitat – Although crossings are proposed to maintain floodplain conveyance and habitat connectivity,
the fact remains that this alternative maintains a roadway adjacent to the river channel. Habitat suitability
mapping indicates the least amount of juvenile Chinook habitat. The habitat benefits of this alternative
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include minimal disturbance to forest or wetlands, and improved instream habitat by replacing riprap with
ELJs.
Permitting and Compliance – Permitting and compliance effort, cost, and certainty of outcome are
relatively favorable for this alternative.
4.2.3

Alternative 2A

Construction and Constructability – Partial maintenance of the current road offers a number of
advantages, as well as some disadvantages relative to other alternatives. Of the three alternatives, this
option is the most expensive given the total number of bridges required for flood conveyance combined
with a large section of road relocation and traffic control requirements. Right-of-way impacts are relatively
minimal with this alternative, which represents an additional benefit.
Flood, Hazards, and Maintenance – This alternative was developed to provide flood relief to at least the
5-year flood, which is a significant improvement over existing road closures. The number of bridge spans
and level of road raising could be adjusted to meet cost and flooding targets. This option does require
bank stabilization, but also provides additional buffer between the road and the laterally migrating portion
of the stream channel. This option also offers more potential to convert bridges to culverts, given the
setback position of the road, thereby limiting influx of sediment and organic debris. Addition of culverts
would, however, need to be balanced with flood conveyance requirements and desires. This alternative is
seen as having the least potential for long-term maintenance costs given its location away from both the
channel and hillslope.
Habitat – This alternative likely offers the greatest habitat benefit of the three alternatives being
considered. Setback of the road from the river allows natural reconnection of a wetland and abandoned
floodplain channel. The alternative also requires no wetland impacts. Habitat suitability mapping also
shows that this alternative is the only alternative to show uplift (albeit minimal) over existing conditions.
Proposed wood structures also provide instream habitat. The large habitat drawback appears to be
clearing of mature floodplain forest for the partial realignment.
Permitting and Compliance – Permitting and compliance effort, cost, and certainty of outcome are
relatively favorable for this alternative.
Table 4-2

Comparison of Alternatives by Various Metrics Related to Construction,
Flooding/Hazards/Maintenance, Habitat, and Permitting and Compliance
Metric (below)
Alternative (right)

Existing

Alternative 1

Alternative 2

Alternative 2A

-

6,075

3,325

3,350

Fill Volume (CY)

10,800

16,950

15,900

Fill Area at Centerline (SF)

9,750

10,625

11,475

Average Fill at CL (FT)

1.60

3.20

3.43

$19,192,000

$21,177,943

$25,356,892

15.75

4.71

7.52

550

700

850

No. 100' Spans

1

4

4

No. 150' Spans

3

2

3

Construction
Length (FT)

Design and Construction Estimate
Area of Impact (ACRES)
LF of Bridges/Culverts
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Table 4-2

Comparison of Alternatives by Various Metrics Related to Construction,
Flooding/Hazards/Maintenance, Habitat, and Permitting and Compliance
Metric (below)
Alternative (right)

Existing

Alternative 1

Alternative 2

Alternative 2A

Flow recurrence interval at which road is
inundated

15
days/yr

1.5-yr flood

5-yr flood

5-yr flood

Net 100-yr WSEL change on river side of
road

-

+0.02

+0.04

+0.05

Net 100-yr WSEL change on floodplain side
of road

-

+0.05

-0.21

-0.15

Level of bank stabilization and maintenance

High

Low

High

Medium

Length of roadway with landslide risk (ft)

0

~1,000

0

0

Change in avulsion potential with proposed
alternative

-

No
change/potential
improvement*

No
change/potential
improvement*

No
change/potential
improvement*

Acres of Direct (Obliterated) Wetland
Impacts

3.1 (all CAT I)

0.02 (CAT II &
III)

0 (CAT II & III)

Area of Total Wetland Impacts (including
required buffers)

7.7 (all CAT I)

0.37 (CAT II &
III)

0.58 (CAT II &
III)

9

0

3.8

Flooding/Hazards/Maintenance

Habitat

Total Area Forest Clearing (acre)
Inundated area during 1.33-yr flood (acre)

106.8

105.4

101.9

103.8

Habitat Suitability Area for Juvenile Chinook
during 1.33-yr flood (acre)

34.4

33.3

32.1

34.5

Length of Main Channel Bank Improved (ft)

-

1,400

1,400

1,400

Permitting Fees and Environmental
Compliance Support

-

$200,000

$100,000

$100,000

Permitting Difficulty

-

High

Moderate

Moderate

Permitting and Compliance
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APPENDIX

COST ESTIMATES

Skokomish Valley Road Relocation Project
August 11, 2017
Developed by Nick Danis, P.E.

Alternative 1 – Full Road Realignment
Bid Item No.
Item Description
Division 1 - General Requirements
1
Mobilization (10%)
2
Project Temporary Traffic Control (2%)
Total
Division 1 - General Requirements

Reviewed by Jack Bjork, P.E.
Unit Price

Unit

Quantity

LS
LS

1
1

$
$

Division 2 - Earthwork
3
Removal of Structure and Obstructions
4
Clearing and Grubbing
5
Removing Bituminous Pavement
Streambed Sediment
6
7
Roadway Excavation
8
Roadway Excavation Including Haul
9
Construction Geotextile for Separation
Total
Division 2 - Earthwork

LS
AC
SY
CY
CY
CY
SY

1
16.0
20,550
2,700
10,500
4,300
2,500

$
$
$
$
$
$
$

Division 4 - Bases
10
Crushed Surfacing Base Course
Total
Division 4 - Bases

CY

12,050

Division 5 - Surface Treatments and Pavements
11
HMA CL 1/2 PG 64-22
Total
Division 5 - Surface Treatments and Pavements

TON

Division 6 - Structures
12
Cable Fence
13
Unsuitable Foundation Excavation Incl. Haul
14
Common Borrow Incl. Haul (Replace Unsuitable)
15
Prestressed Conc. Girder (100' Span)
16
Prestressed Conc. Girder (150' Span)
16
Furnishing St. Piling
17
Driving St. Pile
17
Bridge Deck (100' Span)
18
Bridge Deck (150' Span)
Total
Division 6 - Structures

LF
CY
CY
LF
LF
LF
EA
EA
EA

Total Amount

1,175,700.00 $
225,000.00 $
$

200,000.00
5,000.00
2.10
30.00
15.00
40.00
5.00

1,175,700
225,000
1,400,700

$
$
$
$
$
$
$
$

200,000
80,000
43,155
81,000
157,500
172,000
12,500
746,155

$

35.00 $
$

421,750
421,750

6,250

$

80.00 $
$

500,000
500,000

1,000
7,500
7,500
600
2,700
6,400
32
1
3

$
$
$
$
$
$
$
$
$

Division 7 - Drainage Structures, Storm Sewers, Sanitary Sewers, Water Mains, and Conduits
19
24" dia. Culvert
LF
1,560
20
Drainage Ditch
LF
5,300
Total
Division 7 - Drainage Structures, Storm Sewers, Sanitary Sewers, Water Mains, and Conduits

$
$

120.00
25.00
8.00
500.00
550.00
145.00
4,200.00
1,200,000.00
1,400,000.00

$
$
$
$
$
$
$
$
$
$

120,000
187,500
60,000
300,000
1,485,000
928,000
134,400
1,200,000
4,200,000
8,614,900

60.00 $
35.00 $
$

93,600
185,500
279,100
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Skokomish Valley Road Relocation Project
August 11, 2017
Developed by Nick Danis, P.E.

Alternative 1 – Full Road Realignment
Bid Item No.
Item Description
Division 8 - Miscellaneous Construction
20
Erosion Control and Water Pollution Prevention
21
Beam Guardrail Type 31
22
Beam Guardrail Type 31 Non-Flared Term.
23
Underground Utility Relocation
24
Paint Line
25
Silt Fence
26
High Visibility Fence
27
Seeding Fertilizing and Mulching
28
Planting
29
SPCC Plan
Total
Division 8 - Miscellaneous Construction

Total
Total
Total
Total
Total
Total
Total
20%
8.5%

10.0%

Reviewed by Jack Bjork, P.E.
Unit

Quantity

LS
LF
EA
LF
LF
LF
LF
ACRE
ACRE
LS

1
1,440
12
6,100
18,300
15,000
5,000
10.4
4.25
1

Division 1 - General Requirements
Division 2 - Earthwork
Division 4 - Bases
Division 5 - Surface Treatments and Pavements
Division 6 - Structures
Division 7 - Drainage Structures, Storm Sewers, Sanitary Sewers, Water Mains, and Conduits
Division 8 - Miscellaneous Construction
SUBTOTAL
Construction Contingency
TOTAL ESTIMATED CONSTRUCTION COST
Sales Tax
Land Acquisition
Wetland Mitigation
Estimated Engineering Design Fees
Permitting and Environmental Compliance Fees
TOTAL ESTIMATED COST

Unit Price
$
$
$
$
$
$
$
$
$
$

5,000.00
23.00
3,500.00
100.00
0.35
7.50
5.00
5,000.00
8,000.00
5,000.00

Total Amount
$
$
$
$
$
$
$
$
$
$
$

50,000
33,120
42,000
610,000
6,405
112,500
25,000
52,000
34,000
5,000
970,025

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

1,400,700
746,155
421,750
500,000
8,614,900
279,100
970,025
12,932,630
2,586,526
15,519,156
1,319,128
325,365
275,964
1,551,916
200,000
19,191,529

Assumptions
1. Quantities based on Concept Alternatives provided in Report dated 08/11/2017
2. All unit prices are a reflection of WSDOT Unit Bid Analysis and adjusted to reflect recent bids per Mason County
3. All volumes based on neat line quantities
4. Tonnage for HMA CL 1/2 PG 64-22 based on 2 tons per CY
5. Crushed Surfacing Base Course modified to $35 per CY from $15.20 per CY in MC Estimates
6. Streambed Cobbles will be required for all bridges/culvert openings. Assumed 2' thickness.
7. Roadway width assumed to be 40'. Roadway Section to include 4" HMA over 15" CSBC
8. Guardrail required at all Bridges/Culverts
9. Land Acquisition includes 2007 Market Value for Parcel 52113-10-00010
10. Costs assume no Water Quality Treatment required

B-2

Skokomish Valley Road Relocation Project
August 11, 2017
Developed by Nick Danis, P.E.

Alternative 2 – Maintain and Raise Current Road
Bid Item No.
Item Description
Division 1 - General Requirements
1
Mobilization (8%)
2
Project Temporary Traffic Control (5%)
Total
Division 1 - General Requirements

Reviewed by Jack Bjork, P.E.
Unit Price

Unit

Quantity

LS
LS

1
1

Division 2 - Earthwork
3
Removal of Structure and Obstructions
4
Clearing and Grubbing
5
Removing Bituminous Pavement
Streambed Sediment
6
7
Common Borrow Including Haul
8
Embankment Compaction
9
Roadway Excavation
10
Construction Geotextile for Separation
Total
Division 2 - Earthwork

LS
AC
SY
CY
CY
CY
CY
SY

1
1.5
9,500
1,850
8,300
8,300
70
1,000

$
$
$
$
$
$
$
$

Division 4 - Bases
11
Crushed Surfacing Base Course
Total
Division 4 - Bases

CY

7,000

TON

3,500

LF
LF
LF
EA
EA
EA

2,400
1,800
12,800
48
4
2

Division 5 - Surface Treatments and Pavements
12
HMA CL 1/2 PG 64-22
Total
Division 5 - Surface Treatments and Pavements

Division 6 - Structures
13
Prestressed Conc. Girder (100' Span)
14
Prestressed Conc. Girder (150' Span)
15
Furnishing St. Piling
16
Driving St. Pile
17
Bridge Deck (100' Span)
18
Bridge Deck (150' Span)
Total
Division 6 - Structures

Total Amount

$ 1,098,000.00 $
$
600,000.00 $
$

100,000.00
5,000.00
2.10
30.00
20.00
5.00
15.00
5.00

1,098,000
600,000
1,698,000

$
$
$
$
$
$
$
$
$

100,000
7,500
19,950
55,500
166,000
41,500
1,050
5,000
396,500

$

15.20 $
$

106,400
106,400

$

80.00 $
$

280,000
280,000

$500.00
$550.00
$145.00
$4,200.00
$1,200,000.00
$1,400,000.00

$
$
$
$
$
$
$

1,200,000
990,000
1,856,000
201,600
4,800,000
2,800,000
11,847,600
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Skokomish Valley Road Relocation Project
August 11, 2017
Developed by Nick Danis, P.E.

Alternative 2 – Maintain and Raise Current Road
Bid Item No.
Item Description
Division 8 - Miscellaneous Construction
19
Erosion Control and Water Pollution Prevention
20
LWD Deflector Structure
21
Beam Guardrail Type 31
22
Beam Guardrail Type 31 Non-Flared Term.
23
Underground Utility Relocation
24
Paint Line
25
Silt Fence
26
High Visibility Fence
27
Seeding Fertilizing and Mulching
28
SPCC Plan
Total
Division 8 - Miscellaneous Construction

Total
Total
Total
Total
Total
Total
20%
8.5%
10.0%

Reviewed by Jack Bjork, P.E.
Unit

Quantity

LS
EA
LF
EA
LF
LF
LF
LF
ACRE
LS

1
18
840
20
1,000
10,500
6,500
2,000
1.5
1

Unit Price
$

$
$
$
$
$
$

Division 1 - General Requirements
Division 2 - Earthwork
Division 4 - Bases
Division 5 - Surface Treatments and Pavements
Division 6 - Structures
Division 8 - Miscellaneous Construction
SUBTOTAL
Construction Contingency
TOTAL ESTIMATED CONSTRUCTION COST
Sales Tax
Estimated Engineering Design Fees
Permitting and Environmental Compliance Fees
TOTAL ESTIMATED COST

5,000.00
$10,000.00
$23.00
$3,500.00
100.00
0.35
7.50
5.00
5,000.00
5,000.00

Total Amount
$
$
$
$
$
$
$
$
$
$
$

50,000
180,000
19,320
70,000
100,000
3,675
48,750
10,000
7,500
5,000
494,245

$
$
$
$
$
$
$
$
$
$
$
$
$

1,698,000
396,500
106,400
280,000
11,847,600
494,245
14,822,745
2,964,549
17,787,294
1,511,920
1,778,729
100,000
21,177,943

Assumptions
1. Quantities based on Concept Alternatives provided in Report dated 08/11/2017
2. All unit prices are a reflection of WSDOT Unit Bid Analysis and adjusted to reflect recent bids per Mason County
3. All volumes based on neat line quantities
4. Tonnage for HMA CL 1/2 PG 64-22 based on 2 tons per CY
5. Crushed Surfacing Base Course modified to $35 per CY from $15.20 per CY in MC Estimates
6. Streambed Cobbles will be required for all bridges/culvert openings. Assumed 2' thickness.
7. Roadway width assumed to be 40'. Roadway Section to include 4" HMA over 15" CSBC
8. Guardrail required at all Bridges/Culverts
9. Costs assume no Water Quality Treatment required
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Skokomish Valley Road Relocation Project
August 11, 2017
Developed by Nick Danis, P.E.

Alternative 2A – Partial Road Realignment
Bid Item No.
Item Description
Division 1 - General Requirements
1
Mobilization (8%)
2
Project Temporary Traffic Control (5%)
Total
Division 1 - General Requirements

Reviewed by Jack Bjork, P.E.
Unit Price

Unit

Quantity

LS
LS

1
1

Division 2 - Earthwork
3
Removal of Structure and Obstructions
4
Clearing and Grubbing
5
Removing Bituminous Pavement
Streambed Sediment
6
7
Common Borrow Including Haul
8
Embankment Compaction
9
Roadway Excavation
10
Construction Geotextile for Separation
Total
Division 2 - Earthwork

LS
AC
SY
CY
CY
CY
CY
SY

1
4
9,500
1,845
7,650
7,650
2,200
1,000

$
$
$
$
$
$
$
$

Division 4 - Bases
11
Crushed Surfacing Base Course
Total
Division 4 - Bases

CY

6,650

Division 5 - Surface Treatments and Pavements
12
HMA CL 1/2 PG 64-22
Total
Division 5 - Surface Treatments and Pavements

TON

3,350

Division 6 - Structures
13
Unsuitable Foundation Excavation Incl. Haul
14
Common Borrow Incl. Haul (Replace Unsuitable)
15
Prestressed Conc. Girder (100' Span)
16
Prestressed Conc. Girder (150' Span)
17
Furnishing St. Piling
18
Driving St. Pile
19
Bridge Deck (100' Span)
20
Bridge Deck (150' Span)
Total
Division 6 - Structures

CY
CY
LF
LF
LF
EA
EA
EA

1,000
1,000
2,400
2,700
16,000
56
4
3

Total Amount

$ 1,315,700.00 $
$
700,000.00 $
$

100,000.00
5,000.00
2.10
30.00
20.00
5.00
15.00
2.00

1,315,700
700,000
2,015,700

$
$
$
$
$
$
$
$
$

100,000
18,500
19,950
55,350
153,000
38,250
33,000
2,000
420,050

$

15.20 $
$

101,080
101,080

$

80.00 $
$

268,000
268,000

$25.00
$20.00
$500.00
$550.00
$145.00
$4,200.00
$1,200,000.00
$1,400,000.00

$
$
$
$
$
$
$
$
$

25,000
20,000
1,200,000
1,485,000
2,320,000
235,200
4,800,000
4,200,000
14,285,200
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Skokomish Valley Road Relocation Project
August 11, 2017
Developed by Nick Danis, P.E.

Alternative 2A – Partial Road Realignment
Bid Item No.
Item Description
Division 8 - Miscellaneous Construction
21
Erosion Control and Water Pollution Prevention
22
Beam Guardrail Type 31
23
Beam Guardrail Type 31 Non-Flared Term.
24
Underground Utility Relocation
25
Paint Line
26
Large Wood Bank Structures
27
Silt Fence
28
High Visibility Fence
29
Seeding Fertilizing and Mulching
30
Planting
31
SPCC Plan
Total
Division 8 - Miscellaneous Construction

Total
Total
Total
Total
Total
Total
20%
8.5%
10.0%

Reviewed by Jack Bjork, P.E.
Unit

Quantity

LS
LF
EA
LF
LF
EA
LF
LF
ACRE
ACRE
LS

1
1,600
16
2,075
10,050
18
7,000
2,000
3.7
1.96
1

Unit Price
$

$
$
$
$
$
$
$
$

Division 1 - General Requirements
Division 2 - Earthwork
Division 4 - Bases
Division 5 - Surface Treatments and Pavements
Division 6 - Structures
Division 8 - Miscellaneous Construction
SUBTOTAL
Construction Contingency
TOTAL ESTIMATED CONSTRUCTION COST
Sales Tax
Estimated Engineering Design Fees
Permitting and Environmental Compliance Fees
TOTAL ESTIMATED COST

5,000.00
$23.00
$3,500.00
100.00
0.35
12,000.00
7.50
5.00
5,000.00
8,000.00
5,000.00

Total Amount
$
$
$
$
$
$
$
$
$
$
$
$

50,000
36,800
56,000
207,500
3,518
216,000
52,500
10,000
18,500
15,680
5,000
671,498

$
$
$
$
$
$
$
$
$
$
$
$
$

2,015,700
420,050
101,080
268,000
14,285,200
671,498
17,761,528
3,552,306
21,313,833
1,811,676
2,131,383
100,000
25,356,892

Assumptions
1. Quantities based on Concept Alternatives provided in Report dated 08/11/2017
2. All unit prices are a reflection of WSDOT Unit Bid Analysis and adjusted to reflect recent bids per Mason County
3. All volumes based on neat line quantities
4. Tonnage for HMA CL 1/2 PG 64-22 based on 2 tons per CY
5. Crushed Surfacing Base Course modified to $35 per CY from $15.20 per CY in MC Estimates
6. Streambed Cobbles will be required for all bridges/culvert openings. Assumed 2' thickness
7. Roadway width assumed to be 40'. Roadway Section to include 4" HMA over 15" CSBC
8. Guardrail required at all Bridges/Culverts
9. Costs assume no Water Quality Treatment required
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GEOTECHNICAL REPORT
SKOKOMISH VALLEY ROAD REALIGNMENT FEASIBILITY STUDY
MASON COUNTY, WASHINGTON
1.0 INTRODUCTION
This report presents the results of our conceptual geotechnical evaluation for the proposed
Skokomish Valley Road realignment in Mason County, Washington. The project owner is the
Mason Conservation District (MCD), and the prime consultant is Cardno. Our scope of services
included:






Reviewing existing geologic data,
Performing a site reconnaissance,
Evaluating geologic hazards and mitigation options,
Developing opinions of probable construction cost, and
Preparing this report.

We provided our services in general accordance with our subconsultant Task Order SWI-MCD2017-01 with Cardno, dated July 5, 2017.
2.0 SITE AND PROJECT DESCRIPTION
The project site is in the Skokomish River Valley, about 5 miles west of Skokomish,
Washington. Near the project site, the valley is about 1.25 miles wide and relatively flat. On the
north and south sides of the valley, bluffs and hills rise about 400 feet from the valley floor.
The purpose of the project is to evaluate alternate alignments for the Skokomish Valley Road
between mileposts (MP) 4.0 and 4.5. In this area, the road crosses Vance Creek and Swift Creek
and parallels the South Fork Skokomish River. This portion of the road regularly floods during
rain events. Rerouting the road would improve access during flooding and could improve
salmonid habitat by hydraulically reconnecting the river to nearby wetlands.
Cardno and MCD developed three road alignment alternatives, discussed below. Figure 1 shows
the proposed alternatives.
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2.1

Alternative 1

Alternative 1 would route the road to the southern edge of the Skokomish River Valley. The
alignment would turn south onto West Eells Hill Road, then west near the State Trout Hatchery
(Figure 1). Initially, the alignment would approximately follow an existing hatchery access road,
which is a gravel road that extends about 0.4 mile west to an intake structure in Swift Creek.
Near the intake structure, the alignment would leave the hatchery access road and continue west
across Swift Creek on a new bridge. From Swift Creek, the alignment would generally follow
the toe of the adjacent slope. A new bridge would be required at Vance Creek, then the
alignment would rejoin the existing road alignment.
2.2

Alternative 2

Alternative 2 would keep the road on its existing alignment but raise it in place and add flood
mitigation measures. Based on hydraulic analyses performed by Cardno, the road would be
raised about 3 feet to bring it above the 5- to 10-year flood zone. About 150 feet of new
bridge/culvert structures would be installed to allow floodwaters to flow under the road, between
the river on the north and the wetlands on the south. The existing bridge spans at Vance and
Swift Creeks would either be left in place or replaced with longer structures.
2.3

Alternative 2A

Alternative 2A would keep the road on its existing alignment, except for a 0.3-mile stretch where
it would be moved south, away from the South Fork Skokomish River. Based on hydraulic
analyses performed by Cardno, the road would be raised about 3 feet to bring it above the 5- to
10-year flood zone. The existing bridge spans at Vance and Swift Creeks would be left in place
or replaced with longer structures.
3.0 SUBSURFACE CONDITIONS
We evaluated the subsurface conditions along each proposed alignment based on Washington
State Department of Natural Resources geologic maps, Light Detection and Ranging (LiDAR)
maps developed by MCD, and a site reconnaissance that we performed on August 1, 2017.
Figure 2 shows the mapped geology of the project area. The eastern portion of the project area
was mapped at 1:24,000 scale in 2010; the western portion of the project area is only available
mapped at 1:100,000. The valley floor is underlain by alluvial (river) deposits, which typically
consist of sand and gravel. During our site reconnaissance, we observed numerous wetland areas
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on the valley floor. In our experience, wetland areas are typically underlain by loose silt/sand,
soft clays, and/or organic soils.
The hillsides on the south side of the valley generally consist of glacially-derived outwash
deposits of silt, sand, and gravel. Cobbles and boulders are also present. During our site visit,
we observed many areas of active landslides on the hillsides and evidence of landslide deposits
along the toe of the slope. These areas are often characterized by soft, saturated soil, hummocky
terrain, sag ponds, and slide scarps. We also observed many areas of seepage on the hillsides.
Along the hatchery access road, we observed evidence of hillside sloughing that had blocked the
drainage ditch on the south side of the access road. We spoke with a representative of the State
Trout Hatchery, who said that maintenance crews had to regularly clear the ditch of debris. He
also said that groundwater regularly seeped out of the hillside above the access road.
We reviewed LiDAR and geologic maps to evaluate the locations of potential landslide areas.
Figure 1 shows our interpretation of potential landslide areas. About 2.5 miles east of the project
site, we identified possible landslide deposits that extended about 900 feet into the valley.
We did not perform subsurface explorations for this phase of the project. Subsurface
explorations are an essential part of a well-designed project and will be required in future project
phases. The size and scope of the subsurface exploration program will depend on the alignment
alternative that is selected.
4.0 GEOLOGIC HAZARDS
This section discusses the geologic hazards present in the project area. We evaluated possible
geologic hazards based on our site reconnaissance, geologic maps, LiDAR maps, and our
experience.
4.1

Steep Slopes

The slopes on the south side of the Skokomish River Valley are mantled with soft/loose colluvial
deposits and numerous areas of surficial landsliding. Sloughing from these slopes could clog
drainage ditches and cover roads, as has occurred at the hatchery access road. The slopes could
also experience large-scale landsliding that could cover roads and send debris several hundred
feet out into the valley. Figure 1 shows areas that we have identified as potential landslides;
these areas could be more likely to slide than the rest of the slope.
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4.2

Liquefaction

The valley bottom generally consists of saturated, loose alluvial sand and gravel deposits. When
subjected to earthquake loads, these soils can lose strength and liquefy. Liquefaction can cause
settlement that can damage embankments and shallow foundations.
4.3

Poor Subgrade

Areas of soft/organic soil would be unsuitable as subgrade for a roadway embankment. If
unmitigated, the poor subgrade could cause settlement and pavement distress. Areas of poor
subgrade are likely to exist in wet/saturated areas or in areas where existing facilities have
experienced settlement. However, areas of poor subgrade could be present anywhere in the
project area.
4.4

River Scour

Embankments impacted by river flow could experience scour and erosion, which could damage
the embankment and nearby structures. Scour is more likely to occur near areas of regular
flooding or areas with high-velocity flow.
5.0 MITIGATION ALTERNATIVES
This section discusses options for mitigating the geologic hazards present along the alignment
alternatives. Whether a hazard should be mitigated and the extent to which it is mitigated should
be based on a consideration of the risks from the hazard, the mitigation costs, and the potential
effectiveness of the mitigation.
5.1

Steep Slopes
5.1.1

Slope Stabilization

Slope stabilization is a relatively expensive option to mitigate steep slope hazards.
Stabilization measures could include regrading the slope, applying aggressive erosion control
measures, installing structural elements (e.g., retaining walls such as soldier pile walls or soil nail
walls), and/or drainage improvements. Construction access can be a major factor in selecting a
slope stabilization alternative.
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5.1.2

Debris Catchment

Instead of stopping a slope from sliding, structures could be installed to reduce the
potential for debris impacting the roadway. This is generally a more cost-effective option than
slope stabilization. Mitigation options could include debris catchment fences, slope netting,
catchment walls, widened ditches, or diversion berms. Each of these options would require
additional maintenance after landslide events.
5.1.3

Roadway Relocation

The proposed alignment could be moved away from the steep slopes so that the risk of
debris impacting the road is reduced. LiDAR shows evidence of debris flows moving as much
as 900 feet into the valley; however, events of this size are likely relatively infrequent.
5.2

Liquefaction
5.2.1

Deep Foundations

Deep foundations, such as driven piles, could be used to transfer structure loads into
competent soil beneath the zone of potential liquefaction. The existing Vance Creek and Swift
Creek bridges are founded on driven steel piles.
5.2.2

Base Reinforcement

Base reinforcement, like geosynthetic fabrics or grids, could be used to reinforce
embankments and reduce liquefaction-induced differential settlement.
5.3

Poor Subgrade
5.3.1

Excavate and Replace

Zones of poor subgrade could be excavated and replaced with competent structural fill.
Excavation would likely be complicated by high groundwater or deep deposits of soft soil.
Therefore, complete excavation and replacement of compressible soils is likely impractical;
partial excavation and replacement could be coupled with other mitigation measures.
5.3.2

Preloading

Preloading can reduce the potential for embankments on soft soil to settle. An oversize
embankment would be placed on a zone of soft soil, causing the soil to consolidate and settle.
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The soft soil may take several months to consolidate. After settlement is complete, the
embankment would be regraded to the required dimensions and paved.
5.3.3

Base Reinforcement

Base reinforcement, like geosynthetic fabrics or grids, could be used to reinforce
embankments and reduce differential settlement from soft soil.
5.4

River Scour

Embankments subject to scour could be armored to reduce erosion potential. Riprap can be an
effective armoring option, but it does not typically enhance environmental habitat. Geosynthetic
reinforcement can armor a slope and can be designed with a vegetated face to encourage habitat
development.
6.0 GEOTECHNICAL DESIGN AND CONSTRUCTION CONSIDERATIONS
This section discusses geotechnical design and construction considerations for each alignment
alternative. We present an opinion of probable construction cost for mitigating the geologic
hazards likely present along each alignment. Section 6.4, below, discusses how we evaluated
construction costs.
6.1

Alternative 1

The Alternative 1 alignment would have to be cleared and grubbed to allow roadway
construction. Clearing, and possibly temporary road construction, may be required to allow
access for subsurface explorations during the design phase. Drilling equipment access may be
limited because of nearby wetlands; more expensive, hand-portable drilling equipment might be
required.
We assumed that the following mitigation measures would be employed for Alternative 1:


Placing 1,000 feet of catchment fence to mitigate landslide debris impacting the
roadway,



Excavating and replacing 1,500 feet of unsuitable subgrade to an average depth of
3 feet,



Placing 500 feet of geosynthetic reinforcement to mitigate differential settlement, and



Driving four 80-foot-long steel piles at each of four bridge abutments to mitigate
static and liquefaction-induced settlement.
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Culverts and other drainage structures would also be required to convey the water that
seeps/flows out of the adjacent hillside.
In our opinion, these mitigation measures could have a probable construction cost on the order of
$1,400,000. Additional costs should be included for regular maintenance to clear debris from
catchment fences and drainage ditches. We assumed that, because of the large associated costs,
MCD would choose not to mitigate the possibility of relatively infrequent, large landslides
impacting the road.
Geotechnical design and construction costs for Alternative 1 would increase significantly if the
road is benched into the adjacent slope. Benching would necessitate retaining walls, drainage
systems, and other measures to improve slope stability.
6.2

Alternative 2

Alternative 2 would follow the existing road alignment. Maintaining traffic during construction
could complicate construction activities and increase costs.
We assumed that the following mitigation measures would be employed for Alternative 2:


Excavating and replacing 200 feet of unsuitable subgrade to an average depth of
3 feet,



Placing 200 feet of geosynthetic reinforcement to mitigate differential settlement,



Constructing 750 feet of geosynthetic-reinforced soil slopes to mitigate river scour of
the roadway embankment and improve habitat,



Driving four 80-foot-long steel piles at each of six bridge abutments to mitigate
liquefaction-induced settlement.

In our opinion, these mitigation measures could have a probable construction cost on the order of
$2,000,000. Riprap slope protection is a more cost-effective alternative to reinforced soil slopes.
6.3

Alternative 2A

A portion of Alternative 2A would follow the existing road alignment. Maintaining traffic
during construction could complicate construction activities and increase costs. A section of the
Alternative 2A alignment would have to be cleared and grubbed to allow roadway construction.
Clearing, and possibly temporary road construction, may be required to allow access for
subsurface explorations during the design phase.
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We assumed that the following mitigation measures would be employed for Alternative 2A:


Excavating and replacing 800 feet of unsuitable subgrade to an average depth of
3 feet,



Placing 500 feet of geosynthetic reinforcement to mitigate differential settlement, and



Driving four 80-foot-long steel piles at each of six bridge abutments to mitigate
liquefaction-induced settlement.

In our opinion, these mitigation measures could have a probable construction cost on the order of
$2,600,000.
6.4

About Construction Costs

We developed our opinions of probable construction costs by reviewing Washington State
Department of Transportation bid tabulations and discussing similar projects with contractors.
The costs include several assumptions, including:


The subsurface conditions that will be encountered,



Decisions of other design professionals and government agency personnel,



The means and methods of construction the Contractor will employ,



The Contractor’s techniques in determining price and market conditions at the time of
construction, and



Other factors over which we have no control.

Given the assumptions that must be made, Shannon & Wilson, Inc. (Shannon & Wilson) cannot
guarantee the accuracy of the opinion of probable construction costs. Shannon & Wilson is not a
construction cost estimator or construction contractor, nor should our rendering of an opinion of
probable construction costs be considered equivalent to the nature and extent of services a
construction cost estimator or contractor would provide.
7.0 CLOSURE
This report was prepared for the exclusive use of Cardno and the project team for conceptual
design of the project. This report should not be used for final design and should not be made
available to prospective contractors. This report is not a warranty of subsurface conditions,
which we interpreted from geologic maps prepared by others.
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Date:
To:

August 30, 2017
Mr. Jonathan Ambrose
Cardno

IMPORTANT INFORMATION ABOUT YOUR GEOTECHNICAL/ENVIRONMENTAL
REPORT
CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for a civil engineer may not be adequate
for a construction contractor or even another civil engineer. Unless indicated otherwise, your consultant prepared your report expressly
for you and expressly for the purposes you indicated. No one other than you should apply this report for its intended purpose without
first conferring with the consultant. No party should apply this report for any purpose other than that originally contemplated without
first conferring with the consultant.
THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of project-specific
factors. Depending on the project, these may include: the general nature of the structure and property involved; its size and
configuration; its historical use and practice; the location of the structure on the site and its orientation; other improvements such as
access roads, parking lots, and underground utilities; and the additional risk created by scope-of-service limitations imposed by the
client. To help avoid costly problems, ask the consultant to evaluate how any factors that change subsequent to the date of the report
may affect the recommendations. Unless your consultant indicates otherwise, your report should not be used: (1) when the nature of
the proposed project is changed (for example, if an office building will be erected instead of a parking garage, or if a refrigerated
warehouse will be built instead of an unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation,
or configuration of the proposed project is altered; (3) when the location or orientation of the proposed project is modified; (4) when
there is a change of ownership; or (5) for application to an adjacent site. Consultants cannot accept responsibility for problems that may
occur if they are not consulted after factors which were considered in the development of the report have changed.
SUBSURFACE CONDITIONS CAN CHANGE.

Subsurface conditions may be affected as a result of natural processes or human activity. Because a geotechnical/environmental report
is based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a report whose
adequacy may have been affected by time. Ask the consultant to advise if additional tests are desirable before construction starts; for
example, groundwater conditions commonly vary seasonally.
Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may also
affect subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report. The consultant should be kept
apprised of any such events, and should be consulted to determine if additional tests are necessary.
MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are taken. The data
were extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurface conditions. The actual
interface between materials may be far more gradual or abrupt than your report indicates. Actual conditions in areas not sampled may
differ from those predicted in your report. While nothing can be done to prevent such situations, you and your consultant can work
together to help reduce their impacts. Retaining your consultant to observe subsurface construction operations can be particularly
beneficial in this respect.
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A REPORT'S CONCLUSIONS ARE PRELIMINARY.

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that conditions
revealed through selective exploratory sampling are indicative of actual conditions throughout a site. Actual subsurface conditions can
be discerned only during earthwork; therefore, you should retain your consultant to observe actual conditions and to provide conclusions.
Only the consultant who prepared the report is fully familiar with the background information needed to determine whether or not the
report's recommendations based on those conclusions are valid and whether or not the contractor is abiding by applicable
recommendations. The consultant who developed your report cannot assume responsibility or liability for the adequacy of the report's
recommendations if another party is retained to observe construction.
THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION.

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a
geotechnical/environmental report. To help avoid these problems, the consultant should be retained to work with other project design
professionals to explain relevant geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of
their plans and specifications relative to these issues.
BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE REPORT.

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site personnel), field test results,
and laboratory and/or office evaluation of field samples and data. Only final boring logs and data are customarily included in
geotechnical/environmental reports. These final logs should not, under any circumstances, be redrawn for inclusion in architectural or
other design drawings, because drafters may commit errors or omissions in the transfer process.
To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to the complete
geotechnical engineering/environmental report prepared or authorized for their use. If access is provided only to the report prepared for
you, you should advise contractors of the report's limitations, assuming that a contractor was not one of the specific persons for whom
the report was prepared, and that developing construction cost estimates was not one of the specific purposes for which it was prepared.
While a contractor may gain important knowledge from a report prepared for another party, the contractor should discuss the report with
your consultant and perform the additional or alternative work believed necessary to obtain the data specifically appropriate for
construction cost estimating purposes. Some clients hold the mistaken impression that simply disclaiming responsibility for the accuracy
of subsurface information always insulates them from attendant liability. Providing the best available information to contractors helps
prevent costly construction problems and the adversarial attitudes that aggravate them to a disproportionate scale.
READ RESPONSIBILITY CLAUSES CLOSELY.

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact than other design
disciplines. This situation has resulted in wholly unwarranted claims being lodged against consultants. To help prevent this problem,
consultants have developed a number of clauses for use in their contracts, reports, and other documents. These responsibility clauses
are not exculpatory clauses designed to transfer the consultant's liabilities to other parties; rather, they are definitive clauses that identify
where the consultant's responsibilities begin and end. Their use helps all parties involved recognize their individual responsibilities and
take appropriate action. Some of these definitive clauses are likely to appear in your report, and you are encouraged to read them closely.
Your consultant will be pleased to give full and frank answers to your questions.
The preceding paragraphs are based on information provided by the
ASFE/Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland
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