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Chapter 1. Introduction 
This report presents the 35% construction plans and supporting analysis for the 
Nason Creek Oxbow Reconnection Project (Nason Oxbow Project) as proposed by 
the Chelan County Natural Resource Department (CCNRD).  The purpose of this 
project is to improve habitat for salmonid species listed under the federal Endangered 
Species Act (ESA) which occur in the Wenatchee River watershed by addressing 
those limiting biological and habitat factors that persist there.  The 35% plans are 
intended to present sufficient detail in grading plans, planting schemes, and habitat 
structural placement, and to provide an understanding of project details. 

Past construction of the two-lane State Route (SR) 207 redirected a portion of Nason 
Creek, physically and hydrologically disconnecting a large oxbow.  The Nason 
Oxbow Project proposes to install two 12-foot diameter fish-friendly culverts within 
SR 207 to reconnect 34.51 acres of historic Nason Creek aquatic habitat to the Nason 
Creek main channel.  This area includes, including 21.7 acres of off-channel refuge, 
rearing, and over-wintering habitat for juvenile salmonids and other species plus an 
additional 12.81 acres of forested and shrub-wetland located along side the oxbow.   

This project is funded by CCNRD and a Salmon Recovery Fund Board (SRFB) 
grant.  This habitat restoration project incorporates recommendations from 
Wenatchee watershed planning and regional salmon recovery planning efforts and is 
part of a regional commitment by Chelan County to initiate long-term habitat 
protection and restoration efforts within the Wenatchee River subbasin for ESA-
listed species.  No other actions or activities are connected or otherwise associated 
with this habitat restoration project.   

This document will be presented to local, state, and federal permitting agencies to 
describe this restoration project.  Revisions to this document will be incorporated 
during meetings with state and local permitting agencies and as additional data is 
collected to support more detailed construction plans and specifications.   

This report provides the following analysis: 

� A discussion of the existing biological, hydrologic, and geomorphic site 
conditions (Chapter 2); 

� Detailed analysis of the proposed action (Chapter 3);  

� Design and construction details (Chapter 4); and 
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� 35% construction plans (Appendix A). 

The following chapters include discussions outlining the project history and purpose, 
which precede a detailed description of existing conditions. 

The following table lists points of contact for the permitting agencies and for the 
project proponent. 

Table 1-1. Contacts 

Agency/Firm Role Contact 
Name Phone/e-mail Address 

Chelan County 
Natural 
Resource 
Department 

Project 
Proponent 

Mike Kaputa 509-667-6584 
mike.kaputa@co.chelan.
wa.us 

411 Washington St. 
Wenatchee, WA 
98801 

Jones & Stokes Design, 
report 
preparation 

John Soden 
(project 
manager), 
Chris Soncarty 
(fisheries 
biologist) 

425-893-6405 
jsoden@jsanet.com 
425-893-6407 
csoncarty@jsanet.com 

11820 Northup Way 
Suite E300 
Bellevue, WA 
98005 

Washington 
State 
Department of 
Transportation 

Project 
Review 

Bill Gould, 
P.E. Assistant 
Planning 
Engineer 

509.667.2909 
gouldw@wsdot.wa.gov 

P.O. Box 98 
Wenatchee,  WA  
98807 
 

1.1. Project History 
In the late 1990s, three fish species which depend upon habitats within the 
Wenatchee River subbasin (Watershed Resource Inventory Area 45) were listed as 
threatened or endangered under the federal ESA.  They are: 

� The Upper Columbia River Spring-Run Chinook Salmon Evolutionarily 
Significant Unit (ESU) (endangered); 

� The Upper Columbia River Summer-Run Steelhead ESU (endangered); and 

� The Columbia River Bull Trout Distinct Population Segment (DPS) (threatened). 

CCNRD currently administers watershed planning and salmon recovery efforts in 
Chelan County, including efforts in the Wenatchee River watershed.  In 2001, 
CCNRD was awarded a grant from the SRFB to conduct the lower Wenatchee River 
Channel Migration Zone Study (CMZ Study) (Jones & Stokes 2004).  The purpose of 
the CMZ Study was to provide the technical foundation to allow the selection and 
prioritization of salmonid habitat restoration, enhancement, and preservation project.   
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The Nason Oxbow Project site was one of 26 project sites identified for potential 
restoration, enhancement, or preservation actions in the CMZ Study (Jones & Stokes 
2004a).  At the request of CCNRD, Jones & Stokes conducted a site prioritization of 
the top 10 CMZ Study project sites based upon design and construction feasibility 
and risk factors (Jones & Stokes 2004b).  Subsequently, the Nason Oxbow Project 
site ranked number one among these sites based upon the high design feasibility, very 
low risk to infrastructure, cost, and biological benefit.  Thus, the Nason Oxbow 
Project has become the top priority within CCNRD for salmonid restoration within 
lower Nason Creek. 

As a result of these factors, an agreement between the Washington State Department 
of Transportation (WSDOT) and CCNRD was reached which allows CCNRD to 
begin work on construction plans for the installation of two culverts to reconnect 
partial flows and allow full fish access from Nason Creek to the historic oxbow 
habitat; this access is currently cut off by SR 207. 

1.2. Project Purpose 
The purpose of this project is to provide juvenile salmonid (Chinook, steelhead, and 
sockeye) high-flow refuge and year-round foraging habitat, as well as deep-water 
overwintering habitat.  The Nason Oxbow Project will result in the reconnection of 
off-channel oxbow habitat by hydrologically connecting an existing oxbow to the 
main channel of Nason Creek.  This project will directly address the habitat limiting 
factors affecting salmonid production in Nason Creek as described below. 

Within the lower Nason Creek, the largest impact on fish has been from human 
activities occurring outside of the main channel.  The construction of roads, 
highways, and railroads has resulted in the disconnection of off-channel habitat and 
floodplain, and an increase in instream sedimentation (Andonaegui 2001). 

The confinement of Nason Creek through roads, highways, and railroads has cut off 
approximately 400 acres of side channels and oxbows, and altered channel form 
(width:depth), resulting in a semi-braided system with severe aggradation.  In 
addition, it has reduced large woody debris (LWD) input, instream cover, instream 
habitat complexity, streambank stability, and temperature regulation.  Today, Nason 
Creek has approximately 25% as much side-channel habitat as nearby reference 
reaches (Andonaegui 2001), and within the lower 4 miles of Nason Creek, only 3% 
of the historic off-channel habitat remains (e.g., ponds, sloughs, and standing water).  
There has also been an 11% loss of riparian floodplain habitat and a 21% loss of 
backchannel connectivity (Jones & Stokes 2003, Northwest Hydraulic Consultants 
2003, Jones & Stokes 2004a, Andonaegui 2001).   
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Guidance from the Wenatchee Watershed Habitat Subcommittee and the other 
sources cited above led to a determination that the priority actions within the Nason 
Creek watershed are: 

� to protect remaining floodplain and riparian habitat; 

� restore channel migration to historical function, and if restoration is not possible;  

� improve fish access to oxbows and historical side channels (UCRTT 2003). 
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Chapter 2. Existing Conditions 

2.1. Location and Driving Directions 
The project site is located in lower Nason Creek, at approximately RM 3.4, in 
Township 26 North, Range 17 East, Section 9, Willamette Meridian (Figure 1). 

Traveling east or west on Highway 2, turn north on Highway 207 at Coles Corner.  
Travel approximately 1 mile on Highway 207 to a gravel turnoff on the west side of 
the highway.  A pond at the gravel turnoff on the east side of the highway marks the 
upstream (southern) end of the project site.  Approximately 0.5 mile north on 
Highway 207 is a culvert under Highway 207 marking the downstream (northern) 
extent of the project. 

2.2. Ownership and Land Use 
The Nason Oxbow Project site is owned by multiple entities.  WSDOT owns the 
SR 207 right-of-way, within which the proposed oxbow connections will be 
constructed.  The greater oxbow habitat is owned primarily by the U.S. Department 
of Agriculture (USDA), although WSDOT maintains the right-of-way to SR 207. 

2.3. Overview of Fish Species in the Nason Creek 
Watershed 

Several species of anadromous and resident salmonids occur within Nason Creek 
including steelhead, Chinook salmon, sockeye salmon, coho salmon, bull trout, 
cutthroat trout, and rainbow trout, as well as mountain whitefish (Wydowski and 
Whitney 2003).  Three of these species are listed under the federal ESA, including 
the Upper Columbia River Spring-run Chinook Salmon ESU, Upper Columbia River 
Summer-Run Steelhead , and the Columbia River Bull Trout DPS.   





 Existing Conditions 

 July 2006 
2-3 

Chinook salmon are listed as endangered, steelhead and bull trout are listed as 
threatened.  Table 2-1 lists the salmon, steelhead, and bull trout use within Nason 
Creek. 

Table 2-1.  Salmon, Steelhead and Bull Trout Use in Nason Creek. 

Life-History  
Stage 

Spring Chinook 
Salmon 

Summer/Fall Chinook 
Salmon 

Summer 
Steelhead 

Sockeye 
Salmon 

Bull 
Trout 

Spawning X  X X X 

Rearing X  X X X 

Migration X  X X X 

The total juvenile salmonid densities in Nason Creek are limited primarily by the 
availability of high-flow refuge habitat for post-emergent fry and the degradation of 
spawning habitat (Andonaegui 2001, Upper Columbia Regional Technical Team 
[UCRTT] 2002).  While neither steelhead, Chinook salmon, nor bull trout make 
extensive use of off-channel habitat, reconnecting this remnant oxbow of Nason 
Creek provides a unique opportunity to restore historic habitat, thus addressing a 
primary limiting factor to salmonid productivity. 

2.4. Oxbow Habitat Assessment 
The existing oxbow follows the geomorphic form of the historic Nason Creek 
channel; it was disconnected from direct creek flows after construction of SR 207.  
The oxbow is currently connected to the Nason Creek main channel only at the 
downstream end (Figure 2) (see photos in Appendix B). 

2.4.1. Oxbow Habitat 
Within the oxbow are 6.09 acres of open water and 28.42 acres of vegetated wetland 
habitat (Figure 2).  Within the open water habitat, water depths average 3 to 6 feet.  
Dense mats of aquatic vegetation (water-milfoil) occur within the large ponded area 
at the upstream end of the oxbow.  The oxbow substrate consists of 6 to 12 inches of 
muck/silt/sand overlying the historic Nason Creek gravel streambed.  Existing woody 
debris in the oxbow is of moderate abundance, providing good overhead cover and 
habitat complexity.   

Palustrine emergent, scrub-shrub, and forested wetland dominates the riparian and 
historic floodplain areas of the oxbow.  Approximately 15.61 acres of the total 
28.42 acres of wetland habitat are permanently or seasonally ponded and connected 
to the greater open water habitats of the oxbow.  The wetland vegetation is mature 
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and dominated by red osier dogwood, alder, birch, willow, grand fir, Douglas-fir, and 
ponderosa pine.  

2.4.2. Current Fish Utilization of the Oxbow 
On June 30, 2006 Jones & Stokes performed a snorkel survey of the Nason Creek 
oxbow to determine whether fish are present within the oxbow, the extent of potential 
fish presence, and the species of fish present within the oxbow.  This survey 
coincided with high flows in the Nason Creek main channel (approximately 
1,000 cubic feet per second [cfs]) which maintained a wetted connection between the 
downstream section of the oxbow and the main channel.  No netting or capturing of 
any fish occurred during this survey.   

Several schools of redside shiners were identified within the oxbow.  One juvenile 
rainbow/steelhead was observed with a school of redside shiners just upstream of the 
downstream-most beaver dam (see Figure 3, Beaver Dam 1).  Two other juvenile 
salmonids (believed to be rainbow/steelhead) were observed further upstream in the 
oxbow, but in the same pond area as the first rainbow/steelhead.  These two juvenile 
salmonids were not observed with schools of redside shiners.  The three salmonids 
observed upstream of Beaver Dam 1 were approximately 70 to 100 millimeters (mm) 
in length.   

Downstream of Beaver Dam 1, several (>25) salmonid fry were observed both 
upstream and downstream of the SR 207 culvert.  These fish were approximately 40 
to 50 mm. in length, and were not identified to species.   

As observed during the snorkel survey, juvenile salmonids can enter the oxbow from 
the downstream outlet culvert during spring flood flows.  Fish access is limited due to 
high water velocities flowing through this culvert during high water, which 
minimizes the number of fish that may enter the oxbow below Beaver Dam 1.  
During late summer, this culvert is typically dewatered (see photos in Appendix B), 
which traps any remaining salmonids within the oxbow. 

2.5. Nason Creek and Oxbow Geomorphology 
The geomorphic assessment identifies the geomorphic processes operating within 
Nason Creek and the oxbow.  The purpose of this section is to identify potential 
geomorphic effects such as sedimentation and scour, which affect project design or 
occur as a result of project activities.   

Fieldwork for the geomorphic assessment was conducted on November 17, 2005.  
The entire side channel at the upstream oxbow connection and main channel at the 
downstream oxbow connection were visually investigated (Figure 3).  Please refer to 
Appendix B for photos of the project area. 
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2.5.1.   Nason Creek Channel Geomorphology 
Based on field observations and the stream classification methodology of 
Montgomery and Buffington (1998), Nason Creek, in the vicinity of the project area 
as well as further downstream, is an alluvial valley segment that transitions from a 
reach dominated by plane-bed and pool-riffle sequences, into a braided reach, then 
back to a reach dominated by plane-bed and pool-riffle sequences.   

The construction of SR 207 originally created the oxbow and is responsible for 
helping to establish the braided reach on the main channel that parallels the length of 
the oxbow.  The former channel length, originally about 3,300 feet when the oxbow 
was part of the main channel, decreased to about 2,200 after the construction of the 
road.  As such, the main channel of Nason Creek adjusted its bed morphology by 
establishing a steeper, braided reach within the vicinity of the upstream oxbow 
connection; this reach is capable of transporting sediment at a variety of flows.  
Upstream and downstream of the braided reach of the main channel, however, Nason 
Creek still possesses its original geomorphic character—a single thread reach 
dominated by plane-bed and pool-riffle sequences. 

Plane-bed and pool-rifle reaches are generally transport-limited.  Therefore, Nason 
Creek in the vicinity of the project area behaves as an area of response and transport, 
adjusting its bed morphology to water or sediment upstream and downstream of the 
oxbow connections, and transporting sediment efficiently along the reach parallel to 
the oxbow.   

The channel in the vicinity of the upstream connection is split into a main channel on 
river-left and a side channel on river-right (Figure 2).  The side channel, near the 
location of the proposed oxbow connector, has a bankfull width of approximately 
40 feet and a depth of 4 feet.  One substrate composition and embeddedness 
measurement was taken in the side channel on Nason Creek near the potential 
upstream oxbow connection.  Sediment size ranges from sand to boulder, dominated 
by gravels and pebbles (see Figure 4).  The D501 for Nason Creek is 26 millimeters 
(mm) (coarse gravel).  Embeddedness is generally low2.   

  

                                                      

1 The D50 is defined as the particle size that has 50% finer and greater particle sizes than that value (i.e., the median 
grain size). 

2 See Appendix C for detailed definitions of the geomorphic indicators used in this analysis. 
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Figure 4. Nason Creek Substrate Composition (N=100) 
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At the upstream oxbow connection, riparian conditions along the right bank of the 
Nason Creek side channel are very high along SR 207 (Figure 2), with a variety of 
native trees and shrubs present.  The right streambank is very stable with significant 
vegetative cover and very low streambank heights and angles; the riparian condition 
is very high.  Left streambanks are potentially unstable lateral bars formed within the 
braided channel system.  Although these bars are densely vegetated, lateral 
movement may occur during high-flow events.  High amounts of wood are located in 
jams upstream of the proposed connection where the main channel splits. 

The riprap section along SR 207 at the upstream connection has steep slopes, with the 
thalweg of the side channel located at the toe of the road prism.  Visual observations 
and hydraulic modeling (see Section 3.3) determined that this reach experiences 
high-velocity and sheer-stress conditions as the flows of the side channel are directed 
at the roadway.   

At the downstream connection, an existing outlet channel already discharges flows 
from the oxbow into Nason Creek.  Within this reach, Nason Creek has formed into a 
single-thread main channel.  Riparian condition is very high, with dense streambank 
tree and shrub vegetation.  Both left and right banks are stable upstream of a large 
high-flow gravel bar on river-left below the outlet channel.  The average channel 
width within this reach is 95 feet, with a thalweg depth of 3 feet.  Bankfull discharge 
channel width at the downstream oxbow outlet channel is 150 feet with a depth of  
4 feet; this is wider than typical measurements of the reach upstream of the outlet 
channel due to the formation of the large gravel bar on the left bank.  LWD is found 
in moderate amounts within this run-dominated reach.   
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2.5.2. Oxbow Geomorphology 
No surface flows from Nason Creek currently enter the oxbow.  Inflow is through 
overland runoff and groundwater discharge, resulting in areas of permanently ponded 
water throughout the oxbow (Figure 3).  No culvert connection exists at the upstream 
end of the oxbow, while an existing 3-foot-diameter cement culvert allows oxbow 
discharge to Nason Creek at the downstream end to the oxbow.  The existing 
downstream culvert becomes perched during summer low flows.  Flows within the 
oxbow are very slow and are impeded by two beaver dams (Figure 3).   

Aquatic habitats within the oxbow are characterized by muck/silt/sand-filled runs.  
The layer of muck/silt/sand typically ranges from about 6 to 12 inches deep, below 
which there is noticeable larger sediment deposition.  Total quantity of fine sediments 
within the oxbow could not be calculated with the limited data collected. 

Two substrate composition and embeddedness measurements were taken in the 
oxbow below this muck layer (Figure 5).  Sediment size ranges from sand to cobble, 
dominated by gravels and pebbles.  The D50 for the entire oxbow is 15 mm (medium 
gravel).  Embeddedness is very high.  The “kick tests” in the most upstream and 
downstream pools qualitatively confirmed these values. 

Figure 5.   Oxbow Substrate Composition below Accumulated Fines 
(N=200) 
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Compared to the oxbow, Nason Creek has larger sediments and lower embeddedness.  
Table 2-2 displays the most commonly examined diameters of interest for both the 
oxbow and Nason Creek.   

Table 2-2. Particle Size Distribution for the Oxbow and Nason Creek 
Particle Size Distribution (mm) 

Location D16 D25 D50 D75 D84 

Oxbow 2.9 6.6 15.2 37.6 66.5 

Nason Creek 7.2 13.4 25.8 64.0 90.5 

In general, riparian condition is very high, with a variety of trees, shrubs, and grasses 
present on each bank.  All of the tree vegetation is native and includes alder, 
dogwood, ponderosa pines, grand firs, and Douglas-firs.  Left streambanks are very 
stable with significant vegetative cover and very low streambank heights and angles.  
Right streambanks are stable with significant vegetative cover.  The right canyon 
wall serves as the right streambank, and there are a few unvegetated areas 
contributing sediment to the oxbow along the right streambank/canyon wall.  
Nonetheless, the overall bank stability for the right streambank is high.    

There are approximately 4 runs and 6 pools in the oxbow (Figure 3); variability in 
channel or habitat units is relatively high.  There are also two active beaver dams 
present on the oxbow (Figure 3).  These beaver dams trap sediment and impede 
flows. 

Woody debris influence is generally moderate in and near the oxbow channel (i.e., on 
the streambanks).  Oxbows, by definition, are cut off from their main channel and, as 
such, do not receive the same amount of woody debris from upstream sources as 
main channels.  The Nason Creek oxbow does receive woody debris from windthrow 
processes on the stream banks.  Most of the woody debris associated with the Nason 
Creek oxbow is derived from the right canyon wall and is typically situated in the 
center of the channel.  

No present-day bar development was observed in the oxbow.  However, historic 
point bars (now covered in either the aforementioned layer of muck/silt/sand or other 
vegetation) were observed on the outer bends of the oxbow across from present-day 
pools.   

Bankfull width is approximately 100 to 120 feet, and bankfull depth is approximately 
6 to 8 feet.  Average width is approximately 50 to 70 feet, and average depth is 
approximately 3 to 6 feet.  The oxbow is not incised and is in very stable condition.  
The oxbow is characterized by a sinuous channel planform (sinuosity of 1.5). 
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2.5.3. Oxbow Soil Contamination  
At the recommendation of the UCRTT, concentrations of diesel-range total 
petroleum hydrocarbons and lube-oil range total petroleum hydrocarbons were 
measured in the oxbow (Appendix D).  The purpose of this analysis is to identify 
potential contaminants in the oxbow sediments which would be mobilized into the 
Nason Creek main channel following the oxbow reconnection.   

Both types of petroleum-based hydrocarbons were detected in the oxbow and the 
main channel.  The majority of samples from the main channel and oxbow showed 
concentrations below the screening-level criteria for human health protection and 
ecological indicators.   

Within the oxbow, lube-oil based petroleum hydrocarbons were detected at levels 
slightly exceeding the ecological indicator limits for soil biota, but falling well below 
the limits for wildlife and human health (Appendix D).  Measured concentrations of 
petroleum were only detected at the upstream end of the oxbow adjacent to SR 207.  
Over 50 years of stormwater draining from the roadway into the oxbow likely 
contributed trace concentrations of crankcase oil, lube oil, diesel oil, and weathered 
gasoline.  The level of contamination detected supports the conclusion that the 
contaminants are the result of highway stormwater runoff.  As the measured 
concentrations are well below the “wildlife” criterion and only slightly above the 
conservatively low “soil biota” criterion, it is reasonable to conclude that fuel 
hydrocarbons in the oxbow have not adversely affected biological functions, and 
would not adversely impact biological functions within the main channel if 
mobilized. 

2.5.4. Oxbow Water Temperatures 
Water temperatures within the oxbow during spring runoff are generally 2 to 3 
degrees higher (Celsius [C]) than that of the main channel, and well within target 
temperatures for juvenile salmonids and trout (10 to 14°C).  Data is not yet available 
for summer oxbow water temperatures, but due to the current lack of inflow, water 
temperatures are assumed to reach above 24 to 25°C, and may cause mortality in 
trapped fish.   

Jones & Stokes is currently monitoring oxbow water temperatures for the spring and 
summer of 2006, and will then evaluate the effect of the proposed inflows on current 
conditions.   
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2.6. Conclusions and Habitat Enhancement 
Recommendations 

Given the relative absence of side-channel habitat in the lower Nason Creek 
watershed, it is likely that juvenile salmonids and trout, as well as other species of 
fish, will utilize the oxbow for rearing, forage, and overwintering.  In particular, 
access to this habitat will benefit juveniles during flooding by providing high-flow 
refugia, as well as overwintering and foraging habitat. 

The main channel currently maintains the historic channel planform, has excellent 
riparian vegetation, moderate levels of LWD, deep pools (3 to 6 feet in depth), and 
long runs.  As modeled in Section 3.3 below, reconnected flows will expose gravel, 
cobble, and boulder substrate which are present beneath the fine mud and detritus 
substrate (approximately 6 to 12 inches in depth).   

The primary habitat concerns associated with the current oxbow habitat, as identified 
by Jones & Stokes and the RTT are: 

� High potential for fish stranding and, 

� High summer water temperatures.   

As mentioned above, low summer flows within the oxbow currently dewater the 
downstream culvert and likely trap juvenile salmonids within the oxbow.  The lack of 
inflow into the oxbow may also contribute to high summer water temperatures 
(>24°C), resulting in mortality to trapped juvenile salmonids and trout.   

Immediate habitat enhancement will focus on preventing fish stranding through 
improved fish access at the downstream culvert and installation of an upstream 
culvert, and increased inflow to lower water temperatures.  Habitat enhancements to 
the remnant oxbow, such as placement of large boulders and LWD, could provide 
additional cover for rearing habitat conducive to steelhead, Chinook salmon, and bull 
trout.  
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Chapter 3. Description of the Proposed 
Action 

This chapter presents analysis of the proposed action for the Nason Oxbow Project.  
The project will reconnect of a portion of the main channel to the oxbow via two  
12-foot diameter corrugated metal pipe (CMP) culverts under SR 207 (Figure 6).  
The complete Alternatives Analysis is provided in Appendix E.   

The following sections present the goals and objectives of the project, details of the 
two culverts to be installed, the supporting hydraulics and hydrology analysis, and 
the resulting habitat benefits.  Detailed 35% design plans are presented in Chapter 4, 
with construction plans located in Appendix A. 

3.1. Project Goals and Objectives 
The project will reconnect of flows and restore fish access into the oxbow, while 
maintaining current habitat conditions on the Nason Creek main channel.  Based 
upon feedback from the RTT, the following are project guidelines used in 
development of the culvert designs: 

� Maintain a year-round wetted connection between the oxbow and main channel 
at both upstream and downstream connections to avoid fish stranding. 

� In order to maintain current habitat conditions on the main channel, the diversion 
of flows into the oxbow should not alter the current main channel sediment 
transport regime. 

� Oxbow inflow should mobilize fine sediments to expose the historic streambed 
while maintaining oxbow bank stability. 

The following goals and objectives reflect the overall project guidelines listed above.  
These goals and objectives were used to develop and select the most feasible and 
appropriate design alternative (Appendix E), and were used as guidance during the 
development of the 35% construction plans.  In addition, these goals and objectives 
provide the foundation for the monitoring approach detailed in Chapter 5. 
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The overall project goals and objectives include the following: 

� Goal 1 – The Nason Oxbow Project will address the primary salmonid habitat-
limiting factors within Nason Creek (i.e., the reduction of off-channel habitat). 

− Objective 1.1 – Connect the existing oxbow to the Nason Creek main 
channel to create 21.7 acres of off-channel fish habitat. 

� Goal 2 – Connection structures will be designed to be hydraulically stable and 
require minimal future maintenance. 

− Objective 2.1 – Construct the upstream and downstream oxbow connections 
in locations that are hydraulically stable, and install structures that provide 
for the long-term stability of the channel openings and minimize sediment 
deposition.   

� Goal 3 – The off-channel oxbow habitat will provide access to fish during high- 
and low-flow conditions.  

− Objective 3.1 – Construct the upstream and downstream oxbow connections 
to meet velocity and water-depth criteria per Washington State Department 
of Fish and Wildlife’s (WDFW) Design of Road Culverts for Fish Passage. 

� Goal 4 – Maintain oxbow channel stability and minimize the mobilization of fine 
and coarse oxbow channel materials. 

� Objective 4.1 – Maintain peak sheer-stress and water velocities within the 
oxbow below those able to cause channel avulsion. 

� Goal 5 – Vegetation planting will create an integrated, functional riparian 
complex that is associated with aquatic habitat. 

− Objective 5.1 - Establish diverse native riparian vegetation including trees, 
shrubs, and grasses at the two culvert locations to provide shade, habitat 
complexity, and soil/streambank stability. 

3.2. Overview of the Proposed Action 
The Hydraulic Engineering Center – River Analysis System (HEC-RAS) hydraulic 
model of the two culvert connections, the oxbow, and the main channel was used to 
assess flow conditions and modify the project design (Appendix F).  The results of 
this analysis is presented below in Sections 3.3, 3.4, and 3.5.  Design and 
construction details for both culverts are provided in Chapter 5. 
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3.2.1. Upstream Inlet Culvert Overview 
The upstream oxbow inlet connection will be a 12-foot diameter 90-foot-long CMP 
culvert.  This culvert will be countersunk 6 feet.  The key design features of the 
upstream inlet connection are as follows: 

� The culvert will be installed upstream of where the Nason Creek side channel 
directly abuts the SR 207 road prism to avoid high sheer stress on the proposed 
structure.  

� To maintain the existing sediment transport processes in the main channel, the 
upstream culvert will not allow greater than 10% of the total Nason Creek flows 
into the oxbow. 

� An excavated inlet channel will connect the culvert to the side channel of Nason 
Creek. 

� Log and rock structures will be used to reinforce the inlet channel opening. 

� No skew is proposed for the new outlet culvert. 

� The culvert invert elevation will be maintained by a concrete sill on the oxbow 
side.  

3.2.2. Downstream Outlet Culvert Overview 
The downstream oxbow outlet connection is similar to the upstream inlet connection 
and will also be a 12-foot diameter 90-foot-long CMP culvert and will be 
countersunk 6 feet.  The key features of the downstream oxbow outlet connection are 
as follows: 

� The new structure will replace an existing 3-foot-diameter concrete culvert. 

� Flows will exit the new culvert into an existing outlet channel connecting to 
Nason Creek. 

� No skew is proposed for the new outlet culvert. 

� The outlet culvert will be set at a lower invert elevation than the existing culvert 
to prevent fish stranding and to maintain a year-round wetted connection to the 
main channel. 

� The outlet channel is modeled to remain stable with minimal scour and without 
reinforcement (e.g., riprap); however, willow plantings will be installed to protect 
newly graded channel slopes. 



Nason Creek Oxbow Reconnection Project - Design Report 

Chelan County Natural Resource Department 
3-6 

3.3. Hydraulic and Hydrologic Analysis 
Post-project flow conditions in the main channel and oxbow were evaluated by 
assessing historic streamflows and developing an HEC-RAS hydraulic model of the 
project area.  A detailed discussion of this analysis is provided in Appendix F, and a 
summary of the model results are presented below.  

3.3.1. Flow Data  
The Washington State Department of Ecology (Ecology) has operated a gage near the 
mouth of Nason Creek from June 2002 to the present.  While valuable for gathering 
information on seasonal Nason Creek flow trends, the period of record is currently 
too short to support predictive analysis of long-term mean daily and peak annual 
flows. 

The United States Forest Service (USFS) has developed regression equations to 
predict mean daily streamflows on Nason Creek . A review of these synthetic flows 
indicates that there is greater than a 90% likelihood of more than 50 cfs in Nason 
Creek between November and August, and greater than a 75% likelihood of more 
than 50 cfs in Nason Creek in September and October; 50 cfs was therefore selected 
as the lowest modeled flow (20 cfs was also modeled to determine minimum culvert 
water depths). 

The USFS regression equations were designed for determination of mean daily flows, 
and were not found to successfully predict peak annual flows.  Standard United 
States Geologic Survey (USGS) regression equations for Washington State were used 
instead to determine peak annual flows.  The 2-year peak discharge was estimated to 
be about 1,800 cfs, and the 100-year peak discharge was estimated to be about 
4,300 cfs.   

It should be noted that the Ecology gage on Nason Creek has recorded peak annual 
flows greater than 3,000 cfs in four of the last five years, suggesting that peak annual 
flow estimates based on the USGS regression equations may be underestimated. 

3.3.2. Hydraulic Model Results 
An HEC-RAS model of Nason Creek was developed from surveys of the main 
channel and the oxbow (Figures F-1 and  F-2 in Appendix F), and the hydraulic 
characteristics of a series of flows ranging from 20 cfs to about 4,300 cfs were 
evaluated.  The inlet and outlet culvert connections each comprised a 90-foot long, 
12-foot diameter culvert, countersunk 6 feet.  The inlet culvert elevation was set at 
1930.6 feet, while the outlet culvert elevation was set at 1922.8 feet (approximately 
1.7-feet lower than existing). 
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Simulated oxbow inflows were typically less than 10% of the total Nason Creek 
flow.  A summary of several representative Nason Creek flows and oxbow inflows is 
provided in Table 3-1. 

Table 3-1. Simulated Nason Creek and Oxbow In-Flows 
Total Nason Creek Flow (cfs) Oxbow Inflow (cfs) Percent of Total 

20 0.9 4.5 

40 3 7.5 

50 4 8.0 

100 10 10.0 

500 51 10.2 

1,000 79 7.9 

2,000 167 8.4 

2,933 217 7.4 

4,299 282 6.6 

3.4. Fish Passage 
Velocities in the culverts ranged from 0.4 feet per second to 7.8 feet per second.  The 
inlet culvert experienced generally higher velocities than the outlet culvert.  
Velocities in the culverts exceed the WDFW (WDFW 2003) passage criteria for adult 
Chinook, coho and steelhead of 6.0 ft/s when flows are around 2,500 cfs in the main 
channel, or at slightly greater than a 2-year event.  The maximum recommended 
velocities for passage of juvenile salmonid fry and fingerlings is 1.1 to 1.3 ft/s, and 
were typically exceeded in both culverts at flows that occur over 50% to 75% of the 
year.  The velocity restrictions would only be applicable to juvenile salmonids 
attempting to enter the oxbow from the main channel through the downstream outlet 
culvert or exit the oxbow through the upstream inlet culvert.  As juveniles are still 
able to enter and exit oxbow habitat in the direction of flow during large events, this 
criterion should not be a factor in assessing habitat access. 

Both culverts are expected to maintain a wetted connection to the main channel 
during low-flow conditions.  However, minimum culvert flow depths can affect fish 
access to the oxbow.  Adult fish passage requires a 1-foot depth (WDFW 2003), and 
this is achieved at flows greater than 100 to 300 cfs in the main channel for both 
upstream and downstream culverts.  Flows of this magnitude are typically exceeded 
during the majority of the year (see Appendix F).  Minimum water depths may not be 
met for adult passage during late September and October low-flow events.  For the 
upstream culvert, at 40 cfs water depth is expected to be 0.4-feet, and at extreme low 
flow (20cfs) the water depth is expected to be 0.2-feet.  For the downstream culvert, 
minimum water depth at 20 cfs is expected to be 0.5-feet deep.  As adult salmonids 
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and trout will not depend upon the oxbow for spawning success, this criteria is not 
critical to the success of the project.  However, by maintaining a wetted connection 
between the oxbow and the main channel during all flow conditions, the design 
allows fish to enter and exit the oxbow as needed. 

3.5. Evaluation of Sediment Transport 
Installation of an upstream culvert and the reintroduction of flows into the oxbow 
raise concerns about potential changes to sediment transport along the Nason Creek 
main channel, and mobilization of fine and coarse-grained sediments within the 
oxbow.  This section summarizes the anticipated effects of changes in flow 
distribution due to construction of the proposed action on sediment transport within 
both the main channel and the oxbow.  

3.5.1. Main Channel 
Bed material in the Nason Creek main channel ranges from sand to boulders, with a 
D50 of about 26 mm (coarse gravel) and low embeddedness.  The corresponding 
critical shear stresses necessary to initiate bed mobilization ranges from 0.03 to over 
2.0 pounds per square foot (lbs/sq ft), with a shear stress of about 0.7 lbs/sq ft 
required to mobilize the D50. 

During a simulated low flow (50 cfs), mobilization of sediments less than or equal to 
26 mm occurred at only CX 3127 (Appendix F, Figure F-2); as flows increased to 
1,000 cfs, mobilization of coarse gravel occurred at almost every section.  Calculated 
shear stress values indicate mobilization of larger sediments such as cobbles during 
only the largest simulated flows (50- to 100-year return periods). 

The oxbow inlet culvert is currently designed to capture about 7% to 10% of the total 
flow within Nason Creek at the project site.  A typical flow of 1,000 cfs in the main 
channel would correspondingly be reduced to about 900 cfs.  An HEC-RAS run 
comparing these two flows indicates almost no difference in shear stress values: 
0.33 lb/sq ft for 900 cfs and 0.35 lb/sq ft for 1,000 cfs at CX 500.  The small 
reduction in flows in the main channel created by the oxbow reconnection is 
therefore not expected to alter sediment transport characteristics of the main channel. 

This conclusion is important as it indicates that the flows diverted into the oxbow 
will not alter the bed material composition within the main channel.  As the main 
channel is known to support salmonid spawning habitat, it was essential that the 
modifications to flows due to the project not alter habitat conditions within the main 
channel. 
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3.5.2. Oxbow 
Streambed material in the oxbow consists of a 6- to 12-inch layer of silt and sand 
over a surface of much larger diameter substrate.  Sediment in the lower surface 
ranges from sand to cobble, with high embeddedness and an approximate D50 of  
15 mm (medium gravel).  Shear stress values generated by the HEC-RAS model 
were used to evaluate the mobility of sediment in these two distinct layers. 

Fine-Sediment Mobilization 
The top layer of silt and sand in the oxbow will likely be mobilized when shear stress 
exceeds 0.005 lb/sq ft  to 0.03 lb/sq ft, corresponding to a D50 of 0.2 mm to 2 mm.  A 
review of the HEC-RAS results indicates that the upper value of 0.03 lb/sq ft is 
exceeded throughout the majority of the oxbow at virtually every simulated flow. 
Simulated shear stress values at two locations in the oxbow, CX 781 and CX 2644 
(Appendix F, Figure F-2), were close to zero and mobilization of fine-grained silts is 
only expected at higher flows. 

Oxbow inflows and associated shear-stress values would be capable of mobilizing the 
silt and sand layer when flow in the oxbow is greater than 50 cfs.  Based on available 
flow information, the oxbow will experience a flow of 50 to 170 cfs almost every 
year once it is reconnected.  It is therefore likely that a portion of the fine sediment in 
the oxbow would be mobilized every year.   

During lower flows (50 to 2,000 cfs in Nason Creek), the fine sediments would 
probably move in discrete pulses.  Once a pulse of sediment encountered a beaver 
dam in the oxbow, it would most likely be deposited behind it.  During higher flows 
(greater than 2,000 cfs in Nason Creek), the fine sediments would probably move as 
a discrete slug along the oxbow and through the outlet culvert toward the main 
channel of Nason Creek.  Both beaver dams would probably breach, and debris 
would likely be mobilized within the oxbow during large flow events.  The 12-foot 
diameter culvert will provide enough conveyance to pass most debris generated in the 
oxbow, although risk of a debris jam from larger debris remains a possibility.  

It is highly likely that most of the fine sediment will move out of the oxbow within  
1 to 2 years.  However, most of this sediment would remain in suspension during 
high-velocity flood flows in the Nason Creek main channel because it has a highly 
organic content; it is not expected to substantially increase sedimentation in Nason 
Creek or be of a chronic nature. 

Large-Sediment (Historic Streambed) Mobilization 
The historic streambed layer in the oxbow will likely be mobilized when shear stress 
exceeds about 0.3 lb/sq ft  to 1.5 lb/sq ft , corresponding to a D50  range of 15 mm to  
75 mm.  Simulated shear stress values are greater than 0.3 lb/sq ft  at several sections 
within the oxbow when Nason Creek flows increase beyond 3,500 to 3,900 cfs, 
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suggesting that movement of sands is possible during larger flows.  The larger oxbow 
sediments will likely mobilize when shear stress values exceed 1.5 lb/sq ft.  The 
HEC-RAS simulation results indicate that shear stress values at the downstream face 
of the inlet culvert and at CX 2023 in the middle of the oxbow are near or greater 
than 1.5 lb/sq ft  for Nason Creek flows greater than 2,000 to 3,000 cfs. 

These results suggest that relatively large flows on Nason Creek (greater than 
3,500 cfs) would likely send enough discharge into the oxbow to mobilize sands in 
portions of the channel. In addition, scour is likely to occur at the downstream side of 
the inlet culvert and possibly in the vicinity of CX 2023.  The amount of large-
sediment movement would vary depending on the duration and magnitude of the flow, 
and on the highly embedded nature of the larger sediments, which may decrease 
sediment mobilization. 

It is assumed that there will be minimal larger sediment contribution to the oxbow, 
and that large oxbow sediment will be gradually mobilized over time.  Because of 
this, the oxbow may experience some degradation at CX 2023 or other locations 
through loss of larger material.  However, the channel section is expected to adjust, 
and sediment transport is expected to decrease as the channel and reach attain a new 
equilibrium. 

3.5.3. Channel Stability 
The overall stability of the oxbow is not expected to alter significantly under any 
modeled representative flow.  However, some areas of existing bank instability could 
be weakened by increasing water depths (i.e., stage level rises).  Furthermore, 
increased fine sediment input to the main channel of Nason Creek from the oxbow is 
a temporary possibility under higher flow events.  It is likely, however, that this 
sediment would not aggrade at the confluence of the oxbow and the Nason Creek 
main channel, and would easily be transported away by the flow of the main channel.  
Localized aggradation would most likely be temporary as the fine sediments are 
ultimately flushed through by subsequent flows.  As mentioned above, much of this 
finer material would be transported in suspension.   

3.6. Habitat Benefits 
The project is intended to provide benefits to spring Chinook salmon, summer 
steelhead, bull trout, and resident fish in Nason Creek.  The primary benefits of this 
project are as follows: 

� The two new culverts would provide fish access and exit at upstream and 
downstream locations, thus greatly increasing access during both low and high 
flows, and reducing the potential for fish stranding. 
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� The addition of the upstream culvert will provide approximately 10% of the total 
Nason Creek flow to the oxbow, flushing out fine sediments, and lowering 
summer water temperatures.   

The sections below discuss these benefits in detail. 

3.6.1. Effects to Oxbow Habitats 
The project would provide beneficial effects to substrate quality and oxbow water 
quality under all modeled representative flows.  The modeled inflows would be 
beneficial to the aquatic habitat of the oxbow because it would help expose the larger 
substrates below the muck/silt/sand layer.  Substrate quality and oxbow water clarity 
would increase, and water temperature would likely decrease from current conditions 
during summer months.  Other geomorphic benefits include the exposure of 
interstitial spaces between the larger sediments throughout the oxbow.  This exposure 
would reduce their extremely embedded nature, and allow aquatic organisms to take 
advantage of the interstitial space between the rocks.  Finally, secondary high-flow 
channels would produce variable aggradation and degradation, promoting habitat 
diversity and complexity. 

It is also assumed that the increased inflow from the upstream culvert will lower 
oxbow water temperatures.  In addition, the new culverts will allow fish to exit the 
oxbow during summer high water temperatures. The resulting change from a 
somewhat static channel condition to a dynamic-equilibrium condition is considered 
an appreciable improvement in channel function, which is the primary goal of 
reconnecting off-channel habitat to the main channel. 

3.6.2. EDT Analysis of Benefits to Spring Chinook Salmon 
To quantify the benefit of the project, the proposed oxbow reconnection was 
analyzed for spring Chinook salmon using the Ecosystem Diagnosis and Treatment 
(EDT) model (Lestelle, et al. 2004)  This analysis provides an estimate of the 
potential benefits of the project in terms of the change in abundance of returning 
adult spring Chinook to Nason Creek.  The project was assessed by comparing the 
current habitat potential of Nason Creek for spring Chinook salmon, to the habitat 
potential if the oxbow was reconnected.  A detailed discussion of this analysis is 
provided in Appendix G. 

As discussed in Chapter 2, the reconnected oxbow would provide limited spawning 
habitat in the glides, and relatively large amounts of rearing and overwintering 
habitat.  Adult Chinook salmon do not typically spawn in off-channel habitat 
features, but interior stocks make some use of off-channel ponds and side channels 
for juvenile rearing and overwintering.  As a result of increased habitat quantity from 
the oxbow reconnection, the spring Chinook salmon abundance potential in Nason 
Creek increased by 4.7 percent.  This is roughly the same as the increase in length of 
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total stream miles available to Chinook in Nason Creek with the oxbow.  The relative 
productivity of spring Chinook in Nason Creek increased slightly with the oxbow, 
reflecting the change in distribution of habitat types while all other habitat quality 
attributes (wood, temperature, water quality, etc.) remained the same in the main 
channel and oxbow segments. 
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Chapter 4. Design and Construction 
Details 

The results of the hydrologic and geomorphic analysis presented in Section 3.3 
allowed for the preparation of detailed construction plans for the upstream inlet and 
downstream outlet oxbow connections.  These construction plans should be 
considered 35% complete and are subject to revision following discussions with 
permitting agencies.  

Detailed discussions of the following are presented below: 

� Siting of the upstream inlet and downstream outlet oxbow connections 

� Stabilization structures 

� Site preparation 

� Grading and earthwork 

� Planting plans 

� Monitoring approach 

Please refer to Appendix A for construction plans and specifications. 

4.1. Upstream Culvert Details 
The upstream 12-foot diameter, 90-foot long CMP culvert will be installed in the 
existing SR 207 roadway where no culvert currently exists.  Both ends of the culvert 
will have mitered concrete headwalls with no wingwalls.  An inlet channel will be 
constructed from the existing Nason Creek main channel to the inlet of the culvert on 
the west side of SR 207.  The culvert will discharge directly to water within the 
oxbow.   

4.1.1. Upstream Inlet Connection 
The location of the upstream end of the oxbow determined the general location of the 
inlet culvert, while the planform and geomorphology of the Nason Creek side 
channel dictated the specific culvert location (Figure 6).  The right Nason Creek side 
channel shifts from west to east in the vicinity of the upstream end of the oxbow, 
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ultimately running along the toe of the highway prism (see photos in Appendix B).  
Flow velocities and shear stress are high along the main channel, so the inlet culvert 
was sited at a location where the overbank was about 15 feet wide; this allowed the 
culvert to be set back from the right Nason Creek main channel and out of the high-
velocity flows.   

The culvert will be countersunk by 6-feet, filled with select gravels from the 
excavation, then covered with 2 feet of streambed gravel.  The culvert invert 
elevation will be approximately 0.5-feet higher than the thalweg depth of the Nason 
Creek side channel.  As discussed in Section 3.3 above, this elevation will allow 
approximately 10% of the total Nason Creek discharge to enter the oxbow.  At higher 
flows, the oxbow inflow rate decreases to 7 to 9% of the total Nason Creek discharge.  
At no flow is the culvert expected to become dewatered.  This invert elevation will 
also match the inside oxbow elevation at the culvert discharge point.  See Figure 7 
for 100-year, 2-year, and low-flow water elevations within the proposed arch culvert.  

4.1.2. Culvert Inlet at the Upstream Connection  
The culvert placement requires the construction of a inlet in the Nason Creek 
floodplain near the entrance of the proposed culvert (Appendix A).  Maintaining a 
channel to provide fish access and hydraulic connection to the oxbow is vital to the 
success of the project.  Stabilization of the channel slope and longitudinal profile are 
key in providing overall integrity/stability for the inlet channel system.  The inlet 
channel will be anchored with 18-inch to 24-inch diameter riprap (Appendix A).  
This riprap will be tied into the existing riprap associated with the SR 207 road prism 
in order to create a seamless and stable transition from the inlet channel mouth to the 
road prism.   

The woody structures will be tied into 18- inch to 24-inch-diameter riprap.  Three 
anchored rootwads will also be placed on the upstream banks of the inlet channel  to 
provide habitat elements at the mouth of the culvert.  The rootwads will typically be 
single 12- to 24-inch-diameter log, with a 4- to 5-foot-diameter root bole (refer to 
structure details in Appendix A).   

The woody structures and riprap will be interplanted with native willow and 
dogwood stakes (see Section 4.6).  These shrubs will eventually provide the majority 
of the erosion protection along the banks near the inlet.  While the plants are 
maturing, the wood structures and riprap will provide a stable environment for plant 
establishment and continue to provide long term bank stability.   
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To avoid potential impacts to instream aquatic habitats, all inlet channel grading and 
bank stabilization will occur within the existing floodplain and not within the main 
channel.  

To further reduce the risk of a high-flow headcut near the culvert, a buried concrete 
sill will be constructed to maintain the existing bank alignment at the low-flow 
connection point at the inlet channel (Appendix A).  The addition of a concrete sill on 
the oxbow side of the inlet culvert will maintain the culvert invert for the life of the 
structure.  The sill will have a low-flow V notch to maintain fish passage and provide 
a stable thalweg within the inlet channel and culvert bottom.   

Five 3-foot diameter habitat boulders will be placed within the culvert.  These 
boulders will provide habitat complexity within the culvert. 

Sedimentation of the inlet channel is minimized through the design of stable channel 
side slopes, structural reinforcement, the installation of the buried concrete sill, and 
planting for stabilization and fish refugia.  The designed structures in the inlet 
channel and culvert (i.e., concrete sill and habitat boulders) also provide local scour 
potential to maintain the conveyance of the connection channel thalweg.  The 
designed placement of the structures is intended to ensure the connection of the local 
scour pockets to maintain positive drainage. 

4.2. Downstream Culvert Details 
The downstream 12-foot diameter, 90-foot long CMP culvert will be installed in the 
existing SR 207 roadway to replace the existing 3-foot diameter cement culvert.  The 
culvert inlet will be directly connected to oxbow discharges.  The culvert outlet will 
discharge directly to an existing outlet channel that will carry flows to the Nason 
Creek main channel. 

4.2.1. Siting the Downstream Oxbow Outlet Connection 
The proposed downstream outlet culvert was sited in the same location as the existing 
outlet culvert (Figure 6).  This location provides the best connection between the 
downstream end of the oxbow and Nason Creek because the existing culvert is set 
about 90 feet back from the main Nason Creek channel and has a well-defined and 
stable outlet connection channel. 

4.2.2. Stabilization at the Downstream Oxbow Outlet Connection 
This culvert will also be countersunk by 6-feet, filled with select gravels from the 
excavation, then covered with 2 feet of streambed gravel..  The sizing and placement 
of this downstream culvert is expected to pass high flows and potential woody debris 
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which may be mobilized during flood events.  The proposed culvert invert outlet will 
be 1.7-feet lower than the existing invert outlet in order to better match the lower 
pond elevation immediately upstream of the current culvert.  The new culvert invert 
elevation will not create a substantial elevation difference between the receiving 
channel thalweg and the culvert invert.   

The outlet channel will be graded to taper to the existing channel connection and 
match the thalweg of the main channel.  Minor scour of the existing connection 
channel to Nason Creek is expected as discharge flows are increased; however, there 
is a natural forested buffer that is expected to maintain the creek alignment and 
minimize the risk of bank erosion and potential head cutting into the oxbow (see 
photos in Appendix B).  Two anchored pieces of LWD will be placed within the 
outlet channel to provide overhead cover.  In addition, five 3-foot diameter habitat 
boulders will be placed within the culvert.  These boulders will provide habitat 
complexity within the culvert. 

See Figure 7 for 100-year, 2-year, and low-flow water elevations within the proposed 
arch culvert.  Riparian plantings (Section 4.6) will be installed to further stabilize the 
graded areas associated with the culvert installation and provide riparian cover. 

4.3. Oxbow Habitat Enhancement 
Direct restoration of the existing oxbow habitat is not proposed at this time.  Aquatic 
habitat elements, such as riparian cover and LWD, already exist in significant 
quantities within the oxbow (Section 2.5).  Pools of greater than 6 feet in depth occur 
in six locations, and additional fish access is available to 15.6 acres of permanently 
and seasonally ponded off-channel wetland area without any channel modifications.  

As discussed in Section 3.3, fine sediments present in the oxbow are expected to be 
mobilized during low- and high-flow events.  As the oxbow achieves equilibrium 
between increased inflow and the mobilization of fine sediments, deeper pools will 
be formed, and original gravel channel substrates will be exposed, thus improving 
fish foraging, refuge, and overwinter habitat. 

4.4. Site Preparation 
Site preparation activities will include: 

� Creating a staging area and site access; 

� Clearing and grubbing the site; and 

� Protecting native vegetation. 
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4.4.1. Staging Area and Site Access 
A staging area and site access will be established by CCNRD and the contractor, and 
will be used to accommodate storage of equipment and supplies. 

4.4.2. Clearing and Grubbing 
Clearing and grubbing activities include removing existing debris and vegetation 
within the project footprint and beyond the project footprint as necessary to construct 
the project.  Native woody material removed during clearing and grubbing activities 
will be incorporated as part of the project as practicable or may be incorporated into 
another restoration project or disposed of off-site.   

4.4.3. Protect Native Vegetation 
Protection of native vegetation includes the installation of perimeter fencing to 
delineate the extent of clearing activities and identify the vegetation to be preserved.  
Additional vegetation surveys may be necessary to determine the number of trees to 
be preserved.  It will be the responsibility of the contractor to maintain the perimeter 
fencing throughout the construction of the project to ensure protection of vegetation. 

4.5. Grading and Earthwork 
The following is a summary of predicted grading activities.  As detailed plans and 
specifications are prepared, revisions to the discussion below may be necessary.  
Grading activities include:  

� Excavating the upstream inlet channel and road prism at both connection 
locations; 

� Installing instream structures in the upstream inlet channel; 

� Dewatering construction areas to allow excavations in dry areas when feasible; 

� Installation of the upstream and downstream culverts; and 

� Placing excavated materials on-site where feasible and stabilizing the material.   

A net total of 940 cubic yards of native and road prism materials will remain 
following the construction of the upstream  and downstream culverts.  Hauling and 
placement of this material will be determined by CCNRD and the contractor.   

4.5.1. Construction Sequencing 
Construction is planned for the low-flow months of late summer and early autumn.  
Due to the shallow groundwater table and proximity to the Nason Creek main 
channel, some in-water work is likely to be necessary.  To avoid and minimize the 
potential for sediments to be carried into Nason Creek during construction, as much 
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of the grading and earthwork as possible will be done inside an area separated from 
Nason Creek by coffer dams.  Only the final excavation of the inlet channel 
connection will occur outside the coffer dam.  The downstream oxbow outlet 
connection will be constructed first, followed by the upstream inlet connection.  In-
water work that affects the main channel of Nason Creek (i.e., the connection of the 
upstream inlet channel) will be conducted within the U.S. Army Corps of Engineers 
(Corps)/WDFW-approved in-water work window.   

4.5.2. Temporary Erosion and Sediment Control Plan 
Temporary erosion and sediment control consists of implementing standard erosion 
control Best Management Practices (BMPs) to minimize the input of sediment into 
Nason Creek and adjacent wetlands.  Typical BMPs for the site include the 
installation of silt fencing along the downhill edge of the clearing limits for the 
project, covering exposed soil with straw mulch, and hydroseeding with native grass 
seed mix.  Temporary impoundment structures, commonly referred to as coffer dams, 
will be placed at the inlet and outlet at each culvert between the extents of channel 
grading at the culvert and the existing water (the creek or the wetted oxbow) to keep 
water from entering the active construction area.    

As part of the construction contract, the contractor will be required to develop a site 
specific Temporary Erosion and Sediment Control (TESC) plan that conforms to 
WSDOT standards.  The person who prepares the plan and is responsible for 
implementing and maintaining all BMPs will be required to possess valid WSDOT 
TESC certification. 

4.5.3. Traffic Plan 
Potential detour routes for traffic during construction of the culverts were 
investigated and no acceptable route could be identified.  Traffic will remain on 
SR 207 during construction and a minimum of one lane will remain open for traffic 
throughout construction activities.  A detailed traffic control plan in accordance with 
WSDOT requirements will be developed as part of the final plans and submitted to 
WSDOT for approval. 

4.6. Vegetation Planting Plan 
The vegetation planting plan is designed to provide bank stability, instream cover, 
and enhance the existing riparian vegetation within the floodplain at both the 
upstream inlet and downstream outlet structures (Appendix A).   

Plant species selected are based on observations of existing native species growing in 
Nason Creek riparian areas and from guidance from WDFW.  Table 4-1 lists the 
proposed plants.    
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Table 4-1. Proposed Plant Species for the Nason Creek Oxbow 
Reconnection Project 

Scientific Name  Common Name 

Live Stakes 

Cornus stolonifera Red-osier dogwood 

Salix exigua Coyote willow 

Riparian Shrub  

Lonicera involucrata Black twinberry 

Salix exigua Coyote willow 

Upland Shrub 

Acer glabrum douglassii Douglas maple 

Rosa woodsii Woods rose 

Salix scouleriana Scouler's willow 

Symphoricarpus albus Snowberry 

The project design incorporates existing native vegetation and avoids the removal of 
mature (>12-inch diameter at breast height [dbh]) trees.   

Construction of the upstream and downstream culverts will require excavation of 
surface and subsurface soils.  Therefore, the plants will be planted in the sand and 
gravel subsurface soils along the channel banks and within the interstitial spaces of 
the riprap.  Plant species used for this planting are adapted for growth in nutrient-
poor, coarse-textured, alluvial soils typical of the Nason Creek floodplain. 

The planting plan will be implemented during the dormant season, after site 
preparation and grading/earthwork has been completed.  Plant assemblages will be 
used to create a vegetation structure for the different planting zones as described 
below and detailed in Appendix A.   

4.6.1. Live Stakes 
This community will consist of a dense planting of willow and dogwood stakes along 
the wood structures and riprap used to stabilize the banks at the upstream inlet 
channel.  

Planting willow stakes on slopes and within the interstitial spaces of the riprap will 
help prevent erosion, promote structure stability, and provide aquatic and terrestrial 
habitat.  Rapid growth of willows will provide overhead cover and allochthonous 
inputs for the inlet channel, main channel, and outlet channel.  The lower elevation of 
the Live Stake planting area corresponds to the limits of shrub growth within the 
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Nason Creek riparian area as identified in the field.  Based on the hydraulic model, it 
is anticipated that this planting zone will be inundated periodically during periods of 
moderate to high flows (March through July).  Based upon the modeled stream 
hydrology, native willows and dogwood have been selected for planting due to their 
tolerance of seasonal flooding and subsequent dry season. 

4.6.2. Riparian Shrub 
The lower elevation of the Riparian Shrub planting area corresponds to the limits of 
shrub growth within the Nason Creek riparian area as identified in the field.  The 
Riparian Shrub area will be planted with a variety of native shrub species that will 
provide bank stabilization and functioning riparian habitat.  The Riparian Shrub 
planting zone will be inundated during higher flows, typically during peak-flow 
events between May and June, remaining above the water surface during the majority 
of the growing season.  Species selected are those that can tolerate some inundation 
during the growing season, are able to grow in coarse-grained soils, and will generate 
more plant cover through new shoots.  This planting area will also be seeded with a 
riparian seed mix to help stabilize the graded areas. 

4.6.3. Upland Shrub 
Graded areas above and adjacent to the proposed culvert structures will be planted 
with a mix of upland shrub species to stabilize slopes and provide riparian habitat.  
Deciduous species will be the primary species installed.  The Upland Shrub planting 
area has been designed to begin above either the 2-year flood elevation or at a 
delineated wetland boundary, and is thus designed to include species able to tolerate 
predominantly dry conditions.  This planting area will also be seeded with an upland 
seed mix to help stabilize the graded areas. 

In addition to plants that provide shade cover, selected plant assemblages are 
intended to provide benefits to local wildlife species by producing fruit, buds, leaves, 
and twigs for wildlife consumption.  These plants will also provide cover for 
invertebrates, resident and migratory birds, and small mammals.   

4.6.4. Upland Seed Mix 
A 10-foot buffer between the roadway and the Upland Shrub planting area will 
remain free of trees and shrubs.  Within this buffer, an unplanted and unseeded 
“Roadside Clearzone” will extend three feet from the edge of the pavement.  A zone 
extending seven feet beyond the edge of the clearzone will be the Roadside Buffer 
seeding area and will be seeded with the Upland seed mix (See Appendix A for seed 
mix).  The entire Upland Shrub planting area will be seeded with the same seed mix. 
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4.6.5. Riparian Seed Mix 
The Riparian Shrub planting area and areas graded below the Riparian Shrub planting 
area will be seeded with the Riparian seed mix.  This seed mix will be placed under a 
biodegradable coconut fiber erosion control blanket which will be located below the  
2-year flood elevation or edge of wetland boundary (see Appendix A).  The lower 
boundary of the Riparian seed mix area corresponds to the elevation of late summer 
low-flow as calculated using the HEC-RAS model.
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Chapter 5. Project Monitoring 
CCNRD will perform implementation monitoring and Level 1 effectiveness 
monitoring  using methods developed by the Upper Columbia Salmon Recovery 
Board (UCSRB) (Hillman 2005).  CCNRD will work with the UCSRB and the state 
and federal permitting agencies to draft performance standards and a monitoring plan 
applicable to this oxbow reconnection project.  Ultimately, permit conditions will 
dictate monitoring procedures. 

The purpose of monitoring the project site is to ensure that design goals are achieved.  
The project site will be monitored for a period of 5 years to ensure that the project 
functions as designed.  The 5-year monitoring period will begin after the installation 
of the culverts, and after the planting program has been completed.  As-built 
drawings of the project site showing topographic contours, habitat features, and 
planting areas, will be prepared immediately after the full planting program is 
complete.   

Prior to project construction, photo-points will be established at both culvert 
locations, along the main channel, and at 3 locations within the oxbow.  The 
presence/absence of target fish and life stage will also be documented, as well as 
oxbow bank stability, and water temperature. 

A 5-year monitoring plan will be implemented to assess the degree to which 
objectives and performance standards are achieved.  Monitoring may be conducted 
by volunteers, through coordination by biologists and CCNRD, prior to project 
construction, and once every year for five years following construction.   

A minimum of five photographic points will be established at the project site to 
develop a pictorial history of the progress and development of the project site.  
Photographs will be taken each year monitoring is scheduled. 

Table 5-1 presents the objectives, performance standards, and monitoring methods 
used to determine successful achievement of project objectives.  The monitoring 
methods will explicitly address the objectives for the construction of the culverts, fish 
passage, oxbow stability, and vegetation.  If success criteria are not being met, data 
collected will be useful for determining if remedial action is appropriate.
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5.1. Construction Monitoring 
A qualified restoration biologist will monitor construction operations regularly (at 
least weekly).  The biologist will monitor construction activities to ensure that work 
occurs only in those areas designated.  Vegetation clearing, excavation, and 
placement of fill will be monitored regularly to ensure that work is completed as 
planned. 

5.2. Contingency Planning 
If monitoring results demonstrate that site conditions fail to meet performance 
standards, contingency measures will be implemented.  Contingency measures are 
dependant upon the acquisition of additional project funds.  If a contingency measure 
must be implemented, CCNRD will work with potential funding partners (e.g., 
SRFB) to secure those funds.  Examples of conditions that may require contingency 
measures include, but are not limited to: 

� Hydrology is not as anticipated – Contingency will involve evaluating design of 
outlet and pond invert elevations to either increase or decrease the range of 
surface water elevations, as appropriate. 

� In-stream structures do not remain in place as designed – Contingency will 
involve evaluating causes of structure failure and developing appropriate 
engineering design to keep material in place. 

� Unsuccessful plant survival or growth – Contingency may involve selecting a 
different suite of plant species for a specific planting zone, based on the soils and 
hydrology of the site. Willow cuttings can be inserted into shallow water to help 
establish plant cover. 

If a performance standard is not met for any given year CCNRD will present a 
proposed corrective action.  Even if all performance standards are met, corrective 
actions may still be implemented if monitoring identifies deficiencies that could lead 
to poor performance or future problems.  Descriptions of such problems and 
corrective actions recommended and/or taken to solve them will be included in the 
monitoring reports. 

5.3. Reporting 
Monitoring reports will include all data necessary to address the performance 
standards.  Beyond general introductory and background information, monitoring 
reports will include: 

� A brief discussion of the monitoring objectives and success criteria. 
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� An overview of all significant activities for each year; 

� A brief description of the monitoring methods; 

� A discussion of the vegetation, hydrology, and in-water habitat conditions as they 
relate to corresponding success criteria; 

� A discussion of problems, recommendations, and contingency measures taken; 
and, 

� A chronological photographic summary and comparison of photographs from 
established photo points. 

Each monitoring report will focus on data for that year.  To the extent that trends in 
biological conditions become apparent or problems persist from one year to the next, 
these too will be described.  Monitoring reports will be submitted for each 
monitoring year.  Monitoring years will consider the growing season and the 
following rain season (i.e., generally from July of one year through June of the 
following year).  Monitoring reports will be submitted by the end of the year. 

5.4. Maintenance and Contingency 
CCNRD will be responsible for maintenance activities associated with the project 
site, including monitoring and preparation of reports.  Coordination with WDFW will 
occur throughout the life of the project.  In the event the site fails to meet any of the 
success criteria, CCNRD will promptly notify the WDFW and any other participating 
agencies to discuss potential corrective actions. 

CCNRD will take corrective action as necessary, following the completion of 
planting, and following the receipt of additional project funding specific to the 
necessary action(s).  Corrective actions may include but are not limited to, grading to 
adjust site hydraulics, additional plantings, control of invasive vegetation, and/or 
reseeding during the 5 years following plant establishment, as necessary. 
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Appendix B 
Site Photos 
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Photo 1. Upstream Connection Side Channel Flowing towards SR 207 (Summer) 

 

 
Photo 2. Upstream Connection Side Channel Flowing towards SR 207 (Winter) 
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Photo 3. Upstream Connection Side Channel in Foreground 

 

 
Photo 4. Location of the Upstream Connection Adjacent to SR 207 
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Photo 5. Existing Riprap and Side Channel Below Upstream Connection 

 

 
Photo 6. Upstream Connection Oxbow Pool 
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Photo 7. Pool Formed Upstream of the Existing Downstream Oxbow Culvert 

 

 
Photo 8. Highway 207. 
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Photo 9. Downstream Outlet Channel Connection to Nason Creek during Winter Flows. 
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Photo 10. Downstream Outlet Channel Connection to Nason Creek during  Spring Flood Flows. 
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Photo 11.  Existing Downstream Culvert Perched During Low Summer Flows. 
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Photo 12. Oxbow Pool Immediately Upstream of Beaver Dam 1 

 

 
Photo 13. Beaver Dam 2 
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Photo 14. Oxbow Run Below Beaver Dam 2 Facing Downstream 

 

 
Photo 15. Oxbow Run Below Beaver Dam 2 Facing Upstream 
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Photo 16. Oxbow Run Near Data Point 3 

 

 
Photo 17. Shallow Oxbow Crossing in Run Below Beaver Dam 2 
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Photo 18. Scour caused by groundwater scour at the proposed upstream connection point within the oxbow.  Note gravel 
substrate. 

 

 
Photo 19.   Example of the Construction of CMP (Chumstick Highway).  
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Photo 20.   Example of the finished countersunk CMP (Chumstick Highway).  The Nason Oxbow Project proposes a mitered 
concrete headwall. 
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Riparian Condition 
Riparian condition refers to a description of the general health of the riparian area, focusing on 
the amount and type of vegetative cover.  Riparian condition was described as low (0-25 % 
vegetative cover), moderate (25-50 % vegetative cover), high (50-75 % vegetative cover), or very 
high (75-100 % vegetative cover).   

Substrate Composition and Embeddedness 
Substrate composition and embeddedness refer to the size of the substrate materials on the 
channel bed of the oxbow, and the degree to which these materials are embedded.  Substrate 
composition and embeddedness were measured at various sampling points.  Typically, riffles are 
the best habitat or channel units to determine substrate composition and embeddedness; however, 
due to the lack of any identifiable riffles in the oxbow, one substrate composition and 
embeddedness measurement was taken on a historic point bar and one was taken on a run.  
Substrate composition and embeddedness was also crudely measured in other locations along the 
oxbows by using random “kick tests” along the channel bed.     

Two sampling methods were used for determining substrate composition and embeddedness.  On 
the two areas described above, substrate composition and embeddedness were measured using the 
methods described by Bunte and Abt (2001).  This method, commonly referred to as the pebble 
count method, provides an objective, repeatable method that is more sensitive to changes in fine 
sediment than others, such as the Bain (1999) method (Jones & Stokes 2003).    This method 
involved the establishment of a 5 by 5 ft grid in the middle of the habitat or channel unit.  A metal 
pin, held vertically above a sampling point, was lowered until it contacted the substrate.  The first 
particle touched by the metal pin was selected.  The selected particle was picked up and its 
composition (i.e., size in millimeters [mm]) and embeddedness was measured.  50 values were 
recorded.   

Dominant substrate composition fell into one of five classes: sand (< 2 mm), gravel (2-16 mm), 
pebble (17-64 mm), cobble (65-256 mm), and boulder (> 256 mm)  

The embeddedness of gravel-sized and larger particles (>2 mm) was measured as the percentage 
of the total vertical extent of a particle below the bed surface.  Embeddedness was scored as 
negligible (<5%), low (5–25%), moderate (25–50%), high (50–75%), or very high (>75%).   

The second method, the “kick test”, is a crude way of determining substrate composition whereby 
the approximate size and amount of substrate was determined by kicking up the sediment on the 
channel bottom and quantifying it by feel.  The “kick test” method was employed in the most 
upstream and downstream pools. 

Bank Instability and Bank Characteristics 
The term ‘bank instability’ refers to streambanks that are either actively retreating or have the 
potential to retreat in the near future.  In brief, weakening processes are any bank or near-bank 
processes that act to erode or prepare streambanks for further erosion (Lawler 1992).   



2 

Bank instability was qualitatively assessed in all of the four surveyed locations.  The purpose of 
assessing this indicator was to identify fluvial erosion (erosion associated with flowing water) and 
bank failure (erosion associated with gravitational forces and weakening processes).  Fluvial 
erosion is closely related to boundary shear stress, which can be loosely approximated by unit 
stream power variations, and bank failure is collapse of all or part of the streambank in situ 
(Lawler 1995).   

Bank stability is defined as the natural streambank that has stable groundcover.  Stable ground 
cover includes rooted trees, shrubs, herbaceous plants, and naturally occurring rocky substrates.  
The terms defined in Table C-1 were used to describe observed bank stability conditions.  Only 
potentially unstable and currently unstable streambanks were recorded in the field and analyzed.   

Table C-1. Terms Used to Describe Bank Stability Conditions a 
Category Term Definition 

Streambanks Stable streambank Has 75% or more cover of live plants and/or other stability 
elements that are not easily eroded and has no instability 
elements 

 Potentially unstable 
streambank 

Has 75% or more cover but has 1 or more instability 
element(s)b 

 Unstable streambank Has less than 75% cover of live plants and/or other stability 
elements and/or 1 or more instability element(s) (unstable 
streambanks are often bare or nearly bare streambanks 
composed of noncohesive soil that is susceptible to fluvial 
erosion; particle size may vary depending on streambank 
material) 

Stability elements Live plants Perennial herbaceous species, such as grasses, sedges, 
rushes; woody shrubs, such as willows; broadleaf trees, such 
as cottonwood and alder; conifer trees; and plant roots that are 
on or near the surface of the streambank and provide 
substantial binding strength to the streambank material 

 Rock Boulders, bedrock, and cobble/boulder aggregates that are 
combined to form a stable mass 

 Downed wood Logs firmly embedded in streambanks 

 Erosion-resistant soil Hardened conglomerate or cohesive clay/silt streambanks 

Instability elements Bank height Moderately high to high bank height relative to surrounding 
streambanks 

 Fracturing, blocking, or 
slumping 

Cracks near the top of the streambank, slumping streambanks, 
and blocks of soil/plant material that have fallen off or slid down 
the streambank 

 Mass movement Bank failure from landslides and gravity erosion of 
oversteepened streambank slopes 
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Category Term Definition 

 Undercutting Frequent or continuous scour; significant to severe 
undercutting 

a Based on definitions of streambank conditions in the U.S. Forest Service Region 5 Stream Condition Inventory Guidebook. 
b Exception:  Streambank will be classified as stable if bank height is the only instability element present. 

Once a stream streambank was determined as potentially currently unstable or unstable, the 
following information was collected: 

• streambank location (left or right); 

• length of unstable area (horizontal distance); 

• height of unstable area (defined as height from point of deepest scour adjacent to streambank 
to top of the streambank); and 

 reference photographs. 

Habitat or Channel Unit Type 
Habitat or channel unit type encompasses the distribution of habitat or channel units, such as 
pools, riffles, and runs.  Basic channel or habitat units were delineated along the entire reach of 
the oxbow according to standard habitat mapping descriptions.  The purpose of delineating 
habitat or channel units was to identify areas that would possibly transport or aggrade a potential 
input of increased sediment, either from Nason Creek or the oxbow itself, delivered via higher 
velocities.   

Channel or habitat units were defined as: 

� Pool:  Slow water, length and width at least one-half the bankfull channel width and a 10-inch 
minimum residual pool depth (Schuett-Hames et al. 1994).  Subcategories define the general 
type of pool and include scour (lateral, channel, channel confluence, plunge), dam, and 
backwater as defined by Overton et al. (1997).  

� Riffle:  Swiftly flowing, turbulent water; some partially exposed substrate; substrate cobble 
and/or boulder dominated (McCain et al. 1990). 

� Run:  Wide, uniform channel volume, low to moderate water velocity, little surface agitation.  
Encompasses any areas that do not qualify as pool or riffle. 

Woody Debris Influence 
Woody debris influence refers to the amount of woody debris in the riparian area that has direct 
interaction with the channel, either through promotion of shade or influence on channel form.  
Woody debris pieces are defined as logs at least 6 feet long and at least 10 inches in diameter 
(Schuett-Hames et al. 1999, WFPB 1997) or rootwads of any size.  Woody debris influence was 
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described as low (0-25 %), moderate (25-50 %), high (50-75 %), or very high (75-100 %) for logs 
at least 3 feet long and at least 5 inches in diameter.   

Bar Development 
Bar development refers to the formation of any significant channel bar bedforms, such as mid-
channel bars and point bars.  No present-day bar development was encountered in the surveyed 
areas.   

Bankfull Width and Depth 
Bankfull width and depth measurements were recorded to assess the hydraulic capacity of the 
channels in the surveyed areas.  Specifically, a geomorphic or effective bankfull surface was 
identified in the field.  The geomorphic bankfull or effective surface is the surface that gets 
inundated by the discharge that performs the most geomorphic work on a system, typically a flow 
that occurs every 1.5-2 years (Knighton 1999).  This discharge, known as the geomorphic 
bankfull discharge, is defined as that water discharged when stream water just begins to overflow 
into the active floodplain.  The geomorphic bankfull or effective surface was identified based on 
the methodology of Harrelson et al. (1994) and Hauer and Lamberti (1996).  Once this surface 
was recognized, width and depth measurements were recorded.   Average bankfull depth was 
measured with a marked rod throughout the channel or habitat unit surveyed.   

Average Width and Depth 
Similar to bankfull width and depth measurements, average width and depth measurements were 
recorded.  Specifically, an average wetted surface was identified in the field.  The average wetted 
surface is the surface that is inundated most of the time and is closely related to the low flow 
surface (Knighton 1999).  Once this surface was recognized, width and depth measurements were 
recorded.   Average bankfull depth was measured with a marked rod throughout the channel or 
habitat unit surveyed.   

Degree of Incision 
The degree to which the channel in a particular area of the survey was incised was recorded.  
Degree of incision was qualitatively analyzed using the following criteria: 

• Identification of any Quaternary landforms on the floodplain (e.g., terraces, low floodplain, 
fan, etc.).  Terraces typically have steep streambanks and the channel may not necessarily be 
incised.  Steep, unstable streambanks adjacent to a low floodplain surfaces, however, 
typically indicate incision. 

• Identification of bedforms downstream of the site where and if the channel is less incised.  
Bed and streambank material from incised channels will typically be deposited downstream 
in somewhat uncharacteristically large deposits on the channel bed (downstream 
aggradation). 

• Recognition of base level changes downstream.  Dams and other barriers can create upstream 
changes in channel bed elevation (i.e., headward migration of incision). 
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• Visual survey of channel bed at the site.  Channel or habitat sequences, such as pool-riffle 
sequences, are rare in incised channels, and those that do exist do so for only limited time 
intervals.  Additionally, the increased depth of flow associated with incision, coupled with an 
increased flashy regime, results in bed armoring and a decreased frequency of bed 
mobilization.   

• Determination of the health of the riparian and floodplain plant species.  Plants that are found 
in similar, un-incised reaches are usually not present in incised reaches.  No vegetation at all 
is an indicator of no hydrologic interaction between the floodplain and the channel and 
therefore incision. 

• Identification of recent evidence of overbank deposition of fine sediment, plant debris, or 
other organic matter.  A channel that floods its streambanks frequently will typically have 
splay (i.e., sand) deposits and vegetation with a smoothed, flooded appearance in the 
downstream direction.  Natural levee development is also an indication of frequent flooding. 

Degree of incision was recorded as negligible, low, moderate, high, or very high. 

Channel Pattern 
Channel pattern was not directly identified in the field.  Rather, aerial photographs and other 
maps were used to assess whether channel pattern was straight, meandering, braided, or 
anabranching.   
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Technical Memorandum  
 

Date: 
 
July 14, 2006 

 
To: 

 
John Soden 

 
From: 

 
Jim Wilder 

 
Subject: 

 
Fuel Contamination in Soil at Nason Creek Oxbow 

 
Objective 
 
This memorandum evaluates the measured concentrations of diesel-range total petroleum 
hydrocarbons (TPH-D) and lube-oil range total petroleum hydrocarbons (TPH-O) measured in 
surface soil at the Nason Creek Oxbow restoration site.  The measured concentrations are 
compared to two sets of soil cleanup criteria established by the Washington state Model Toxics 
Control Act (MTCA) cleanup regulation (WAC 173-340):  
 

• Conservatively low screening-level human health risk-based cleanup standards defined 
by MTCA Method A (MTCA Table 740-1) based on unrestricted human access. 

 
• Conservatively low screening-level ecological indicator cleanup standards defined by 

MTCA Table 749-3, assuming the restoration site is ecologically sensitive and therefore 
subject to site-specific indicator criteria.  

 
Methodology 
 
Jones & Stokes is conducting an ecological restoration of a formerly abandoned oxbow along 
Nason Creek.  The oxbow is adjacent to Highway 2.  Stormwater draining from the roadway into 
the oxbow likely contains trace concentrations of crankcase oil, lube oil, diesel oil, and 
weathered gasoline.  To assess potential accumulation of soil contaminants in the oxbow, Jones 
& Stokes collected four soil samples from within the oxbow in June 2006.  Two regional 
background samples were collected at the same time from nearby Nason Creek.  The samples 
were sent to the TestAmerica laboratory in Bothell, Washington and analyzed for fuel 
hydrocarbons using Washington state Method NWTPH-Dx.  The analysis categorized the 
measured hydrocarbon concentrations into two ranges: diesel-range hydrocarbons (TPH-D) and 
lube oil-range hydrocarbons (TPH-O).   
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Analytical Results 
 
Table D-1 summarizes the results of the TPH-D and TPH-O analyses for each sample, and 
presents the arithmetic averages for the oxbow samples and the Nason Creek background 
samples.  
 
Table D-1.  Summary of Analytical Results 
Sample Hydrocarbon 

Type 
Soil Concentration  
(mg/Kg) 

TPH-D 146 Oxbow US 1 
TPH-O 555 
TPH-D ND( < 78 Method 

Reporting Limit) 
Oxbow US 2 

TPH-O 386 
TPH-D ND( < 15) Oxbow Mid 1 
TPH-O ND( < 37) 
TPH-D ND( < 61) Oxbow DS 1 
TPH-O ND( < 152) 
TPH-D 15 Nason US 1 
TPH-O 44 
TPH-D 62 Nason DS 1 
TPH-O 148 
TPH-D 55 Arithmetic Average of Oxbow Samples 
TPH-O 259 
TPH-D 39 Arithmetic Average of Nason Creek Samples 
TPH-O 96 

Note:  to calculate the arithmetic average, non-detect values were set equal to ½ the Method Reporting Limit.  
 
Quality control samples consisted of field blanks, duplicate samples, and laboratory matrix 
spikes.  The blank samples exhibit concentrations below the Method Reporting Limits, and the 
matrix spikes exhibited recoveries between 83% to 119%. 
 
Comparison to MTCA Cleanup Standards 
 
Table D-2 compares the arithmetic averages of the measured concentrations to the conservatively 
low screening-level criteria for human health protection and ecological indicators.  With one 
exception, the measured concentrations are less than the screening-level criteria.  The exception 
is lube oil-range hydrocarbons (TPH-O) measured in the oxbow, where the arithmetic average 
(259 mg/kg) slightly exceeded the presumed ecological indicator criterion for soil biota  
(200 mg/kg).  Note the TPH-O concentration (259 mg/kg) is only a small fraction of the 
ecological criterion for “wildlife” (6,000 mg/kg). 
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The exceedance of the TPH-O criterion for “soil biota” does not necessarily mean that soil 
within the oxbow is toxic to soil biota.  The MTCA rule emphasizes that exceedances of the 
screening-level criteria do not indicate ecological damage and the need for soil remediation.  
Instead, an exceedance indicates a possible need for additional, more refined assessment to 
evaluate whether the soil contamination has actually stunted biological functions within the site. 
Because the measured concentrations are well below the “Wildlife” criterion and only slightly 
above the conservatively low “Soil Biota” criterion, it is reasonable to conclude fuel 
hydrocarbons in the oxbow have not adversely affected biological functions, and would not 
adversely impact the restoration project.  However, that conclusion is not 100% supported based 
solely on the results of this study.  
 
Table D-2.  Comparison to MTCA cleanup Standards 

Ecological Indicator Limits from 
MTCA Table 749-3 

(mg/kg) 

Sample Fuel 
Type 

Soil Conc.  
(mg/Kg) 

Method 
A 
Human 
Health 
Based 
Cleanup 
Standard 
(mg/kg) 

Plants Soil Biota Wildlife 

THP-D 55 2,000 None listed 200 6,000 Oxbow 
Arithmetic 
Average 

TPH-O 259 2,000 None listed 200 
(No listed value; 
assumed same as 
TPH-D) 

6,000 
(No listed value; 
assumed same as 
TPH-D) 

THP-D 39 2,000 None listed 200 6,000 Nason 
Creek 
Arithmetic 
Average 

TPH-O 96 2,000 None listed 200 
(No listed value; 
assumed same as 
TPH-D) 

6,000 
(No listed value; 
assumed same as 
TPH-D) 

Note:  Underlined values indicate exceedance of screening-level criterion 
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11820 Northup Way, Suite E300  ♦  Bellevue, WA  98005-1946  ♦  Tel. 425.822.1077  ♦  Fax 425 822.1079 
www.jonesandstokes.com 

Alternatives 
At the request of the Chelan County Natural Resource Department and Regional Technical Team 
(RTT), Jones & Stokes has conducted an analysis of project design alternatives for the Nason 
Creek Oxbow Reconnection Project (Nason Project).  Based upon feedback from the RTT on 
May 10, 2005, we have examined five design alternatives.  These five design alternatives are as 
follows: 

� Alternative 1 – Remove SR 207 from the Nason Creek channel migration zone. 

� Alternative 2 – Redirect Nason Creek into the existing oxbow using two 200-foot bridge 
structures. 

� Alternative 3 – Reconnect partial Nason Creek flows to the oxbow with two 12-foot CMP 
culverts. 

� Alternative 4 – Reconnect partial Nason Creek flows to the oxbow with two 36-foot CMP 
culverts. 

� Alternative 5 – Reconnect partial Nason Creek flows to the oxbow with one 12-foot CMP 
culvert at the downstream oxbow connection. 

As shown in Table E-1, these alternatives were compared through overall salmonid habitat 
benefit, construction feasibility, cost, and the potential for funding based upon project cost.   

Based upon this analysis, the CCNRD proposes to construct Alternative 3; the partial 
reconnection of the oxbow to Nason Creek via two 12-foot CMP culverts.  This Alternative 
directly address the limiting habitat factors within Nason Creek, is practical to construct, has 
comparatively low cost, and meets typical financial limits of current funding sources. 

Technical Memorandum 
Date: June 6, 2006 

To: Mike Kaputa, CCNRD 

From: John Soden 

cc: Joy Juelson, Alan Schmidt, Martin Fisher 

Subject: Nason Creek Oxbow Reconnection Project Design Alternatives Analysis 



Ap
pe

nd
ix 

E 

Ch
ela

n 
Co

un
ty

 N
at

ur
al 

Re
so

ur
ce

 D
ep

ar
tm

en
t 

E-
2 

Ta
bl

e E
-1

.  C
om

pa
ris

on
 o

f t
he

 F
ive

 N
as

on
 P

ro
jec

t A
lte

rn
at

ive
s. 

Al
te

rn
at

ive
 

Ha
bi

ta
t B

en
ef

its
 

Co
ns

tru
ct

io
n 

Fe
as

ib
ilit

y 
Co

st
 

Fu
nd

in
g 

Po
te

nt
ial

  
Ov

er
all

  
Al

te
rn

at
ive

 1 
Re

mo
ve

 S
R 

20
7 

fro
m 

the
 N

as
on

 
Cr

ee
k c

ha
nn

el 
mi

gr
ati

on
 zo

ne
. 

Hi
gh

 
Ad

dit
ion

al 
47

 ac
re

s o
f r

ea
rin

g 
ha

bit
at.

 
Ad

dit
ion

al 
1,1

00
 l.f

. s
pa

wn
ing

 
ha

bit
at.

 
Re

sto
re

 ch
an

ne
l m

igr
ati

on
 zo

ne
. 

Mo
de

ra
te

 
Fe

as
ibl

e h
igh

wa
y a

lig
nm

en
t 

av
ail

ab
le.

 
W

SD
OT

 op
po

se
s h

igh
wa

y 
re

ali
gn

me
nt 

du
e t

o s
afe

ty 
co

nc
er

ns
. 

Pr
oje

ct 
co

uld
 be

 co
ns

tru
cte

d i
n 

sta
ge

s t
o a

vo
id 

hig
hw

ay
 cl

os
ur

e. 

Hi
gh

 
$6

.4 
mi

llio
n 

La
rg

e u
nc

er
tai

nty
 

du
e t

o u
nk

no
wn

 
re

al 
es

tat
e c

os
ts.

 

Lo
w 

Pr
oje

ct 
me

ets
 th

e g
oa

ls 
of 

the
 

Bi
olo

gic
al 

St
ra

teg
y. 

 
Co

st 
ex

ce
ed

s t
he

 hi
sto

ric
 S

RF
B 

an
d 

Tr
ibu

tar
y F

un
d b

ud
ge

ts 
for

 C
he

lan
 

Co
un

ty 
pr

oje
cts

. 

Al
te

rn
at

ive
 R

eje
ct

ed
 

Pr
oje

ct 
me

ets
 bi

olo
gic

al 
go

als
, b

ut 
W

SD
OT

 op
po

se
s 

hig
hw

ay
 re

ali
gn

me
nt,

 hi
gh

 
po

ten
tia

l o
f c

on
de

mn
ati

on
 of

 
pr

iva
te 

pr
op

er
ty,

 hi
gh

 co
st,

 
an

d l
ow

 lik
eli

ho
od

 of
 

av
ail

ab
le 

pr
oje

ct 
fun

ds
.   

Al
te

rn
at

ive
 2 

Re
dir

ec
t N

as
on

 
Cr

ee
k i

nto
 th

e 
ex

ist
ing

 ox
bo

w 
us

ing
 

tw
o 2

00
-fo

ot 
br

idg
e 

str
uc

tur
es

. 

Hi
gh

 
Ad

dit
ion

al 
37

.5 
ac

re
s o

f r
ea

rin
g 

ha
bit

at.
 

Ad
dit

ion
al 

1,1
00

 l.f
. s

pa
wn

ing
 

ha
bit

at.
 

SR
 20

7 r
oa

d p
ris

m 
re

ma
ins

 in
 C

MZ
 

an
d c

on
tin

ue
s t

o r
es

tric
t n

atu
ra

l 
ch

an
ne

l m
igr

ati
on

. 

Mo
de

ra
te

 
Br

idg
es

 no
t p

re
fer

re
d b

y W
SD

OT
 

du
e t

o i
nc

re
as

ed
 m

ain
ten

an
ce

 
re

qu
ire

me
nts

. 
Si

gn
ific

an
t a

mo
un

t o
f in

-ch
an

ne
l 

wo
rk 

re
qu

ire
d. 

Tr
aff

ic 
co

ntr
ol 

du
rin

g c
on

str
uc

tio
n 

co
uld

 be
 di

ffic
ult

 an
d e

xp
en

siv
e. 

Hi
gh

 
$6

.3 
mi

llio
n. 

Lo
w 

Pr
oje

ct 
me

ets
 th

e g
oa

ls 
of 

the
 

Bi
olo

gic
al 

St
ra

teg
y. 

Co
st 

ex
ce

ed
s t

he
 hi

sto
ric

 S
RF

B 
an

d 
Tr

ibu
tar

y F
un

d a
nn

ua
l b

ud
ge

ts 
for

 
Ch

ela
n C

ou
nty

 pr
oje

cts
. 

Al
te

rn
at

ive
 R

eje
ct

ed
 

Pr
oje

ct 
me

ets
 bi

olo
gic

al 
go

als
, b

ut 
co

op
er

ati
on

 fr
om

 
W

SD
OT

 un
lik

ely
, h

igh
 co

st,
 

an
d l

ow
 lik

eli
ho

od
 of

 
av

ail
ab

le 
pr

oje
ct 

fun
ds

. 

Al
te

rn
at

ive
 3 

Re
co

nn
ec

t p
ar

tia
l 

Na
so

n C
re

ek
 flo

ws
 to

 
the

 ox
bo

w 
wi

th 
tw

o 
12

-fo
ot 

CM
P 

cu
lve

rts
. 

Hi
gh

 
34

.5 
ac

re
s o

f y
ea

r-r
ou

nd
 of

f-
ch

an
ne

l re
ar

ing
 ha

bit
at 

SR
 20

7 r
oa

d p
ris

m 
re

ma
ins

 in
 C

MZ
 

an
d c

on
tin

ue
s t

o r
es

tric
t n

atu
ra

l 
ch

an
ne

l m
igr

ati
on

. 

Hi
gh

 
W

SD
OT

 su
pp

or
ts 

cu
lve

rt 
alt

er
na

tiv
e. 

No
 si

gn
ific

an
t in

-w
ate

r w
or

k. 

Mo
de

ra
te

 
$5

00
,00

0 
Mo

de
ra

te
 

Pr
oje

ct 
me

ets
 th

e g
oa

ls 
of 

the
 

Bi
olo

gic
al 

St
ra

teg
y. 

Co
st 

fal
ls 

wi
thi

n h
ist

or
ic 

ra
ng

e f
or

 
SR

FB
 an

d T
rib

uta
ry 

Fu
nd

 an
nu

al 
bu

dg
ets

 fo
r C

he
lan

 C
ou

nty
 pr

oje
cts

. 

Pr
ef

er
re

d 
Al

te
rn

at
ive

 
Pr

oje
ct 

me
ets

 bi
olo

gic
al 

go
als

, h
as

 W
SD

OT
 su

pp
or

t, 
an

d c
os

t is
 w

ith
in 

lim
its

 of
 

loc
al 

fun
din

g s
ou

rce
s. 

 

Al
te

rn
at

ive
 4 

Re
co

nn
ec

t p
ar

tia
l 

Na
so

n C
re

ek
 flo

ws
 to

 
the

 ox
bo

w 
wi

th 
tw

o 
36

-fo
ot 

CM
P 

cu
lve

rts
. 

Hi
gh

 
34

.5 
ac

re
s o

f y
ea

r-r
ou

nd
 of

f-
ch

an
ne

l re
ar

ing
 ha

bit
at 

SR
 20

7 r
oa

d p
ris

m 
re

ma
ins

 in
 C

MZ
 

an
d c

on
tin

ue
s t

o r
es

tric
t n

atu
ra

l 
ch

an
ne

l m
igr

ati
on

. 

Hi
gh

 
W

SD
OT

 su
pp

or
ts 

cu
lve

rt 
alt

er
na

tiv
e. 

No
 si

gn
ific

an
t in

-w
ate

r w
or

k. 

Hi
gh

 
$1

.2 
mi

llio
n 

Lo
w 

Pr
oje

ct 
me

ets
 th

e g
oa

ls 
of 

the
 

Bi
olo

gic
al 

St
ra

teg
y. 

Co
st 

ex
ce

ed
s t

he
 hi

sto
ric

 S
RF

B 
an

d 
Tr

ibu
tar

y F
un

d a
nn

ua
l b

ud
ge

ts 
for

 
Ch

ela
n C

ou
nty

 pr
oje

cts
. 

Al
te

rn
at

ive
 R

eje
ct

ed
 

Pr
oje

ct 
me

ets
 bi

olo
gic

al 
go

als
, a

nd
 ha

s W
SD

OT
 

su
pp

or
t.  

Bi
olo

gic
al 

be
ne

fit 
is 

sim
ila

r t
o A

lte
rn

ati
ve

 3,
 bu

t is
 

2.5
 tim

es
 m

or
e c

os
tly

.  

Al
te

rn
at

ive
 5 

Re
co

nn
ec

t p
ar

tia
l 

Na
so

n C
re

ek
 flo

ws
 to

 
the

 ox
bo

w 
wi

th 
on

e 
12

-fo
ot 

CM
P 

cu
lve

rt 
at 

the
 do

wn
str

ea
m 

ox
bo

w 
co

nn
ec

tio
n. 

Mo
de

ra
te

 
34

.5 
ac

re
s o

f s
ea

so
na

lly
 re

str
ict

ed
 

off
-ch

an
ne

l re
ar

ing
 ha

bit
at.

 
SR

 20
7 r

oa
d p

ris
m 

re
ma

ins
 in

 C
MZ

 
an

d c
on

tin
ue

s t
o r

es
tric

t n
atu

ra
l 

ch
an

ne
l m

igr
ati

on
. 

Hi
gh

 
W

SD
OT

 su
pp

or
ts 

cu
lve

rt 
alt

er
na

tiv
e. 

No
 si

gn
ific

an
t in

-w
ate

r w
or

k. 

Mo
de

ra
te

 
$3

75
,00

0 
Mo

de
ra

te
 

Pr
oje

ct 
me

ets
 th

e g
oa

ls 
of 

the
 

Bi
olo

gic
al 

St
ra

teg
y. 

Co
st 

fal
ls 

wi
thi

n h
ist

or
ic 

ra
ng

e f
or

 
SR

FB
 an

d T
rib

uta
ry 

Fu
nd

 an
nu

al 
bu

dg
ets

 fo
r C

he
lan

 C
ou

nty
 pr

oje
cts

. 

Al
te

rn
at

ive
 R

eje
ct

ed
 

Pr
oje

ct 
ha

s W
SD

OT
 su

pp
or

t, 
an

d c
os

t is
 w

ith
in 

lim
its

 of
 

loc
al 

fun
din

g s
ou

rce
s. 

Pr
oje

ct 
co

sts
 ar

e s
im

ila
r t

o 
Al

ter
na

tiv
e 3

 bu
t p

ro
vid

es
 

les
s h

ab
ita

t b
en

efi
t. 



Appendix E 

July 2006 E-3 

 

A brief description of each alternative along with the assumptions made during this analysis is 
presented below and on the following pages. A matrix that compares costs and benefits for each 
alternative follows the description of the alternatives. 

Alternative 1: Remove SR 207 from the Nason Creek Channel Migration 
Zone 
Alternative 1 would relocate approximately 1.35 miles of SR 207 from the channel migration 
zone (CMZ) to the adjacent hillside east of the existing highway alignment (Figure 1).  This 
alternative would restore natural riverine processes to a 0.75-mile reach of lower Nason Creek by 
removing the existing highway from the CMZ.   This would allow natural creek processes to 
dictate future channel conditions.   

While removing the highway will allow the creek to reach ultimate equilibrium with an expanded 
CMZ, in-channel work would be performed to train the existing channel into the oxbow.  These 
measures are necessary insure that the project results in the creek occupying the abandoned 
oxbow thus providing a maximum of habitat benefit.  This work would require a minimum of 
3,000 linear feet of creek realignment.  Due to the braided planform of the existing creek channel, 
the creek realignment would require new channel construction, bank hardening, and flow 
redirection (e.g. barbs, and cross vanes) beginning upstream of the BPA powerlines.   

The cost for this project was estimated using a generalized design for the new SR 207 alignment. 
This Alternative proposes only to move SR 207 in the 1.35-mile vicinity of the Nason Oxbow 
Project Site, because the highway is not within the CMZ downstream of river mile (RM) 3.0. 

This project would result in the reconnection of 42 acres of salmonid rearing habitat.  By ensuring 
that the main channel will relocate to the historic oxbow channel, this alternative would also 
result in an increase of 1,100 l.f. of spawning habitat.  The expansion of floodplain capacity and 
instream habitat would provide a long-term benefit to spawning and rearing for both chinook and 
steelhead.  This alternative would also provide five acres of off-channel high-flow rearing habitat 
in the abandoned main channel. 

Alternative 2: Redirect Nason Creek into the Existing Oxbow Using Two 
200-Foot Bridge Structures 
Alternative 2 would redirect Nason Creek into the existing oxbow (Figure 2).  This alternative 
would place Nason Creek back into its historic alignment thereby increasing the channel length 
by approximately 1,100 linear feet.  The active channel averages 200-feet in width at the location 
of the upstream connection point, thus a bridge with a span of 200 feet is proposed for this 
alternative.  A similar bridge would be required at the downstream end.   In-channel work would 
be necessary to train the existing creek to enter the oxbow at the new upstream bridge.  To 
redirect the creek, a minimum of 3,000 linear feet of creek realignment would be required.  Due 
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to the braided planform of the existing creek channel, the creek realignment would require new 
channel construction, bank hardening, and flow redirection (e.g. barbs, and cross vanes) 
beginning upstream of the BPA powerlines.  To protect the downstream bridge structure from 
potential debris jams, accumulated sediments and large wood would be removed from the oxbow 
prior to reconnection.   

For the purposes of this alternative, the existing reach of main channel located between the 
proposed upstream and downstream oxbow connections would be blocked from direct flows and 
converted into an off-channel backwater habitat.  Excavation and habitat enhancement in the 
remnant main channel would incorporate shallow groundwater discharge to provide seasonal 
high-flow off-channel habitat (3 acres [1,500 l.f.]) accessed by juvenile salmonids from 
downstream only. 

We considered maintaining this channel as a high flow channel via the installation of a sill at the 
upstream end of the reach.  But diverting high flows at the upstream bridge results in a high 
likelihood of causing a sedimentation problem either at the bridge structure or inside the new 
creek alignment (the current oxbow).  This would increase bridge maintenance and degrade 
spawning habitats in the new channel.  Therefore, the option to maintain the existing channel as a 
high flow habitat has been rejected.  

This project would result in the reconnection of 34.5 acres of rearing habitat, and an additional 
1,100 l.f. of spawning habitat in the realigned main channel.  The existing mainstem would also 
provide 3 acres of seasonal off-channel rearing habitat. The expansion of floodplain capacity and 
instream habitat would provide a long-term benefit to spawning and rearing for both chinook and 
steelhead. 

Alternative 3: Reconnect Partial Nason Creek Flows to the Oxbow with 
Two 12-foot CMP Culverts 
Alternative 3 is the preferred Alternative for the Nason Project.  This alternative would install two 
12-foot diameter CMP culverts to reconnect partial flows to the oxbow habitat (Figure 3).  This 
Alternative was described in detail in the Nason Creek Oxbow Reconnection Project - 
Alternatives Analysis and Design Report (Jones & Stokes 2005).  The preferred method is to 
install two 12-foot diameter culverts, one at the upstream end and one at the downstream end of 
the oxbow, to reconnect fish access and flows and maintain the oxbow as off-channel habitat. No 
in-channel work would be performed upstream or downstream of the culvert connections.  No 
habitat enhancement would be performed within the existing oxbow. 

As simulated with a numerical hydraulic model in Jones & Stokes 2005, the 12-foot culvert 
allows about 25% of the flow in the river-right Nason Creek side channel to enter the oxbow, 
which corresponds to about 10% of the total Nason Creek discharge.  At the highest simulated 
flows, this oxbow inflow rate decreases to 13% of the right side channel discharge, or 5% of the 
total discharge.  Above a flow of about 1,700 cfs in the right channel, oxbow inflows reach a 
maximum near 218 cfs.  This alternative would allow flows and fish passage during high and 
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low-flow conditions, resulting in very low risk to fish stranding, and lower water temperatures in 
summer months. 

This project would result in the reconnection of 34.5 acres of year-round off-channel rearing 
aquatic habitat, while maintaining the current main channel alignment and spawning habitat 
(2,200 l.f.).  This project would directly address the limiting salmonid habitat factors in the Nason 
Creek subbasin by immediately providing fish access to year-round off-channel rearing and 
foraging habitat. 

Alternative 4: Reconnect Partial Nason Creek Flows to the Oxbow with 
Two 36-foot CMP Culverts 
Alternative 4 would install two 36-foot diameter CMP culverts to reconnect partial flows to the 
oxbow habitat (Figure 3).  This Alternative was described in detail in the Nason Creek Oxbow 
Reconnection Project - Alternatives Analysis and Design Report (Jones & Stokes 2005).  The two 
36-foot CMP culverts, would be installed at the upstream and downstream end of the oxbow, to 
reconnect fish access and flows and maintain the oxbow as off-channel habitat. No in-channel 
work would be performed upstream or downstream of the culvert connections.  No habitat 
enhancement would be performed within the existing oxbow. 

As simulated with a numerical hydraulic model in Jones & Stokes 2005, the upstream 36-foot 
culvert allows about 50% of the flow in the river-right Nason Creek side channel to enter the 
oxbow, which corresponds to about 20% of the total Nason Creek discharge.  At the highest 
simulated flows, this oxbow inflow rate decreases to 35% to 38% of the right side channel 
discharge, or 14% to 15% of the total discharge.  Above a flow of about 1,700 cfs in the right 
channel, oxbow inflows reach a maximum near 619 cfs.  This alternative would allow flows and 
fish passage during high and low-flow conditions, resulting in very low risk to fish stranding, and 
lower water temperatures in summer months. 

This project would result in the reconnection of 34.5 acres of year-round off-channel rearing 
aquatic habitat, while maintaining the current main channel alignment and spawning habitat 
(2,200 l.f.).  Similar to Alternative 3, this project would directly address the limiting salmonid 
habitat factors in the Nason Creek subbasin by immediately providing fish access to year-round 
off-channel rearing and foraging habitat.  

Alternative 5: Reconnect Partial Nason Creek Flows to the Oxbow with 
One 12-foot CMP Culvert at the Downstream Oxbow Connection 
Alternative 5 proposes to replace the existing 3-foot diameter concrete culvert currently located 
under SR 207 at the downstream end of the oxbow (Figure 4) with a 12-foot CMP culvert.  The 
current culvert is perched and creates a seasonal (low-flow) fish passage barrier.  The new culvert 
would be installed with a lower invert elevation to improve fish passage. 

No in-channel work would be performed on the main channel upstream or downstream of the 
culvert connection.  Very limited fish passage currently exists through the oxbow channel 
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between the main creek channel and the 3-foot diameter culvert.  There is an open water 
connection consisting of a shallow seasonal 1 to 2-foot wide channel that does not convey flow 
during summer months.  To improve fish passage between the open water in the oxbow and the 
main creek channel, a wider and deeper channel would be excavated between the culvert and the 
main oxbow habitat.  While this measure would improve fish passage during both high and low 
flows, extreme summer low-water would likely leave this excavated channel dewatered and result 
in fish stranded in the oxbow. 

This project would result in the seasonal reconnection of 34.5 acres of off-channel rearing aquatic 
habitat, while maintaining the current main channel alignment and spawning habitat (2,200 l.f.).  
This project would directly address the limiting salmonid habitat factors in the Nason Creek 
subbasin by immediately providing fish access to off-channel rearing and foraging habitat.  Fish 
access to the oxbow would be seasonally restricted by low oxbow discharge in the summer 
months.  This will likely lead to fish stranding and potential mortality due to high water 
temperatures in the oxbow.

Work Plan 
The following is the CCNRD work plan for completing construction on Alternative 3 of the 
Nason Project during 2007.  This schedule is subject to change based upon project funding, and 
permitting. 

Time Task 

Summer 2006 Conduct geotechnical borings at the proposed culvert locations. 

Collect and analyze oxbow sediments for toxins. 

Collect oxbow water temperatures and model changes to water temperatures with proposed 
alternative. 

Collect additional river cross-sections and refine the hydraulics and hydrology model to meet 
WSDOT modeling and reporting standards. 

Collect additional topography data at the proposed culvert locations. 

Fall 2006 Refine 35% design plans for the 12-foot CMP culvert alternative (Alternative 3). 

Winter 2006–2007 Complete permit applications and coordinate with permit agencies. 

Spring 2007 Complete 100% plans and specifications incorporating agency comments and recommendations. 

Summer 2007 Conduct pre-construction monitoring. 

Project construction 

 



 Appendix E 

July 2006 E-7 

References 
Jones & Stokes. 2005. Nason Creek Oxbow Reconnection Project, Design Report and 

Alternatives Analysis.  December.  Bellevue, WA. Prepared for the Chelan County 
Natural Resource Department, Wenatchee, WA. 



 



 

 
Appendix E Figures 



 











 

Appendix F 
Hydraulic and Hydrologic Analyses 



 

 
 



 

July 2006 F-1 

Nason Creek Hydraulic and Hydrologic 
Analyses 
 

The hydraulic effects of the proposed oxbow reconnection preferred alternative were 
analyzed through development of a Hydrologic Engineering Center-River Analysis 
System (HEC-RAS) hydraulic model (Corps 2002).  Jones & Stokes evaluated 
available flow data, surveyed channel cross-sections and site topography, constructed 
a stream model and simulated a range of flows to determine oxbow inflows and 
velocities under various seasonal conditions. A description of this analysis and 
summary of the model results are provided below. 

1.1. Flow Data 
The Washington Department of Ecology (Ecology) has operated a stream gage on 
Nason Creek near its mouth since June 2002.  The gage records both 15-minute 
interval and instantaneous maximum and minimum flow data.  These gage data 
constitute the only available record of flows on Nason Creek, but the short recording 
period precludes frequency analysis of flows.   

Mean daily and peak annual discharge flows were determined using the results of 
recent hydrologic analysis performed by the U.S. Forest Service (USFS) and standard 
U.S. Geological Survey (USGS) regression equations.  USFS recently developed 
regression equations for flows at five ungaged locations within the Wenatchee River 
watershed, including Nason Creek near its mouth.  Ecology’s Nason Creek gage 
record was correlated to the USGS gage on the Wenatchee River at Plain, which has 
an 84-year partially continuous flow record beginning in October 1910.  The 
following regression equation was developed by the USFS for mean daily flows in 
cubic feet per second (cfs) at the two gages: 

Nason Creek Q = 0.1946*Wenatchee River at Plain Q – 33.378 

This equation has a coefficient of determination (R2) of 0.826, indicating a 
reasonably good fit to the data.  Jones & Stokes applied this equation to the full 
Wenatchee River at Plain record to develop a corresponding long-term mean daily 
average flow record for Nason Creek.  

Ecology’s gage site on Nason Creek is located approximately 3 miles downstream of 
the project site.  Given that the difference in drainage areas at the two locations is 
relatively minor in comparison to the total watershed area, the long-term synthetic 
record generated at the Ecology gage site was utilized for the current project.  An 
exceedance analysis was performed on the synthetic Nason Creek record on both an 
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annual and a monthly basis.  The results of this analysis are presented in Table F-1.  
Values reported in the annual column represent flows that exceeded the 
corresponding percentage of days per year.  For example, a flow of 60 cfs 
corresponds to the 10th percentile, which means that it is exceeded 90% of the total 
number of days per year, on average.  Reported monthly flows follow the same 
approach but were analyzed on a monthly basis instead of an annual basis. 

Evaluation flows were selected to represent the range of flows typically seen in the 
river and flows that are of interest for the analysis of fish habitat and riparian 
vegetation.  Water surface elevations, depths, velocities, and shear stress were 
simulated for daily average flows ranging from 50 cfs (a relatively low flow that is 
close to the 10th percentile for late fall through early winter) up to 2,000 cfs (a high 
flow that typically occurs for a few days every spring).  The flow percentiles that 
correspond to the selected flows are shown in Table F-1.  The annual exceedance 
(Table F-2) values represent the long-term average percentage of days per year that 
each flow is exceeded, while the monthly exceedance values represent the long-term 
average percentage of days per month that each flow is exceeded. 

In order to assess streamflow characteristics under flood conditions, it was necessary 
to establish instantaneous peak 2-, 10-, 25-, 50-, and 100-year discharges.  The 
validity of generating peak-flow estimates based on the USFS Nason Creek 
regression equation developed for mean daily flows was checked by comparing 
calculated peak flows for 2003 and 2004 against measured peak flows.  The synthetic 
flows were significantly different from the measured flows (greater than +/-100%), 
suggesting that the USFS Nason Creek regression equation is not applicable for 
calculation of peak instantaneous discharges.  This is not surprising because peak 
flows are likely driven by different hydrologic conditions on Nason Creek than on the 
Wenatchee River at Plain. 

Peak flows on Nason Creek were therefore generated using an alternative approach.  
The USGS has developed regression equations for peak flows in nine regions of 
Washington based on analysis of data from numerous streamflow gages (Sumioka 
et al. 1998).  The project site is located in Region 4, and the following regression 
equations were applied to develop peak flows: 

Q2 = 0.025A0.880P1.70 

Q10 = 0.179A0.856P1.37 

Q25 = 0.341A0.850P1.26 

Q50 = 0.505A0.845P1.20 

Q100 = 0.703A0.842P1.15 

In the above equations, “A” is the watershed area in square miles, and “P” is the 
average annual precipitation in inches within the watershed  
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A contributing watershed area of 103.4 square miles at the project site was determined from 
USGS quad maps, and an average annual rainfall of 65.7 inches was determined from a Natural 
Resource Conservation Service precipitation map.  The results of this analysis are presented in 
Table F-3.   

Table F-3. Estimated Peak Discharges at Project Site on Nason Creek 
Return Interval Flow (cfs) 

2-year 1,822 

10-year 2,933 

25-year 3,429 

50-year 3,860 

100-year 4,299 
 

The estimated peak discharges were compared to Ecology’s Nason Creek gage record.  A peak 
flow of about 2,400 cfs was recorded in 2002, and peak flows greater than 3,000 cfs were 
recorded in 2003 through 2006; each of these peak flows occurred during the early summer 
snowmelt season.  Although the gage is located 3 miles downstream of the project site, no 
significant additional tributaries join Nason Creek below the project site.  Based on this 
comparison to recorded gage data, the USGS-based peak-flow estimates may be somewhat low.  
No long-term gage record is available to establish more precise peak-flow estimates, however; the 
USGS peak discharges were therefore used for this analysis. 

1.2. Survey Data 
A total of eight cross-sections were surveyed on November 17 and 18, 2004, and April 26, 2006 
(Figure F-1).  Five cross-sections were established perpendicular to SR 207, extending across 
both the existing Nason Creek channel and the abandoned oxbow areas.  Three additional cross-
sections were surveyed across the oxbow channel.   

In addition to collecting stream channel cross-sections, Jones & Stokes performed topographic 
surveys of the areas surrounding the proposed upstream and downstream oxbow connection 
locations (Figure F-1).  These surveys were performed using a TopCon Total Station, and the 
land-surveying firm Erlandsen & Associates was contracted to establish horizontal and vertical 
control.  Survey data are reported in Washington State Plane North Zone NAD 83 feet 
(horizontal) and NGVD 29 feet (vertical). 

1.3. Model Development 
Surveyed cross-sections and topography along the main channel and oxbow were used to 
construct a one-dimensional, steady-state HEC-RAS hydraulic model (Figure F-2).  This model 
was created to analyze post-project flow conditions over a range of seasonal discharges with the 
connection culverts in place (12-foot diameter, countersunk six feet).   
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The model results provide information about velocities and depths within the connection culverts; 
oxbow inflow rates; and velocities, depths, and shear-stress forces along the oxbow channel.  The 
discussion below details assumptions used in establishing the HEC-RAS model and the results of 
the proposed conditions analysis. 

1.3.1. Model Geometry 
The HEC-RAS model consists of two stream reaches: the main Nason Creek channel and the 
oxbow channel.  The surveyed stream cross-sections formed the basis of the model geometry, 
with five sections located on the main Nason Creek channel and four sections located on the 
oxbow.  Five supplementary cross-sections were also cut from the surveyed oxbow topography: 
one along each face of both the inlet and outlet culvert locations, and one across the oxbow outlet 
channel downstream of SR 207.  Finally, two additional main channel sections were generated by 
copying the downstream-most surveyed section (CX 5 in Figure F-1) to two locations 500 and 
1,000 feet farther downstream, respectively (Figure F-2).  These sections were added to the model 
to ensure that starting water surface conditions were well established below the study reach.   
Ground elevations in these two sections were lowered by 1.18 feet and 2.37 feet, respectively, to 
reflect a stream gradient of 0.00237 along the lower portion of the study reach.  The Nason Creek 
model reach extends a total of 4,877 feet, while the oxbow model reach extends a total of 3,694 
feet. 

Manning’s n values of 0.04 and 0.07 were selected for the main channel and overbanks, 
respectively.  These values were based on field observations of vegetation and stream conditions, 
as well as standard hydraulic references. 

Downstream boundary conditions on the main Nason Creek channel were set by allowing the 
HEC-RAS model to calculate normal depth based on a stream slope of 0.00237.  Downstream 
boundary conditions on the oxbow channel are automatically determined within HEC-RAS and 
are based on water surface elevations along the main channel. 

1.3.2. Selected Flows 
Two sets of flows were analyzed to provide information on flow distributions and sediment 
transport capacities over a range of conditions.  The first set is the group of mean daily flows 
presented in the annual column of Table F-1, and the second set is the group of peak annual 
discharges presented in Table F-3.  Together, these two sets of flows represent the full range of 
discharge conditions expected at the project site.  The hydraulic characteristics of these flows 
were used to evaluate sediment transport capacity and are discussed in detail under Model 
Results, Section 3.3.  

Nason Creek splits into two stream channels upstream of the proposed oxbow inlet culvert 
location.  Flows in these two channels are hydraulically independent for all but the largest 
discharges.  Flows in the right (east) Nason Creek side channel were therefore modeled separately 
through this portion of the reach to provide a more accurate representation of water surface 
elevations adjacent to the proposed upstream culvert location (CX 3214).   

Detailed topography was not available to precisely determine the upstream flow split, so an 
assumption was made based on field observations that 40% of the total discharge enters the right 
side channel.  Reduced flows were applied along the right channel only at CX 3611, CX 3214, 
and CX 3127 (Figure F-2); full flows were applied upstream and downstream of those sections 
where Nason Creek is confined to a single channel. 
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1.3.3. Culvert Connections 
The preferred inlet and outlet culvert connections are 12-foot diameter structural plate culverts, 
countersunk six feet. The inlet culvert invert elevation is 1930.6 feet, while the outlet culvert 
invert elevation is 1922.8 feet. 

The Nason Creek channel was connected to the oxbow reach in the HEC-RAS model with a 
lateral weir at the upstream end, leading to the proposed culvert. A lateral weir was chosen for the 
upstream end because the inlet connection is set off the main channel, and inflows will be driven 
by differences in water surface elevations rather than momentum.  The lateral weir geometry was 
defined based on proposed oxbow inlet channel topography.  Flows are automatically distributed 
between the Nason Creek side channel and the oxbow channel via the lateral weir based on 
hydraulic conditions.  The flow optimization feature was applied within HEC-RAS to ensure that 
flows, water surface elevations, and energy grade lines are balanced between the two reaches.  

A second culvert was placed at the downstream end of the oxbow and the oxbow channel was 
connected to the main channel using a flow junction.   

Model Results  
The HEC-RAS model was applied to evaluate hydraulic conditions over a range of discharges for 
the preferred alternative. The results of the model runs are presented below.   

Flows 
The model was run with two groups of flow data: mean daily flows and peak annual flows.  The 
range of mean daily flows evaluated for this project varied from 50 cfs to 2,000 cfs, while the 
range of peak annual flows varied from 1,822 cfs to 4,299 cfs.  These flows were applied along 
the main channel of Nason Creek, with flows reduced to 40% in the right side channel near the 
proposed oxbow inlet location.  Inflows to the oxbow were automatically determined within the 
model by balancing energy grade lines and flows between the main channel and the oxbow.  

During low flows (up to about 500 cfs total), the small connection culvert allows about 20% to 
25% of the flow in the right Nason Creek side channel to enter the oxbow, which corresponds to 
about 10% of the total Nason Creek discharge.  At the highest modeled flows, this oxbow inflow 
rate is about 20% of the right side channel discharge, or 8% of the total discharge.  Table F-4 
summarizes the distribution of flow into the oxbow for modeled mean daily flows, while  
Table F-5 summarizes the flow split for peak annual discharges. 

Table F-4. Upstream Oxbow Inflows – Mean Daily Flows 
Total Nason Creek Flow (cfs) Right Side Channel Flow (cfs) Oxbow Inflow (cfs) 

50 20 4 

100 40 10 

200 80 22 

500 200 51 

800 320 68 

1,000 400 79 

1,500 600 114 

2,000 800 167 
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Table F-5. Upstream Oxbow Inflows – Peak Annual Flows 
Return Period Total Nason Creek Flow (cfs) Right Side Channel Flow (cfs) Oxbow Inflow (cfs) 

2-Year 1,822 729 139 

10-Year 2,933 1,173 217 

25-Year 3,429 1,372 243 

50-Year 3,860 1,544 262 

100-Year 4,299 1,720 282 

Culvert Hydraulic Conditions and Fish Passage Criteria 
Velocities through the inlet culvert range from 0.7 feet/second for the low-modeled oxbow inflow 
of 4 cfs to 7.8 feet/second for the high-modeled inflow of 282 cfs.  Flows depths in the culvert 
vary from 0.4 feet during the low-modeled inflow to 3.6 feet during the largest modeled inflow.  
The upstream culvert does not experience pressure flows under any of the modeled flows.  The 
full range of modeled velocities and depths are presented in Table F-6. 

Table F-6. Modeled Inlet Culvert Velocities and Depths 
Total Nason Creek Flow (cfs) Oxbow Inflow (cfs) Velocity (ft/s) Depth (ft) 

50 4 0.7 0.4 

100 10 1.3 0.6 

200 22 2.0 0.8 

500 51 3.2 1.2 

800 68 3.7 1.5 

1,000 79 4.0 1.7 

1,500 114 4.8 2.1 

2,000 167 5.8 2.6 

1,822 139 5.3 2.3 

2,933 217 6.7 3.0 

3,429 243 7.1 3.2 

3,860 262 7.5 3.4 

4,299 282 7.8 3.6 

Velocities through the outlet culvert (flows exiting from the oxbow to the main channel) range 
from 0.4 feet/second for the low-modeled oxbow inflow of 4 cfs to 5.0 feet/second for the high 
modeled inflow of 282 cfs.  Flows depths in the culvert vary from 0.8 feet during the low 
modeled inflow to 6.8 feet during the largest modeled inflow.  The outlet culvert experiences 
pressure flow conditions when flow in Nason Creek is around 3,500 cfs.   

The full range of modeled velocities and depths are presented in Table F-7. 
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Table F-7. Modeled Outlet Culvert Velocities and Depths 
Total Nason Creek Flow (cfs) Oxbow Inflow (cfs) Velocity (ft/s) Depth (ft) 

50 4 0.4 0.8 

100 10 0.7 1.2 

200 22 1.1 1.6 

500 51 1.8 2.5 

800 68 1.9 3.1 

1,000 79 2.0 3.6 

1,500 114 2.5 4.3 

2,000 167 3.3 4.9 

1,822 139 2.8 4.7 

2,933 217 3.9 5.7 

3,429 243 4.3 6.1 

3,860 262 4.6 6.51 

4,299 282 5.0 6.51 
1 Culvert in pressure flow 

The 12-foot diameter culvert generally meets WDFW fish passage standards.  Per the Design of 
Road Culverts for Fish Passage (WDFW 2003), the maximum velocity to allow adult chinook, 
coho, or steelhead access through an 80-foot-long culvert (as proposed under this alternative) is 
6.0 ft/sec.  This would be exceeded in the upstream culvert during high-flow events greater than 
about 2,500 cfs in the main channel (>2-year event).  Recommended maximum velocities for 
juvenile salmonid fry and fingerlings are 1.1 and 1.3 ft/sec, respectively.  These velocities would 
be exceeded in both culverts during flows greater than about 100 to 200 cfs in the main channel, 
or approximately 50 to 75% of the time in normal years.  Although these velocities would limit 
entry and exit of juveniles in the upstream direction (against the current), entry and exit in the 
downstream direction would be unaffected. 

Important to the success of the oxbow reconnection is allowing juvenile salmonids access during 
low-flow conditions for foraging and overwintering opportunities.  The minimum required flow 
depth of 1 foot for adult passage is achieved in the inlet culvert when flows are above 
approximately 300 cfs in the main channel and in the outlet culvert when flows are above 
approximately 100 cfs in the main channel.  Based on the mean daily flows reported in Table F-1, 
Nason Creek flows exceed this range 90% of the time between April and July.  At no time is 
either culvert expected to be dewatered, thus allowing juvenile ingress and egress at low flows.  
Although low Nason Creek flows occur during the late summer spawning season, at no time is 
either oxbow connection modeled to be dewatered, and they will always maintain a minimum 
water depth of 0.2 feet under low flow conditions (20 cfs).  This criterion should therefore not be 
a factor in assessing adult salmonid access. 

Oxbow Hydraulic Conditions  
Potential water depths, velocities, and sheer stress within the oxbow are presented below.  
Additional detailed analysis of potential geomorphic effects to the oxbow resulting from these 
conditions is presented in Section 3.3.4.  
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Velocities and Depths 
Flow velocities within the oxbow range from less than 0.1 feet/second to 7.7 feet/second for 
modeled mean daily flows. The limited capacity of the culvert creates upstream backwater 
conditions and reduces velocities at CX 365 as flows increase.  Flow depths associated with mean 
daily flows range from 0.3 feet to about 7.5 feet.  The shallowest depths occur in the middle of 
the oxbow reach, while the greatest depths occur near the downstream end of the oxbow.  

Modeled annual peak flows generate velocities within the oxbow ranging from 0.2 to 9.1 
feet/second, with highest velocities at the downstream side of the inlet culvert and lowest 
velocities at CX 781.  Modeled depths in the oxbow range from 1.3 feet to 9.4 feet.  The 
shallowest depths occur at CX 2023, while the greatest depths occur at CX 781. 

The range of average velocities and maximum depths at each cross-section along the oxbow is 
presented in Table F-8 for both modeled mean daily and peak annual flows.   

Table F-8. Hydraulic Characteristics of Oxbow Cross-Sections  
Mean Daily Flows Peak Annual Flows Cross-

Section 
Station 

Cross-
Section 
Description  Average 

Velocity 
Range (ft/s) 

Maximum Depth 
Range (ft) 

Average 
Velocity 

Range (ft/s) 

Maximum Depth 
Range (ft) 

10 Cut from topo 0.6 – 1.0 0.8 – 4.9 0.9 – 1.2 4.7 – 6.5 

79 D/S face of 
outlet culvert 

0.6 – 2.9 0.8 – 4.8 2.5 – 3.6 4.6 – 6.4 

169 U/S face of 
outlet culvert 

0.6 – 3.0 0.8 – 4.9 2.6 – 3.6 4.7 – 6.8 

365 CX 5.4 0.5 – 1.5 3.3 – 6.9 0.4 – 0.5 6.6 – 8.8 

781 CX 5.3 0.02 – 0.2 4.0 – 7.5 0.2 for all 
modeled flows 

7.3 – 9.4 

2023 CX 4 2.2 – 4.7 0.3 – 1.4 4.6 – 5.3 1.3 – 1.8 

2644 CX 5.1 0.04 – 0.7 1.8 – 3.4 0.6 – 0.9 3.3 – 4.0 

3592 D/S face of 
inlet culvert 

2.4 – 7.7 0.4 – 2.1 7.2 – 9.1 1.9 – 2.8 

3674 U/S face of 
inlet culvert 

2.0 – 5.0 0.4 – 3.0 4.8 – 5.8 2.7 – 4.3 

Note: D/S = downstream; U/S = upstream  

Shear Stress 
Calculated shear-stress values quantify the forces on bed material.  Erosion is initiated when these 
forces exceed the threshold value for movement of sediment in the stream channel.  Simulated 
shear-stress values are presented in Table F-9 at two cross-sections within the oxbow for selected 
mean daily and peak annual discharges: CX 2023 and CX 2644.  CX 2023 was selected because it 
experiences the greatest modeled shear-stress values in the oxbow for this culvert configuration, 
while CX 2644 was selected because it experiences some of the lowest shear-stress values in the 
oxbow; results for these two sections bracket the range of possible values. 
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Shear-stress values at CX 2023 range from 0.42 to 1.34 lb/ft2.  Shear stress increases linearly with 
flow, and is greatest at a discharge of 282 cfs in the oxbow, or 4,299 cfs within Nason Creek. 
Based on the calculated shear stress values, the maximum bed material diameter that can be 
mobilized under the small culvert design is about 60 mm at a flow of 282 cfs.  The highest shear 
stress values correspond to critical depth at CX 2023.  It is unlikely that water surface elevations 
would remain at critical depth during a flow event for any length of time, however, because 
roughness elements in natural channels typically create localized turbulence that results in 
subcritical water surface elevations.  Shear-stress values and minimum bed material mobilization 
diameters are therefore likely to be somewhat overestimated at this location.  

Shear-stress values at CX 2644 vary from 0.00 to 0.03 lb/ft2 for flows ranging from 4 to 282 cfs 
in the oxbow.  A typical annual discharge of 2,000 cfs generates a shear stress of 0.02 lb/ft2, 
which corresponds to mobilization of a maximum sediment size of about 1 mm.  At the upper 
limit of flows, the 100-year discharge generates a shear stress of 0.03 lb/ft2, which corresponds to 
mobilization of a maximum sediment size of about 2 mm.   

Table F-9. Shear Stress at Representative Flows and Locations in Oxbow  
Total Nason 
Creek Flow (cfs) 

Oxbow Flow (cfs) Shear Stress at Cross-
Section 2023 (lb/ft2) 

Shear Stress at Cross-
Section 2644 (lb/ft2) 

50 4 0.42 0.00 

500 51 0.87 0.00 

1,000 79 0.96 0.01 

2,000 167 1.13 0.02 

3,429 243 1.29 0.02 

3,860 262 1.30 0.03 

4,299 282 1.34 0.03 

1.4. Data Gaps and Model Uncertainty 
Survey data collected to date provides adequate information to construct a preliminary HEC-RAS 
model of the project reach.  Collection of additional focused survey data would allow refinement 
of the model and more precise quantification of flows into the oxbow.  Recommended additional 
survey data includes the following, in general order of importance: 

� Cross sections defining channel split on main channel of Nason Creek upstream of inlet 
culvert location, 

� Additional overbank/channel bank topography in the vicinity of the oxbow inlet culvert 
location, 

� Control cross section within the oxbow downstream of inlet culvert, 

� Verification of the channel profile and location of significant grade break along the oxbow, 

� Two cross sections downstream of CX 5 on main channel Nason Creek to establish tailwater 
conditions, and 

� One cross section within the oxbow outlet channel downstream of existing outlet culvert. 
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It is important to note that this additional data may result in recommended changes in the 
proposed project design. 

LIDAR-based topographic data collection is currently being performed along the study reach as 
part of another project.  It is expected that some of the information identified above will be 
obtained from the processed LIDAR data. 

As noted under model development, the flow split on the main channel of Nason Creek above the 
proposed oxbow inlet culvert location is currently based on the assumption that 40% of the total 
flow enters the right (east) side channel.  Incorporation of additional channel geometry data into 
the HEC-RAS model will allow quantitative analysis of the flow split over a range of discharges. 

The hydraulic model represents existing stream morphologic conditions.  The majority of Nason 
Creek currently flows in the left (west) channel, but if the main channel were to shift to the right 
(east) side channel, inflows to the oxbow would likely change.  It is difficult to predict whether 
oxbow inflows would increase due to increased flows in the main channel or whether channel 
morphology would change and possibly reduce inflows to the oxbow.   
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Introduction 
This memo describes the results of an analysis of the proposed reconnection of oxbow habitat in 
Nason Creek, a tributary to the Wenatchee River system.  The project is intended to provide 
benefits primarily to spring Chinook salmon spawning in Nason Creek and will restore historical 
riverine and floodplain habitats (Jones & Stokes 2005).  This analysis provides an estimate of the 
potential benefits of the project in terms of the change in abundance of returning adult spring 
Chinook to Nason Creek. 

Methods 
The proposed oxbow reconnection was analyzed for spring Chinook salmon using the Ecosystem 
Diagnosis and Treatment (EDT) model (Lestelle et al. 2004).  The analysis built on an existing 
EDT assessment of the Wenatchee River developed by the Yakama Tribe and the Washington 
Department of Fish and Wildlife (referred to here as the WDFW/YIN data).  The previous 
analysis provided the characterization of conditions outside the Nason Creek watershed that affect 
spring Chinook salmon abundance.  Information on conditions within the Nason watershed was 
reviewed and refined as part of this assessment to characterize the current and historic potential of 
the stream to support spring Chinook salmon.  The proposed oxbow reconnection was analyzed in 
regard to potential spring Chinook salmon productivity and abundance.  The project was assessed 
by comparing the current habitat potential of Nason Creek for spring Chinook salmon to the 
habitat potential if the oxbow was reconnected.   
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Modifications to WDFW/YIN dataset 
Review of the existing WDFW/YIN dataset indicated that the flow patterns were incorrect and 
not consistent with EDT documentation (Lestelle 2004).  For this analysis, we started from a 
duplicate of the WDFW/YIN dataset and made appropriate modifications.  The registered 
Wenatchee EDT dataset that remains on the EDT website is the WDFW/YIN dataset without 
modifications.  The Nason Creek Oxbow data differs from the registered WDFW/YIN dataset 
only in regard to Nason Creek as described here. 

In EDT, some attribute ratings, such as flow and width, are shaped throughout the year with a 
pattern.  The pattern consists of a set of multipliers that when applied to the rating gives the 
condition of that attribute for each month.  The flow patterns in the WDFW/YIN dataset were 
refined to reflect the estimated mean daily flows of Nason Creek near its confluence with the 
Wenatchee River (Jones & Stokes 2005).  The flow patterns were derived using standard EDT 
procedures (Lestelle 2004).  The width pattern, which applies to both the maximum and minimum 
width attributes, was based on the annual hydrograph.  The high flow pattern was applied to the 
high flow, diel flow variation, intra-annual flow variation and bedscour attributes.  The revised 
patterns were applied to all of the reaches within the Nason Creek watershed.  Information in the 
WDFW/YIN dataset for the rest of the Wenatchee system was not altered for this analysis. 

The standard EDT reference condition or Template was generated using the data in the 
WDFW/YIN dataset with flow pattern modifications described above. 

The Nason Creek Oxbow Project 

Reach and Population Structure 
The oxbow reconnection project will occur adjacent to a 2,200-ft stream reach (Jones and Stokes 
2005), beginning at approximately RM 3.4.  In the WDFW/YIN dataset, the first reach of Nason 
Creek (Nas1) extended from the confluence with the Wenatchee River to Coulter Creek at RM 
9.9.  For this analysis, the first Nason Creek reach was split into 3 segments (Table G-1) in order 
to define the 2,200-ft stream section with the oxbow project as its own reach (Nas1_B_oxbow).  
All three segments initially had identical ratings for all EDT attributes.  In the following 
discussion, Nas1_B_oxbow is referred to as the Project reach.   

Channel morphology measurements were taken by JSA staff at five transects in the Project reach, 
as well as the disconnected oxbow in December 2004.  Based on the measurements, the average 
wetted width at annual high and low flow was estimated as 225 feet and 85 feet, respectively.  
The EDT data was revised for the Project reach to reflect these measurements. 

Spring Chinook salmon populations were defined in Nason Creek for the EDT analysis using life 
history information developed in the WDFW/YIN analysis.  Populations in EDT do not imply a 
genetic affinity but instead represent spawning aggregations that characterize habitat potential in 
different portions of the watershed.  A Nason Creek spring Chinook salmon population was 
defined as spawning in Nason Creek from its confluence with the Wenatchee River upstream to 
Gaynor Falls, a natural barrier to spring Chinook at RM 16.8.  
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Table G-1. Spring Chinook Salmon Spawning Reaches within Nason Creek in Ecosystem 
Diagnosis and Treatment (EDT) analysis. 

Reach Name Reach Length (mi) Reach Description 

Nas1_A 3.4 From mouth to RM 3.4.  This reach subdivided to create oxbow 
reconnection reach. 

Nas1_B_oxbow 0.417 From RM 3.4 to RM 3.7. Reach where historic oxbow may be 
reconnected as side channel. 

Nas1_C 6.083 From oxbow reconnection at RM 3.7 to RM 9.9, confluence with Coulter 
Creek. 

Nas2 6.9 Nason Creek, from Coulter Creek confluence to Gaynor Falls. 

Oxbow Reconnection Scenario 
The Nason Oxbow Project reconnects a 4,608-ft long oxbow to the main channel as a secondary 
channel. This oxbow was originally part of the river but was cut off by construction of state 
highway. The oxbow would be reconnected at the upstream and downstream ends of the Nason 
Creek project reach via fish-friendly culverts.  Once connected, the oxbow would provide pool, 
beaver pond and glide habitat to spring Chinook salmon.  Table G-2 indicates the amount of 
habitat available to spring Chinook salmon in the Project reach both currently and with the oxbow 
reconnected during low flow.  For the oxbow reconnection scenario, the habitat types in the 
original dataset were modified accordingly. 

Table G-2. Estimated stream habitat in the Nason Creek Project reach with and without the 
oxbow reconnection at low flow. 

Scenario Pools Backwater 
Pools 

Beaver 
Ponds Glides 

Small 
Cobble 
Riffles/ 
Pool 
Tailouts 

Large 
Cobble 
Riffles 

Current without oxbow 
connection (sqft)1 

67,320 1,870 0 3,740 69,190 43,010 

Oxbow (sqft) 86,028 0 42,372 102,000 0 0 

Current with oxbow 
reconnection (sqft) 

153,348 1,870 42,372 105,740 69,190 43,010 

Current with oxbow 
reconnection (% of Project 
reach) 

36.9 0.5 10.2 25.4 16.7 10.4 

1 Source: WDFW/YIN 

The average widths of the oxbow at high and low flows would be 70 ft and 50 ft, respectively 
(Jones & Stokes 2005).  The maximum and minimum widths for the Project reach with the 
oxbow reconnected were determined by summing the amount of habitat (sq ft) in the Project 
reach and the oxbow and dividing the sum by the main channel length (2,200 ft).  This accounts 
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for all the additional amount of habitat that would be gained from the oxbow reconnection 
without altering the length of the main channel. 

The remainder of the EDT attributes (wood, flow, temperature, etc.) in the oxbow were assumed 
to be the same as the current condition in the WDFW/YIN dataset.  The oxbow substrate 
currently consists of a 6- to 12-inch layer of silt, sand and muck over the historic Nason Creek 
gravel streambed.  We assumed that the fine sediment would be flushed out of the oxbow after 
reconnection.  Thus, the major effect of the project was assumed to be an increase in total area 
and a shift in key habitat types as described in Table G-2.  

Results and Discussion 
The effect of the oxbow reconnection in Nason Creek on spring Chinook salmon was estimated 
using EDT.  The reconnected oxbow would provide limited spawning habitat in the glides and 
relatively large amounts of rearing and overwintering habitat for spring Chinook salmon.  As a 
result of increased habitat quantity from the oxbow reconnection, the spring Chinook salmon 
abundance potential in Nason Creek increased by 4.7 percent, (Figure G-1a).  This is roughly the 
same as the increase in length of total stream miles available to Chinook in Nason Creek with the 
oxbow. The relative productivity of spring Chinook in Nason Creek increased slightly with the 
oxbow reflecting the change in distribution of habitat types while all other habitat quality 
attributes (wood, temperature, water quality etc.) remained the same in the main and oxbow 
segments (Figure G-1b).   
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Figure G-1.  Estimated impact of oxbow reconnection on the biological performance of 
spring Chinook salmon in the Nason watershed.  (a) abundance, (b) productivity.  
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