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INTRODUCTION 

This report presents the results of our scour assessment services for proposed bridges along 

Rockport Cascade Road in Skagit County east of Rockport, Washington.  The approximate location of the 

site is shown in the Vicinity Map, Figure 1.  As part of this project we evaluated the scour potential for two 

new bridges to span historic channels along Illabot Creek.  The existing bridge, constructed in the early 

1970s, channelized the creek channel with riprap-lined levees and the intent of this project is to remove 

portions of the existing levees, construct two overflow flood channels with associated bridges, and 

construct large wood structures to improve habitat conditions and floodplain connectivity within the 

project area.  The proposed bridges will be approximately 100 feet long, 34 feet wide, and set on spread 

footing foundations.  The bridge foundations will be setback from the edge of an excavated pilot channel 

and will be protected with riprap armor inset or buried into wider bankfull the channel.  

GeoEngineers concurrently completed a geotechnical study for foundation support of the bridges for the 

project.  The results are presented in our report of geotechnical engineering services dated June 30, 

2011. 

SCOPE OF SERVICES 

The purpose of our services was to evaluate the scour potential within historic channel locations of 

Illabot Creek to assist TranTech Engineering, LLC (TranTech) and Skagit River Systems Cooperative 

(SRSC) in developing design plans for a new bridge or bridges on Rockport Cascade Road.  

GeoEngineers performed our services in general accordance with the scope of services attached in the 
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subconsultant agreement dated May 6, 2011 and authorized by TranTech.  Our services performed are 

outlined below.   

Data Collection and Review 

GeoEngineers reviewed data prepared by TranTech and SRSC and collected additional information 

including USGS topo maps, aerial photos, and LiDAR data.  We also reviewed the geotechnical data and 

collaborated with our geotechnical engineering staff during the project. 

Hydrologic and Hydraulic Review 

We reviewed existing hydrologic and hydraulic information provided by R2 Resource Consultants, Inc. (R2) 

and SRSC for this project.  Following our review we performed additional hydraulic calculations and 

modeling to supplement information provided.  

Scour Analysis 

We completed a field reconnaissance of the project site and Illabot Creek on May 10, 2011.  During the 

field reconnaissance we collected information including vertical and lateral channel stability indicators, as 

well as channel and floodplain features including flow patterns, channel bed and bank material sizes, 

vegetation and nearby structures.  We also observed the channel for evidence of headcutting, 

degradation, aggradation or possible problems within the likely zone of influence upstream and 

downstream of the proposed crossing.  Figures 2 through 8, attached to this report, are photos taken 

during the field reconnaissance.  

Following the field reconnaissance and review of proposed stream channel design elements, we 

performed a scour analysis using the Federal Highway Administration’s (FHWA’s) HEC No. 18 to estimate 

depth of scour, which is necessary for bridge footing design.  Scour was analyzed for the 100-year flood 

event and included an evaluation of general, local, and long term scour.  We also evaluated the type, size 

and embedment depth of riprap for abutment protection.  

Reporting 

This letter report describes our methods and results for the Illabot Creek Bridge Relocation along 

Rockport Cascade Road scour. 

GENERAL SITE CONDITIONS 

We performed a reconnaissance of the project site and Illabot Creek on May 10, 2010.  

Our reconnaissance extended from approximately 1,000 feet upstream and downstream of the 

Rockport Cascade Road crossing over Illabot Creek.  Illabot Creek is a medium-sized tributary to the 

Skagit River.  Its confluence with the Skagit River is located approximately 4 miles east of Rockport, 

Washington and at Rivermile (RM) 71.8.  The creek drains a basin area of 48 square miles originating at 

approximately elevation 6,500 feet above mean sea level.  Mean annual precipitation for the basin is 

approximately 95 inches.  The site is located on an active alluvial fan with a generally southeast aspect.  

Constructed features within the project reach include the Rockport Cascade Road Bridge, a 24-inch-

diameter culvert under Rockport Cascade Road where the new bridge(s) are proposed, riprap-lined levees 

along both banks of the creek upstream and downstream of the existing bridge, and a transmission 
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powerline and towers. Moderate sized deciduous and evergreen trees and (moderate/thick) we observed 

along the upland areas and channel margins of Illabot Cree. 

GEOLOGY  

Our interpretation of the geologic conditions in the vicinity is based on a review of information in available 

literature, geotechnical borings, and a field reconnaissance of Illabot Creek upstream and downstream of 

the proposed crossing.  A summary is provided below. 

We observed very limited alluvial fan deposits at the site during our reconnaissance.  We encountered 

glacial till in our explorations.  Glacial till typically consists of a dense to very dense, nonsorted mixture of 

clay, silt, sand, gravel, cobbles and boulders.  The distribution and quantity of cobbles and boulders is 

unpredictable in these glacial soils.  Boulders ranging up to 10 to 20 feet in diameter have been observed 

in glacial soils within the Puget Sound region.  Gravel, cobbles and boulders (up to several feet in 

diameter) were observed randomly within the existing channel and throughout the area during our 

reconnaissance; however, we did not observe significant thickness of surficial alluvial fan deposits.  At 

one boring location, a tree was encountered at approximately 20 feet below road grade.  It is not 

apparent why fill would be this deep at this location, and it did not appear to represent stream deposited 

materials. 

CHANNEL CONDITIONS AND GEOMORPHOLOGY 

A qualitative geomorphic reach assessment was performed to evaluate vertical and lateral channel 

stability, and channel features pertinent to functional bridge design.  A summary of our evaluation is 

provided below. 

Illabot Creek can be characterized as a high-energy, steep gradient system that alternates between a 

plane bed riffle and riffle pool bedform (Figure 2).  Channel gradients observed during our site 

assessment varied from approximately 0.01 to 0.02 (ft/ft) within the project area.  Upstream and 

downstream of Rockport Cascade Road, the channel was narrowly confined by riprap lined levees 

(Figure 4) along both channel banks creating a relatively uniform trapezoidal channel with little to no 

active floodplain.  The top width of the leveed channel varies between 125 to 150 feet with a depth of 

10 to 12 feet. 

The project reach is located within the Illabot Creek alluvial fan and prior to channelization could be 

characterized as dynamic and laterally unstable.  Alluvial fans are geomorphic features that form when 

steep gradient mountain streams experience a dramatic decrease in slope as the channel proceeds onto 

a flatter natural feature or alluvial plain.  This transition in gradient significantly reduces the sediment 

transport capacity of the channel and causes sediment that was in transport to be abruptly deposited in a 

poorly sorted fashion.  Peak stream flow, mud or debris flows, log dam or landslide dam break floods, 

rock falls, and snow avalanches have all been associated with fan formation within the Skagit River 

valley.  The majority of the Illabot Creek alluvial fan is devoid of excess loose sediment and has mature 

trees growing over large portions of its surface area, suggesting it has been relatively stable in recent 

history.  However, prior to channelization, historical aerial photographs indicate the channel occupied 
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multiple flow paths and locations across the alluvial fan more typical of stream channels located within 

alluvial fan areas (Smith and Ramsden, 2006).   

Observations made during the field reconnaissance and geotechnical borings suggest glacial till material 

influences channel and floodplain conditions within the project area.  Glacial till typically consists of a 

dense to very dense, nonsorted mixture of clay, silt, sand, gravel, cobbles and boulders.  The distribution 

and quantity of cobbles and boulders is unpredictable in these glacial soils.  Boulders ranging up to 10 to 

20 feet in diameter have been observed in glacial soils within the Puget Sound region.  The dense nature 

of the observed glacial till is related to compaction caused by glacial advance on top of the deposited 

sediments.  Geotechnical borings, completed as part of this project, indicate the glacial till material varies 

from 3 to 12 feet below ground surface or 302 to 312 feet NAVD 88 at the proposed bridge locations.  

Further evidence of glacial till across the alluvial fan is suggested by the high frequency of mature tree 

blow down caused by poor rooting and lack of scour holes near large boulders in the existing stream 

channel (Figure 5).  The dense to very dense nature of the glacial till in this area suggests this material 

will resist or significantly delay scour caused by hydraulic forces from the stream channel.  However, from 

review of current channel and floodplain elevations, some amount of channel incision appears to have 

occurred after the stream channel was confined in the early 1970s, indicating that while the glacial till 

material may be resistant to scour it should not be considered non-scourable. 

HYDROLOGIC REVIEW  

A review of existing hydrologic calculations prepared by R2 for Illabot Creek was performed to verify 

stream flow values for use in the hydraulic and scour analysis.  As part of the stream channel design, R2 

performed a hydrologic analysis using regional regression equations, results from the hydraulic model, 

and gauge data to evaluate peak streamflows in Illabot Creek.  Results indicated the regional regression 

equations for this area were slightly conservative (larger) than hydraulic and geomorphic indices would 

suggest but appropriate for the design of channel and bridge elements. Regional regression calculations, 

performed by R2, indicate the 100-year recurrence interval flow for Illabot Creek at the Rockport Cascade 

Road crossing is approximately 9,710 cubic feet per second (ft3/s).   

Flood events that are expected to be equaled or exceeded once on average during any 100-year period 

(recurrence interval) have a special significance for river engineering.  This event is commonly referred as 

the 100-year flood.  Recurrence intervals represent a long term, average period between floods of a 

specific magnitude and it is important to note rare floods could occur at shorter intervals or even with the 

same year.  For the scour analysis the primary recurrence interval of interest is the 100-year flow, 

otherwise known as the base-flood discharge.   

HYDRAULIC ASSESSMENT 

The primary objective of GeoEngineers’ hydraulic assessment for this project was to estimate water 

surface elevations and hydraulic parameters necessary to evaluate bridge design parameters and scour 

potential at the proposed bridge crossings.  To complete this assessment a review of existing and 

proposed hydraulic modeling prepared by R2 for Illabot Creek was performed.  As part of the stream 

channel design, R2 created a one-dimensional (1D) HEC-RAS hydraulic model of the existing stream 
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channel and a split flow model representative of proposed stream channels within the project area and 

provided it for use by the project team.  For further description of hydraulic modeling methods, 

assumptions and results please see the Basis of Design Report prepared by R2 for this project.  

In general, all hydraulic model parameters used for the scour analysis remained unchanged except for 

the following: 

■ For the scour analysis of each proposed bridge, the entire 100-year flow was routed through each 

bridge opening to evaluate the most hydraulically severe condition related to scour. 

■ For the freeboard analysis, the distribution of flow within the east and west channel was modified 

until water surface elevation in both channels was approximately equal. 

Results 

The results of the existing and proposed condition hydraulic analyses are shown below in Tables 3, 4, 

and 5.  Review of the results indicates flood flows within Illabot Creek are super-critical (high energy) 

during peak flow events.  During the 100-year flow and current conditions, main channel flow depths are 

between 2 and 4 feet, flow velocities are between 10 and 18 feet per second (ft/s), and main channel 

shear stress are between 4 and 12 pounds per square foot (lb/ft2).  Results from the proposed condition 

model also indicate the addition of the proposed bridges and excavated channels will change the flow 

distribution across the alluvial fan, decrease the channel velocities and shear stresses, and ultimately 

decrease the sediment transport capacity of the channel.  This could result in sediment deposition at 

discrete locations or on a reach basis (aggradation) and is dependent on upstream sediment delivery to 

the project reach.  However, proposed condition hydraulic results suggest the future stream channel will 

continue to be high energy (high velocity and shear stress) which will reduce the likelihood of significant 

channel aggradation. 

TABLE 1.  EXISTING AVERAGE REACH HYDRAULIC CONDITIONS SUMMARY TABLE* 

Recurrence 

Interval 

(years) 

Channel 

Discharge 

(ft3/s) 

Channel 

Velocity 

(ft/s) 

Channel 

Froude 

Number 

Channel 

Hydraulic 

Radius (ft) 

Channel 

Width 

(ft) 

Energy 

Gradient 

(ft/ft) 

Channel 

Shear Stress 

(lb/ft2) 

100 9,710 12.9 1.1 3.0 390 0.027 6.1 

* For current channel location 

TABLE 2.  PROPOSED AVERAGE REACH HYDRAULIC CONDITIONS SUMMARY TABLE* 

Recurrence 

Interval 

(years) 

Channel 

Discharge 

(ft3/s) 

Channel 

Velocity 

(ft/s) 

Channel 

Froude 

Number 

Channel 

Hydraulic 

Radius (ft) 

Channel 

Width 

(ft) 

Energy 

Gradient 

(ft/ft) 

Channel 

Shear Stress 

(lb/ft2) 

100 ** 11.3 1.1 3.0 220 0.027 5.3 

     * For current channel location 

** Varies through project area 
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TABLE 3.  100-YEAR PROPOSED BRIDGE LOCATIONS HYDRAULIC CONDITIONS SUMMARY TABLE* 

Location** 

Channel 

Discharge 

(ft3/s) 

Channel 

Velocity 

(ft/s) 

Water 

Surface 

Elevation 

(ft-NAVD 88) 

Energy 

Grade 

Elevation 

(ft-NAVD 88) 

Channel 

Hydraulic 

Depth (ft) 

Energy 

Gradient 

(ft/ft) 

Channel 

Shear Stress 

(lb/ft2) 

East 4750 12.2 312.4 314.7 4.6 0.02 5.2 

West 3460 10.9 312.4 314.3 3.7 0.02 4.5 

* Data taken from upstream bridge cross section. 

As mentioned previously, to evaluate the freeboard or distance from the water surface to the low chord of 

the bridge at the upstream section for the proposed bridges, the hydraulic model provided by R2 was 

modified.  Initial results from the hydraulic model indicated a difference in water surface elevations in 

excess of 1 foot between the east and west channels at the upstream section for the proposed bridges.  

Since the upstream bridge sections and the majority of east and west channel will be hydraulically 

connected during flood flows, the distribution of flow between the channels was modified until the water 

surface elevation at the upstream section for the proposed bridges was approximately equal (<0.10-feet 

difference).  The results of this analysis indicate the 100-year water surface elevation at the upstream 

section for both bridges is 312.4 feet NAVD88.  Applying the WSDOT minimum freeboard criteria of 

3.0 feet for new bridges results in a minimum low-chord elevation for both bridges of 315.4 feet NAVD88.  

Given the potential for high sediment loads on an alluvial fan, ability of high flows to transport debris, and 

potential for aggradation, we recommend the proposed bridges meet WSDOT freeboard requirements, at 

a minimum. 

SCOUR ANALYSIS 

The primary objective of GeoEngineers’ scour analysis was to evaluate scour depths and elevations 

during the 100-year discharge such that the proposed bridge(s) would be designed and constructed to 

withstand the expected amount of scour while meeting all appropriate standards and safety factors.  

The following sections provide more in-depth information on specific components of our scour analysis, 

data used, and results. 

Methods 

A quantitative evaluation of the scour potential at the proposed bridge crossing was carried out following 

the procedures outlined in FHWA HEC-18, Fourth Edition (Richardson and Davis 2001).  

Scour components considered in the calculations include long-term degradation, contraction scour, and 

abutment scour.  Pier scour was not calculated since the proposed bridges will not include piers.  

A recommendation for stable riprap configuration was also developed to provide scour protection to 

abutment foundations from hydraulics forces from the stream channel (see below).  The scour 

calculations were carried out for the 100-year discharge of 9,710 ft3/s. 
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The scour calculations assumed an infinite depth of erodible material with a homogeneous particle size 

distribution.  A median sediment particle size (D50) of 125 millimeter (mm) was used and based field 

observations (Figure 3) and a quantitative assessment of channel bar sediments performed by SRSC 

staff.  According to the HEC-18 critical velocity equation, the approach section channel bed is mobile for 

the 100-year discharge, indicating live-bed contraction scour conditions.   

As described in the channel condition and geomorphology section, the channel bed in the vicinity of the 

Rockport Cascade Road crossing was historically dynamic both laterally and vertically.  Given the 

proposed design of stream restoration components and overall intent of this project, the channel is 

expected to reestablish this dynamic nature over time as the channel adjusts to the project elements and 

future influxes of sediment and flood flows.  Due to the confined nature of the existing channel, presence 

of glacial till across the project area, and reduction in streamflow velocities and shear stresses as a result 

of the proposed project, the existing steam and proposed channels will most likely either remain at the 

same elevation (as constructed) or increase in elevation (aggrade) as sediment is deposited.  For the 

purposes of the scour evaluation, we recommend the long-term degradation potential be assumed equal 

0.0 feet. 

Results 

A summary of the results of the scour calculations is presented in Table 4 and detailed worksheets are 

attached to this report.  The computed ultimate scour depths indicate that abutment scour may extend to 

elevation 300.4 and 301.1 feet NAVD88 for the East and West Bridge, respectively.  However, WSDOT 

and FHWA scour procedures suggest abutment protection should be designed for new bridges in lieu of 

estimating abutment scour.  Unlike the equations for calculating contraction scour and pier scour, the 

equations for estimating abutment scour are widely considered over-predictive for practical application.  

Therefore, we recommend the bridge foundation elevations be set using a more practical approach.  

Given the expected lateral instability of the channel we recommend the bridge foundations should be set 

at least as deep of the expected future channel elevations.  Setting the bridge foundations a nominal 2-

feet below this elevation in combination with abutment protection should provide for adequate protection 

against scour while minimizing the amount of excavation needed to construct the bridge foundations to 

withstand the ultimate scour elevations 

TABLE 4.  SUMMARY OF SCOUR CALCULATIONS FOR ILLABOT CREEK BRIDGES 

Bridge Location Abutment Scour (feet) 
Future Channel 

Elevation 

Ultimate Scour 

Elevation 

Recommended 

Scour Elevation 

 Left Right (NAVD88-feet) (NAVD88-feet) (NAVD88-feet) 

East 6.3 6.7 307.1 300.4 305.1 

West 7.9 5.7 309.0 301.1 307.0 
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Abutment Protection 

To protect the bridge foundations from lateral migration of the stream channel and changes in channel 

elevation, we recommend riprap abutment protection be placed at the bridge abutments of the proposed 

structures.  The riprap recommendations should only be considered as suggested minimums and further 

design is recommended as the project proceeds to completion.  

The riprap recommended to be placed on the abutments has been sized in accordance with guidance 

provided in HEC-23 (Lagasse 2001) and NHCRP Report 568 (Lagasse, et al. 2006).  Riprap was sized 

using hydraulic parameters calculated by the hydraulic model for the 100-year discharge of 9,710 ft3/s.  

Using the HEC-23 method, the recommended median riprap particle diameter (D50) is 24 inches with a 

layer thickness of 4 feet.  The recommended median riprap diameter correlates to a “heavy-loose” riprap 

gradation per WSDOT specifications.   Further specifications for the riprap gradation are shown below in 

Table 5.   

TABLE 5.  RIPRAP ABUTMENT PROTECTION RECOMMENDED GRADATION 

Nominal Riprap 

Class by Median 

Particle Diameter 

(inches) 

d15 d50 d85 d100 

Class Size Min Max Min Max Min Max Max 

VII 24 24 14.5 21.0 23.0 27.5 31.0 37.0 

 

The riprap should be placed at a sideslope no steeper than 1.5H:1V (horizontal:vertical) and should be 

capable of maintaining an angle of repose of 41 degrees or steeper.  The riprap should be angular, have 

a minimum Specific Gravity of 2.65, and a unit weight of 165 pounds/cubic foot.  This riprap should be 

underlain with an appropriate filter fabric or granular filter.  The bottom of the riprap should be buried to 

elevation equal to the bottom of the spread footing foundations to protect the bridge abutments from 

lateral and vertical changes in the channel location and elevation.  We also recommend that the toe of 

the riprap should be placed in a manner that protects the toe and “launches” if the channel bed incises 

below the bottom elevation of the riprap protection. 

REFERENCES 

Federal Highway Administration (FHWA), Hydraulic Engineering Circular No. 18 (HEC-18),Evaluating Scour 

At Bridges, 4th Edition, Publication No. FHWA-NHI-01-001 HEC-18, May, 2001. 

Federal Highway Administration (FHWA), Hydraulic Engineering Circular No. 20 (HEC-20), Stream Stability 

ay Highway Structures, 3rdth Edition, Publication No. FHWA-NHI-01-002 HEC-18, March, 2001. 

Federal Highway Administration (FHWA), Hydraulic Engineering Circular No. 23 (HEC-23), Bridge Scour 

and Stream InstabilityCountermeasures. Experience, Selection and Design Guidance, 2nd Edition, 

Publication No. FHWA-NHI-01-003 HEC-23, March, 2001. 
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Figure 1

Illabot Creek Project
Skagit County, Washington
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Data Sources:  ESRI Data & Maps, Street Maps 2005

Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in 
    showing features discussed in an attached document. GeoEngineers, Inc. 
    can not guarantee the accuracy and content of electronic files. The master 
    file is stored by GeoEngineers, Inc. and will serve as the official record of 
    this communication.
3. It is unlawful to copy or reproduce all or any part thereof, whether for 
    personal use or resale, without permission.
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Illabot Creek from existing bridge looking upstream

Field Reconnaissance Illabot Creek
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Illabot Creek from existing bridge looking downstream

Scour Assessment

Figure 2
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Illabot Creek channel bar  sediments
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Figure 3
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Existing bridge abutment riprap protection

Field Reconnaissance Illabot Creek
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S  A

Existing riprap revetment for right upstream levee

Scour Assessment

Figure4
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Recent mature tree blowdown
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Figure 5
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Looking upstream from existing  roadway culvert
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Scour Assessment

Figure 6


































