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EXECUTIVE SUMMARY
 
This report describes an assessment of channel and floodplain processes that are relevant to 
salmonid habitat in the Entiat River, a tributary to the Columbia River located on the east 
slope of the Cascade Mountains in north-central Washington.  The principle objective of this 
assessment is to provide resource managers and basin stakeholders with a summary 
document of the pertinent scientific information that will help them in habitat restoration 
planning and decision making. This report focuses on the lower 26 river miles (RM) of the 
basin; the upper part of the basin, managed by the Okanogan-Wenatchee National Forest, is 
not addressed here.  Work described in this report was accomplished by a multidisciplinary 
team with expertise in fisheries, vegetation, and physical processes (hydraulics, sediment 
transport, geology, geomorphology, and hydrology).  Specific objectives for this work 
include: 

 Build a physical context for developing habitat restoration projects incorporating 
natural and human induced disturbances over time.   

 Identify river and floodplain locations where protection or restoration/rehabilitation is 
appropriate recognizing limiting factors of steelhead and spring Chinook salmon.   

 Conclude what additional data and analysis may be necessary for restoration project 
implementation to move forward.   

The 26-mile assessment area is subdivided into three valley segments (VS) and 
17 geomorphic reaches that distinguish sections of river with unique physical characteristics.  
This provides a context to customize different river restoration, rehabilitation, or protection 
strategies based on specific characteristics of each river segment or reach.  Valley segment 
boundaries were defined on the basis of changes in the channel gradient and geologic 
features that control channel morphology.  VS-1 extends from the Entiat River mouth (RM 0) 
to the Potato Creek moraine (RM 16.1) and marks a transition from a high-gradient, 
dominantly single-thread channel with low-sinuosity meanders to a predominantly low-
gradient, high-sinuosity meandering channel.  The Dill Creek alluvial fan defines the 
boundary between VS-2 and VS-3 (RM 21.1); it marks a change in slope from the low 
gradient of VS-2 to a slightly higher gradient in VS-3 that has greater influence from 
tributary alluvial fans. 

Reach boundaries were defined using changes in slope and geologic controls on a finer scale 
to further delineate variations in geomorphic characteristics.  Reaches can be grouped into 
three broad types according to complexity measures and floodplain confinement as well as 
other related geomorphic and hydraulic characteristics.  These reach types are “high 
complexity with an unconfined active floodplain;” “moderate complexity with a moderately 
confined active floodplain;” and “low complexity with a narrowly confined or nonexistent 
active floodplain.”  The five reaches with the greatest habitat complexity are described as 
“high complexity.”  These include 2A (RM 16.1–17.9), 2C (RM 18.1–20.9), 3A (RM 21.1– 
22.7), 3D (RM 24–25), and 3F (RM 25.6–26) (see Summary Table 1).   
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Summary 

Channel morphology is primarily related to long-term geologic controls or features rather 
than human modifications as indicated by the hydraulic and geomorphic analyses.  The 
exceptions occur in limited areas that have been impacted to a large extent by human 
interaction. Impacts to the channel are based on the length and proportion of the reach 
affected by human modifications.  While small to negligible impacts were also documented 
in the main report, only moderate to large impacts are noted here.  The six reaches with the 
greatest human impacts include 1A (RM 0–0.8), 1B (RM 0.8–3.7), 1C (RM 3.7–4.3), 
1E (RM 6.3–6.9), 2C (RM 18.1–20.9), and 3A (RM 21.1–22.7) (Summary Table 1).   

Although much is unknown about the extent and timing of large woody debris (LWD) 
clearing and the numbers of pools historically, greater numbers of LWD and pools are in the 
upper two valley segments (VS-2 and VS-3).  When these are compared to VS-1, they reflect 
a natural difference in the physical characteristics that control channel slope, channel form 
and consequently the retention of LWD and the sustainability of pools in each valley 
segment.   

Habitat surveys indicate that spring Chinook salmon  and steelhead utilize the river in all 
three valley segments for spawning as well as other life stages, depending on the fish type.  
Although there do not appear to be limiting factors that are unique to each valley segment, 
the limiting factors that are identified include elevated levels of fine sediment in spawning 
gravel, lack of spawning gravel, lack of LWD, poor quality and low quantity of pool habitat, 
poor quality and low quantity of juvenile rearing habitat, lack of adult holding habitat, and 
high summer water temperatures.   

Riparian vegetation in VS-1 is limited to a narrow corridor along the active channel while 
VS-2 has a more varied distribution of relative sizes of vegetation than are present in VS-1.  
In VS-3, riparian vegetation is broader in extent than in the other two valley segments.  Land 
use activity in general does not impinge on the riparian zone in VS-3, which contrasts with 
conditions in the lower two valley segments. Based on these characteristics, riparian 
restoration is generally recommended as a potential action in VS-1 and VS-2; while 
protection of the existing riparian community is recommended for VS-3.  

Reaches with the highest potential to improve steelhead or spring Chinook habitat 
complexity by addressing present impacts were identified as Reaches 1B and 1C (RM 0.8– 
4.3), Reach 1E (RM 6.3–6.9 ), Reach 2A (RM 16.1–17.9), Reach 2C (RM 18.1–20.9), and 
Reach 3A (RM 21.1–22.7). Reaches 1E, 2A, 2C, and 3A were recommended for further 
analysis prior to initiation of an alternative analysis of recommended restoration concepts.  
Summary Table 1 outlines the channel complexity, anthropogenic impacts and habitat 
limiting factors for each reach.   
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Summary Table 1.  Impacts and opportunities based on hydraulic and geomorphic characteristics for Entiat River RM 0–26 

Light Turquoise shading indicates reaches with highest potential to improve steelhead or spring Chinook salmon habitat complexity by addressing present impacts.   

Reach RM 
Relative 
channel 

complexity 

Percent of 
moderate to 

large impacts 
along channel 

Description of present impacts to channel and floodplain 

Habitat limiting factors 

Steelhead 
Spring Chinook 

salmon 

1A 0–0.8 –– 100 Backwater area from Rocky Reach Dam on Columbia River none identified none identified 

1B 0.8–3.7 Moderate 48 
Small push-up levees that block access to the floodplain resulting 

in reduced side-channel development and increased stream 
energy 

Lack of spawning 
habitat; 

Lack of juvenile 
rearing habitat; 

Lack of adult 
holding habitat 

Lack of juvenile 
rearing habitat; 

Lack of adult holding 
habitat 

Summer and winter 
water temperatures 

1C 3.7–4.3 Moderate 100 
Channel was historically straightened resulting in a high energy, 

fairly uniform channel segment 

1D 4.3–6.3 Low 15 
Small push-up levees that block access to the floodplain resulting 

in reduced side-channel development and increased stream 
energy in main channel 

1E 6.3–6.9 Moderate 67 
Levees and bridge embankment alter floodplain access and 

inundation and possibly limit channel migration 

1F 6.9–10.6 Low 6 
One small bridge embankment blocks access to floodplain; small 

bank protection or in-channel features locally alter channel 
geometry 

1G 10.6–16.1 Low 0 
Small bank protection or in-channel features locally alter channel 

geometry 

2A 16.1–17.9 High 17 

Bridge embankment and floodplain leveling have reduced side-
channels and caused backwater to occur; bank protection 

structures limit channel migration and access to rework the active 
floodplain 

Lack of juvenile 
rearing habitat; 

Lack of adult 
holding habitat 

Lack of juvenile 
rearing habitat; 

Lack of adult holding 
habitat 

High % of fines in 
spawning gravel;  

High summer water 
temperatures 

2B 17.9–18.1 Low 0 none identified 
Lack of juvenile 
rearing habitat 

Lack of juvenile 
rearing habitat 
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Reach RM 
Relative 
channel 

complexity 

Percent of 
moderate to 

large impacts 
along channel 

Description of present impacts to channel and floodplain 

Habitat limiting factors 

Steelhead 
Spring Chinook 

salmon 

2C 18.1–20.9 High 25 
Levee limits channel migration and impacts hydraulics and 
geometry possibly for an extended distance downstream; 

historical large woody debris clearing 

Lack of juvenile 
rearing habitat; 

Lack of adult 
holding habitat 

Lack of juvenile 
rearing habitat; 

Lack of adult holding 
habitat; 

High % of fines in 
spawning gravel;  

High summer water 
temperatures 

2D 20.9–21.1 Low 0 none identified   
Lack of juvenile 
rearing habitat 

Lack of juvenile 
rearing habitat 

3A 21.1–22.7 High 56 
Levees and bank protection limit channel migration, alter 

hydraulics and geometry 
Lack of juvenile 
rearing habitat; 

High % of fines in 
spawning gravel; 

High summer 
water temperatures 

Lack of juvenile 
rearing habitat;

 High % of fines in 
spawning gravel;  

High summer water 
temperatures 

3B 22.7–23.3 Low 0 none identified   

3C 23.3–24 Moderate 29 One bridge embankment may cause backwater effects none identified   none identified   

3D 24.0–25.0 High 0 
Minor disruption to vegetated island; does not appear to limit 

channel migration or floodplain access 
None 

High % of fines in 
spawning gravel;  

High summer water 
temperatures 

3E 25.0–25.6 Low 0 One minor bank protection area none identified   none identified   

3F 25.6–26.0 High 0 One minor bank protection on road along bedrock 

Low water 
temperatures 

during spawning 
season 

Lack of in-channel 
complexity; high 
summer water 
temperatures 

Light Turquoise shading indicates reaches with highest potential to improve steelhead or spring Chinook salmon habitat complexity by addressing present impacts 
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1. INTRODUCTION 

The Entiat River is located on the east slope of the Cascade Mountains in north-central 
Washington. The Entiat flows for approximately 53 miles from its headwaters to where it 
enters the Columbia River at river mile (RM) 483 (Figure 1).  The principle objective of this 
assessment is to provide resource managers and basin stakeholders with pertinent scientific 
information that will help them in steelhead and spring Chinook habitat restoration planning 
and decision making in the Entiat subbasin.  Maps 1 and 2 of the Entiat Tributary Assessment 
Map Atlas (the Entiat Atlas, Reclamation 2009c) show fish presence.  This report focuses on 
the lower twenty-six miles of the basin; the upper part of the basin, which is managed by the 
U.S. Forest Service, is not addressed here (see Entiat Atlas map 7).  Specific objectives for 
this work include:   

 Build a physical context for developing habitat restoration projects incorporating 
natural and human induced disturbances over time.   

 Identify river and floodplain locations where protection or restoration/rehabilitation is 
appropriate recognizing limiting factors of steelhead and spring Chinook.   

 Conclude what additional data and analysis may be necessary for restoration project 
implementation to move forward.   

The remainder of this chapter provides more background on the initiation of this assessment, 
general methods, report organization, and a brief description of associated products.   

1.1 BACKGROUND AND PURPOSE 

In the Entiat subbasin, human-induced changes to channel processes are believed to have 
historically reduced the quality and availability of aquatic habitat (CCCD 2004).  These 
changes have affected the abundance, productivity, spatial structure, and diversity of Upper 
Columbia River (UCR) spring Chinook salmon, UCR steelhead trout, and UCR bull trout 
populations to such a degree that they were listed under the Endangered Species Act (ESA).  
The UCR spring Chinook salmon was listed as Endangered in 1999 (NMFS 1999b).  The 
UCR steelhead trout was listed as Endangered in 1997; its status was upgraded to Threatened 
in January 2006; it was reinstated to Endangered in June 2007 (NMFS 2007) in accordance 
with a U.S. District Court decision. Bull trout were listed by the U.S. Fish and Wildlife 
Service as Threatened in 1999 (FWS 1999).   

Recovery of these salmonid species, specifically restoring viable populations, requires 
reducing or eliminating threats to the long-term persistence of fish populations, maintaining 
widely distributed and connected fish populations across diverse habitats within their native 
ranges, and preserving genetic diversity and life-history characteristics.  Successful recovery 
of ESA-listed species means that populations have met certain measurable criteria (i.e., 
abundance, productivity, spatial structure, diversity); these are referred to as “viable salmonid 
population” (VSP) parameters (ICBTRT 2007; UCSRB 2007).   
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1.2 Authority 

To achieve this recovery, four sectors need to be addressed:  Harvest, Hatchery, Hydropower, 
and Habitat (ICBTRT 2007; UCSRB 2007).  The following biological guidance documents 
include recommendations for the Entiat subbasin on developing implementation frameworks, 
and types and prioritization of restoration activities needed to achieve recovery in these four 
sectors: 

	 Viability Criteria for Application to Interior Columbia Basin Salmonid ESUs, 

Interior Columbia Basin Technical Recovery Team (ICBTRT 2007) 


	 Upper Columbia Spring Chinook Salmon and Steelhead Recovery Plan from the 
Upper Columbia Salmon Recovery Board; referred to as the Upper Columbia 
Recovery Plan (UCSRB 2007) 

	 A Biological Strategy to Protect and Restore Salmonid Habitat in the Upper 
Columbia Region from the Upper Columbia Regional Technical Team (UCRTT 
2008); referred to as Upper Columbia Biological Strategy (UCRTT 2008) 

	 Salmon and steelhead limiting factors report for the Entiat watershed:  Water 

Resource Inventory Area (WRIA) 46, version 3:  Washington Conservation 

Commission, Olympia, Washington (Andonaegui 1999) 


	 Watershed assessment, Entiat Analysis Area v. 2.0, from the Wenatchee National 
Forest Entiat Watershed Analysis Teams (USFS 1996).   

	 Chelan County Conservation District. 2006. Detailed Implementation Plan Entiat 
Water Resource Inventory Area (WRIA) 46. Prepared for the Entiat Watershed 
Planning Unit: 73 pp. (CCCD 2006) 

	 Final Draft Report Entiat River Watershed Riparian Areas Prioritization Project, 
Chelan County, WA.  Entiat Watershed Planning Unit and Chelan County 
Conservation District.1/  (GeoEngineers 2007a) 

1.2 AUTHORITY 

The Bureau of Reclamation (Reclamation) established a Tributary Habitat Program to 
address tributary habitat improvement commitments for the Federal Columbia River Power 
System (FCRPS) Biological Opinion (BiOp).  Objectives of the Tributary Habitat Program 
are to improve the survival of UCR salmon and steelhead listed under the ESA by ensuring 
fish screens meet current criteria, artificial fish passage barriers are replaced or removed to 
provide access to spawning and rearing areas, instream flow is increased where appropriate, 
and spawning and rearing habitat are improved in selected Columbia River tributary 
subbasins. Working closely with local partners and willing private landowners, Reclamation 

1/ The Chelan County Conservation District (CCCD) became the Cascadia Conservation District 
(CCD) in June, 2007.  The CCD serves Wenatchee WRIA 45; Entiat WRIA 46; Chelan WRIA 47; 
and Stemilt-Squilchuck WRIA 40A.  www.cascadiacd.org 
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1.4 METHODOLOGY 

provides engineering and related technical assistance to meet the Tributary Habitat Program 
objectives. Reclamation conducts the Tributary Habitat Program under authorities contained 
in the ESA, Fish and Wildlife Coordination Act, and Fish and Wildlife Act as delegated from 
the Secretary of the Interior in Secretarial Order No. 3274 (dated September 11, 2007).  

1.3 FCRPS BIOLOGICAL OPINION 

The National Marine Fisheries Service of the National Oceanic and Atmospheric 
Administration (NMFS or NOAA Fisheries Service) issued a BiOp on the operation and 
maintenance of the Federal Columbia River Power System (FCRPS) that includes measures 
to improve tributary habitat for salmon and steelhead listed under the ESA.  The BiOp is 
addressed by the “Action Agencies,” the collective name for the Bonneville Power 
Administration (BPA), U.S. Army Corps of Engineers (ACOE), and Reclamation.  These 
measures are addressed by the Action Agencies and are consistent with subbasin plans 
developed through the Northwest Planning and Conservation Council (NPCC) and State 
recovery plans approved by NMFS. 

Reclamation commitments to tributary habitat improvement for the FCRPS BiOp (NMFS 
2008) began in 2000. Reclamation has operated in nine Interior Columbia River tributary 
subbasins with over 50 ongoing project activities in various stages of development, 
implementation, or completion at any one time.  This report was prepared to help identify, 
prioritize, and implement habitat projects that will meet FCRPS BiOp tributary habitat 
commitments in the Entiat subbasin.  The approach applied in this tributary assessment also 
provides a planning tool that can be used collectively by all partners to focus their resources 
in a systematic and scientifically reproducible way to identify and prioritize floodplain 
connectivity and channel complexity restoration/protection projects.   

1.4 METHODOLOGY 

Work described in this report was accomplished by a multidisciplinary team with expertise in 
fisheries, vegetation, and physical processes (hydraulics, sediment transport, geology, 
geomorphology, and hydrology).   

Key steps to produce this assessment were to: 

	 Review existing information to identify data gaps and updates needed to provide 
technical information relevant to habitat restoration planning 

	 Utilize geomorphic mapping, historical channel migration, one-dimensional hydraulic 
modeling, sediment mobilization, and vegetation mapping to evaluate the coarse-
scale habitat-forming physical processes and disturbance regimes from both historical 
and contemporary contexts. 

	 Delineate and characterize the river and related habitat elements on the basis of 
unique geomorphic settings, physical characteristics, and hydraulic and sediment 
transport function 

	 Identify factors that may be limiting the optimal biological usage 
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1.5  Report Organization and Products 

 Identify general categories of habitat improvement opportunities for each reach based 
on historical and present physical settings.   

Key data sets developed and/or utilized in this assessment include 2006 LiDAR (light 
detection and ranging) data and aerial photography, historical aerial photography (1945, 
1962, 1975, and 1998), sediment size distributions in the channel and on gravel bar surfaces, 
vegetation mapping (1945 and 1998), historical channel mapping (1945, 1962, 1975 and 
2006), 1:100,000-scale geologic mapping (USGS), and subbasin-scale mapping of road 
density, fire history, and land use (USFS).  In addition, detailed surficial geologic maps were 
developed specifically for this assessment; see map panels 28–38 in the Entiat Atlas 
(Reclamation 2009c).   

1.5 REPORT ORGANIZATION AND PRODUCTS 

Readers interested in technical data supporting the results and conclusions of this report 
should read Chapters 2 through 5, and technical appendices that provide more detailed 
information.  Chapter 2 also provides spatial context of the valley segments and reaches 
utilized throughout this report, along with key terminology.  Readers interested in a summary 
of each geomorphic reach, the identification of restoration and protection opportunities, and 
technical ranking of the reaches should refer to Chapters 6 and 7.  Conclusions are presented 
in Chapter 8. A companion volume, the Entiat Tributary Assessment Map Atlas 
(Reclamation 2009c) shows the spatial relationships of the data compiled for this assessment 
and the Technical Appendices (Reclamation 2009b).   

In addition to this report, new and existing information were synthesized into an ArcGIS 
database so that the information could be viewed spatially and readily transferred.  The 
database can be acquired by contacting the steward of the Reclamation Pacific Northwest 
Data Repository.2/ The majority of ArcGIS data is presented in Washington State Plane 
North coordinate system, NAD 1983 and NAVD 1988 (feet) unless otherwise noted in the 
metadata.   

Additional supporting data including topography, spreadsheet files, ground photographs, a 
list of supporting literature, aerial photography, and maps are also available upon request. 

2/ spatialdata@pn.usbr.gov  or 208-378-5315.   
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  Figure 1.  Location map for Entiat River (from Entiat Atlas, Reclamation 2009c).  
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2. 	 GEOMORPHIC VALLEY SEGMENT AND REACH 
DELINEATION 

This chapter provides the methods and terminology used to delineate the 26-mile assessment 
area into three valley segments (VS) and 17 reaches based on geomorphic parameters.  A 
valley segment is a section of river that shows similar geomorphic characteristics such as 
channel gradient, geologic controls, and channel morphology.  A geomorphic reach is a 
subdivision of the valley segment in which geomorphic characteristics are examined in more 
detail, breaking out smaller changes in stream gradient and channel morphology along with 
other features such as valley width, floodplain width, the historical channel migration zone, 
lateral geologic controls, vertical geologic controls, bar frequency, surficial geologic map 
units, and sediment sources.  Valley segments are labeled with numeric values of 1 to 3 from 
downstream to upstream. Reaches are subsequently labeled by the valley segment (1, 2 or 3) 
followed by an alphabetical value, also from downstream to upstream.  For example, 
Reach 1A is in VS-1 at the mouth of the Entiat River and Reach 3F is the upstream most 
reach near the USFS boundary at RM 26.   

2.1 	VALLEY SEGMENT BOUNDARIES 

Three valley segment boundaries were defined on the basis of changes in the slope of the 
longitudinal profile and geologic features that control channel morphology (Table 1 and 
Figure 2). The first upstream boundary is defined by the Potato Creek moraine between VS1 
and VS-2 at RM 16.1, marking a change from a high-gradient, dominantly single-thread 
channel with low sinuosity meanders downstream to predominantly low-gradient, high-
sinuosity meanders upstream.  The boundary between VS-2 and VS-3 (at RM 21.1) is 
defined by a change in slope from the low-gradient meandering reach to a slightly higher 
gradient segment that still retains a meandering channel but has greater influence from 
tributary alluvial fans that create short, high-gradient reaches with straight, single-thread 
channel morphology.   
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2.1  Valley Segment Boundaries 

Table 1. Valley segment delineations.  

VS RM Description 
Average 

slope 
(ft/ft) 

Geomorphic characteristics 
Dominant 

geologic controls 
Longitudinal 

zone 

1 0–16.1 

River mouth 
to Potato 

Creek 
moraine 

0.010 

High-gradient, low-sinuosity 
single-thread meandering 

channel 

Holocene 
terraces, glacial 
outwash, and 
alluvial fans 

Transport 

2 16.1–21.1 

Potato 
Creek 

moraine to 
Dill Creek 
alluvial fan 

0.002 

Low-gradient meandering 
channel; reaches separated 

by high-gradient, low 
sinuosity channel reaches 

that are confined by alluvial 
fans 

alluvial fans and 
bedrock 

Depositional 

3 21.1–26.0 

Dill Creek 
alluvial fan 
to USFS 
boundary 

0.006 

Moderate gradient 
meandering channel 

reaches separated by high 
gradient, low sinuosity 

channel reaches that are 
confined by alluvial fans 

Alluvial fans, 
bedrock, and 

Holocene 
terraces 

Transport / 
Depositional 
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Figure 2.  Longitudinal profile of channel elevation (RM 0.1–27). 

River stationing represents total feet from mouth along 2006 channel alignment, which correlates to 
RM 0.1–27.   
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2.2 REACH BOUNDARIES 

2.2 REACH BOUNDARIES 

Reach boundaries were defined using changes in slope and geologic controls on a finer scale 
to further delineate variations in geomorphic characteristics (Table 2).  These reaches help to 
identify differences in opportunities for protection or restoration along the length of the river.  
A detailed summary table of reach characteristics can be found in Appendix C.  The 
geomorphic reaches are indicated by a letter after the valley segment designation.   

Table 2.  Reach delineations and general characteristics. 

Reach RM Description Avg. 
slope 

Channel 
complexity 

Floodplain 
confinement 

Lateral controls 

1A 0–0.8 Mouth of river to 
upstream influence of 

Rocky Reach Dam 

0 –– –– Bedrock, alluvial 
fans, outwash 

terraces 

1B 0.8–3.7 Backwater influence 
boundary to Mills Canyon 

0.0086 moderate moderately 
confined 

Holocene terraces, 
outwash terraces, 

alluvial fans 

1C 3.7–4.3 Mills Canyon to just 
below Entiat River Road 

bridge 

0.011 moderate moderately 
confined 

riprap, bedrock, 
Holocene terraces 

1D 4.3–6.3 Just below Entiat River 
Road Bridge to Tressel 

Bridge 

0.011 low confined Holocene terraces 

1E 6.3–6.9 Tressel Bridge to Entiat 
Fish National Hatchery 

0.012 moderate moderately 
confined 

Holocene terraces 

1F 6.9–10.6 Entiat National Fish 
Hatchery to 

Mad River confluence 

0.010 low confined bedrock, 
Holocene terraces 

1G 10.6–16.1 Mad River confluence to 
Potato Creek moraine 

0.010 low confined glacial outwash; 
alluvial fans 

2A 16.1–17.9 Potato Creek moraine to 
Stormy Creek 

0.002 high unconfined Alluvial fans, 
bedrock 

2B 17.9–18.1 Stormy Creek alluvial fan 0.002 low confined Alluvial fans, 
bedrock 

2C 18.1–20.9 Stormy Creek to 
Dill Creek 

0.002 high unconfined Alluvial fans, 
bedrock, levees 

2D 20.9–21.1 Dill Creek alluvial fan 0.007 low confined Alluvial fans 

3A 21.1–22.7 Dill Creek to Preston 
Creek 

0.003 high unconfined Alluvial fans, levees, 
high terraces 

3B 22.7–23.3 Preston Creek alluvial fan 0.011 low confined Alluvial fans, high 
terraces 

3C 23.3–24 Preston Creek to 
Brennegan Creek 

0.003 moderate confined Alluvial fans, 
bedrock 

3D 24–25 Brennegan Creek to 
McCrea Creek 

0.006 high unconfined Alluvial fans 

3E 25–25.6 McCrea Creek to 
Burns Creek 

0.011 low confined Alluvial fans 

3F 25.6–26 Burns Creek to 
USFS boundary 

0.005 high unconfined Bedrock 
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2.3 Reach Types 

2.3 REACH TYPES 

Geomorphic characteristics along the length of the Entiat River are indicators of the types of 
habitat that may be available for salmonids in any particular reach and consequently the types 
of opportunities that might be available for restoration or protection in each reach.  Channel 
complexity is considered to be a measure of habitat quality for salmonids and therefore is the 
main characteristic that is evaluated.  This includes features such as side-channel and off-
channel habitat, instream large wood, deep pools with hiding cover, and substrate (and 
associated depths and velocities) suitable for spawning (see Chapter 7 for more details).  
Geomorphic characteristics that control the degree of channel complexity include the lateral 
and longitudinal variation in the active floodplain.  The active floodplain width is controlled 
by older geologic features that either limit or slow expansion of its width by the nature of 
their own resistance to erosion, or vertical controls on channel slope that have allowed the 
channel to migrate over wide or narrow zones both historically and prehistorically.  This 
characteristic is described in this report as floodplain confinement and is categorized as 
Unconfined, Moderately Confined, or Confined with reference to the active floodplain 
(Figure 3).  These terms are used in a relative sense within each valley segment and do not 
have specific quantitative values associated with them.   

   
 

Figure 3.  Example of floodplain confinement types based on the lateral extent of the active floodplain 
(shown in orange and green); flow is from left to right.  

While channel complexity is the primary measure of habitat quality, active floodplain 
confinement also describes the physical conditions that are responsible for the level of 
complexity in each reach.  Active floodplain confinement can be defined as the relative 
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2.3 REACH TYPES 

degree to which the active floodplain width is limited by naturally occurring, long-term 
geologic controls. While in a broad sense, the entire Entiat River could be described as 
confined because it is locked into a bedrock valley, this assessment uses the term 
confinement on a smaller scale to categorize the active floodplain width as it relates to 
habitat complexity and opportunities for restoration or protection.   

The degree of channel complexity and floodplain confinement can be linked to a 
combination of lateral and vertical geologic controls along the Entiat River.  For instance, 
reaches with high complexity and an unconfined floodplain are influenced by a lack of 
geologic features that would limit the width of the floodplain.  This includes features such as 
alluvial fans, glacial outwash terraces, and older, gravelly stream terraces.  They are also 
influenced by grade control features, such as alluvial fans or glacial limits, which cause low 
gradients and higher channel migration rates to persist within the reach.  Conversely, reaches 
with low complexity and a confined active floodplain typically have geologic features that 
are highly resistant to lateral erosion close to the active channel, such as coarse, gravelly 
alluvial fans, outwash terraces or bedrock. The coarse material issuing from these features 
exerts a vertical control as well on the channel bed, forcing the channel to have a steeper 
gradient than in other reaches. 

It is worth noting that the same geologic feature may have varying resistance to erosion 
depending on its degree of cementation and consolidation in the subsurface.  This is 
especially true for high floodplain areas that are located adjacent to the active floodplain.  In 
VS-1, high floodplain areas are composed of gravelly materials and may provide greater 
resistance to lateral channel migration when compared to VS-2 and VS-3, where they are 
composed of greater amounts of sandy materials that are more readily eroded.   

Reaches were grouped into three broad types for RM 0–26 according to complexity measures 
and floodplain confinement as well as other related geomorphic and hydraulic characteristics 
(Figure 4). These reach types are: 

 high complexity with an unconfined active floodplain 

 moderate complexity with a moderately confined active floodplain 

 low complexity with a confined to nonexistent active floodplain.   

This classification is specific to the Entiat River and is focused on the presence of off-
channel habitat as well as in-channel variation in morphology.  Reaches with a large 
variation in channel morphology and common side-channels are described as high 
complexity; low complexity reaches have little off-channel habitat and a single-thread 
channel with little variation in channel morphology.  It is possible in other river systems to 
have a single-thread channel with high complexity or diversity; thus, this classification 
should not be extended to other river systems without thorough geomorphic investigation.  
The following paragraphs describe each reach type as it relates to the Entiat River from 
RM 0–26. 
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2.3 Reach Types 

2.3.1 	 High complexity with continuous unconfined active floodplain 

High complexity reaches have a broad, unconfined, active floodplain that exhibits high 
connectivity with active channels and frequent reworking of surface and lateral channel 
migration.  High complexity reaches with an unconfined active floodplain typically represent 
the highest potential for habitat restoration actions in terms of habitat diversity and floodplain 
connectivity.  Some areas are slightly higher and may be flooded less frequently but still 
show abundant flotsam on their surfaces, indicating inundation on a semi-regular basis.  The 
active floodplain is typically continuous longitudinally and is adjacent to the active channel 
for the majority of the reach.  The channel is lower gradient with an irregular meandering 
morphology and is multithreaded at low flow conditions.  The high complexity reaches in 
this category are 2A, 2C, 3A, 3D, and 3F. 

2.3.2 	 Moderate complexity with discontinuous moderately confined active 
floodplain 

Moderate complexity reaches have a moderate to narrow active floodplain that is moderately 
confined and discontinuous along the length of the reach and therefore only borders the 
active channel in some areas.  Active floodplain areas along the active channel are frequently 
reworked, but side-channels are less frequent and shorter in length where they do exist when 
compared to high complexity reaches.  Historical channel migration is low, in which only 
minor changes in channel position were observed from 1945–2006.  Channel morphology is 
typically meandering single-thread to split flow and the slope is steeper than in the high 
complexity reaches.  The moderate complexity reaches are 1B, 1C, 1E and 3C.   

2.3.3 	 Low complexity with discontinuous confined active floodplain 

Low complexity reaches have a narrow to nonexistent active floodplain that is confined and 
discontinuous along the length of the reach.  The limited nature of the active floodplain 
precludes the existence of any substantial side-channels or off-channel habitat.  These 
reaches have steep slopes and show minimal historical channel movement from 1945–2006.  
Channel morphology is typically single-thread with low sinuosity.  The low complexity 
reaches are 1D, 1F, 1G, 2B, 2D, 3B, and 3E.   

Reach 1A was not classified by reach type since it is heavily influenced  by the backwater 
from Rocky Reach Dam on the Columbia River.  This reach probably has more 
characteristics of a lake environment than a river environment and was therefore excluded 
from analysis of the lower 26 miles of the Entiat River.  While valuable habitat may exist in 
Reach 1A, extensive study of the reach was beyond the scope of this work.   
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Figure 4.  Location of seventeen geomorphic reach types 
between Entiat RM 0–26 defined by relative level of 
potential habitat complexity and active floodplain 
confinement 



 

 
 

  

  

 

3. BIOLOGICAL OVERVIEW 

This chapter describes historical and existing biological use within RM 0–26 (see Entiat 
Atlas maps 1 and 2 for present use).  The purpose is to document the habitat processes that 
are (or are not) functioning adequately in terms of providing viable habitat for ESA-listed 
populations of salmon and trout in the Entiat subbasin.  More detailed information regarding 
steelhead, spring Chinook salmon, and summer Chinook salmon is available in Appendix H 
“Biological Overview.” 

3.1 HISTORICAL OCCURRENCE/ABUNDANCE OF ESA FISH SPECIES 

Mullan et al. (1992) developed a population estimate of 140 Indians for the Entiat River area 
in the mid-19th century.  “... It is probable that the Entiat Indians relied on fish primarily 
from the Columbia River, though we assume that 50% of their catch came from the Entiat 
River.” Mullan et al. used reasonable estimates of population, daily per capita consumption 
of salmon and salmon trading to arrive at an estimated aboriginal catch of 31,938 pounds of 
salmon per year from the Entiat River.  Mullan et al. continued their analysis to convert the 
annual aboriginal maximum catch weight to estimated numbers of fish.  For the Entiat River 
this conversion resulted in an estimate of 170 steelhead, 1,513 coho salmon, and 
1,141 Chinook salmon.   

The Entiat Ecosystem Diagnosis and Treatment (EDT) Watershed Analysis (Mobrand 2003) 
estimated historical (pre-settlement) spring Chinook salmon average annual abundance of 
2,557 adults with an environmental capacity of 2,789 adults.  EDT modeling of Entiat 
steelhead was begun but not completed; hence, no historic abundance estimates for this 
species are available. Mullan et al. (1992) estimated pre-development optimum escapements 
for “maximum sustainable yield” (MSY) for wild Entiat River steelhead as 417 adults on the 
basis of estimated smolt production from the Entiat River. 

3.2 SPATIAL DISTRIBUTION OF PRESENT FISH USE 

Entiat Atlas maps 1 and 2 delineate the extent of steelhead and spring Chinook salmon 
presence and spawning activity within the subbasin based on the information gathered for the 
Entiat WRIA (CCCD 2004; Reclamation 2009c ).  When these maps were created, steelhead 
were thought to spawn primarily within the lower three miles of the Mad River (Carie 1998).  
However, recent USFS surveys (2000-2008) located the majority of Mad River steelhead 
redds (76%) between RM 1.3–7.2 on the Mad River, with the uppermost redd found below 
Camp Nine at RM 9.5 (Archibald and Johnson 2001; Archibald et al. 2008).  In 2003, the 
U.S. Fish and Wildlife Service Mid-Columbia Fisheries Resources Office in Leavenworth, 
WA (FWS FRO) also began more intensive surveys of the Entiat River.  The FRO reported 
80 redds in 2003, 69 redds in 2004, 223 redds in 2005, 110 redds in 2006, and 64 redds in 
2007 for a total of 546 steelhead redds for the survey period of record.  These redds were 
distributed as follows: 66 percent (362) between Entiat RM 0.8–16; 27 percent (147) 
between Entiat RM 16–26; and 7 percent (37) between Entiat RM 26 and 27.5. 
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3.3  General Timing of Fish Use by Species and Life Stage 

Results from an adult steelhead radio telemetry study from 1999-2000 (English et al. 2001) 
showed locations for tagged adult steelhead in the Entiat River ranging from just above the 
historical Stormy Creek confluence (about RM 17.9) down to the mouth during the spawning 
and migration periods.  Radio tagged adults were located repeatedly in the mainstem Entiat 
River near Crum Canyon (RM 7.75), Mills Canyon (RM 3.2) and just above the historical 
Stormy Creek confluence on successive aerial surveys in the spring of 2000 and those areas 
have been found to be spawning areas. Entiat Falls (RM 34) acts as a natural barrier to 
upstream fish migrations. 

Spring Chinook salmon presently spawn in the Entiat River between RM 16 (Potato Creek 
moraine) and RM 28 (Fox Creek). Previous spawning surveys indicated that the majority of 
redds were located in an “index area” from RM 21–28 (near Dill Creek up to Fox Creek).  
An index area is a logistically feasible sampling area that attempts to encompass the majority 
of known redd events and can be surveyed rigorously in multiple repetitions over a spawning 
season. At present, there is considerable overlap between the spring Chinook and summer 
Chinook salmon spawning areas from RM 16–RM 23.  Spring Chinook salmon are also 
known to spawn within the lower four miles of the Mad River.  Trends over time indicate 
that numbers of returning adult spawners were relatively stable in the 1980s but then 
plummeted to very low numbers in the 1990s.  Juvenile spring Chinook are known to rear in 
the Entiat River from the mouth to Entiat Falls (RM 34) and in the Mad River from the 
mouth to Hornet Creek. 

3.3 GENERAL TIMING OF FISH USE BY SPECIES AND LIFE STAGE 

Steelhead exhibit one of the most complex suites of life history traits of any salmonid species 
(NMFS 1999). Entiat/Mad River steelhead are “inland” (opposed to “coastal”) of the 
“stream maturing” reproductive ecotype (NMFS 1999).  Steelhead enter and ascend the 
Columbia River in June and July, arriving near their spawning grounds 9 to 11 months prior 
to spawning. Most adult steelhead have moved into tributary streams by November.  
However, some adults hold in the mainstem Columbia River until February or March before 
moving into natal streams to spawn (English et al. 2001).  Unlike other anadromous 
salmonids that return from the ocean to spawn and subsequently die, steelhead have the 
ability to migrate back to the ocean after spawning (kelting) and to return and spawn again.  
Juvenile rearing lasts approximately two to seven years prior to ocean emigration.  Table 3 
shows the “phenology” (behavior in relation to the seasons) of steelhead within the Entiat 
River. 

Table 3.  Steelhead phenology within the Entiat River (CCCD 2004). 

Event Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Spawning 

Egg Incubation 

Emergence 

Fry  Colonization  

0-Age Active Rearing 
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3.3 GENERAL TIMING OF FISH USE BY SPECIES AND LIFE STAGE 

Event Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

0-Age  Migrant  

0,1-Age Inactive (winter) 

1-Age Resident Rearing 

1-Age Transient Rearing 

2+-Age Transient Rearing 

Pre-spawning  Migrant  

Pre-spawning Holding 

Note: Numbers in left column represent Year Class for fish.   

Dark grey = period of heaviest use Light grey = period of moderate use White = period of little or no use 

Adult spring Chinook salmon (early run) enter and ascend the Columbia River between 
March and June and reach the Entiat River (484 miles upriver) between May and August 
each year. Adult fish hold in deep pools within the Entiat River or Columbia River from 
May to August and then move upriver to spawn in the Entiat and Mad Rivers from late 
August to late September.  Adult Chinook salmon die within a short time after spawning and 
carcasses can often be observed in close proximity to newly constructed redds.  Spring 
Chinook salmon eggs remain in the gravel until hatching in December/January and fry 
emergence begins in January and/or February (LaVoy 1992).  Juveniles spend approximately 
one year in fresh water before smolting and migrating to the Pacific Ocean between April 
and June. Adult spring Chinook salmon returning to the Wenatchee River system had 
remained in the ocean for 2 to 3 years before they matured and returned to spawn (Mosey 
and Murphy 2000). Table 4 shows the “phenology” of spring Chinook salmon within the 
Entiat River. 

Table 4. Spring Chinook salmon phenology within the Entiat River (CCCD 2004) .  

Event Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Spawning  

Egg Incubation 

Emergence  

Fry Colonization 

0-Age Active Rearing 

0-Age Migrant 

0,1-Age Inactive (Winter) 

1-Age Transient Rearing 

Pre-spawning Migrant 

Pre-spawning Holding 

Note: Numbers in left column represent Year Class for fish.   

Dark grey = period of heaviest use Light grey = period of moderate use White = period of little or no use 
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3.4 Fish Use and Limiting Factors by Geomorphic Reach 

3.4 FISH USE AND LIMITING FACTORS BY GEOMORPHIC REACH 

“... The dominant impact limiting anadromous fish production are the [eight] Columbia River 
dams.  Although not an in-basin feature, they remain as major obstacles on the 'habitat path' 
for basin fish and mortality at these projects substantially overshadows in-basin habitat 
limitations.” (WDF et al. 1990).  Within the lower 26 miles of the Entiat River, physical 
habitat limitations are discussed below by valley segment, and then summarized by each 
reach in Table 5 and Table 6.    

In VS-1 above the backwater from the Columbia River (RM 0.8–16.1), most habitat 
diagnostics for steelhead and spring Chinook are functioning, but at risk due to lack of 
spawning gravel, lack of LWD, poor quality and low quantity of pool habitat, and human-
caused perturbations such as localized channelization and riparian clearing.  Recent data 
suggests that the lower Entiat and Mad Rivers provide the principal habitat utilized by adult 
steelhead spawners (Archibald et al. 2008).  In VS-2 and VS-3 (RM 16.1–26.0), habitat 
diagnostics for steelhead and spring Chinook are in better condition than the lower river 
including: greater availability of spawning gravel although the proportion of fine sediment is 
greater than 15% (mid-point of At Risk range of % fines) (NMFS 1999a), greater recruitment 
and retention of LWD although less than optimal in terms of size and distribution, and 
greater quality and quantity of pool habitat. 

Table 5 provides an outline of the fish usage by life stage and limiting factors for steelhead; 
Table 6 provides the same for spring Chinook salmon.  There are multiple physical variables 
that control the lack of habitat availability.  For example, lack of juvenile rearing habitat can 
imply insufficient off-channel habitat, in-channel habitat complexity produced by LWD, 
pool-forming elements, protective cover, velocity refugia, or other variables.  In general, 
spawning habitat in VS-1 is typically limited because of decreased gravel retention.  Juvenile 
rearing habitat is typically limited due to lack of in-channel complexity.  Adult holding 
habitat is limited because of a lack of slow, deep water.  Reaches 1A, 3A, and 3C do not have 
limiting factors listed because they are either unknown (1A) or are used as migration 
corridors (3C and 3E). 
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3.4 FISH USE AND LIMITING FACTORS BY GEOMORPHIC REACH 

Table 5.  Steelhead fish usage and limiting factors by geomorphic reach.   

Reach RM Life Stage Usage Limiting Factors 

1A 0–0.8 All unknown 

1B thru 1G 0.8–16.1 All Lack of spawning habitat; 

Lack of juvenile rearing habitat; 

Lack of adult holding habitat 

2A 16.1–17.9 All Lack of juvenile rearing habitat; 

Lack of adult holding habitat 

2B 17.9–18.1 All Lack of juvenile rearing habitat 

2C 18.1–20.9 All Lack of juvenile rearing habitat; 

Lack of adult holding habitat 

2D 20.9–21.1 All Lack of juvenile rearing habitat 

3A thru 3B 21.1–23.3 All Lack of juvenile rearing habitat; 
High percentage of fines in spawning gravel; 

High summer water temperatures 

3C 23.3–24 Migration n/a 

3D 24–25 All None 

3E 25–25.6 Migration n/a 

3F 25.6–26 All Low water temperatures during spawning season 

Table 6.  Spring Chinook fish usage and limiting factors by geomorphic reach.   

Reach  RM Life Stage Usage Limiting Factors 

1A 0–0.8 All but Spawning unknown 

1B thru 1G 0.8–16.1 All but Spawning Lack of juvenile rearing habitat; 

Lack of adult holding habitat 

2A 16.1–17.9 All Lack of juvenile rearing habitat; 

Lack of adult holding habitat 

High percentage of fines in spawning gravel;  

High summer water temperatures  

2B 17.9–18.1 All Lack of juvenile rearing habitat 

2C 18.1–20.9 All Lack of juvenile rearing habitat 

High percentage of fines in spawning gravel;  

High summer water temperatures  

2D 20.9–21.1 All but Spawning Lack of juvenile rearing habitat 

3A thru 3B 21.1–23.3 All Lack of juvenile rearing habitat; 

 High percentage of fines in spawning gravel;  

High summer water temperatures 

3C 23.3–24 Migration n/a 

3D 24–25 All High % of fines in spawning gravel;  

High summer water temperatures  

3E 25–25.6 Migration n/a 

3F 25.6–26 All Lack of juvenile rearing habitat 

High summer water temperatures 

Entiat Tributary Assessment 19 



 
 

 
 

  

 

  

 

 

 

 

  

                                                 
   

3.5 ISEMP Monitoring Program 

3.5 ISEMP MONITORING PROGRAM 

The Integrated Status and Effectiveness Monitoring Program (ISEMP) was initiated in 2003 
by the Northwest Fisheries Science Center through funding by Bonneville Power 
Administration.  The program has pilot projects in the John Day, Salmon, Wenatchee, and 
Entiat subbasins. The goals of the program are to monitor salmon and steelhead populations 
and habitats as well as to test monitoring protocols, indicator metrics, and sampling designs.  
Data collection and monitoring were initiated in the Entiat River in 2005.3/  The Entiat study 
plan evaluates fish utilization of in-stream habitat modifications within the Bridge to Bridge 
(RM 0–6) area (Ward 2005).  To date, the program has published multiple manuals on field 
protocols as well as initial snorkel survey information.  It is expected that the analysis and 
results of the data collection in the Entiat will be published within the next year or two and 
updated as more information is gathered. Once this data is analyzed, it should be helpful in 
providing more biological information as well as other habitat-related information such as 
large woody debris counts. 

See http://www.nwfsc.noaa.gov/research/divisions/cbd/mathbio/isemp/index.cfm 
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4. FLOW AND SEDIMENT REGIME 

This chapter provides a discussion of the flow and sediment regime in the Entiat watershed 
with a focus on high flows that are responsible for the majority of channel geometry and 
position changes over time.  There have been no major dams on the Entiat that would reduce 
the basin wide flow and sediment supply to RM 0 to 26.  Smaller dams were present in the 
late 1800s to early 1900s that temporarily resulted in backwater areas that had the most 
impact on altering river discharge during low-flow periods.  There were limited historical 
data on previous channel elevations and geometry.  However, based on the analysis of 
current conditions, the major controls on the river are geologic such as the Potato Creek 
moraine, alluvial fans, and bedrock. While there may have been local and temporary 
modifications to the flow and sediment regime in the past, such as the mill dams or the 
straightening in Reach 1C (RM 3.7–4.3), the larger scale vertical and lateral controls and 
sediment transport capabilities have not changed.  More information on the hydrology and 
hydraulic modeling discussed in this chapter is provided in Appendices B, D and E.   

4.1 FLOW MAGNITUDE, VOLUME, AND TIMING 

The Entiat River drainage basin is located in western Chelan County, Washington.  All 
runoff generated from the Entiat River drainage basin empties into the Columbia River just 
south of the city of Entiat.  The headwaters of the Entiat River originate in the Cascade 
Mountains, and the topography of the basin varies significantly. The highest point is about 
elevation 9200 feet, and the mouth of the Entiat River is approximately elevation 710 feet.  
The Mad River is the only major tributary of the Entiat River and ranges in elevation from 
7000 to 1250 feet. 

Within the Entiat River drainage basin, there are currently three operating USGS real-time 
surface-water stations (see Entiat Atlas map 7) and several other gages operated by other 
agencies (CCCD 2004).  The “Entiat River near Entiat” gage (12452990 also referred to as 
Keystone gage) is located at RM 1.4 and has a drainage area of 419 mi2. The “Entiat River 
near Ardenvoir” gage (12452890) is located at RM 18 and has a drainage area of 203 mi2. 

“Mad River at Ardenvoir, WA” gage (12452890) is at RM 0.3 on the Mad River and has a 
drainage area of 92.4 mi2. The “Entiat River near Entiat, WA” gage (12453000), also known 
locally as the “Old Keystone” gage, was under operation from 1911–1925 and 1952–1958. 
Annual peak discharges and mean daily discharges are available for those periods. 

The Entiat watershed is subject to frequent late spring and early summer snow-melt floods.  
Major recorded floods have occurred in the Columbia River basin in 1894, 1948, and 1972 in 
some locations (Beck 1973).  The flood of 1894 occurred prior to the establishment of stream 
flow records, but anecdotal accounts note it was nearly as large as the 1948 flood.  The 
“flood of record” occurred on May 29, 1948; the magnitude of this discharge was 10,800 cfs 
at the USGS gage near the mouth.  For the 1972 flood, the peak discharge recorded at the 
Ardenvoir gage was 6,430 cfs. The largest flood since 1972 occurred on June 17, 1999 and 
discharges of 5,600 cfs and 4,460 cfs were recorded at Keystone and Ardenvoir, respectively.   
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4.1 Flow Magnitude, Volume, and Timing 

Fires are one of the primary natural disturbances within the Entiat subbasin.  Although the 
study of fires and their effects were outside the scope of this work, fires could have a 
substantial impact on both the magnitude and timing of the floods (see Appendix A for fire 
history). It was observed through the fire history that after a fire, a flood and debris flow 
would often occur. Figure 5 shows an example in Crum Canyon following a fire in 1976.  
Road density on hillslopes is also heavier in the lower 26 miles and may have an impact on 
hillslope runoff, but has not yet been evaluated as part of any analysis effort (see Entiat Atlas 
map 4).      
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     Figure 5. Crum Canyon debris flow following 1976 Crum Canyon burn. 



    
 

 

 
 

  

   

 

  

4.2 SEDIMENT REGIME 

A flood frequency analysis was performed at each of the three USGS gages (see 
Appendix B). Figure 6 shows the results of the analysis for the 2-, 5-, 10-, 25-, 50-, and 100-
year floods by river mile.  Based on the results of the flood frequency analysis, the 100-year 
flood at Keystone (RM 1.4) is estimated at 8,530 cfs.  If the frequency curve is extended to 
include an “annual exceedance probability” (AEP) of 0.002, the peak discharge of the 1948 
flood of 10,800 cfs can be approximated at the 500-year flood.  The flood peak on June 17, 
1999 of 5,600 ft3/s can be approximated at the 10-year flood.  The 2-year discharge can be 
estimated at 3,130 cfs.   

Figure 6. Flood frequency analysis results for the Entiat River from RM 0–32.   
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The majority of the flow contributed during floods on the Entiat River is from snow pack, not 
drainage area. Based on the analysis completed, discharge increases only slightly as drainage 
area increases.  For example, although the drainage area at the Keystone gage is double the 
drainage area at Ardenvoir, the discharge only increases 17% at the 2-year flood and 35% at 
the 100-year flood. Flow from the Mad River (the Entiat’s largest tributary) becomes more 
relevant at higher flood frequencies.   

4.2 SEDIMENT REGIME 

Sediment regime components discussed in this section are sediment sources, human 
influences, transport capacity, storage, and mobilization within both the coarse qualitative 
scale and at a more quantitative detailed scale within the assessment area.  A sediment budget 
including detailed measurement of sediment input sources, suspended load, and bedload was 
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4.2  Sediment Regime 

beyond the scope of this effort. As mentioned above, fires and their effects were also outside 
the scope of this effort, although they could have a substantial impact on the sediment input 
to the river system (such as the debris flows occurring after fires).   

Longitudinal zones along a river are often described in terms of relative sediment transport 
capacity. Many large mountain rivers transition in the downstream direction from steep, 
high-sediment transport capacity into flatter-sloped sections with corresponding reduced 
sediment transport capacity towards the river mouth.  The Entiat River deviates from this 
pattern in that from RM 26 to 16 the channel alternates between low and high transport 
capacity in its corresponding unconfined and confined reaches; at RM 16, the channel 
abruptly changes to a higher transport zone, rather than a lower transport zone, that continues 
to near RM 0.8 (the upstream extent of backwater from Rocky Reach Dam on the Columbia 
River). 

A delta at the mouth of the Entiat River is visible on the historical aerial photographs 
between 1910 and the present indicating a portion of the sediment load is transported to the 
mouth of the Entiat and exiting the system (aerial photos are shown Appendix A, Figures A-7 
thru A-12). This is also seen from the aerial photos after the first filling of the reservoir 
upstream of Rocky Reach Dam in 1961.  Initially a delta was not seen in the backwater area 
from the dam, as would be expected from the deeper pool created above the former river 
bottom.  However, after the debris flows noted to occur in the Entiat basin in the 1970s the 
delta was again visible. 

4.2.1 Sediment Delivery to the Entiat 

Several geomorphic processes are important in determining how sediment becomes part of 
the active channel bed material, bedload. or suspended load within the assessment area.4 

These processes include but are not limited to lateral erosion, mass wasting, rockfall, and 
debris flow. These processes deliver sediment to the Entiat River from their sources, which 
include stream banks, hillslopes, tributaries and upstream inputs (above RM 26).  Each of 
these processes and associated sediment sources is described below.    

Stream bank materials vary along the river according to the landform that occurs adjacent to 
the channel.  The surficial geologic map shows the distribution of geologic units (or 
landforms) that are adjacent to the channel (see Entiat Atlas maps 29 to 38).  While generally 
having similar materials, different units vary in both the materials they contain and their 
erodibility. For example, the active floodplain is composed of predominantly unconsolidated 
sand and gravel. This unit is highly erodible because of its minimal cementation as well as 
its frequent inundation by channel flows (Figure 7).   

Bedrock, composed of intact rock outcrops or talus slopes, is considered to have low erosion 
potential since these materials are not easily mobilized and are thus more resistant to fluvial 

4/  “Bed material” is the sediment mixtures of a streambed or river bottom; the “bedload” is sediment particles 
up to the size of cobble, which slide and roll along the bottom of the streambed; “suspended load” is the portion 
of material that moves in suspension in water.   
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reworking; however, the colluvium that is included in the bedrock unit is typically composed 
of sand, pebbles, and cobbles, and are thus more easily eroded.  A spectrum of bank 
erodibility exists between these end members.   

While some of the fine sediment in alluvial fan deposits and older terraces may be winnowed 
out by high flows, the coarse material combined with soil formation that binds the matrix of 
the deposits together form a bank that is resistant to lateral erosion, unable to be heavily 
modified by the available shear stress.  These relationships can be observed in the historical 
record by examining the extent of historical lateral erosion and the surficial geologic map 
unit. 

 

    Figure 7.  Stream bank erosion example in Reach 3A (RM 18.1–22.7). 

4.2 SEDIMENT REGIME 

The greatest amount of lateral erosion occurs when the channel is adjacent to the active 
floodplain while the lowest amount of erosion occurs in areas where the active channel is 
adjacent to bedrock, alluvial fans, or high stream terraces.  The amount of lateral erosion 
varies from a few feet to several hundreds of feet.  The variation occurs from local sediment 
properties in the bank, and can sometimes be influenced by clearing of vegetation or 
upstream constructed features that redirect the stream into the bank (e.g. higher velocities and 
shear stress). Active floodplain and high floodplain surfaces appear to be the most 
vulnerable to lateral erosion following land clearing.  Their bank materials are largely 
unconsolidated and have a tendency to be undercut below the rooting depth of grasses in 
cleared areas. While some higher terraces and alluvial fans have been cleared, their bank 
materials are typically composed of cobbles or boulders at the base that are infrequently 
mobilized. These materials appear to provide a greater amount of resistance to higher 
velocities and shear stress along the channel margins and thus limit the erodibility of these 
features. 
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4.2  Sediment Regime 

Hillslopes provide sediment to rivers through the processes of mass wasting, rock fall, and 
debris flows. While some hillslopes have lithologies that could deliver fine sediment to the 
Entiat River, the majority of hillslopes that are presently close to the active channel are 
composed of large angular rock that is moved downslope either by a more gradual mass 
wasting process involving freeze-thaw or by abrupt rockfall events where rock fragments fall 
onto the bedrock slope and form steep talus slopes.  In some instances, especially in the 
upstream end of the study reach, individual rock fragments may either be large enough or fall 
from a steep enough bluff that they land directly in the river channel.  In this way, talus and 
rockfall may provide important cover for fish in the main channel and can be found in 
locations, mostly in VS-2 and VS-3, where bedrock outcrops are close to the active channel 
(Figure 8).  With the exception of Reach 1A (RM 0–0.8), landslides are not a dominant 
mechanism for providing sediment to the Entiat River between RM 0–26.   
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 Figure 8.  Example of hillslope material downstream of Shamel Creek near RM 18.2.   



    
 

 

 
 

  

   

 

4.2 SEDIMENT REGIME 

Tributaries deliver sediment to the Entiat River through debris flows, hyper-concentrated 
flows or predominantly clear-water flows.  These sediment sources are typically active 
during high intensity rainstorm events and thus typically happen during the summer months; 
they provide a rapid pulse of sediment to the main channel that may plug or temporarily alter 
the stage of the mainstem discharge.  The same chutes may also be activated by avalanches 
during the winter. These deposits in the main channel may alter the course of the main 
channel for longer time periods, forcing the channel to the opposite bank until higher flows 
during the spring can transport some of the larger material downstream (Figure 9).   

Figure 9.  Recent debris flow deposits at Grandma Creek near RM 25.1.  

Several tributaries have also been channelized during the historical period in order to route 
flow away from developed areas on the alluvial fans.  It is possible that channelized 
tributaries may contribute more sediment to the Entiat than prior to channelization since the 
channelized sections of the tributaries are sometimes more directly connected to the active 
Entiat River than were the natural tributary channels.   

The importance of each physical process and sediment source varies by reach and can be 
characterized by how often each source is close enough to the active channel to deliver 
sediment or allow sediment to be eroded from its banks (Figure 10 and Table 7).  For 
example, in VS-3, alluvial fans are a dominant sediment source in the confined reaches (3B 
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4.2  Sediment Regime 

and 3E), contributing sediment to the channel by debris flow mechanisms. Low stream banks 
of the active floodplain and high floodplain are in close proximity to the active channel in 
unconfined to moderately confined reaches (3A, 3C, 3D and 3F).  In these reaches, lateral 
erosion is a dominant process. In VS-2, the banks of the active floodplain are the dominant 
sediment source in the unconfined reaches of 2A and 2C while alluvial fans dominate the 
confined reaches of 2B and 2D. In VS-1, a combination of active floodplain, high floodplain 
surfaces, and Middle Holocene stream terraces make up the dominant sediment sources 
overall with bedrock, glacial outwash terraces, and alluvial fans also as important sources in 
Reach 1G. Thus, a combination of processes including lateral erosion, debris flows, and 
mass wasting are important in sediment erosion or delivery to the main channel.   
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Figure 10.  Map units along the active channel by geomorphic reach (refer to Entiat Atlas maps 29–38).  

Table 7. Characteristics of sediment regime by geomorphic reach. 

Reach RM Sediment supply Dominant landforms Bank material  

lateral erosion active floodplain gravel and cobble in a sandy matrix 

1A 0–0.8 mass wasting; rock fall bedrock angular boulders  

mass wasting landslides angular boulders in a sandy matrix 

1B 0.8–3.7 

lateral erosion 
active floodplain 
high floodplain 

gravel and cobble in a sandy matrix 

lateral erosion; 
mass wasting; rock fall 

bedrock/fill 
angular boulders or poorly sorted 
gravel and sand 

1C 3.7–4.3 lateral erosion 
active floodplain; 
high floodplain 

gravel and cobble in a sandy matrix 

1D 4.3–6.3 lateral erosion 
active floodplain; 
high floodplain 

gravel and cobble in a sandy matrix 

1E 6.3–6.9 lateral erosion active floodplain gravel and cobble in a sandy matrix 
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4.2 SEDIMENT REGIME 

Reach RM Sediment supply Dominant landforms Bank material  

1F 6.9–10.6 
lateral erosion 

active floodplain; 
high floodplain 

gravel and cobble in a sandy matrix 

Mid-Holocene terrace 
cobble in a sandy matrix with 
occasional subrounded boulders 

mass wasting; rock fall bedrock angular boulders 

1G 10.6–16.1 

lateral erosion Mid-Holocene terrace 
cobble in a sandy matrix with 
occasional subrounded boulders  

mass wasting; rock fall bedrock angular boulders 

debris flow alluvial fans 
poorly sorted subangular cobbles 
and boulders in a sandy matrix 

lateral erosion; 
mass wasting 

glacial outwash 
subrounded cobbles and boulders 
in a sandy matrix 

2A 16.1–17.9 lateral erosion active floodplain gravel and cobble in a sandy matrix 

2B 17.9–18.1 debris flow alluvial fans 
poorly sorted subangular cobbles 
and boulders in a sandy matrix 

2C 18.1–20.9 lateral erosion active floodplain gravel and cobble in a sandy matrix 

2D 20.9–21.1 debris flow alluvial fans 
poorly sorted subangular cobbles 
and boulders in a sandy matrix 

3A 21.1–22.7 lateral erosion 

active floodplain gravel and cobble in a sandy matrix 

high floodplain 
gravel and cobble in a sandy matrix 
to silty sand 

3B 22.7–23.3 

lateral erosion 
high floodplain 

gravel and cobble in a sandy matrix 
to silty sand  

active floodplain gravel and cobble in a sandy matrix 

debris flow alluvial fans 
poorly sorted subangular cobbles 
and boulders in a sandy matrix 

3C 23.3–24 lateral erosion 

active floodplain gravel and cobble in a sandy matrix 

high floodplain 
gravel and cobble in a sandy matrix 
to silty sand 

3D 24–25 lateral erosion active floodplain gravel and cobble in a sandy matrix 

3E 25–25.6 debris flow alluvial fans 
poorly sorted subangular cobbles 
and boulders in a sandy matrix 

3F 25.6-26.0 lateral erosion active floodplain gravel and cobble in a sandy matrix 

4.2.2 Vertical Controls and Slope 

Channel slope is a controlling factor on the amount of sediment storage and sediment 
transport capacity within a river system.  The channel slope of the Entiat River is largely 
controlled by geomorphic influences (Figure 2).  The computed slopes within the assessment 
area range from 0.17 to 1.70 percent, not accounting for the backwater area at the mouth 
(Table 8). The remainder of this section provides a detailed account of longitudinal slope for 
each valley segment.   
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4.2  Sediment Regime 

Table 8.  Valley segment slope ranges. 

Valley segment RM range VS-based slope 
Slope in reach 

minimum maximum 

1 1.4–16.1 1.04% 0.68% 1.26% 

2 16.1–21.1 0.22% 0.17% 0.70% 

3 21.1–26 0.57% 0.23% 1.70% 

From the upstream end of VS-1 (at RM 16.1), there is a general decreasing trend in slope 
until RM 8.9 (Reach 1F).  There is an increase in slope near RM 8.9, and then another 
general decreasing trend towards the mouth except for two short river sections (Figure 11).  
Based on field observations, the slope increase at RM 8.9 is caused by bedrock exposed in 
the channel that acts as a vertical control on bed elevation in this area.  The two exceptions to 
local slope increases are in Reach 1C (RM 3.7–4.3) and Reach 1E (RM 6.3–6.9).  In 1945, 
RM 3.7–4.3 was a meandering section, but by the 1962 aerial photo it had been artificially 
straightened. The straightening of this reach is likely causing this localized increased slope.  
It is unclear what the reason is for the steeper section from RM 6.3–6.9.  However, there are 
many human features such as levees and bridges in this area that may be contributing to the 
locally different slope in this reach.  The slope from RM 0–0.8 (Reach 1A) is zero due to the 
backwater effect from Rocky Reach Dam. The Mad River confluence (at RM 10.6) does not 
have an effect on local slope. 
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Figure 11.  Slope break analysis within Valley Segment 1. 

River stationing represents total feet from mouth along 2006 channel alignment, which correlates to 
RM 0.1–27.  
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4.2 SEDIMENT REGIME 

VS-2 has a consistent slope throughout the majority of its length that is flatter than the typical 
slopes in VS-1 (Figure 12).  The exception to this is in Reach 2D (RM 20.9–21.1) where the 
slope increases.  The slope increase is due to the geologic influence of the Dill Creek alluvial 
fan on river left and an unnamed alluvial fan on river right which narrows the floodplain 
width in this area. 
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Figure 12.  Slope break analysis within Valley Segment 2. 

River stationing represents total feet from mouth along 2006 channel alignment, which correlates to 
RM 0.1–27.  
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4.2  Sediment Regime 

Within VS-3 there is a general decreasing trend in slope to RM 21.1.  The large local 
increases in slope occur where alluvial fans impinge on the river.  The increased slope in 
Reach 3B (RM 22.7–23.3) is due to the Preston Creek and Mott Creek alluvial fans.  The 
increased slope within Reach 3E (RM 25–25.6) is due to multiple alluvial fans issuing from 
McCrea, Grandma, Burns Creek, and other unnamed drainages.  Figure 13 shows the slope 
break analysis within VS-3.   
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Figure 13.  Slope break analysis within Valley Segment 3. 

River stationing represents total feet from mouth along 2006 channel alignment, which correlates to 
RM 0.1–27.  
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4.2 SEDIMENT REGIME 

4.2.3 Stream Power 

Total and unit stream power were computed to compare the relative magnitude of sediment 
loads a stream is capable of transporting between reaches.  This analysis indicates that stream 
energy is closely tied to changes in channel slope, which are in place as a result of natural 
geomorphic features.  In a few localized areas stream energy has been increased due to 
features that constrict the channel and floodplain width.  Stream power does not provide the 
actual quantities or sizes of sediment transported.  If the stream power increases or decreases 
in a downstream direction, the sediment transport potential of the river would also be 
expected to increase or decrease respectively.  Increases or decreases in sediment transport 
potential can indicate the potential for deposition or incision that can be evaluated with more 
advanced sediment modeling tools if needed.   

Total stream power is computed by multiplying discharge by slope.  If changes in slope and 
discharge are balanced out by the river, the total stream power will remain relatively constant 
along the river’s length and the reach would be expected to be in dynamic equilibrium.  
Figure 14 shows the total stream power by river mile for the Entiat River. 
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Figure 14.  Total stream power for 2-year and 100-year floods in Entiat River. 
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4.2  Sediment Regime 

The Entiat River does not have many opportunities to compensate slope changes with 
discharge changes because there are few contributing tributaries.  Therefore the stream power 
is dominated by the slope changes.  One exception to this is at the Mad River confluence 
where the stream power departs from the slope change.  In Figure 14, the flow influence is 
more apparent in the 100-year stream power where there is an increase in stream power at 
Mad River instead of a constant stream power which would have been expected from the 
results of the slope analysis (see Figure 2 for slopes). 

Although the stream power overall is dominated by slope changes, VS-1 (downstream of RM 
16.1) shows a slight increasing trend in stream power at the 100-year flood in the 
downstream direction except near the mouth where the backwater has a dominating 
influence. The increasing trend is due to increased discharge (mostly from Mad River) since 
the slope gradually decreases in a downstream direction in this valley segment.  There is also 
an increase in stream power at RM 4 where channel straightening occurred between 1945 and 
1962. Overall, VS-1 has greater stream power than VS-2.   

In VS-2 there are very small variations in total stream power that originate from slope.  This 
valley segment has the lowest stream power of all valley segments.  Total stream power in 
VS-3 is dominated by slope changes.  There are large fluctuations in total stream power that 
are caused by alluvial fan influences. 

The unit stream power shows very similar trends within the valley segments compared to 
total stream power and is tied to slope breaks (see Appendix D for unit stream power 
computations). Unit stream power provides a way to compare the relative ability of the 
stream to transport sediment at various cross sections.  It does not provide quantitative 
information as to the actual quantities or sizes transported.  VS-1 has several increases at 
RM 4 (straightened), RM 6.7 (anthropogenic influence), RM 8.9 (bedrock influence), and 
RM 16.1 (Potato Creek moraine). VS-2 has the lowest energy relative to the other valley 
segments and has a very consistent low unit stream power.  VS-3 has a general downward 
trend (similar to the slope analysis and total stream power) and has several large increases 
due to the alluvial fan influences on the river. 

4.2.4 Mobilization of Sediment Bars 

Incipient motion is defined as the threshold condition between movement and deposition of a 
single particle (Julien 1998).  This parameter identifies the largest particle diameter the river 
is likely to move at a given flow rate.  An incipient motion analysis was conducted by 
comparing incipient motion calculations to the size of material present in the active channel. 
The analysis identifies ranges of flood frequencies that are likely to mobilize the channel bed 
or bar material indicating reworking of the active channel.  Areas that are frequently 
mobilized (at lower magnitude floods) are often associated with a higher degree of channel 
complexity and presence of off-channel habitat on the Entiat River.   
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4.2 SEDIMENT REGIME 

Wolman pebble counts from various in-channel locations (channel bed and bar) were used to 
compare sediment sizes within the river to determine when unvegetated gravels bars and the 
channel bed would be mobilized. Figure 15 shows the incipient motion values throughout 
the assessment area with the D50 values for the pebble counts completed in 2005, 2006 and 
2008. A D50 value falling below the incipient motion line for a given flood event is 
indicative of particle movement.   
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Figure 15.  Incipient motion analysis for the 2-year and 100-year floods.   

In VS-1 below RM 7, the 2-year flood will only mobilize the bar material in a few locations.  
The 100-year flood would mobilize the majority of the bars downstream of RM 7.  Portions 
of the channel downstream of RM 7 would be mobilized at the 100-year flood although 
certain sections would not be. In VS-2 and VS-3, the 2-year flood appears to be larger than 
what is required to mobilize the bar material.  These generalized trends indicate that currently 
the lower river (downstream of RM 7) is relatively stable (and armored) since it is not often 
reworked. The upper river is reworked on a more frequent basis.   
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4.2  Sediment Regime 
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5. 	 HISTORICAL CHANGES TO GEOMORPHIC 
CONDITIONS 

This chapter provides a brief overview of anthropogenic activities in the Entiat subbasin 
related to the river and floodplain, followed by a discussion of historical changes to 
morphology and vegetation. Additional historical activities are provided in Appendix A, 
geomorphic analysis is discussed in more detail in Appendix C, and riparian vegetation 
details are provided in Appendix G. 

5.1 	HISTORICAL ANTHROPOGENIC ACTIVITIES 

The Entiat valley was historically settled by the Entiat Indians and on early maps is labeled 
“En-ti-at-qua” River, meaning “grassy river place.”  Sheep-grazing and trapping were 
common in the Entiat and Mad River watersheds in the 1800s (CCCD 2004).  White settlers 
were first documented to homestead in the valley in the late 1880s.  Lumber mills and fruit 
orchards were two of the first successful occupations of the settlers in the valley, and the 
town of the Entiat was settled in 1896 after being purchased from Indian Chief Silico Saska 
(Entiat 2008).  Orchards are still a large part of the economy, but only one lumber mill is still 
in operation (CCCD 2004). 

As early as 1902, the Entiat Valley was already shown as “timberless” from the mouth 
upstream to RM 4.7, and clearcut from RM 4.7–13.5 (Plummer 1902).  Township survey 
maps from 1883 show the upper valley as not yet being settled, but 1918 survey maps show 
almost continuous homestead or tract claims along the river up to RM 22.5.  Ferries on the 
Columbia River helped transport fruit and lumber in the early days, and then in 1914 the 
railroad was built along the Columbia River.   

The Entiat River was essential to early settlers, who used it to irrigate orchards and pasture 
land. Several dams were built to trap logs that had been transported down the river to the 
mills (Long 2001; Parker and Lee 1922).  The three lumber dams and one power dam were 
built from near the mouth upstream to RM 10 (see Appendix A for locations).  The dams 
ranged in height from 3 to 13.5 feet high, and possibly backed up water from 300 to 
1,400 feet upstream.  Their impacts on the river were temporary and localized.  The 
exception was the dam near the mouth that is estimated to have been several tens of feet high 
and blocked fish passage for several years.  The last remaining Entiat mainstem dam (at 
RM 10) was destroyed during the 1948 flood.  Other lumber mill dams were located in 
tributary drainages but are also no longer in place (Long 2001).   

Subsistence fishing was common in the early days, but switched to recreational fishing in 
later years. The Entiat National Fish Hatchery (ENFH) was constructed in 1942 by 
Reclamation near the confluence with Roaring Creek (RM 6.5) to mitigate for lost fish 
production above Grand Coulee Dam. The hatchery is still in operation today.   

The town of Entiat was incorporated in 1944, and although it has been relocated twice, it still 
thrives as a small town community (Entiat 2008).  Ardenvoir is the second largest town and 
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5.2  Morphology 

is located about 10 miles up the valley from the mouth.  The upper watershed (above RM 26) 
is mainly utilized for recreation and is managed by the U.S. Forest Service.  The Entiat River 
Road runs along the river on the east side of the valley making much of the watershed easily 
accessible. Twenty-two bridges cross the river between RM 0–26, many privately owned.   

In 1956, Rocky Reach Dam was constructed on the Columbia River about 10 miles 
downstream of the Entiat River confluence. In 1961, this run-of-river reservoir was filled, 
backwatering approximately the lower 0.8 miles of the Entiat River.  Several levees and bank 
protection structures have been placed between RM 0 and 26 to help limit bank erosion and 
flood damage.  Some of the largest levees and bank protection works were placed by the 
Federal government after the 1948 flood, while additional smaller levees and bank protection 
efforts have been placed by private landowners or other government agencies (Erikson 2004; 
ACOE 2001). Although many flood protection works were placed, only one channel-
straightening effort –– between RM 3 and RM 4 –– has been officially documented and it 
was constructed sometime between 1948 and 1962.   

Since the 1970s, several channel “clearing” efforts have been documented, particularly after 
debris-flow events following fires (see Appendix A for list).  One of the largest documented 
debris-flow events occurred in June 1972 from the Preston Creek drainage.  This event 
caused a six-foot-high debris dam to form, which completely blocked the Entiat River 
causing water to back up behind the dam.  Flooding downstream of Preston Creek resulted in 
the failure of the debris dam (Erickson 2004).  Many of the documented debris-flow events 
on the left bank of the Entiat River resulted in sediment and wood also spilling onto the 
Entiat River Road and the valley bottom, requiring clearing activities.  In 1971, the Army 
Corps of Engineers contracted for the clearing of nearly all LWD from the Entiat River 
between RM 16.4–25.9 (approximately Decker Canyon to Burns Creek) after 1970 wildfires 
and a 1971 high flow (ACOE 2001). Six log jams and 30 single logs were removed, along 
with 29 pieces of flotsam. The river impacts were not well documented, but one historical 
report noted that this caused pool in-filling and greater stream habitat simplification 
(USDA 1979, as referenced in CCCD 2004).   

5.2 MORPHOLOGY 

This section provides a historical context to channel morphology for each valley segment, 
including a discussion of channel and floodplain processes.  Comparison of aerial 
photographs from 1945, 1962, 1975, and 2006 were utilized along with the surficial geologic 
map (see Appendix C for more information).  The majority of historical channel changes in 
the Entiat Valley have occurred in VS-2 and VS-3 (RM 16–26) (Table 7), where wide 
floodplain areas exist between narrow, steep reaches where alluvial fans confine the river.  
Channel migration in the reaches with wide floodplains is described as moderate or high. For 
reaches with moderate amounts of historical channel change, channel position has changed 
by more than one channel width between 1945 and 2006 in several locations throughout a 
reach. For reaches with high amounts of historical channel change, the majority of channel 
positions have changed by more than one channel width in numerous locations within the 
reach. Reaches that are confined by alluvial fans have a low degree of change, which means 
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5.2 MORPHOLOGY 

that the majority of channel positions within the reach have not changed by more than one 
channel width between 1945 and 2006. In general, VS-1 (RM 0–16.1) is geologically 
constrained by alluvial fans, fluvial terraces and bedrock, so that little historical channel 
movement has occurred.   

5.2.1 Valley Segment 1 (RM 0–16.1)   

In VS-1, historical channel position has changed very little between 1945 and 2006, with 
only minor adjustments related to erosion along meander bends.  A few examples of notable 
change are located at the mouth (Reach 1A) which is now backwatered from Lake Entiat 
since 1961, between RM 3.7–4.3 (Reach 1C), and at the Mad River confluence (RM 10.6 at 
upper end of Reach 1F). These changes appear to be mainly due to human modifications to 
the channel rather than from natural channel processes.  The channel was straightened along 
Reach 1C between 1945 and 1962, reducing channel sinuosity and eliminating the point bars 
and pools along meander bends that are typical of a meandering system (Figure 16).  Since 
1962, the channel has retained its straightened morphology.  At the Mad River confluence, 
the 1945 channel meanders further to the west toward the mouth of Mad River.  By 1962, the 
channel appears straighter and was located in the position of the current (2006) channel.  
Anecdotal evidence indicates that the area at the Mad River confluence was partially filled 
in, channelized, and the Entiat River forced toward the east side of the valley to flow through 
the Mill Pond Dam. 

Figure 16.  Channel change in Reach 3C showing 1945 channel against 1962 aerial photography; flow is 
from left to right. 
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5.2  Morphology 

5.2.2 Valley Segment 2 (RM 16.1–21.1)  

Historical channel change from 1945–2006 in VS-2 is highly variable among the geomorphic 
reaches. Reaches confined by alluvial fans (2B and 2D) are characterized by minimal lateral 
movement due to the high resistance of bouldery stream banks of alluvial fan sediments, 
outwash deposits, colluvium or talus.  Reaches between alluvial fan constrictions (2A and 
2C) exhibit greater lateral channel change in the form of downstream meander bend 
migration, decreasing sinuosity, and morphologic change from a multithread to single-thread 
channel. These reaches have wide, low floodplains that allow for lateral channel migration 
into unconsolidated banks of sandy and gravelly alluvium.  In Reach 2A, lateral channel 
changes are minimal to moderate and can be characterized by the downstream migration of 
meander bends near RM 17.0, RM 17.2, and RM 17.4.   

In Reach 2C, channel changes take the form of decreasing sinuosity and transitions from a 
multithread to a single-thread channel.  From RM 19.0–20.2, channel sinuosity decreases 
dramatically between 1945 to 2006 with the majority of change occurring between 1945 and 
1962 (Figure 17). It is likely that the 1948 flood was the catalyst for many of the avulsions 
that cutoff meandering sections of the 1945 channel in this reach. The construction of the 
dike along the left bank at river mile 19.7 in 1973 along with LWD clearing by ACOE in 
1971 may have also been factors in some changes from a sinuous meandering channel to a 
low sinuosity straight channel between 1962 and 1975; however, many of the meander 
cutoffs occurred prior to these alterations.  No evidence is available that documents any 
mechanical straightening of the channel in this reach between 1945 and 1962.   

5.2.3 Valley Segment 3 (RM 21.1–26)   

Channel changes in VS-3 are similar to those in VS-2 in that channel movements are greatest 
in areas that are between large alluvial fans (reaches 3A, 3D, and 3F); channel movements 
are the least in areas where alluvial fans confine the main channel (reaches 3B, 3C, and 3E). 

Reach 3A (RM 21.1–22.7) shows the greatest amount of historical channel change.  In 1945, 
the channel in Reach 3A had a multithread planform with high sinuosity, but this planform is 
simplified with reduced channel paths and sinuosity in subsequent aerial photography years 
(Figure 18). Some of the meander bends in Reach 3A have been cut off by levees near RM 
21.9 and RM 22.2. Near RM 21.5, channel sinuosity has increased from 1945 to 2006, 
showing progressive erosion on the left bank along the outer meander bend.  It also appears 
that this meander at RM 21.5 and one between RM 22–RM 22.2 have associated secondary 
channels along the right bank that route a portion of flow during the floods.   

Reach 3D (RM 24.0–25.0) shows channel change between 1962 and 1975; many of the large 
meanders present in 1962 are cut off by 1975, thereby decreasing the overall channel 
sinuosity in this reach. Other channel changes in VS-3 appear to be related to channel 
avulsion, in which the main channel can be observed to switch laterally back and forth within 
a multithread channel.      
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Figure 17.  Historical channel change in Reach 2C, 1945 to 2006. 

In the 2006 photo panel, the 1945 channel position is shown in yellow with the active floodplain and observed 2006 large woody debris (red x symbol); flow is from top 
to bottom in each photograph. 
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5.2  Morphology 

Figure 18.  Historical channel changes in Reach 3A.   
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5.2 MORPHOLOGY 

Areas of lateral historical channel change are summarized in Table 9, which shows that very 
little channel change has occurred in VS–1 (with the exception of Reach 1C) while VS-2 and 
VS-3 show high amounts of channel change in reaches with high complexity and unconfined 
active floodplains. 

Table 9.  Descriptions of lateral historical channel change, 1945-2006.   

Valley 
segment 

Reach Degree of 
channel 
change 

Description Sinuosity 
(2006) 
(ft/ft) 

Change in 
sinuosity 

(1945–2006) 
(ft/ft) 

VS-1 

RM 0–16.1 

1A low n/a n/a n/a 

1B low n/a 1.1 0.0 

1C high channelization 1.0 0.3 

1D low n/a 1.1 0.0 

1E low n/a 1.2 0.1 

1F low n/a 1.3 0.0 

1G low n/a 1.2 0.0 

VS-2 

RM 16.1–21.1 

2A moderate downstream meander 
migration; lateral migration 

1.3 0.1 

2B low n/a 1.2 0.0 

2C high change in sinuosity and 
channel pattern 

1.4 0.2 

2D low n/a 1.0 0.0 

VS-3 

RM 21.1–26.0 

3A high lateral migration; meander 
cutoffs 

1.4 0.0 

3B low n/a 1.1 0.0 

3C moderate avulsion 1.1 0.0 

3D high change in sinuosity and 
channel pattern 

1.2 0.2 

3E low n/a 1.2 0.0 

3F moderate avulsion 1.2 0.0 

5.2.4 Historical Channel Migration Zone 

The historical channel migration zone (HCMZ) is defined as the potential area in which the 
channel has migrated during the historical period, which in the case of the Entiat Valley, 
includes about the last 100 years (Entiat Atlas, maps 39–48).  The HCMZ includes both the 
area occupied by historical channels mapped from 1945 to 2006 and areas that have visible 
meander scars and morphology that are indicative of recent occupation (< 100 years) by the 
Entiat main channel or its associated side-channels but that predate 1945 channel positions.  
The zone may also include areas that may have potentially had a channel that is now 
obscured by land clearing, leveling or overbank sedimentation.  Surficial geologic map units 
within the HCMZ include:   

 the active channel (Qa4), 
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5.2  Morphology 

 areas of the active channel that have been disconnected from current channel 

processes by levees (Qa4pc), 


 the active (historical) floodplain (Qa3),  


 relict historical channels (Qa3pc).   


Areas within the HCMZ are considered to have a high potential for lateral channel migration 
and channel avulsion because they are frequently inundated and are composed of 
unconsolidated sandy and gravelly alluvium that is easily eroded.  The formation and 
abandonment of side-channel complexes are also expected within the HCMZ, these changes, 
in addition to channel migration and avulsions within the HCMZ generally will occur during 
high flows. 

Although the width of the HCMZ varies within the valley, some generalizations can be made 
for each valley segment.  In VS-1, the HCMZ is variable, but is generally narrow and 
discontinuous along the active channel.  Its width is controlled by the presence of higher 
terraces, alluvial fans, high floodplain, bedrock and outwash terraces.  VS-2 and VS-3 show a 
larger variation in the width of HCMZ; in intervening reaches between alluvial fans, the 
HCMZ is typically wide; in areas where alluvial fans impinge on the river, the HCMZ is 
usually narrow and limited to the active channel width.   

5.2.5 Lateral erosion locations 

Erosion locations along the Entiat River were noted where the active channel eroded an area 
that had not been occupied by the main channel between 1945 and 1975 (Table 10).  To 
qualify as an erosion location, the channel must have moved a distance greater than one 
channel width and could not be located within the corridor occupied by historical channel 
locations from 1945–1975. Therefore, erosion at these locations occurred between 1975 and 
2006. Little is known about the timing of the erosion such as whether it was rapid and 
occurred during a single flood event or whether it was more gradual occurring over several 
floods during the past three decades. 

The character of the erosion was also described by subdividing erosion areas into four types 
(Table 10). “Lateral migration” indicates progressive movement of the channel toward the 
eroding bank as evidenced by the historical channel positions from 1945–2006.  
“Downstream meander migration” is used to describe translation of a meander bend 
downstream, observed through historical channel positions from 1945–2006.  “Increase in 
meander sinuosity” describes an increase in sinuosity that has contributed to bank erosion 
and that cannot be linked to a simple progressive lateral migration of the channel.  
“Avulsion” is used to describe an area that has been eroded due to the creation of an 
additional or new channel path. 

In most cases, the channel is eroding the active floodplain (Qa3), which is an area that would 
be expected to be eroded through natural channel processes.  In a few areas, the Holocene 
floodplain (Qa2) is being eroded and point bars are building on the insides of the meander 
bends. This is not necessarily a cause for concern either, unless the rate of erosion appears to 
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5.2 MORPHOLOGY 

be accelerated over what might be present without human influence. The  areas listed in 
Table 10 could be investigated further to determine cause and effect relationships of lateral 
erosion and whether the rates of erosion are accelerated when compared to those in other 
areas along the river. 

Table 10.  List of lateral erosion locations, RM 0–26.   

River mile Reach Bank location Unit eroding Erosion Type 

1.4 1B left Qa3 avulsion? 

5.0 1D left Qa2 avulsion? 

5.4 1D right Qa2 increase in meander sinuosity 

6.4–6.5 1E left Qa3 avulsion? 

14.4–14.5 1G right Rc increase in meander sinuosity 

16.3–16.4 2A left/right Qa3 downstream meander migration 

17.0 2A left Qa2 lateral migration 

17.4 2A right Qa3 downstream meander migration 

17.8 2A right Qa3 increase in meander sinuosity 

18.5–18.6 2C left Qa3 increase in meander sinuosity 

18.9 2C right Qa3 lateral migration 

21.4 3A left Qa2 avulsion? 

21.5 3A left Qa2 increase in meander sinuosity 

21.9 3A right Qa3/Qa1? increase in meander sinuosity 

22.4 3A left Qa2 lateral migration 

24.3–24.5 3D left Qa3 lateral migration 

25.8 3F right Qa3 avulsion? 

Qa3 = active floodplain inundated by at least the 2-year flood;  

Qa2 = Late Holocene alluvium that acts as a high floodplain inundated during rare flood events;  

Rc = bedrock/colluvium;  

Qa1 = Middle to Late Holocene terraces that are abandoned floodplains no longer inundated under the present 
hydrology. 
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5.2  Morphology 

5.2.6 Patterns in channel and active floodplain width 

Active channel and active floodplain widths are averaged by reach in order to identify  
general patterns in channel complexity as well as any deviations in width measurements that 
might signal altered areas.  In general, width-averaged measurements show that wider active 
channels correspond to wider or unconfined active floodplains (Figure 19).  This can be seen 
in reaches 1E, 2A, 2C, 3A, 3D, and 3F. Greater channel complexity is associated with these 
reaches because they typically have a wider range of depths, velocities, and substrate suitable 
for a range of in-channel habitat and a greater number or length of side-channels needed for 
off-channel habitat. Reaches with narrower or confined floodplains show channel widths 
that are very similar regardless of the exact width of the active floodplain.  This would 
suggest that when in a confined state with relatively steep slopes, the channel trends toward 
an equilibrium width between 90 and 100 feet.  The reaches in this category include 1B, 1D, 
1F, 1G, 2B, 2D, 3B, 3E. These reaches generally have lower channel complexity because 
their in-channel velocities, depths and substrates are more uniform and side-channel habitat 
is more limited.  Three reaches do not correspond to this general pattern; they include 1A, 
1C, and 3C. In Reach 1A, backwater from Rocky Reach Dam creates an artificially wide 
channel where water ponds, thus the active channel is much wider than the active floodplain.  
Reach 1C shows a narrower channel than any other reach; channel straightening is 
documented in this reach and suggests that it is artificially narrow and has probably incised 
to accommodate the narrower width.  In Reach 3C, the active floodplain width is narrow 
despite the greater width of the active channel.  In looking at this reach in greater detail, it 
was observed that a small section of the reach skews the average active channel width where 
a multithreaded channel exists.  It should also be noted that Reach 3A shows the widest 
active channel width, which is very similar to the active channel width in Reach 1A (as 
influenced by the backwater from Rocky Reach Dam).  This implies that Reach 3A has an 
atypical active channel width and should be investigated further.   

Figure 19. 
Average active 
channel and active 
floodplain widths 
by reach. 
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5.2 MORPHOLOGY 

5.2.7 Longitudinal slope changes 

Limited data were available to examine vertical changes over time and the magnitude and 
extent of incision or aggradation on the Entiat River.  FEMA channel survey data was 
available from the 1980s but appears to have significant survey or datum errors that could not 
be resolved, making it difficult to compare and utilize with certainty (see Appendix D).  The 
1959 USGS Quadrangle maps have 5-foot water-surface-elevation contours and cover from 
approximately RM 13–25.  A slope-break analysis on this data was compared with the slope 
break analysis using the 2006 LiDAR elevation data that also represent an approximate water 
surface elevation (Figure 20).  The 2006 data are densely spaced along the length of the 
channel (1-meter grid spacing), but they do have some uncertainty relative to generating 
water surface elevations because the water surface elevations must be based on the nearest 
non-wetted grid elevation available (LiDAR does not penetrate or work well in wetted areas).   

Only a small portion of VS-1 is included in the above analysis.  This portion shows a lower 
slope in 1959 than in 2006 from RM 13–14.5 which might indicate that the channel in this 
area is incising. However, with such a small portion that is located in an area naturally 
confined by geologic deposits, this conclusion cannot be validated or extrapolated for the 
entire valley segment.  The slope matches very closely from RM 14.5 to 16.1.   

The slopes from RM 16.1–21.1 match closely which indicates that VS-2 has not had any 
major slope changes over the last 50 years.  In VS-3 (RM 21.1–26), the 1959 slopes in this 
valley segment do not appear to have enough refinement to accurately capture the changes in 
slope due to the alluvial fans.  The slope from RM 24.2–25.3 is similar from 1959 to 2006.  
Assuming that the alluvial fans and unconfined areas are averaged in the 1959 slope, this 
valley segment does not appear to have any major slope changes in the past 50 years either.   
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Figure 20. 
Slope break 
comparison 
with 1959 
USGS 
Quadrangle 
and 2006 
LiDAR.   
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5.2  Morphology 

5.2.8 Comparing historical 1930s pool data to 1995 

This section compares pool frequency data available from a 1934-36 (BOF 1936) survey and 
a 1995 survey for RM 0–24. The 1934-1936 fisheries survey attempted to determine:    

“... the extent and quality of available spawning grounds, the location and 
character of natural or man-made obstructions which block or interfere with 
the migration of fishes, the species and number of fish inhabiting various 
tributaries, sources of pollution, number and location of irrigation diversions, 
water temperatures and flows of the tributaries, and many other pertinent facts 
that are needed to make the picture of the fresh-water habitats complete” 
(Rich 1948; Bryant and Parkhust 1950).   

Stations were used for recording information at 100-yard intervals along the mainstem Entiat 
River, and total lengths were given for pools and riffles between stations.  Three types of 
pool were classified as follows:  

	 Good –– Those over 6 feet deep and therefore of possible use by salmon and 
steelhead as resting pools between the time of arrival in the spawning streams and the 
actual spawning   

	 Fair –– Those 2- to 6-feet deep serving chiefly as temporary resting pools  

	 Poor –– Those small pools in cascades and behind large boulders that can be used 
briefly by the fish during their ascent of the steeper portions of the streams.   

In the actual stream survey notes, resting pools were categorized by a S#T# notation, with 
the number ranging from 1 to 3, and a fourth category called S6.  S6 pools were not 
distinguished by a T#, and only occurred upstream of RM 24 near the confluence of Silver 
Creek. It was assumed that the numbers 1, 2 or 3 in the S or T notation correlate to the three 
categories of pools identified in the stream survey methods, but no specific documentation 
was found on how they correlate. Presence of large woody debris was not documented.  
Additionally, riffles were classified as Good, Fair, and Poor on the basis of the observer's 
judgment as to the relative value for natural spawning purposes.  Characteristics on which 
this riffle classification was based were size, gradient, size of rubble, etc.  

In 1995, a stream survey was done to record river characteristics along RM 0–20.  As part of 
this effort, presence of large pools was noted that met a criterion of ≥20 m2 and ≥1.0 m deep. 
The 1995 survey has been compared to the 1930s pool surveys in previous efforts (CCCD 
2004). If all 1930s resting pools are used as was done in the WRIA 46 report (CCCD 2004), 
there is a notable reduction in the number of pools between the 1930s and 1995 surveys.   

However, based on historical records, some of the most significant changes to LWD and 
riparian vegetation clearing had already occurred by the 1930s that conceptually might have 
already caused at least portions of the impacts to channel morphology.  Additionally, 
geomorphic interpretations of the river indicate large-scale morphology characteristics have 
not changed due to human impacts except for localized areas where levees or channelization 
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5.3 VEGETATION 

has occurred that impact channel alignment or floodplain access.  Also puzzling is that the 
1995 survey only noted pools greater than 1 meter deep (about 3.1 feet).  However, the 1930s 
survey methods noted three types of pools with one category being less than 2 feet.  Between 
RM 2.9–17.5, the S3 or T3 categories were dominant, but between RM 17.5–35, S1, S2, T1, 
and T2 pools categories were dominant.   

Based on knowledge of the present channel morphology and presence or lack of active 
floodplain and potential for LWD interaction, this may provide indication that a value of “3” 
represents the shallowest pool category of less than 2 feet.  If the S3 category or the T3 
category is eliminated from the comparison, the reduction in pools is no longer evident 
except in RM 17.5–23.8. Additionally, it is assumed both surveys were done during low 
flow, but the discharge during the measurements can affect depths and it does not appear the 
1930s survey methods utilized surface area as a criteria as was done in the 1995 survey.  The 
uncertainty associated with the 1930s survey data make it difficult to conclude whether the 
numbers of pools greater than 1 meter were reduced between 1930s and 1995.  Table 11 
compares pool surveys of 1934-36 to 1995.   

Table 11.  Comparison of 1934-36 to 1995 pool surveys.   

1934–36 pool counts 
1995 pool counts River Length 

Sum S1 & S2 Sum T1 & T2 All Resting Pools 

1.1 0.5 6.7 0.5 RM 0–8.15 

0.5 0.5 0.9 0.2 RM 8.15–12.45 

0.6 0.4 19 3.0 RM 12.45–17.45 

4.3 5.1 6 0.5 RM 17.45–23.73 

1934–36 pool counts from BOF 1936; 1995 pool counts from CCCD 2004.   

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

RM 0 to 8.15 RM 8.15 to 12.45 RM 12.45 to 17.45 RM 17.45 to 23.73 

P
oo

ls
 p

er
 m

ile
 

1995 Pools > 1m deep & 20m2 surface area 

Sum T1&T2 1930s Pools (> 2 ft deep?) 

Sum S1&S2 1930s Pools (> 2 ft deep?) 

All 1930s Resting Pools 

Figure 21.  Bar graph comparing pool surveys of 1934–36 to that of 1995. 
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5.3 VEGETATION 

GeoEngineers (2008) reviewed available vegetation literature for the Entiat subbasin and 
provided a synopsis of riparian conditions and LWD occurrence for each valley segment 
(Table 12).  The full report is included as Appendix G “Vegetation”, and a summary of that 
information is provided below for each valley segment.  The bulk of the information is 
referenced from Lillquist and Erickson (2002), which identified broad-scale riparian 
community type and relative height (small, medium, or large) from 1998 along the active 
channel banks of the Entiat River (see maps 19 to 28 in the Tributary Assessment Map Atlas, 
Reclamation 2009d).  Lillquist and Erikson (2002) also compared riparian vegetation 
conditions along the active channel between 1945 and 1998 for RM 0 to 10. 

Where logging of riparian vegetation has occurred – particularly within the active floodplain 
– habitat conditions could be impacted from reduced shade, increased bank erosion, and 
reduced LWD recruitment.  LWD are generally considered as wood elements that remain in-
channel, functionally in the range of two feet in diameter and greater than 60 feet in length 
(see Appendix G). Large woody debris (LWD) removed from the channel would have the 
potential to at least temporarily degrade habitat features and influence channel geometry and 
migration rates.   

Table 12.  Summary of vegetation characteristics for each valley segment.   

Valley 
segment 

Typical riparian buffer 
width 

Riparian forest 
% / Meadow1/ % 

LWD Documented 
historical impacts 

VS-1 Less than 30 to 400 ft 
(typical less than 30 ft); 
cottonwood dominant 

97% / 3% 3 pieces per mile; log 
jams concentrated at 
heads of vegetated 

Clearing riparian 
zone; log drives & 

lumber mills; 

RM 0–16.1 islands between RM 
6.4–8; large amount of 
single logs without root 

wads recruited from 
Tyee fire in RM 14.1– 

16.1 

1994 Tyee Fire 

2 Less than 15 to 500 ft 77% / 23% 11 pieces per mile; log Clearing riparian 
(average of 150 ft) jams located at side-

channel entrances and 
zone, 

clearing LWD from 

RM 16.1–21.1 heads of islands slow 
rate of channel 
avulsion; logs in 

channel create scour 
holes and cover 

channel in 1971; 
1994 Tyee Fire 

3 Less than 30 to 400 ft 99% / 1% 6 pieces per mile log Clearing riparian 
(average of 75 ft) jams located at side-

channel entrances and 
zone, 

clearing LWD from 

RM 21.1–26 heads of islands slow 
rate of channel 
avulsion; logs in 

channel create scour 
holes and cover 

channel in 1971 

1/ Meadow can refer to natural meadow or areas where vegetation has been historically cleared by fire or man. 
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5.3 VEGETATION 

5.3.1 Historical Vegetation Conditions 

Timber harvest and its associated activities resulted in clearing of riparian vegetation in the 
late 1800s and early 1900s along much of the lower 26 miles of the Entiat River.  By 1918, it 
was noted that there were continuous homesteads and land-use claims from the mouth all the 
way up to RM 22.5, these likely involved clearing of vegetation for timber harvest, farming 
and grazing. Much of the riparian removal can be linked by photographs to agriculture, 
timber harvest, and other human activities that would have occurred on the valley bottom. 
Fires have also been prevalent in the basin and impact vegetation conditions.  The locations 
of documented fires are listed in Appendix A and on Entiat Atlas map 5, but the severity and 
impact on channel conditions have not been fully examined and were beyond the scope of 
this effort.   

The earliest aerial photography available for the Entiat RM 0–26 is 1945.  Lillquist and 
Erikson (2002) compared the 1945 to 1998 aerial photographs for RM 0–10 and found little 
change in the total riparian acreage. However, the distribution of riparian coverage was more 
uniform in 1998 as compared with 1945.  Significant changes in riparian composition 
included large increases in the lower mile with base-level change and sediment deposition 
following the filling of Lake Entiat on the Columbia River in 1961.  There were also large 
increases between RM 1–3 and at the Mad River confluence following the mill closures and 
removal of timber dams.  On the other hand, there have been decreases elsewhere as a result 
of levee construction and expanded agricultural and residential development.  There has not 
been any historical comparison of riparian vegetation for RM 10–26.   

5.3.2 Log Jam Occurrence 

Log jam occurrence is of interest for steelhead and spring Chinook salmon habitat because 
the jams create scour holes that provide slow, deeper water relative to the surrounding 
channel environment.  Generally, log jams are more stable than single logs and have longer 
residence times in the active channel area.  There is a local basin concern that the number of 
log jams in the present channel is less than historical conditions due to clearing of LWD from 
the channel. 

The presence of log jams was compared from 2006 aerial photography and from a map 
showing where log jams were cleared in 1971 (ACOE 2001; Table 13).  The 1971 map is 
only available from RM 16–26, but gives some indication of log jam presence at that time 
just prior to the major clearing effort.  Table 13 provides a summary of the presence of log 
jams in each geomorphic reach in 2006 (RM 0–26) and 1971 (RM 16–26).  Log jam 
occurrence appears to be higher in reaches with a wider active floodplain and more complex 
channel morphology (e.g. multithread versus single-thread).  From RM 16–26, there is 
variability but no clear trend of reduced log jam counts from 1971 to 2006.  RM 18.1–20.9 
(Reach 2C) actually has several more log jams in 2006 than 1971.   

It should be noted that clearing of log jams and LWD may certainly have occurred in the 
channel between RM 16–26 prior to 1971, but most anecdotal accounts are related to clearing 
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5.3 Vegetation 

of riparian vegetation along the channel banks and adjacent floodplain surfaces (Woodsmith 
and Bookter 2007). Historical log jam clearing likely occurred in the channel downstream of 
RM 16 to the mouth, particularly RM 0–10; this reach is where lumber mill dams were 
present and anecdotal accounts note that wood was floated down the Entiat River to the 
reservoir holding ponds (Long 2001). It is probable that any log jams that impeded passage 
of the wood down the river were manually removed or destroyed.     

Table 13.  Summary of log jam presence in each geomorphic reach in 2006 and 1971.  Locations of log 
jams are also shown on maps 19 to 28 in the Entiat Atlas. 

Reach RM 
Log Jams Present  2006 Log Jam Locations Channel complexity 

2006 1971 

1A 0–0.8 0 n/a Likely present in backwater pool 
from Rocky Reach Dam but 

none visible on aerial 
photograph 

n/a 

1B 0.8–3.7 0 n/a None present moderate 

1C 3.7–4.3 0 n/a None present moderate 

1D 4.3–6.3 0 n/a None present low 

1E 6.3–6.9 2 n/a Head of vegetated islands moderate 

1F 6.9–10.6 1 n/a Head of vegetated island low 

1G 10.6–16.1 0 n/a None present low 

2A 16.1–17.9 0 1 None present high 

2B 17.9–18.1 0 0 None present low 

2C 18.1–20.9 9 1 On bars and heads of vegetated 
islands 

high 

2D 20.9–21.1 0 0 None present low 

3A 21.1–22.7 0 0 None present high 

3B 22.7–23.3 0 0 None present low 

3C 23.3–24 2 0 On bar and at side-channel 
entrance 

moderate 

3D 24.0–25.0 2 2 On bar and at side-channel 
entrance 

high 

3e 25.0–25.6 0 0 None present low 

3F 25.6–26.0 0 2 None present high 

5.3.3 Valley Segment 1 (RM 0–16.1)   

Overall, riparian vegetation between RM 0–16.1 is represented as a narrow band less than 
30 feet wide, although a few areas in the lower portions of the valley have widths of 400 feet 
or more.  In general, agricultural land-use (orchards, some pasture) impinges on the riparian 
zone, especially in the valley downstream of the Mad River confluence (RM 10.6).  
Upstream of RM 10.6, the valley narrows and the riparian zone is impinged by pastured 
lands and the channel is more tightly confined by colluvial slopes, outwash terraces, and 
bedrock. 
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5.3 VEGETATION 

Where present, riparian forest vegetation greater than about 70 feet in height dominates 
(77 percent of total channel length) the total vegetation in VS-1 (“large category” on Entiat 
Atlas maps).  Cottonwood is the dominant species.  The 26-to-70-foot height class, riparian 
meadow5/, and burned riparian forest or meadow comprise the rest of the valley segment 
(“medium category” on Entiat Atlas maps).  The burned areas are found in the upper extent 
of the valley segment and were likely casualties of the 1994 Tyee Fire.   

Counts of LWD (single logs and log jams) from 2006 aerial photography reveal an average 
of three LWD occurrences per mile within VS-16/. However, there were no LWD present 
downstream of RM 6.4 or between RM 10.6 and 14.1.  Only three logs and three log jams 
were recorded between RM 6.4 and 10.6. The majority of LWD was located between 
RM 14.1–16.1 where 41 single logs were identified (~ 7.5 pieces per mile) that appeared to 
be from the Tyee Fire.  The logs were residing along the channel margins and likely do create 
micro-habitat functions for forage and cover, but do not enhance sediment retention or create 
scour pools. Four of the six LWD counts located between RM 7–RM 10.6 were anchoring 
sizable medial bars with mature forest vegetative communities.  These log jams also 
appeared to provide macro-habitat in the form of cover and scour, promote bar growth and 
accumulation of gravel-sized substrate, and help create or maintain side-channel habitat.   

5.3.4 Valley Segment 2 (RM 16.1–21.1)   

On the whole, riparian characteristics in VS-2 differ markedly from those in VS-1.  Mapped 
riparian vegetation widths range from less than 15 feet to about 500 feet, but overall appear 
to average around 150 feet. Residential and pastured land use are more prominent in the 
lower half of the valley segment, while open forest is dominant in the upper half.  Controls 
on riparian widths, however, appear to be associated with valley widths and landform.   

Of the 144 acres of mapped riparian community types within this valley segment, about 
77 percent are riparian forest and 23 percent are meadow.  Most of the riparian forest is 
concentrated in the upper 60 percent of the segment.  In contrast with VS-1, the riparian 
forest community in VS-2 has a more varied distribution of relative sizes, with about 
64 percent greater than 70 feet in height (shown as large category on atlas maps).  The 
community is likely dominated by deciduous species (cottonwood) but with a larger 
component of evergreens.  About 25 percent (35 acres) of the riparian forest and meadow 
communities are mapped as burned, likely also casualties of the 1994 Tyee Fire.  However, 
the 1994 Tyee Fire was not as damaging to the large trees as it was in the upper extent of 
VS-1. 

LWD (single logs and log jams) average about 11 counts per mile overall (higher than VS-1), 
are concentrated in unconfined reaches of the valley (2A and 2C) and generally are equally 
distributed in counts per mile between the two unconfined reaches.  Additionally, they are 

5/  Vegetation dominated by “small” trees – those less than 25 feet in height – and herbaceous cover. 

6/ Pieces represent unique locations identified as either single logs or jams; LWD diameters or lengths were not 

specifically defined.
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equally distributed between individual pieces and jams.  Unlike the majority of individual 
LWD in VS-1, the individual LWD in this segment provides greater functionality.  Those 
along the channel margins provide aquatic micro-habitat in the form of refuge and cover.  
Those that lay parallel to the bank appear to limit erosive scour.  Many of the LWD jams 
provide complex macro-habitat in the form of relatively deep pools, abundant cover, and 
refuge. Some jams anchor the heads of vegetated bars, or appear to create incipient bars by 
trapping sediment that is retained in the downstream velocity shadow.  Recruitment potential 
in this segment is good over the long term based on the abundance of large evergreen 
species, as well as on the relatively broad widths within the historic channel migration zones 
of the unconfined reaches. 

5.3.5 Valley Segment 3 (RM 21.1–26)   

In VS-3, mapped riparian vegetation widths vary from about 30 feet to over 400 feet, and 
overall appear to average about 75 feet. Land use activity does not impinge on the riparian 
zone with a few minor exceptions.  Forested lands buffer the riparian zone for the most part.  
Some control on riparian widths appears to be associated with landform; as in VS-2, riparian 
widths through alluvial fan segments are generally narrower than in unconfined valley 
segments.  Over 99 percent of riparian vegetation is represented by riparian forest community 
and about 87 percent of riparian forest is mapped as greater than 70 feet in height (shown as 
large category on atlas maps).  No riparian areas in this valley segment are mapped as 
burned. 

In VS-3, LWD (single logs and log jams) averages 5.7 counts per mile overall, which is 
about half the density computed in VS-2.  LWD in this valley segment is much less 
concentrated in reaches confined by alluvial fans, just as in VS-2.  There is an equal 
distribution of counts between individual log pieces and log jams.  Functionally, LWD in this 
valley segment is very similar to functions described for individual pieces and jams in VS-2.  
Recruitment potential in this segment is good over the long-term based on the abundance of 
large evergreen species, as well as on the relatively broad widths within the floodplain.  
However, from the 2006 aerial photos there does not appear to be many snags nor does there 
appear to be evidence of severe fire that would have made trees available for recruitment.   
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6. 	 EXISTING GEOMORPHIC CONDITIONS 
RELEVANT TO HABITAT RECOVERY ACTIONS 

The previous two chapters focused on the Entiat River flow regime, sediment regime, and 
historical changes to channel morphology and vegetation.  This chapter is intended to provide 
a general summary of the geomorphic condition of each valley segment as it exists today, and 
the relevant factors of flow, sediment, and topography that could influence the selection of 
restoration actions or protection areas.  Reach-scale differences within each valley segment 
are also summarized where notable differences exist within a given valley segment.   

6.1 	VALLEY SEGMENT 1 (RM 0–16.1) 

VS-1 shows minimal historical change to channel morphology in most places, but major 
alteration to riparian vegetation due to historical clearing and conversion to orchards, 
residential development, or infrastructure.  In addition, stream terraces that are pre-historical 
in age are adjacent to the active channel in many locations in VS-1. This indicates that the 
river channel has probably been located at its present location or within the active floodplain 
for at least 800-1,000 years. In many locations, the potential for off-channel habitat is 
limited because floodplain areas are elevated above the active channel and areas of lower 
active floodplain are relatively narrow. The steep slope of VS-1 combined with its mostly 
confined channel both act to limit the number of pools in the channel as well.  Several 
projects have been undertaken already in this valley segment to create pool features.  It 
should be noted that due to the steep slope of the reach, pool maintenance will probably be 
the norm if these features are to persist. The sediment in the lower river (downstream of 
RM 7) is relatively stable (and armored) since it is not often reworked during floods.  It can 
be observed that the majority of habitat opportunities relies on in-channel features in this 
valley segment because of the limited opportunities to create side-channel habitat.  Reaches 
where side-channel habitat could be most easily created or restored include 1B, 1C, and 1E. 

6.2 	VALLEY SEGMENT 2 (RM 16.1–21.1) 

Two reaches that are confined by alluvial fans (2B and 2D), and two reaches that are 
unconfined with wide, active floodplains (2A and 2C).  Historical channel movement in the 
unconfined floodplain reaches is moderate to high, indicating that floodplain areas are 
accessible to the river and that there may be many opportunities for additional suitable off-
channel habitat. The low slope of these reaches and amount of large woody debris suggests 
that the degree of channel complexity is high and should provide for a variety of habitat 
within the active channel as well.  Several human or restoration features are worthy to note.  
Restoration features in Reach 2A at RM 16.4 and 17.4 block channel migration through the 
active floodplain; the benefits of the project and the habitat created should be weighed 
against the limit to natural processes when considering the maintenance of this project. 

In Reach 2C, a dike at RM 19.7 prevents the river from accessing part of its active 
floodplain. The channel has significantly changed in this area from a high-sinuosity channel 
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6.3 Valley Segment 3 (RM 21.1–26.0) 

in 1945 to a low-sinuosity channel with sparse LWD.  This section of river has probably 
incised locally; investigations could be undertaken to determine what restoration options are 
feasible for this reach. 

Vegetation clearing has also taken place in some areas within the active and high floodplain 
and allow for greater channel migration, especially where the outer bend of the active 
channel is adjacent to the cleared areas.  Fires have also recently had a great impact on 
vegetation in this valley segment, particularly along the hillslopes.   

6.3 VALLEY SEGMENT 3 (RM 21.1–26.0) 

Reaches 3A, 3D, and 3F have wide active floodplains and lower slopes while the others are 
generally confined with steeper slopes.  The three unconfined reaches show moderate to high 
historical channel migration, indicating that these areas are accessible by the river and the 
potential for off channel habitat is high.  There are two notable dikes in Reach 3A that 
disconnect parts of the active floodplain and that could be considered for modification or 
removal to restore some of the natural processes.  Vegetation clearing of some active 
floodplain and high floodplain surfaces is also notable in these reaches and does appear to be 
accelerating lateral erosion, particularly in Reach 3A in combination with the revetment 
located between RM 21.5–21.6.   
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7. 	 PROTECTION AND RESTORATION 
OPPORTUNITIES 

This chapter provides a summary list of impacts and restoration opportunities related to 
channel and floodplain complexity for each of the 17 geomorphic reaches between RM 0 and 
26. Information is generally reported based on the primary findings of physical processes for 
each of the geomorphic reaches and the three valley segments.  This information is intended 
to provide technical information to decision makers to assist with restoration planning efforts 
for RM 0–26. Examination of localized impacts to physical processes or specific restoration 
project alternatives within each reach was beyond the scope of this effort.  This chapter first 
describes past and ongoing restoration efforts, then provides a comparison of impacts and 
opportunities and  potential restoration actions in the 17 geomorphic reaches.  The chapter 
concludes with recommendations for additional analysis.   

Channel “complexity” is loosely defined for this assessment as those physical components 
that generate habitat for steelhead and spring Chinook salmon.  This would include features 
such as side-channel and off-channel habitat, in-stream large wood, deep pools with hiding 
cover, and substrate (and associated velocities) suitable for spawning.  It is important to note 
that the habitat features naturally supported in each geomorphic reach can vary widely 
depending on the physical processes. Locations and characteristics of physical components 
can vary from year to year, but are generally a result of long-term geomorphic processes 
established over timeframes of several hundred to thousands of years.  The geomorphic 
setting provides a context for changes that have occurred since at least the late 1880s.  
Nonetheless, limiting factors may exist for each species regardless of the geomorphic setting 
(see Chapter 3 for more details).  Preferred habitat features vary by fish species, but generally 
entail the following components for steelhead and spring Chinook salmon: 

 Access and viability of in-channel and off-stream habitat and refuge areas.   

 Lateral and vertical connectivity for water quality and quantity (groundwater flow, 
water temperature).   

 Longitudinal connectivity for genetic exchange between populations, and re-founding 
of populations following events such as forest fires or large debris flows.   

7.1 	SUMMARY OF RESTORATION PLANNING AND PRIORITIZATION EFFORTS 

The Entiat Subbasin community is recognized as being a leader in restoration planning, 
implementation, and monitoring.  In 1993, members of the Chelan County Conservation 
District (CCCD), the USDA Natural Resources Conservation Service (NRCS), and the Entiat 
Ranger District (Wenatchee National Forest) met with the Entiat Chamber of Commerce.  
The three agencies secured the chamber’s support for a watershed planning effort for the 
Entiat and Mad River watersheds (CCCD 2004).  By 1998, the group became the Entiat 
WRIA Planning Unit (EWPU), and funding was secured to assist with watershed planning 
efforts. In 2002, the Entiat Final Coordinated Resource Management Plan was released; this 
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7.2 Summary of Past Restoration Efforts in RM 0–26 

also served as the EWPU’s first draft of the WRIA 46 Management Plan (CCCD 2004).  The 
WRIA 46 Management Plan was revised in 2004 and focused on required water quantity, 
instream flow, habitat, and water quality.  The authors of the plan had a goal “… to produce a 
living watershed management plan – one that will grow, be added to, and improved over 
time.”  The EWPU has won three awards for its restoration and planning efforts 
(GeoEngineers 2007b). 

In restoration planning efforts, the Entiat is typically divided into three assessment units: 

 Lower Entiat Assessment Unit:  RM 0–16.2 (covers VS-1)   

 Middle Entiat Assessment Unit:  RM 16.2–RM 33.8 (Entiat Falls; covers VS-2 and 
VS-3 plus about 8 miles within the USFS managed land)   


 Upper Entiat Assessment Unit:  RM 33.8 to headwaters 


7.2 SUMMARY OF PAST RESTORATION EFFORTS IN RM 0–26 

Largely as a result of the planning efforts over the last decade, several restoration or habitat 
enhancement efforts have been accomplished in the Entiat River.  In 2006, a detailed 
implementation plan (locally referred to as the DIP) was completed that is utilized by the 
EWPU to help prioritize general types and locations of restoration efforts (CCCD 2006).  
Water quantity and quality recommendations were documented in the WRIA 46 Management 
Plan (CCCD 2004). Flows noted as being particularly important for fish were those in late 
summer (UCRTT 2008). Riparian restoration efforts are continually being expanded and 
have involved replanting in historically cleared areas, recovery from fires, and removal of 
non-native species. A prioritization for riparian restoration efforts was accomplished for the 
Cascadia Conservation District by GeoEngineers (2007a) (see Appendix G).  In the WRIA 46 
Management Plan, the EWPU identified properly functioning riparian areas as critical to 
mitigating water temperature exceedances and providing other ecosystem functions.  These 
include flood attenuation and streambank stabilization, as well nutrients and cover for 
salmonids and other aquatic and riparian species (CCCD 2004, as referenced in 
GeoEngineers 2007a). 

Entiat channel and floodplain restoration efforts have focused on creating more habitat 
complexity, which has been identified as a limiting factor for both steelhead and spring 
Chinook salmon (see Chapter 3; Andonaegui 1999; UCSRB 2007).  Restoration projects 
have been designed and implemented by a variety of agencies, including BLM, WDFW, 
USFS, and NRCS. Reclamation has also provided technical support in recent years to help 
project sponsors fund and implement various in-channel restoration projects between 
RM 1.4–6.9. Channel and floodplain restoration efforts have been most extensive in VS-1, 
consisting of two side-channel enhancement projects, with the remainder consisting of 
constructed in-channel features (Table 14).  Small projects have been accomplished upstream 
of RM 17.9 that generally involve restoring riparian vegetation and adding roughness and 
scour pools along channel banks with constructed features.   
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7.3 TECHNICAL RANKING OF RESTORATION OPPORTUNITIES 

Table 14.  Documented channel and floodplain restoration actions in RM 0–26. 

Reach RM 
Recent habitat 

restoration efforts 
Description 

1A 0–0.8 None n/a 

1B 0.8–3.7 4 Rock and/or LWD barbs; LWD; boulder clusters; cross vanes 

1C 3.7–4.3 1 LWD and enhanced side-channel 

1D 4.3–6.3 3 Rock and/or LWD barbs; cross vanes 

1E 6.3–6.9 1 Enhanced side-channel and LWD 

1F 6.9–10.6 1 Rock and/or LWD barbs 

1G 10.6–16.1 1 Rock and/or LWD barbs 

2A 16.1–17.9 2 Rock and/or LWD barbs 

2B 17.9–18.1 None n/a 

2C 18.1–20.9 None n/a 

2D 20.9–21.1 None n/a 

3A 21.1–22.7 None n/a 

3B 22.7–23.3 None n/a 

3C 23.3–24 None n/a 

3D 24.0–25.0 None n/a 

3E 25.0–25.6 None n/a 

3F 25.6–26.0 None n/a 

7.3 TECHNICAL RANKING OF RESTORATION OPPORTUNITIES 

A technical ranking of each geomorphic reach was accomplished to help stakeholders and 
resource managers utilize this information for continued habitat restoration planning.  The 
steps used to complete the technical ranking are described below. 

1.	 Document the extent of human impacts to river processes and identify the areas that 
have the potential for restoration projects (see Subsection 7.3.1).  Also, document the 
areas where river processes have not been significantly impacted and that offer areas 
for protection from future anthropogenic impacts.   

2.	 Translate the information from Step 1 into potential restoration actions identified in 
the Upper Columbia Salmon Recovery Plan (UCSRB 2006) (see Subsection 7.3.2).  
Reclamation has been specifically tasked with identifying opportunities for 
generating habitat complexity through channel and floodplain restoration or 
enhancement efforts.   

3.	 Compare reaches in terms of their ability to provide habitat complexity, based on 
present geomorphic characteristics (see Subsection 7.3.3).  Habitat complexity is 
defined as diversity in channel hydraulics created by slow, deep water areas that often 
contain LWD. Hydraulic diversity can be present in all geomorphic reaches within 
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7.3  Technical Ranking of Restoration Opportunities 

RM 0–26, but from a relative perspective certain reaches have a geomorphic setting 
that provide more diversity and complexity relative to other reaches.   

4.	 Consider reaches that have identified fish usage and limiting factors that could be 
addressed by reducing channel and floodplain impacts.   

5.	 Use the impacts, channel complexity, and habitat limiting factors to determine which 
reaches offer the most opportunity for restoration efforts (see Subsection 7.3.4). 

Based on information gathered from the above steps, reaches that had the greatest 
opportunity to provide more habitat complexity features and had a significant amount of 
impacts to channel and floodplain processes that could be addressed through restoration 
efforts were: 

 Reaches 1B and 1C (RM 0.8–4.3) 


 Reach 1E (RM 6.3–6.9) 


 Reach 2A (RM 16.1–17.9) 


 Reach 2C (RM 18.1–20.9) 


 Reach 3A (RM 21.1–22.7) 


Section 7.4 discusses potential data gaps in these reaches that may need to be addressed prior 
to project implementation.   

7.3.1 Channel and Floodplain Impacts 

The degree of impact was determined by measuring the cumulative length of channel over 
which channel and/or floodplain processes are disrupted by human features or past human 
activities. For RM 0–26 on the Entiat, impacts to channel and floodplain processes include: 

	 Backwater from Lake Entiat that reduces stream energy and converts the riverine 
environment to a lake environment 

 Confinement and/or straightening of the channel that impedes migration across the 
active floodplain and impacts channel geometry and hydraulics 

 Reduction in the river’s ability to overtop and inundate the active or high floodplain, 
which can increase stream energy and alter channel geometry and hydraulics 

	 Increase in inundation of the floodplain where backwater occurs upstream of channel 
constrictions, which can reduce stream energy and alter channel geometry and 
hydraulics 

 Bank protection or other features that may alter channel geometry and roughness, 
impacting hydraulics particularly along the channel margins 

 In-channel structures that locally alter river hydraulics and channel geometry 

The general locations of the impact areas are identified on the LiDAR hillshade in Figure 22, 
Figure 23, Figure 24, and Figure 25; they are summarized by reach in Figure 26.  Each 
impact was classified into a negligible/small or a moderate/large category.  The human 
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7.3 TECHNICAL RANKING OF RESTORATION OPPORTUNITIES 

features related to the impact areas are shown in Entiat Atlas maps 39–48.  Areas with a 
moderate/large impact have man-made features that limit channel migration across the active 
floodplain and/or limit floodplain access along a length of more than 2 to 3 channel-widths in 
length. Areas with negligible/small impacts are primarily locations with localized impacts to 
channel geometry, where the impacts do not extend beyond 2 to 3 channel-widths upstream 
and downstream of the feature.  A few areas where the impacts extend for longer distances 
were also categorized as small impacts.  These areas have bank protection located along the 
outside of channel banks, but the impact to channel geometry is not clear.  In many cases, the 
bank protection is along the Entiat River Road; however, the river would otherwise be 
running along bedrock or surfaces with low erodibility.  The surface area of the impact could 
not be identified with the currently available information but could possibly be estimated in 
future efforts.   
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Figure 22. General locations of the impact areas for 
the lower portion (RM 1–8) of Valley Segment 1. 



 

 
      

Figure 23. General locations of the impact areas for 
the upper portion (RM 8–16.1) of Valley Segment 1. 



 

 
  

Figure 24. General locations of the impact areas for 
Valley Segment 2 (RM 16.1–21.1).  



 

 
  

Figure 25. General locations of the impact areas for 
Valley Segment 3 (RM 21.1–26). 
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Figure 26.  Extent of channel and floodplain impacts for each geomorphic reach based on length of 
channel disturbed. 

7.3.2 Potential Restoration Actions 

The Upper Columbia Salmon Recovery Plan (UCSRB 2007) identified potential restoration 
action classes for use in planning and implementation documents in order to have consistent 
terminology among participants.  The plan identified general habitat action types for the 
Lower Entiat and Middle Entiat assessment units to address limiting factors identified by 
biologists: 

	 Riparian restoration –– Improving riparian conditions along the Entiat River and 
adjacent floodplain to improve bank stability, shading, and potential for LWD 
recruitment.   

	 Floodplain restoration and enhancement –– Improving channel and floodplain 
function including increased connectivity where blocked off, increased lateral 
migration and reworking of the active floodplain where artificially constrained, and 
addressing altered channel geometry where it has been disrupted due to channel 
straightening or bank protection.   
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7.3  Technical Ranking of Restoration Opportunities 

	 LWD restoration and enhancement –– Increasing amounts of LWD in the main 
channel or off-channel habitat areas, taking into account the role of LWD for a given 
geomorphic setting.   

	 In-channel restoration –– Generally implies construction of in-channel features to 
create man-made scour pools and slower velocity areas where channel and floodplain 
restoration cannot occur due to existing land use constraints, or where new habitat is 
desired to increase habitat availability to mitigate for other impacts possibly even 
those outside of the subbasin. 

	 Road maintenance –– Addressing bridges and roads that are no longer in use or that 
impede channel and floodplain processes, particularly those with embankments that 
alter floodplain inundation. Floodplain inundation may be more frequent in areas 
upstream of constricted floodplain sections (backwater), or may be less frequent in 
areas no longer accessible due to features that cut off access to the floodplain.   

 Obstruction restoration –– Removing barriers to fish migration; no fish passage 
issues were identified along the mainstem Entiat River   

 Water quality and quantity –– Improvement of water characteristics including 
temperature, nutrients, contaminants, and flow quantity during low-flow periods.   

The channel and floodplain impacts identified in Subsection 7.3.1 are listed in terms of the 
recovery plan categories in Table 15.  For a restoration category to be checked in the table, a 
reach had to have at least one moderate or large impact area identified over at least 10% of 
the present channel length within the reach.  The in-channel restoration category is 
considered a potential alternative during the project design phase depending on a multitude 
of factors, but is not identified in the table below that focuses on general restoration 
strategies. Water quality and quantity restoration were beyond the scope of this Reclamation 
report. 

Floodplain restoration was the most common impact identified occurring in 10 of the 17 
reaches in Table 15 and includes impacts to both the active channel and floodplain area.  
LWD impacts are less clear, but were identified as definitively impacted in 2 reaches where 
channel confinement has occurred and in the backwater area at the mouth.  The Entiat River 
Road runs the entire length of the assessment area but is only against the Entiat River channel 
in specific locations.  Generally wherever the road runs against the active channel, rock bank 
protection has been placed. In many cases the road is against bedrock or a higher glacial 
terrace, whose materials naturally limit bank erosion and channel migration.  Where the 
riprap is located within the active floodplain road maintenance has been checked in Table 15.  
Riparian restoration needs were not analyzed at a reach scale, but are instead identified for an 
entire valley segment and could be refined during future restoration planning.  Riparian 
restoration or enhancement is identified for VS-1 and VS-2, but generally is not needed in 
VS-3. Prioritization of riparian planting in cleared areas was accomplished by GeoEngineers 
(2007a) and is being implemented by local groups as part of the DIP (see Appendix G).   
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Table 15.  Potential restoration action types based on where moderate to large anthropogenic impacts to channel and floodplain processes were identified 

Reach RM 

Potential restoration category 

Description of present impacts to channel and floodplain Riparian 
vegetation 

Flood-
plain 

In-channel 
LWD 

Road 
Maint. 

1A 0–0.8 

X 

X X Backwater area from Rocky Reach Dam on Columbia River 

1B 0.8–3.7 X Possible Small push-up levees that block access to the floodplain resulting in reduced side-channel 
development and increased stream energy in main channel 

1C 3.7–4.3 X X Channel was historically straightened resulting in a high energy, fairly uniform channel 
segment with limited to nonexistent habitat features 

1D 4.3–6.3 X Possible X Small push-up levees that block access to the floodplain resulting in reduced side-channel 
development and increased stream energy in main channel 

1E 6.3–6.9 X Possible X Levees and bridge embankment alter floodplain access and inundation and possibly limit 
channel migration  

1F 6.9–10.6 X One small bridge embankment blocks access to floodplain; small bank protection or in-channel 
features that locally alter channel geometry 

1G 10.6–16.1 Only small to negligible impacts Small bank protection or in-channel features that locally alter channel geometry 

2A 16.1–17.9 

X 

X Possible X Bridge embankment and resurfacing of floodplain have reduced side-channels and caused 
backwater to occur; bank protection structures limit channel migration and access to rework 
the active floodplain 

2B 17.9–18.1 No identified impacts N/A 

2C 18.1–20.9 X Possible Levee limits channel migration and impacts hydraulics and geometry possibly for an extended 
distance downstream; historical large woody debris clearing may also have contributed 

2D 20.9–21.1 No identified impacts N/A 

3A 21.1–22.7 

No impact 
identified 

X Possible Multiple levees and bank protection limit channel migration and alter hydraulics and geometry 

3B 22.7–23.3 No identified impacts N/A 

3C 23.3–24 X Possible X One bridge embankment may alter floodplain inundation by causing backwater effects 

3D 24.0–25.0 Only small to negligible impacts Minor disruption to vegetated island where historical borrow pit and excavated material is 
present; does not appear to limit channel migration or floodplain access 

3E 25.0–25.6 Only small to negligible impacts One minor bank protection area 

3F 25.6–26.0 Only small to negligible impacts One minor bank protection on road along bedrock 
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7.3.3 Complexity Ranking 

Opportunities for restoration or protection can be related to the level of channel complexity 
that is present in each reach based on documented geomorphic characteristics described in 
Chapter 2. While more rigorous quantitative metrics could be performed to substantiate the 
level of channel complexity in any given reach, much of the analysis for this study is broadly 
based and qualitative in nature. Channel complexity was examined on the basis of active 
floodplain confinement, the extent of historical channel migration from 1945 to 2007, the 
presence of side-channels, stream power, the presence of large woody debris, and channel-
bar frequency (Table 16). 

Each variable was assigned a qualitative value of low, moderate or high and a corresponding 
numerical value of 1, 2, or 3, respectively, based on how that variable related to channel 
complexity.  Active floodplain confinement was based on the average width of the active 
floodplain for each reach. These were categorized into the confined, moderately confined 
and unconfined reach types described in Section 2.3.  For the Entiat River, confined reaches 
typically have low channel complexity while unconfined reaches have high channel 
complexity.  Historical channel migration was based on historical channel mapping using 
1945, 1962, 1975 and 2006 aerial photography and the relative width of the zone of historical 
channel movement in each reach.  If the zone was wide, the reach was categorized with the 
highest value (3) of historical channel migration (high complexity).  If the zone was narrow, 
the reach was categorized with the lowest value (1) of historical channel migration (low 
complexity).  The number and length of side-channels reflects the availability of off-channel 
habitat in a particular reach.  Side-channel evaluations were based on qualitative observations 
of side-channels using 2006 aerial photography and LiDAR.  The remote observations were 
not rigorously field checked, so there may be side-channels that were inadvertently excluded 
from this evaluation because they were obscured by vegetation or not obvious on LiDAR.  If 
a reach contained two or more side-channels of substantial length, it was classified as High.  
If it had one or two side-channels of short length, it was classified as Moderate, while reaches 
with no observable side channels were classified as Low.   

Stream power was based on slope measurements from 2006 LiDAR and discharge at the 2-
year and 100-year floods.  The stream power takes into account the channel geometry and 
longitudinal slope and shows very similar conclusions to channel capacity.  Reaches with 
high stream power generally have steep slopes and are single-thread channels with lower 
sinuosity, which would be considered low complexity reaches in this study.  Reaches with 
low stream power generally have low slopes and are multithread channels with higher 
sinuosity, which would considered high complexity reaches.  The presence of large woody 
debris was based on observations of log jams in the channel on 2006 aerial photography and 
field checked during 2008 field work (Subsection 5.3.2 and Table 12).  In general, the more 
log jams, the greater the channel complexity.  A reach was classified as High if it had more 
than 2 log jams, Moderate if it had 1-2 log jams, and Low if it did not have any log jams.  
Channel bar frequency was estimated using 2006 aerial photography.  Reaches with 
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7.3 TECHNICAL RANKING OF RESTORATION OPPORTUNITIES 

extensive and frequent bars in the active channel were classified as high frequency, while 
reaches with narrow, infrequent bars in the active channel were classified as low frequency. 

The values assigned to each variable were totaled for each reach; from the totals, a numerical 
ranking was assigned to each reach with a rank of 1 being the reach with the least 
opportunity and a rank of 16 being the reach with the most opportunity. Some reaches have 
the same rank because their totals are the same. For example, reaches with unconfined active 
floodplains, substantial historical channel migration, low stream power, presence of side 
channels, the greatest amounts of large woody debris and the highest frequency of bars in the 
active channel would rank the highest and therefore would also have the greatest potential for 
restoration in terms of channel complexity.  Reaches with confined active floodplains, little 
historical channel migration, high stream power, lack of side channels, minimal large woody 
debris, and a low frequency of bars in the active channel would rank the lowest and would 
have the least potential for restoration in terms of channel complexity.   

Table 16.  Channel complexity described by geomorphic characteristics.   

Reach RM 
Active 

floodplain 
confinement 

Histori-
cal 

channel 
migra-

tion 

Presence 
of side 

channels 

Stream 
power 

Pres-
ence of 

LWD 

Bar 
frequency 

Total Rank 

1A 0–0.8 not defined  n/d n/d n/d n/d n/d n/d n/d 

1B 0.8–3.7 moderately 
confined (2) 

low (1) low–mod. 
(1.5) 

high (1) low (1) low–mod. 
(1.5) 

8 7 

1C 3.7–4.3 moderately 
confined (2) 

high (3) low to mod. 
(1.5) 

high (1) low (1) low (1) 9.5 9 

1D 4.3–6.3 confined (1) low (1) low to mod. 
(1.5) 

high (1) low (1) low (1) 6.5 3 

1E 6.3–6.9 moderately 
confined (2) 

low (1) mod. (2) high (1) mod. (2) moderate 
(2) 

10 10 

1F 6.9–10.6 confined (1) low (1) low (1) high (1) mod. (2) low (1) 7 5 

1G 10.6–16.1 confined (1) low (1) low (1) high (1) low (1) low (1) 6 1 

2A 16.1–17.9 unconfined (3) mod. (2) mo. (2) low (3) low (1) high (3) 14 12 

2B 17.9–18.1 confined (1) low (1) low (1) low (3) low (1) low (1) 8 7 

2C 18.1–20.9 unconfined (3) high (3) high (3) low (3) high (3) high (3) 18 16 

2D 20.9–21.1 confined (1) low (1) low (1) mod. (2) low (1) low (1) 7 5 

3A 21.1–22.7 unconfined (3) high (3) high (3) low (3) low (1) high (3) 16 15 

3B 22.7–23.3 confined (1) low (1) low (1) high (1) low (1) Low to 
mod. (1.5) 

6.5 3 

3C 23.3–24 confined (1) low–mod. 
(1.5) 

low–mod. 
(1.5) 

low (3) mod. (2) mod. (2) 11 11 

3D 24.0–25.0 unconfined (3) high (3) mod.–high 
(2.5) 

mod. (2) mod. (2) high (3) 15.5 14 

3E 25.0–25.6 confined (1) low (1) low (1) high (1) low (1) low (1) 6 1 

3F 25.6–26.0 unconfined (3) mod. (2) high (3) mod. (2) low (1) high (3) 14 12 
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7.3  Technical Ranking of Restoration Opportunities 

Results from this analysis reveal that reaches fall into three main categories and generally 
follow their reach type designations (Figure 27).  Reaches categorized as High complexity 
are those with the greatest natural potential for creating channel complexity that includes off 
channel habitat, refuge, cover and spawning; these are 2A, 2C, 3A, 3D and 3F.  Conversely, 
reaches with naturally Low complexity are shown to have less potential for creating greater 
channel complexity; these are 1D, 1F, 1G, 2B, 2D, 3B and 3E.  Four reaches fall into the 
Moderate complexity category; these have some complexity that includes split flow in some 
areas and low–to-moderate values in Table 15; these are 1B, 1C, 1E and 3C.  While Reach 
1B and Reach 2B have the same rank, 1B is placed into the Moderate complexity category; 
2B is placed into Low complexity category based on the fact that 2B has low values for every 
variable except stream power while 1B has low-to-moderate values for several values and 
appears to have more opportunity than Reach 2B.   

Figure 27.  Channel complexity ranking based on geomorphic characteristics.   

7.3.4 Restoration Opportunity 

Habitat limiting factors exist in the majority of the reaches between RM 0–26.  The 
exceptions are reaches 3C and 3E that high energy transport reaches and primarily operate as 
migration corridors.  Six reaches were identified in Subsection 7.3.1 as having the greatest 
impacts; these are 1A, 1B, and 1C (RM 0–4.3), 1E (RM 6.3–6.9), 2C (RM 18.1–20.9), and 
3A (RM 21.1–22.7). Five reaches were categorized as High complexity reaches that have the 
greatest natural potential for creating channel complexity including off-channel habitat, 
refuge, cover and spawning; these are 2A (RM 16.1–17.9), 2C (RM 18.1–20.9), 3A 
(RM 21.1–22.7), 3D (RM 24–25), and 3F (RM 25.6–26). 

Using these variables (impact, complexity, and habitat limiting factors), there are six reaches 
with the highest opportunities for restoration efforts.  These reaches have the most potential 
for habitat complexity features, and a significant amount of impacts to channel and 
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7.4 RECOMMENDATIONS FOR ADDITIONAL ANALYSIS 

floodplain process.  Restoration efforts in these reaches would address multiple habitat 
limiting factors.   

	 Reach 1B and Reach 1C (RM 0.8–4.3) 

	 Reach 1E (RM 6.3–6.9) 

	 Reach 2A (RM 16.1–17.9) 

	 Reach 2C (RM 18.1–20.9) 

	 Reach 3A (RM 21.1–22.7 

7.4 RECOMMENDATIONS FOR ADDITIONAL ANALYSIS 

This report provides a broad assessment of restoration and protection opportunities based on 
river morphology.  Following the completion of this report, the EWPU intends to evaluate 
the conclusions and data gaps in order to identify and prioritize potential next steps in terms 
of implementing restoration projects.  Some projects may warrant additional analysis to 
refine understanding prior to making recommendations on restoration alternatives and design 
parameters.  The purpose of the additional work would be to ensure proposed restoration 
strategies accomplish the intended objective and do not cause any undesired effects.  Other 
projects have fairly localized impacts that are not interconnected with other river segments 
(that is, their effects do not extend beyond 2 to 3 channel widths upstream or downstream of 
the impacted area).  These small areas are more likely to be able to move forward into a 
project design phase without additional understanding of river processes.  Collection of 
additional field data to establish baseline conditions of the present river setting may also be 
useful for monitoring purposes, although it is not necessarily needed for project design.   

7.4.1 Data Gaps for Channel and Floodplain Restoration Projects 

The following data gaps may be appropriate to address prior to initiation of restoration 
project alternative evaluation and design. These data gaps do not address several factors –– 
water quantity and quality, harvest, and hatcheries –– which were beyond the scope of this 
report. 

Additional habitat and vegetation work recommended: 

	 Obtain a better understanding of present and potential fish usage in RM 10–16 
through habitat field surveys such as redd counts, snorkeling, and possibly pit 
tagging, along with interpretation of the presence and utility of physical features that 
create micro-habitat important to break up this high energy reach.   

	 Continue to monitor the effectiveness of man-made in-stream structures in terms of 
creating sustainable habitat features through the efforts of ISEMP and other entities; 
where possible, link the geomorphic interpretations from this tributary assessment 
report to the monitoring analysis.   

	 Inventory and map invasive vegetation species in RM 0–21.1 to determine if they are 
limiting the presence or function of native vegetation and habitat conditions.  This 
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7.4  Recommendations for Additional Analysis 

information could be used to identify areas where vegetation removal and replanting 
of native species is needed. 

Additional modeling and morphology work recommended: 

	 Obtain a better understanding of physical conditions and fish use in RM 0–0.8 where 
Lake Entiat and the highway embankment causes backwater conditions that create a 
ponded environment during the majority of the year.   

o	 Fish habitat surveys 

o	 Quantification of the impact on hydraulics of lake fluctuations and impact on 
habitat conditions 

o	 Topographic survey to support any modeling or improved understanding of 
sediment deposit at mouth 

	 More rigorous work should be performed in reaches 1E, 2A, 2C, and 3A to refine the 
cause-and-effect relationships between human features and channel morphology and 
resulting habitat where channel and floodplain restoration projects are proposed.  
Linkages between existing human features that impact channel function should be 
identified to help resourced managers determine whether potential restoration projects 
can be designed independently or need to be linked together in longer river segments 
to create improved channel and floodplain function.   

o	 Consider construction of more advanced numerical modeling of some of the 
levees and human features to determine the extent of their influence on the 
hydraulics and channel geometry.  Modeling considered may include tools such as 
a two-dimensional numerical model or a channel migration model. 

o	 Collect a longitudinal profile of the channel bottom to improve representation of 
the channel topography for modeling since LiDAR does not provide data below 
the water surface.   

o	 Additional soil and stratigraphic descriptions could be done to describe the bank 
materials in areas where additional modeling will be performed and potential 
bank erosion rates are of interest. 

o	 Further investigate impact of cleared riparian areas on bank erosion rates in areas 
proposed for restoration. 

o	 Refine mapping of vegetation within and along the active floodplain to more 
completely document existing (and expected) vegetation species along river 
segments and to develop needed restoration project components. 

Tributaries 

	 Consider a channel and floodplain assessment of the lower few miles of Mad River 
(confluence at RM 10.6) to investigate potential restoration opportunities where the 
river has been historically channelized. 

	 Many other tributaries were noted to have been artificially channelized, some which 
provide flow to wetland environments along the Entiat River, and others that only 
flow on occasion or during debris flow events.  Additional investigation of some of 
these tributaries may be of interest to further identify potential habitat restoration 
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7.4 RECOMMENDATIONS FOR ADDITIONAL ANALYSIS 

opportunities where the tributary processes are closely linked with Entiat River 
habitat conditions. 

7.4.2 Research and Monitoring Data Gaps 

Additional study of the following may be of interest to further understanding of relationships 
between the physical setting in the Entiat and linkages to the flow and sediment regime. This 
information may also be useful for generating baseline conditions for monitoring purposes.  
However, these large-scale studies may not be necessary for design and implementation of 
projects located within the active channel and floodplain: 

	 Investigate fire history and quantify the effects of fires on both the hydrology and 
potential for debris-flow occurrence.   

	 Quantify sediment inputs and fluxes (from fire and other sources) –– Little 
quantitative information is known about the sediment budget of the Entiat system or 
the flux of sediment through the system on various timescales (decadal, annual, or 
seasonal). There is little quantitative information as well concerning how much 
sediment is contributed from stream banks when compared to tributaries and 
hillslopes.  While there have been several large debris-flow events in the recent 
historical record, it is not known how often these events occur and how large the 
recent events are when compared to the magnitude of past events.   

	 Obtain additional information on vertical controls of channel bed slope –– While 
some subsurface information is available, this study did not explore the subsurface 
relationships of bedrock, thickness of alluvium and channel slope.  Further work 
could be performed to more thoroughly explain the influence of subsurface geologic 
features on the channel bed slope. This work could also advance understanding of 
upwelling and groundwater recharge areas that may provide improved habitat 
conditions for fish. 

	 Perform additional historical channel analysis in RM 16 to 26 –– Three years of 
historical channel data were examined for this study.  Although improvements were 
made in knowledge of historical channel change for the first 26 miles of the Entiat 
River, examination of further years of historical channels and General Land Office 
surveys (GLO plat maps) may help to further elucidate areas of the greatest historical 
channel change. 

	 Refine LWD recruitment potential of conifer species in floodplains of both mainstem 
and in side channels to link potential recruitment numbers and delivery mechanisms 
(windfall, debris flow, fire, bank undercutting) with channel processes (confined or 
meandering reaches).   
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7.4  Recommendations for Additional Analysis 
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8. CONCLUSIONS 

The Entiat River RM 0–26 assessment was divided into three valley segments and 17 reaches 
that are defined mainly on the basis of similar geologic controls, and resulting channel 
gradient and morphology:   

	 Valley Segment 1 (RM 0–16.1) is characterized by a steep slope and predominantly 
single-thread, low-sinuosity channel morphology; there are seven geomorphic reaches 
delineated in this valley segment, three of which have broader active floodplains than the 
remainder of the valley segment. 

	 Valley Segment 2 (RM 16.1–21.1) is generally characterized by a more gradual slope 
with multithread and meandering channel morphology; it has short reaches that are 
narrowly confined by alluvial fans existing between wider, low-gradient reaches.  There 
are four geomorphic reaches delineated in this valley segment, two of which have broader 
active floodplains than the other two reaches. 

	 Valley Segment 3 (RM 21.1–26) is characterized by alternating lower and higher gradient 
reaches; the lower gradient reaches consist of multithread and meandering channels and 
comprise most of the valley segment; the short reaches with higher gradients are 
narrowly confined by alluvial fans and are present between low-gradient reaches.  There 
are six geomorphic reaches delineated in this valley segment, four of which have broader 
active floodplains than the remainder of the valley segment.   

On a broad scale, channel and resulting hydraulics and sediment transport are influenced by 
geologic features present in the landscape of the Entiat Valley rather than historically 
constructed features in the channel. This is illustrated by the change in stream gradient at 
geologic features, the presence of alluvial surfaces adjacent to the stream that are 1,000 years 
or older, the lack of channel migration near landforms that confine the river and extensive 
migration upstream of confining landforms that act as a local base-level control.   

The historical channel migration zone (HCMZ) containing the active channel and active 
floodplain has a width that is heavily controlled by geologic features rather than by human 
constructs. In VS-1, the HCMZ is narrow and is controlled by the presence of higher 
terraces, alluvial fans, bedrock and outwash terraces.  In VS-2 and VS-3, the HCMZ 
alternates between wide and narrow sections that result from prograding alluvial fans which 
confine the river channel. Channel migration and avulsions within the HCMZ generally only 
occur during high flows. 

In reaches with extensive active floodplains, lateral channel migration between 1945 and 
2006 has occurred in multiple locations.  The active floodplain is a surface that is expected to 
be reworked as the channel migrates across its floodplain.  The high floodplain surfaces, 
older terraces, and older alluvial fans have historically provided a limit to the rate and lateral 
extent of the active floodplain expansion for at least the last 1,000 years.  Areas where the 
high floodplain is being eroded can be evidence of naturally occurring processes, however 
these areas could be investigated further to determine if human influences are driving or 
potentially accelerating the rate of lateral erosion. 
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8. Conclusions 

The frequency of channel reworking varies by reach and is related to the extent of active 
channel and floodplain. Unvegetated sediment bars in high energy, confined active 
floodplain reaches have larger sediment sizes that armor the bar surface relative to lower 
energy, broader active floodplain reaches.  Consequently, sediment bars with larger particle 
sizes are reworked less frequently because it takes a larger flood to initiate mobilization of 
the sediment.  In VS-1 the bars are less frequently reworked than in VS-2 and VS-3. The 
extent of active floodplain and relative stream energy also provide an indication of the role of 
LWD in terms of creating localized influences on channel hydraulics.  Reaches with lower 
stream energy and slope would be expected to have more potential to retain large woody 
debris, which would create local changes to the channel roughness or geometry.  Reaches 
with higher stream energy often only have large woody debris at the upstream end of islands 
or in eddies or slower water segments.   

A combination of processes –– including lateral erosion, debris flow, and mass wasting –– 
are important in providing annual sediment delivery to the channel.  Periodically, sediment 
sources temporarily alter channel morphology when the sediment reaching the channel 
exceeds the sediment transport capacity.  A detailed sediment budget or transport analysis 
was beyond the scope of this assessment; however, a qualitative evaluation of sediment 
sources was performed.  Potential sediment sources to the channel include existing sediment 
stored in the floodplain, stream banks, tributaries, and hillslopes.  These sources naturally 
contribute abundant amounts of sediment, including both sand and gravel, to the channel.  
Sediment recruitment from channel and floodplain reworking is generally linked to the 
amount of flow available for mobilizing the sediment.  The majority of the flow contributed 
during floods on the Entiat River is from snow pack.  There is very little flow contribution 
from tributaries or drainage area runoff.  The Mad River is the largest tributary, entering the 
Entiat around RM 10.6. Episodic debris flows from tributaries can temporarily and locally 
create a larger sediment supply to the river than the stream flow has the capacity to transport 
and redistribute.  These debris-flow events can be part of the natural system; many of these 
events have been documented following rainstorms in areas recently burned by large forest 
fires. 

Impacts to the Entiat channel and floodplain processes in RM 0–26 are generally localized 
and do not extend far upstream or downstream of the impacted area.  For each geomorphic 
reach, impacts were categorized into small to negligible or moderate to large, depending on 
the spatial scale of the impact and whether it affects channel migration and floodplain 
inundation processes, or only localized channel geometry.  It is recognized that cumulatively, 
reaches with extensive small impacts may have undesired habitat conditions that may still be 
of interest for restoration. The analysis provides the extent of human impacts to river 
processes that may offer opportunities for restoration.  In turn, this analysis also shows where 
river processes have not been significantly impacted and offer opportunities for protection 
from future anthropogenic impacts.  Table 17 is a summary of findings for each geomorphic 
reach within the three valley segments.   
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8. Conclusions 

Channel complexity ranking reveals that reaches fall into three main categories in terms of 
potential for habitat complexity features and generally follow their reach-type designations.  
For example, reaches that are categorized as High complexity are those with the greatest 
opportunities for creating channel complexity, which includes off-channel habitat, refuge, 
cover, and spawning. Reaches with naturally Low complexity are shown to have less 
opportunity for creating greater channel complexity, but still play an important role in 
providing habitat features recently documented to be utilized by steelhead.   

Reclamation has been specifically tasked with identifying opportunities for generating habitat 
complexity through channel and floodplain restoration or enhancement efforts.  There are six 
reaches with the highest potential to improve steelhead or spring Chinook salmon habitat 
complexity by addressing present impacts; these are 1B and 1C (RM 0.8–4.3), 1E (RM 6.3– 
6.9), 2A (RM 16.1–17.9), 2C (RM 18.1–20.9), and 3A (RM 21.1–22.7). 

Four reaches, 1E, 2A, 2C, and 3A, were recommended for further analysis prior to initiation 
of an alternative analysis of recommended restoration concepts. Analysis recommendations 
varied from addressing habitat, vegetation, hydraulic, and morphology data gaps.  The 
backwater area at the mouth, Reach 1A (RM 0–0.8), was noted as having a lot of uncertainty 
in terms of current habitat benefit or opportunities to improve channel complexity due to its 
unique lake environment.  If of interest, additional analysis is recommended to further pursue 
restoration in this area. 
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Table 17.  Summary of findings for each geomorphic reach. 

Light Turquoise shading indicates reaches with highest potential to improve steelhead or spring Chinook salmon habitat complexity by addressing present impacts.   

Reach RM 
Relative 
channel 

complexity 

Percent of 
moderate to 

large impacts 
along channel 

Description of present impacts to channel and floodplain 

Habitat limiting factors 

Steelhead 
Spring Chinook 

salmon 

1A 0–0.8 –– 100 Backwater area from Rocky Reach Dam on Columbia River none identified none identified 

1B 0.8–3.7 Moderate 48 
Small push-up levees that block access to the floodplain resulting 

in reduced side channel development and increased stream 
energy 

Lack of spawning 
habitat; 

Lack of juvenile 
rearing habitat; 

Lack of adult 
holding habitat 

Lack of juvenile 
rearing habitat; 

Lack of adult holding 
habitat 

Summer and winter 
water temperatures 

1C 3.7–4.3 Moderate 100 
Channel was historically straightened resulting in a high energy, 

fairly uniform channel segment 

1D 4.3–6.3 Low 15 
Small push-up levees that block access to the floodplain resulting 

in reduced side channel development and increased stream 
energy in main channel 

1E 6.3–6.9 Moderate 67 
Levees and bridge embankment alter floodplain access and 

inundation and possibly limit channel migration 

1F 6.9–10.6 Low 6 
One small bridge embankment blocks access to floodplain; small 

bank protection or in-channel features locally alter channel 
geometry 

1G 10.6–16.1 Low 0 
Small bank protection or in-channel features locally alter channel 

geometry 

2A 16.1–17.9 High 17 

Bridge embankment and floodplain leveling have reduced side 
channels and caused backwater to occur; bank protection 

structures limit channel migration and access to rework the active 
floodplain 

Lack of juvenile 
rearing habitat; 

Lack of adult 
holding habitat 

Lack of juvenile 
rearing habitat; 

Lack of adult holding 
habitat 

High % of fines in 
spawning gravel;  

High summer water 
temperatures 

2B 17.9–18.1 Low 0 none identified 
Lack of juvenile 
rearing habitat 

Lack of juvenile 
rearing habitat 
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Reach RM 
Relative 
channel 

complexity 

Percent of 
moderate to 

large impacts 
along channel 

Description of present impacts to channel and floodplain 

Habitat limiting factors 

Steelhead 
Spring Chinook 

salmon 

2C 18.1–20.9 High 25 
Levee limits channel migration and impacts hydraulics and 
geometry possibly for an extended distance downstream; 

historical large woody debris clearing 

Lack of juvenile 
rearing habitat; 

Lack of adult 
holding habitat 

Lack of juvenile 
rearing habitat; 

Lack of adult holding 
habitat; 

High % of fines in 
spawning gravel;  

High summer water 
temperatures 

2D 20.9–21.1 Low 0 none identified   
Lack of juvenile 
rearing habitat 

Lack of juvenile 
rearing habitat 

3A 21.1–22.7 High 56 
Levees and bank protection limit channel migration, alter 

hydraulics and geometry 
Lack of juvenile 
rearing habitat; 

High % of fines in 
spawning gravel; 

High summer 
water temperatures 

Lack of juvenile 
rearing habitat;

 High % of fines in 
spawning gravel;  

High summer water 
temperatures 

3B 22.7–23.3 Low 0 none identified   

3C 23.3–24 Moderate 29 One bridge embankment may cause backwater effects none identified   none identified   

3D 24.0–25.0 High 0 
Minor disruption to vegetated island; does not appear to limit 

channel migration or floodplain access 
None 

High % of fines in 
spawning gravel;  

High summer water 
temperatures 

3E 25.0–25.6 Low 0 One minor bank protection area none identified   none identified   

3F 25.6–26.0 High 0 One minor bank protection on road along bedrock 

Low water 
temperatures 

during spawning 
season 

Lack of in-channel 
complexity; high 
summer water 
temperatures 

Light Turquoise shading indicates reaches with highest potential to improve steelhead or spring Chinook salmon habitat complexity by addressing present impacts 
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10. ABBREVIATIONS 


ABBREVIATION  DEFINITION 

ACOE U.S. Army Corps of Engineers 

AEP annual exceedance probability 

BiOp Biological Opinion (under the ESA) 

BLM Bureau of Land Management 

BPA Bonneville Power Administration 

CCCD Chelan County Conservation District.  Name changed to Cascadia 
Conservation District, Wenatchee, WA (on June 2007); CCD serves CCD 
Wenatchee WRIA 45; Entiat WRIA 46; Chelan WRIA 47; and Stemilt-
Squilchuck WRIA 40A.   

cfs cubic feet per second 

EDT ecosystem diagnosis and treatment 

ENFH Entiat National Fish Hatchery 

ESA Endangered Species Act 

EWPU Entiat WRIA Planning Unit 

FCRPS Federal Columbia River Power System 

FEMA Federal Emergency Management Agency 

ft feet 

GIS geographic information system 

HCMZ historical channel migration zone 

ICBTRT Interior Columbia Basin Technical Recovery Team 

ISEMP Integrated Status and Effectiveness Monitoring Program 

LiDAR Light Detection and Ranging 

LWD large woody debris 

MSY maximum sustainable yield 

NAD North American Datum 

NAVD North American Vertical Datum 

NMFS National Marine Fisheries Service of the National Oceanic and Atmospheric 
NOAA Fisheries Administration.   
Service 

NPCC Northwest Planning and Conservation Council 

NRCS Natural Resources Conservation Service 
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10. Abbreviations 

ABBREVIATION  DEFINITION 

RM river mile 

UCR Upper Columbia River 

UCRTT Upper Columbia Regional Technical Team 

UCSRB Upper Columbia Salmon Recovery Board 

USFS United States Forest Service 

USGS United State Geologic Survey 

VS valley segment 

VSP viable salmonid population 

WDFW Washington Department of Fish and Wildlife 

WRIA Water Resource Inventory Area (in Washington State); the Entiat Subbasin is 
WRIA 46. 
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Appendix A – Historical Timeline 

1. 	 INTRODUCTION 


This appendix provides a historical timeline of the Entiat Valley categorized by land use and 
fish presence, hydrology (large floods, ice events, debris flows), fires, and logging, historical 
lumber mills, and dams.  The information for this timeline was extracted from largely from 
the “Entiat Valley History” published in Table 3-1 of the Entiat WRIA 46 Management Plan 
(CCCD, 2004) unless otherwise noted. References utilized in the Management Plan have 
been reproduced here to preserve the source. 

2. 	 LAND USE AND FISH PRESENCE 
OBSERVATIONS 

Indian tribes utilized the mouth of the Entiat as a camp site in the 1800s.  The earliest record 
of white settlers was in 1887. An extensive documentation on historical fisheries has been 
developed in GeoEngineers, 2007. 

Year or Period Land Use and Fish Presence Observation Event 

1800s Settled by Columbia River Chinook Indian tribe naming Entiat “Enteatqua”, 
meaning “Rapid Water” (www.entiat.org ) 

1800s Chinese miners built ditch near mouth of Entiat 

1872 (December) Ribbon Cliffs earthquake occurs; noted by anecdotal accounts to have 
completely damned the Columbia River about 2 miles north of Entiat due to a 
landslide; flow from Columbia was dammed overnight for about 12 hours 
during which the water levels are reported to have risen over 50 feet, and then 
the dam broke with a rush of water noted to be 15 feet high; site noted as 
“earthquake point” (www.geophys.washington.edu; Wenatchee World 
Newspaper as referenced in CCCD 2004) 

1880s to 1890s trapping and heavy sheep grazing, grazing most intense in headwater areas of 
Mad and Entiat drainages (Erickson, 2004; Shortly Long’s notes as referenced 
in CCCD 2004; Plummer 1902) 

1887 First settlers arrived (Erickson 2004) 

1887 First orchard irrigation ditch built, the Hanan-Detwiler ditch (CCCD 2004) 

1896 Indian Chief Silico Saska sold the town site of Entiat to white settlers 
(www.entiat.org); first town site on the north side of the Entiat River about 
one-half mile west of the Columbia River 

1898 Significant salmon and steelhead runs prior to 1898 
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Appendix A – Historical Timeline 

Year or Period Land Use and Fish Presence Observation Event 

Late 1800s and Lumber mills provide some of first jobs to early Entiat residents and orchards 
early 1900s established by settlers; ferries help transport goods 

1900-1939 Recreational sport fishing 

1902 	 More than 500 acres in cultivation with over 1,000 acres accessible to 
irrigation ditches (Plummer 1902) 

1904 	 Historical accounts note the last good run of Chinooks entered the Entiat 
followed by a rapid decline the following year in which only a few Chinooks 
appeared in the stream 

1913 	 Fish stocked in Kellogg Lumber Co. mill pond and other “bits of still water up 
the river”; first documented large stocking of 250,000 trout deposited in Entiat 
River from Spokane fish hatchery (GeoEngineers 2007) 

1913 	 Fire in town of Entiat and most of town relocated near the railroad tracks built 
in 1914 

1914 	 Three fruit warehouses built to accommodate fruit from growing orchard 
industry 

1914 	 Railroad built and helped transport much of fruit products out of Entiat 

1921 	 Remaining structures in original town of Entiat burned 

1933 	 Entiat River watershed heavily stocked with trout, steelhead, and other species 

1935 	 US Bureau of Fisheries 1934 to 1936 surveys noted limited fish appear in 
stream and 19 diversions and several passage barriers along lower Entiat 
(BOF 1936); 18 of 19 diversion were screened to block fish from entering 
(Bryant and Parkhurst 1950) 

1939 	 McKenzie irrigation diversion present (photograph available); construction 
date unknown 

1940s 	 Sheep grazing reduced (CCCD 2004) 

1940 to 1990	 Sport fishing flourished; State of Washington stocked hatchery raised trout in 
the Entiat River (rainbow, cutthroat, brook trout) 

1942 	 Entiat National Fish Hatchery (ENFH) constructed on Entiat River by Bureau 
of Reclamation near confluence with Roaring Creek (RM 6.5) to mitigate for 
lost fish production above Grand Coulee Dam; fish released in Entiat soon 
thereafter to mitigate for steelhead and salmon displaced by construction of 
Grand Coulee Dam 

1942-44 	 ENFH released spring Chinook salmon; not again done until 1974 (FWS 2004 
as referenced in CCCD 2004) 
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Appendix A – Historical Timeline 

Year or Period Land Use and Fish Presence Observation Event 

1944 	 Town of Entiat is incorporated (www.Entiat.org) 

1946 	 Earthquake felt at Entiat and Ardenvoir (Bodle and Murphy 1948) 

Late 1950s 	 Town and homes in Entiat bought out by Public Utility District and then torn 
down or burned due to upcoming Rocky Reach Reservoir; town site (third 
location) moved to higher grounds where still present today 

1956 	 Construction of Rocky Reach Dam commenced 

1961 	 Rocky Reach Reservoir filled (Lake Entiat) creating a backwater at the mouth 
of the Entiat River; dam operates as a run-of river-dam 
 operating pool typically 707 ft above sea level, can be ordered as high as 

710 feet in flood control situations (Entiat about 713 feet near mouth) 
 93 miles of shoreline 
 Storage capacity of 382,000 acre-feet with a mean depth of 42 feet  

1962 to 1994	 Spring Chinook spawning monitored by WDFW (FWS 2004 as referenced in 
CCCD 2004) 

1964 	 Stocking of steelhead trout began and continued on an annual basin thereafter 

1968 	 Wenatchee National Forest (WNF) biologists recommended more fish 
“holding” water be created by deflectors, boulder retards, anchored logs, and 
other stream improvement devices 

1970s 	Washington State Game Department made efforts to acquire stream bank 
easements along the Entiat River for recreational fishing opportunities; 
easements were typically about 25 feet wide and varying in length from a few 
hundred feet to two miles (map available in USFS-WNF 1972); Albert Long 
easement noted as two miles long 

1972 	 WNF biologists note that in spring 1972 large amounts of silt deposited in 
river during the flood which rendered useless stretches of river that were once 
prime Chinook spawning areas; most spawning gravel buried by one to two 
feet of silt (Holtby in USFS-WNF 1972 as referenced in GeoEngineers 2007) 

1974 	 ENFH resumed release of spring Chinook salmon (FWS 2004 as referenced in 
CCCD 2004) 

1976 	 Spring Chinook annual releases from ENFH began and continued to present 
day 

1976 	 Construction of spawning channel below Fox Creek (CCCD 2004) 

1990s 	 Private groups and government agencies began major efforts at fish habitat, 
streambank, and road rehabilitation (USFS 1996; CCCD 2004) 
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Appendix A – Historical Timeline 

Year or Period Land Use and Fish Presence Observation Event 

1994 Washington State discontinued trout stocking except for a few high-elevation 
lakes 

1994 to present FWS monitors spring Chinoook spawning from RM 16.2–28.1 and Mad River 
from RM 1.5–5.2 

1995 Natural Resource Conservation Service Stream Team surveys Entiat River 
between RM 0 and 20.1 (CCCD 2004) 

1997 Wenatchee National Forest Entiat Ranger District (RD) initiated spring 
rainbow and steelhead trout surveys on Entiat and Mad Rivers 

1999 Outplanting of hatchery raised steelhead discontinued 

2000 Earthquake registering 3.3 (CCCD 2004) 
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 Figure A–1.  Entiat valley in 1916 (Erickson 2004).  

 

 

     
 

Figure A–2. Spawning riffle near RM 17.3 upstream of irrigation weir in 
1939.  (By permission of Oregon State University photo collection.)   
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Appendix A – Historical Timeline 

3. HYDROLOGY 

“Hydrology” includes events such as large floods and associated protection works, ice 
events, and debris torrents. The years of 1894, 1948, and 1972 are the largest historical 
floods reported on the Entiat River, with more damaging effects from 1948 and 1972 when 
more people and infrastructure were present in the basin.  There were additional large floods 
in 1956, 1974, 1977, 1989, 1995, and 1997 reported in localized drainages due to 
thunderstorms, most of which were associated with debris torrents.  A detailed timeline is 
provided below. 

Year or Period	 Hydrology Event 

1894 	 Columbia Basin-wide flood noted in other nearby basins to be of similar or 
slightly less magnitude than the 1948 Flood; the dam and bridge at C.A. 
Harris Mill washed out by flooding (Erickson 2004) 

1924 	 Localized flooding in Goman, Byrd, and Ribbon Cliff canyons (USFS 1996) 

pre-1948 Flood control structures (Erickson 2004) 

	 28 bank erosion or flood control structures along 2.6 of 21 total miles of 
bank estimated to be placed prior to 1948 flood; noted to be low gravel 
levees and bank protection works (i.e. riprap) 

1948 Flood of record (~10,800 cfs at old Keystone Gage at RM 0.6; #12453000); 

	 “Damage from the 1948 flood was severe on the Entiat River, from 
Ardenvoir to the mouth.  Further investigations will be necessary to 
determine a solution.  It is believed that approximately 2 miles of 
channel clearing and rectification, together with about 6,000 feet of 
heavy rock riprap bank protection, are economically justifiable.  
Estimated costs are $93,000 Federal and $7,000 non-Federal.” (ACOE 
1952) 

	 21 of 28 structures damaged, covering 5,350 feet along the left bank and 
8,350 feet along the right bank of the Lower Entiat between RM 8 and 
the mouth (ACOE communication) 

	 washed out last remaining dam on the Entiat River (Ardenvoir Mill 
Dam), damaged stream banks and levee systems 

	 Soil Conservation Service and local funds used to repair dikes and banks 
to prevent further loss of farmland (CCCD 2004) 
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Year or Period 	 	 Hydrology Event  

1949 		 Flood protection work accomplished by ACOE or private landowners 

o	 	  ACOE repaired 2,024 feet of levee and provided 910 feet of bank 
protection in 4 priority areas 

o	 	  Plans were drawn on 1949 ACOE map and Projects A thru F noted to be 
completed in February and November of 1949 (Erickson 2004); 
general areas are given below but exact extents are not all known; 
river miles are estimates 

 Project F (RM 1.8) – Bank protection or levee, possibly on outside of 
meander bend on right side or on floodplain on left side, uncertain if 
constructed 

 Project F (RM 2–2.1) – Bank protection or levee, possibly levee on left 
side, uncertain if constructed 

 Project E (RM 3.1) – Bank protection possibly on right side 

 Project D (RM 4.2) – Bank protection and levee, notes document that 
property owner constructed 700-foot-long levee using 4,000 cubic 
yards of material 

 Project C (RM 4.9–5.0) – 410 feet of rock riprap on right bank (ACOE 
2001) 

 Project C (RM 4.7–4.8) – 400 feet of rock riprap on right bank (ACOE 
2001) 

 Project B (RM 6.3–6.6) – Left bank (near Roaring Creek) (ACOE 2001) 
– various bank protection and levee projects 

 Project B (RM 6.6–6.7) – Right and left banks (ACOE 2001).  1,860 
lineal feet rock armor to banks and levee (right bank); 145 lineal feet 
above bridge (left bank); 1,625 lineal feet below bridge (left bank); 
275 lineal feet above bridge (right bank)  

 Project A (RM 7.9–8.0) – Bank protection on right bank 

1952 		 RM 8.4 right bank (ACOE 2001) – 255 lineal feet armored bank and levee; 
152 lineal feet was destroyed in 1952 and repaired by  Chelan County Roads 

1956 (July 13)	 	  Flash flood covers Highway 97 with  up to four feet of mud, water, and debris 
(USFS, 1996)  

1958 (October) 		 USGS removes old stream  gage on the Entiat River near Entiat (RM 0.5) 

1971 		 RM 16.0-26.0 right/left bank protection (following 1970 wildfires and 1971 
high water) (ACOE 2001) 

1972 (January 16) 		 River ice jams blasted in Entiat River.  Entiat River freezes from the bottom  
upward (termed “anchor ice”) (CCCD 2004) 

1972 (March) 		 McCrea Creek slope failure and debris-dam-break flood (Andonaegui 1999) 
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Appendix A – Historical Timeline 

Year or Period	 Hydrology Event 

1972 (June 10) 	 Flood recorded at the Ardenvoir Gage (RM 18; #12452800) was 6,430 cfs 

	 Preston Creek slide and flood kills four people; mud & debris also occur 
in Brennegan, McCrea, and Fox Creeks (CCCD 2004) 

	 Debris torrent near Brief and Preston Creek (RM 20) (USDA 1979 as 
referenced in CCCD 2004) 

	 Six-foot-high debris dam formed in Entiat River, backed up water, and 
then broke causing a flood torrent (Erickson 2004) 

	 Preston Creek slide area debris removal (CCCD 2004) 

	 Entiat river channel changed below Fox Creek (RM 27.7) to protect road 

1977 (June 13) 	 Crum Canyon Flood (2nd storm on June 25); followed a fire in Crum Canyon 
in 1976; Ringstead Canyon also flooded (USFS 1996; USDA Crum Canyon 
Flood Rehabilitation Report) 

o	 ACOE stabilization project after 1977 flood event near confluence of the 
Entiat River and Crum Canyon about RM 7.8 (ACOE Entiat watershed 
files as referenced in Erickson 2004) 

1972, 1974, and Landslides noted (Caldwelland Beecher 1995) 

1977
 

1977 (December) 	 RM 8.0 – left bank protection completed near mouth of Crum Canyon 
(ACOE 2001); 350 lineal feet of road/bank protection and removal of 
silt/debris from river cross-section 

1989 (July) Roaring Creek flood (confluence with Entiat at RM 6.15) (USFS 1996) 

1989 (August 19) 	 Dinkelman flood; noted that many small Chinook salmon perished (no 
defined confluence with Entiat but enters valley at about RM 4.6) (USFS 
1996) 

1991 (January 10) 	 Ice dam in Entiat blasted; largest build-up noted in 50 years, location 
unknown (CCCD 2004) 

1995 (February 2) 	 Flood on Potato Creek (Marsh 1995) 
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Year or Period 	 	 Hydrology Event  

1995 (May 19) 		 A debris torrent scoured lower Pope Creek (USFS written communication, 
1995) 

 	 	 Resulted in a large quantity of material on the Pope Creek fan, spread 
out over a large area (~20 acres) 

 	 	 The Entiat Valley Road (Forest Road 51) was impassable, with sediment 
and small debris deposits on the road 

 	 	 The event plugged the existing channel at the mouth of the canyon and 
the stream  shifted to an upvalley  location on the fan, passing across the 
valley road and through a group of six summer homes.  The structures 
themselves were not damaged; however, the area surrounding the homes 
is covered with from 1" to 12"+ of sediment and small woody  debris 

 	 	 Most of the large rock and woody debris that exited the mouth of the 
canyon retained near the mouth of the canyon 

June 1995 work done by USFS:   

 Clearing of the inlet basin for the Pope Creek culvert 

 Cleanout of the barrel of the Pope Creek culvert 

 Cleanout woody debris from the Pope Creek channel below the valley  
road 

 Channel restoration immediately adjacent to the Wixson cabin 

 Channel restoration work at the mouth of the canyon above the actual 
diversion site (removal of loose large woody  debris and channel 
armoring) 

 Clean up of the valley road and repair of road shoulder damage  

1997 (April 15) 		 Debris flow in un-named stream that flows through "Entiat River West" for 


about 800 feet then into the Entiat River across the valley from Dill Creek. 


(Archibald 1997) 



o	 	  Considerable deposit of mud and debris on the alluvial fan where the un-
named stream meets the valley  bottom  

o	  	 Estimated volume of mud and debris deposited on the fan to be 
approximately 2,600 cubic yards (1000 feet x 70 feet x 1 foot deep)  

o 	 	 Newly-excavated channel about 100 feet long was made by unknown 
source and pushed flow back into the abandoned channel  

1997 (August 26) 		 Potato Creek debris torrent from severe thunderstorm (USFS Entiat Ranger 
District 1997; USFS 1996)  

 	 	 Variable amounts of timber blown down by storm and blocking area 
roads had to be cleared 

 	 	 Lower Potato Creek (Gene Creek area and down) experienced a debris 
torrent involving high runoff, sediment, and woody debris.  The 
floodplain area functioned to dissipate energy and trap all of the large 
material (rock and wood).  A high flow surge laden with fine sediment 
reached the lower canyon and exceeded the capacity  of both the lower 
box culvert and the Valley Road culvert; however, both structures were 
clear following recession of the high flow  
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Year or Period Hydrology Event 

1997 (August 26) Mud/debris torrents issued from Stormy Creek after a high intensity 
thunderstorm (Archibald 2006 sediment monitoring report)   

2001 Lowest total water yield for 43-year period of record at the Entiat near 
Ardenvoir USGS gage (CCCD 2004) 

2006 Debris flow near RM 12.75 on north canyon wall of un-named drainage (P. 
Archibald, personal communication, 2008) 
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4. ENTIAT DELTA TIMELINE 


After the 1961 filling of Lake Entiat, about 15 years later the Entiat River had deposited large 
amounts of sediment upstream from the highway; sometime between 15 and 25 years after 
1961, a delta formed at the mouth of the Entiat River (BioAnalysts 2000).  The delta has 
since enlarged and formed a spit, and islands have formed upstream of the highway and 
become vegetated.  Figures A–7 through A–12 show aerial photographs of the Entiat River 
delta. 

Year or Period Delta Timeline Event 

1872 Earthquake two miles upstream of confluence that temporarily damned the 
Columbia and then sent a rush of water when the dam broke; this event would 
likely have eroded any historical delta deposition from the Entiat at the 
confluence with the Columbia 

1881 Quote from early Columbia River mapping survey 

“…There is quite an Indian village on…[the] banks [of the Entiat River], 
and several of the Indians were engaged in spearing salmon from canoes,  
paddled and poled along the shallows by assistants. Just below the mouth of the 
Entiat-qua River there are a number of bar islands, and the river is very shallow. 
We apparently went in the main channel, and I found only three feet of water 
over the bar… This is the shallowest water met with yet. At the lower end of the 
bar is quite a strong little rapid.”   

1910 Aerial photo shows dam present near mouth of Entiat that presumably blocked 
majority of sediments from reaching the mouth; river runs along road on left 
side of valley below dam (BioAnalysts 2000) (Gray’s mill dam present from 
1898 to 1915) 

1930 Dam near mouth gone and Entiat river just upstream of mouth now runs along 
right side of valley (BioAnalysts 2000) 

1955-56 Present Highway 97 bridge constructed across mouth of Entiat (BioAnalysts 
2000) 

1961 Rocky Reach reservoir fills for first time, Lake Entiat 

1968 Aerial photo shows no delta visible in Lake Entiat (BioAnalysts 2000) 

1975 Mouth of Entiat River has visible deposition upstream from highway bridge but 
no delta visible in Rocky Reach reservoir pool (BioAnalysts 2000) 

1985 Mouth of Entiat River has visible delta in Rocky Reach reservoir pool that 
continues to be visible and grow through present day (BioAnalysts 2000) 

1989 Aerial photo shows high turbidity in Entiat River at mouth (BioAnalysts 2000) 

2008 Aerial photo shows delta still present.  See Figure A–12. 
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5. MAJOR FIRES 

Wildfires have affected over 60 percent of the subbasin and have been documented from 
1888 to present as listed below. 

Year or Period Major Fire Event 

1888 Mad River Gorge to Blue Creek Meadows (Entiat Cooperative Basin Study as 
referenced in CCCD 2004) 

1902 USGS map shows several fires in tributary drainages of the Upper Entiat 
(Plummer 1902) 

1910 Signal/Tyee Peak Fire (2,560 acres) (Andonaegui 1999) 

1925 Mad River (1,500 acres), Spectacle Butte Fire (600 acres), Borealis Ridge Fire 
(500 acres), and 300-acres fires including Three Creeks, Lake Creek, 
Brennegan Creek, Gray Canyon, Mud Creek (Andonaegui 1999) 

1929 Extreme fire season (Andonaegui 1999) 

1961 Tenas George Fire (equipment caused); 3,750 acres (Andonaegui 1999) 

1962 Forest Mountain Fire (lightening caused); 520 acres (Andonaegui 1999) 

1966 Hornet Creek Fire #143; 1,210 acres (started at mill site) (Andonaegui 1999) 

1970 Entiat/Slide Ridge Fire (49,200 acres) and Gold Ridge Fire (16,100 acres); 
(lightening storms) (CCCD 2004) 

1976 Crum Canyon Fire (9,000 acres) (CCCD 2004) 

1988 Dinkelman Canyon fire; 53,000 acres human caused (CCCD 2004) 

1994 Tyee Fire (140,196 acres) (lightening caused); involved 33% of Entiat 
watershed (CCCD 2004) 

2001 Tommy Creek fire burns 640 acres (CCCD 2004) 

A–12 




 
 

 
 

  

 

  

 

  

   

  

 

 

 

 
 

  

   

 
 

   

 

 

 

 

	

	 







	 

	 

	 

	 

	 

	 

	 

	

	

 

 

 

	 

	 

	 




Appendix A – Historical Timeline 

6. 	 HISTORICAL LUMBER MILLS, DAMS, AND 
LOGGING ACTIVITIES 

Year or Period Historical Lumber Mills, Dams, and Logging Activities Event 

1888 to 1917 	 Gray’s lumber mill holding dam constructed at approximately RM 0.6 to 

process timber near the mouth of the river (Figure A–3) (Long 2001 as 

referenced in Erickson 2004);  


	 Dam was fairly tall and used to impound logs that were driven down the 
river; estimated to be tens of feet high 

	 Logs were harvested upriver, along the riverbanks, and driven down the 
Entiat River during high water 

	 Blocked fish passage almost entirely, although an ineffective fish ladder 
was built at some time (BOF 1936) 

	 1894 – the dam and bridge at C.A. Harris Mill washed out by 1894 flood 
(Long, 2001 as referenced in CCCD 2004) 

	 Dam and reservoir pool visible in 1910 aerial photograph  

	 1915 – dam burned down (BioAnalysts 2000) 

	 Mill bought, sold, and rebuilt before closing in 1917 

Early 1900s 	 Logging and road development, particularly in lower Entiat River and Mills 
Canyon and Mud Creek (Erickson 2004) 

1902 	 USGS mapping shows Entiat Valley is timberless from mouth upstream to 
RM 4.7, and clearcut from RM 4.7–13.5 (Dinkleman Canyon upstream to near 
McKenzie Canyon) (Plummer 1902) 

1913 to 1932 Kellogg Mill Dam constructed at RM 3.6 across from Mills Canyon 

 8 foot high dam constructed out of logs that completely blocked fish 
passage except at high flows (Bryant and Parkhurst 1950); based on 
present slope, the reservoir behind the dam would have extended about 
800 feet upstream 

 Logs were floated down the river to the mill pond from sites far upstream 
and upvalley (Long, 2001 as referenced in Erickson 2004) 

 Burned in 1917 but remnants continued to block fish passage 

	 Sportsman dynamited east portion of dam in 1932 to create some fish 
passage 

	 A portion of dam was still visible in the channel in the 1945 aerial 
photographs, but appeared to be removed entirely from river channel based 
on 1962 aerial photograph 

	 Large dam embankment still visible on river right as of 2008 
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Year or Period Historical Lumber Mills, Dams, and Logging Activities Event 

1930 to 1948 	 Harris Mill Dam constructed at RM 10 at the confluence of the Entiat and Mad 
Rivers near present-day Ardenvoir  

	 Dam and millpond built along with a bridge just above dam that crossed 
near Cooper’s store (remnant pilings still present in riverbed); visible in 
1945 aerial photograph (Long 2001 as referenced in Erickson 2004) 

	 Dam was about 13.5 feet high with ineffective concrete fish ladder 
(BOF 1936; CCCD 2004); based on the present slope, the reservoir would 
have extended about 1,300 feet upstream 

	 Dam, mill pond, and bridge destroyed during 1948 flood with mill and mill 
pond rebuilt shortly thereafter; no evidence that dam was rebuilt  (Long 
2001 as referenced in Erickson 2004) 

 Mill pond used until equipment upgrades 

 Mill completely closed in 1979 

1948 to 1950 	 Logging of cottonwood in Stillwater section (Personal contact with Conrad 

Peterson 2001 and from ACOE Historic Flood Restoration Records as 

referenced in CCCD 2004) 


1961 	 Rocky Reach Dam commences operation on main stem Columbia River and 
results in backwater at mouth of Entiat River 

October 1971 Removal of log jams, logs, and flotsam from the river 


 Noted to occur after 1970 wildfires and 1971 flood (ACOE 2001) 


 “Stream clean-out” between RM 16.4–25.9 by ACOE 


 Noted to cause pool in-filling and greater stream habitat simplification 

(approximately Decker Canyon to Burns Creek) (USDA 1979 as 
referenced in CCCD 2004) 

 ACOE contracted “snagging and clearing” under Section 208 authority. 
Completed October 1971 (ACOE 2001) 

1972 to 1977 	 Almost 50 million board feet of fire salvage timber sold from burns on national 
forest land (Entiat Ranger District files as referenced in CCCD 2004) 

1995 to 1997	 Over 12,000 acres had been salvaged after wildfires on national forest land 

(Entiat Ranger District files as referenced in CCCD 2004) 
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Figure A–3.  Early postcard depicting Gray's Mill Dam (1916).   

 

  

 




Figure A–4.  Entiat powerplant (USGS, 1922).  
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Figure A–5.  Photograph looking down-valley from Kellogg Mill near Mills Canyon, 1914. (Published in 
Erickson 2004.  Courtesy of Washington State Historical Society, Asahel Curtis Collection, #300117.) 

 

 
 

 

 




Figure A–6.  Looking across at Kellogg Mill, 1914.  The reservoir behind the dam was estimated to be 
hundreds of feet long.  (Published in Erickson 2004.  Courtesy of Washington State Historical Society, 
Asahel Curtis Collection, #300119). 

Appendix A – Historical Timeline 

A–16 




 
 

 
 

  

 

 
 

  

 

    

  
 

 
   







Appendix A – Historical Timeline 

7. REFERENCES 


In Text Complete Citation 

ACOE 1952 U.S. Army Corps of Engineers, Review Report on the Columbia River and 
Tributaries, Northwestern United States. H. Doc. 531, 81st Cong., 2nd Sess. 
“March 20, 1950 – Referred to the Committee on Public Works and order to be 
printed.” Government Printing Office, Washington, D. C., 1952.  (Reprint of 
28-volume Review Report on Columbia River and Tributaries Review Report, 
October 1948, ACOE North Pacific Division 

ACOE 2001 U.S. Army Corps of Engineers.  2001. Historic Flood Restoration in Entiat 
River Basin File Note. Obtained by Cascadia Conservation District via phone 
conversation and file retrieval by ACOE Seattle District, Emergency 
Management Branch Operations Division.   

Andonaegui 
1999 

Andonaegui, C.  1999.  Salmon and Steelhead Habitat Limiting Factors Report 
for the Entiat Watershed, Water Resource Inventory Area (WRIA) 46, Version 
3. Washington State Conservation Commission, Olympia, WA.  78 pp. 

Archibald 1997 Archibald, P.  1997.  Entiat River Muddy Water [unpublished account of flood 
event].  Wenatchee National Forest, Entiat Ranger District files.   

Archibald 2006 Archibald, P.  2006.  2006 Sediment Monitoring Report:  Entiat River, Mad 
River.  Wenatchee National Forest, Entiat Ranger District. 11 pp.  

BioAnalysts 
2000 

BioAnalysts, Inc.  2000.  Sediment Dynamics in the Rocky Reach Project Area. 
Produced for Public Utility District No. 1 of Chelan County by BioAnalysts, 
Inc., Boise, ID. 16 pp. 

Bodle and 
Murphy 1948 

Bodle, R.R., and Murphy, L.M.  1948. United States Earthquakes, 1946, U.S. 
Department of Commerce, Coast and Geodetic Survey, Serial Number 714.  pp. 
17-22. 

Bryant and 
Parkhurst 1950 

Bryant, F.G. and Parkhurst, Z.E.  1950.  Survey of the Columbia River and its 
tributaries, No. 4, Area III, Washington streams from the Klickitat and Snake 
River to Grand Coulee dam, with notes on the Columbia and its tributaries 
above Grand Coulee Dam.  U.S. Fish and Wildlife Service, Special Scientific 
Reports on Fisheries No. 37.  108 pp. 

Caldwell and 
Beecher 1995 

Caldwell, B. and Beecher , H.  1995. Entiat and Mad Rivers Fish Habitat 
Analysis Using the Instream Flow Incremental Methodology. Washington 
Department of Fish and Wildlife, Olympia, WA: 59.  

CCCD 2004 Chelan County Conservation District.  2004.  Entiat Water Resource Inventory 
Area (WRIA) 46 Management Plan: Prepared for the Entiat WRIA Planning 
Unit by the Chelan County Conservation District; 318 pp. plus appendices.  
Submitted pursuant to Washington Watershed Planning Act, Chapter 173-546. 
www.cascadiacd.org 

A–17 




 

 

 
 

 

 

 
  

 

  

 

 

 




Appendix A – Historical Timeline 

In Text Complete Citation 

Erickson 2004 Erickson, J.M. 2004.  Historical changes in riparian vegetation and channel 
morphology along the lower Entiat River Valley, Washington: Implications for 
stream restoration and salmon recovery. Central Washington University, 
Geography and Land Studies Department, Ellensburg,WA.  Master of Science 
Thesis: 114 pp.  

BOF 1936 U.S. Bureau of Fisheries. 1936.  Entiat River Physical Stream Survey Reports 
1934, 1935, and 1936. Mad River Physical Stream Survey Reports, 1934, 
1935, and 1936. Scanned by Oregon State University Library Archives.  
[BOF is a predecessor of the National Marine Fisheries Service] 

GeoEngineers 
2007b 

GeoEngineers, Inc. 2007. Fishery White Paper for the Entiat River 
Watershed, Chelan County, WA. Prepared for Entiat Watershed Planning Unit: 
116 pp.  (26 June 2007) 

Hull 1929 Hull, L.M. 1929. A history of central Washington, including the famous 
Wenatchee, Entiat, Chelan and the Columbia Valleys, with an index and eighty 
scenic-historical illustrations. Shaw & Borden, Spokane, WA. 

Marsh 1995 Marsh, B. 1995.  Potato Creek Flood [unpublished email documentation].  
Wenatchee National Forest, Entiat Ranger District.  21 February 1995. 

Parker and Lee 
1992 

Parker, G.L., and Lee, L. 1922. Water Powers of the Cascade Range Part IV. 
Wenatchee and Entiat Basins.  USGS, 88 pp. with 8 plates.   

Plummer 1902 Plummer, F.G. 1902.  Forest Condition in the Cascade Range, Washington 
between the Washington and Mount Rainier Forest Reserves.  USGS 
Professional Paper 6. 42 pp.   

Reclamation 
2009a 

Bureau of Reclamation. 2009a.  Entiat Tributary Assessment.  January 2009. 
Prepared by Technical Service Center, Sedimentation and River Hydraulics 
Group (M/S 86-68240), Denver, CO in cooperation with Pacific Northwest 
Regional Office, Boise, ID and Wenatchee-Entiat Field Station, Wenatchee, 
WA. 

Reclamation 
2009b 

Bureau of Reclamation. 2009b.  Entiat Tributary Assessment, Technical 
Appendices.  January 2009.  Prepared by Technical Service Center, 
Sedimentation and River Hydraulics Group (M/S 86-68240), Denver, CO in 
cooperation with Pacific Northwest Regional Office, Boise, ID and Methow 
Field Station, Winthrop, WA.   

Reclamation 
2009c 

Bureau of Reclamation. 2009c.  Entiat Tributary Assessment Map Atlas. GIS-
based maps that illustrate key results from geologic and geomorphic mapping, 
hydraulic and sediment analysis, and habitat features for RM 0–26. Prepared 
by Technical Service Center, Sedimentation and River Hydraulics Group (M/S 
86-68240), Denver, CO.   

USDA 1979 U.S. Department of Agriculture –– Economics, Statistics and Cooperatives 
Service; Forest Service; and Soil Conservation Service.  1979.  Entiat Co-
operative River Basin Study. [S.l.]. Spokane, WA. 198 pp. 

A–18 




 
 

 
 

  

  

  

   

 
  

 

 

 




Appendix A – Historical Timeline 

In Text Complete Citation 

USFS 1995 U.S. Forest Service. 1995. Pope Creek Flood Restoration Proposal 5/23/95, 
unpublished file provided by USFS Entiat Ranger District. 

USFS 1996 U.S. Forest Service. 1996. Watershed Assessment Entiat Analysis Area, 
Version 2.0. Wenatchee National Forest, Entiat Ranger District., Entiat, WA.   

USFS 1997 U.S. Forest Service. 1997. File notes on Potato Creek Flood of 8/1997, 
unpublished file provided by Wenatchee National Forest, Entiat Ranger 
District. (29 August 1997).   

Wenatchee 
World 2008 

Wenatchee World (newspaper). 2008. The 1872 North Cascades Earthquake 
Washington Reporting Localities Compilation of articles and interviews 1932-
1974.  See at (as of 11 November 2008) 
www.geophys.washington.edu/SEIS/PNSN/HIST_CAT/1872/Weston/washingt 
on/entiat2.html 

Woodsmith and 
Bookter 2007 

Woodsmith, R.D. and Bookter, A.  2007. Restoration planning in the 
Stillwater Section, Entiat River, Washington: Geomorphic Baseline 
Assessment.  USDA, Forest Service Pacific Northwest Research Station, 
Wenatchee, WA.  47 pp.  

A–19 




 

 

 
 

 

 

 

    




Figure A–7.  Entat River delta, 1910.  (BioAnalysts, 2000) 
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  Figure A–8.  Entiat River delta, 1930.  (BioAnalysts, 2000) 
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   Figure A–9.  Entiat River delta, 1968.  (BioAnalysts, 2000) 
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     Figure A–10.  Entiat River delta, August 1975.  (BioAnalysts, 2000) 
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      Figure A–11.  Entiat River delta, July 1985. (BioAnalysts, 2000) 
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   Figure A–12.  Entat River delta, July 2008. (Bureau of Reclamation/Ralph Klinger)   
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1. INTRODUCTION 

This report documents hydrology data and a GIS (geographic information system) database 
developed for the Entiat River Tributary Assessment being accomplished by the Technical 
Service Center for the Pacific Northwest Region of the Bureau of Reclamation.  This 
appendix contains the following information: 

 Basin characteristics 

 Description of streamflow data 

 Historical flood accounts 

 Review of previous hydrology studies 

 Flood frequency analysis at USGS gage locations 

 Flood frequency analysis at ungaged locations 

 GIS integration 

2. BACKGROUND AND METHODOLOGY 

2.1 BASIN CHARACTERISTICS 

The Entiat River drainage basin is located in western Chelan County, Washington.  The 
drainage basin above the mouth of the Entiat River is 419 mi2. All runoff generated from the 
Entiat River Drainage basin empties into the Columbia River just south of Entiat, 
Washington. Figure B–1 shows the Entiat and Wenatchee watersheds in Chelan County.  
The headwaters of the Entiat River originate in the Cascade Mountains, and the topography 
of the basin varies significantly.  The elevation of the Entiat River ranges from 
approximately 710 feet above sea level at the mouth to 9200 feet.  The Mad River is the only 
major tributary of the Entiat River.  It has a drainage area of 91 mi2 and ranges in elevation 
from 1250 feet to 7000 feet.   

2.2 DESCRIPTION OF STREAMFLOW DATA: 

Within the Entiat River drainage basin, there are currently three operating USGS real-time 
surface-water stations (Figure B–1).  The Keystone gage (12452990) is located at river mile 
(RM) 1.4 and has a drainage area of 416 mi2. For the period 1996–2007, the instantaneous 
annual peaks are available at this gage along with the mean daily discharges.  At RM 18, the 
“Entiat River near Ardenvoir, WA” gage (12452800) has been operating since 1958; it has a 
drainage area of 203 mi2 and 47 years of annual peak data and mean daily discharge data.  
“Mad River at Ardenvoir, WA” gage (12452890) has been operating since 2002; it has a 
drainage area of 92 mi2 and six years of annual peak data and mean daily discharge data.  
Prior to these three gages, there is an out-of-service gage that was also located on the Entiat 
River at RM 1.4. The “Entiat River near Entiat, WA” gage (12453000), also known locally 
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as the “Old Keystone” gage, was under operation from 1911–1925 and 1952–1958.  Annual 
peak discharges and mean daily discharges are available for those periods.   

B–2 


 
  

 

Figure B–1. Entiat Watershed, Chelan County, Washington. 
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2.3 HISTORICAL FLOOD ACCOUNTS: 

The Entiat basin is subject to frequent late spring and early summer snow-melt floods.  Major 
floods have occurred in the Columbia River basin in 1894, 1948, and 1972 (Beck 1973).  The 
Flood of 1894 occurred prior to the establishment of stream-flow records.  The largest flood 
of record occurred on May 29, 1948 at the Old Keystone gage (12453000).  The magnitude 
of this discharge was 10,800 ft3/s. For the 1972 Flood, the peak discharge recorded at the 
Ardenvoir gage was 6,430 ft3/s. Figure B–2 presents the annual peak flow data available for 
the Entiat River. The largest flood since 1972 occurred on June 17, 1999 and discharges of 
5,600 ft3/s and 4,460 ft3/s were recorded at Keystone and Ardenvoir, respectively.   
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Figure B–2.  Entiat River annual peak discharges. 
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2.4 REVIEW OF PREVIOUS HYDROLOGY STUDIES: 

Section 4.2 of the Entiat WRIA 46 Management Plan (CCCD 2004) discusses the synthesis 
of a composite streamflow record for the Keystone gage in order to aid watershed planning 
that required statistical analysis of long-term discharge records.  The composite record 
contains mean daily flow data from 1958 thru 2001.  From 1996 thru 2001, mean daily flows 
were taken from the Keystone gage.  Utilizing an overlap in the Keystone gage data and 
Ardenvoir gage data, a linear relationship between the two datasets was developed in order to 
estimate the mean daily flows at the Keystone gage from 1958 thru 1996 (CCCD 2004).   

According to the NRCS “Bankfull Discharge Regression Analysis” performed on this 
dataset, the 1.5-year flood was used as an estimate of the bankfull discharge in the Entiat 
River at the Keystone gage. The estimated magnitude for this recurrence interval was 
2,436 ft3/s which was calculated based on the relationship shown in Figure B–3 
(Lange 2005). 
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Figure B–3. NRCS Entiat River “Bankfull Discharge Regression Analysis” (Lange 2005). 

The Chelan County Flood Insurance Study (FEMA 2004) computed peak discharge 
estimates for several locations in the Entiat River watershed (Table B–1).  Their analysis was 
based on 23 years of data at the Keystone gage and 18 years of data at the Ardenvoir gage 
(FEMA 2004). 
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Table B–1.  FEMA peak discharges for Entiat River watershed (FEMA 2004). 

Location 
Drainage area 

(mi2) 

Peak Discharge (ft/s) 

10-year 50-year 100-year 

Mouth 419 6,000 8,000 8,900 

Fish Hatchery Rd 343 5,600 7,500 8,300 

Mad River Rd. 251 5,100 6,700 7,400 

Ardenvoir gage 203 4,700 6,200 6,900 

2.5 FLOOD FREQUENCY ANALYSIS AT USGS GAGES 

A flood frequency analysis was performed at each of the three USGS gages:  Keystone, 
Ardenvoir, and Mad River. The Keystone gage contains no available annual peak discharges 
between 1958 and 1996.  As a result, a synthesized dataset was created to fill the gap.  The 
Ardenvoir gage and the Keystone gage have 10 years of overlapping annual peak discharges 
that occur on the same date.  The Keystone peaks were plotted against the Ardenvoir peaks in 
order to establish a simple linear relationship as shown in Figure B–4.  The resulting 
relationship has a correlation coefficient of 0.96 and is displayed below.   
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Figure B–4.  Overlapping annual peak discharges at the Keystone and Ardenvoir gages.  
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The annual peak discharges for 1959–1995 at the Keystone gage were estimated using this 
relationship and were added to the dataset.  The resulting dataset contains 72 annual 
instantaneous peak discharges at the Keystone gage from 1911–1925, 1948, and 1952–2007.  
A Log-Pearson III distribution was fit to the updated Keystone dataset using the method of 
moments to estimate flood magnitudes with annual exceedance probabilities greater 
than 0.01. This process is consistent with the procedure described in the Guidelines for 
Determining Flood Flow Frequency, Bulletin 17B (WRC 1981). A Regional skew value was 
not included in the calculations because the dataset was judged to be significantly long to 
estimate a reliable skewness.  The Bulletin 17B procedure was also used to analyze the 
Ardenvoir annual peak discharges. Table B–2 and Table B–3 provide the results of the flood 
frequency analyses at the Keystone gage and Ardenvoir gage.   

Table B–2.  Keystone gage flood frequency analysis. 

Mean of Logs Std. Dev. Final Skew 

95% Confidence Limits 
3.4965 0.1861 0.0121 

AEP 
Return Period 

(years) 
Peak flows 

(ft3/s) 
Low High 

0.99 1.01 1160 970 1340 
0.98 1.02 1310 1110 1490 

0.975 1.03 1360 1160 1540 
0.96 1.04 1480 1280 1670 
0.95 1.05 1550 1350 1740 
0.9 1.11 1810 1600 2010 
0.8 1.25 2190 1970 2400 
0.7 1.43 2500 2280 2730 
0.6 1.67 2810 2580 3060 

0.5704 1.75 2910 2670 3160 
0.5 2 3130 2880 3410 

0.4296 2.33 3380 3110 3690 
0.4 2.5 3490 3220 3810 
0.3 3.33 3930 3600 4310 
0.2 5 4500 4110 5000 
0.1 10 5440 4900 6160 
0.05 20 6360 5660 7340 
0.04 25 6650 5900 7730 

0.025 40 7280 6400 8560 
0.02 50 7590 6640 8960 
0.01 100 8530 7390 10250 
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Table B–3. Ardenvoir gage flood frequency analysis. 

Mean of Logs Std. Dev. Final Skew 

95% Confidence Limits 
3.427 0.1629 –0.0394 

AEP 
Return Period 

(years) 
Peak flows 

(ft3/s) 
Low High 

0.99 1.01 1110 910 1280 
0.98 1.02 1230 1020 1410 
0.975 1.03 1270 1070 1460 
0.96 1.04 1380 1170 1560 
0.95 1.05 1440 1230 1620 
0.9 1.11 1650 1440 1840 
0.8 1.25 1950 1740 2150 
0.7 1.43 2200 1990 2410 
0.6 1.67 2440 2220 2660 

0.5704 1.75 2510 2290 2740 
0.5 2 2680 2450 2930 

0.4296 2.33 2860 2620 3140 
0.4 2.5 2950 2700 3230 
0.3 3.33 3260 2980 3600 
0.2 5 3670 3340 4110 
0.1 10 4320 3880 4940 

0.05 20 4930 4380 5760 
0.04 25 5130 4530 6020 
0.025 40 5540 4850 6580 
0.02 50 5730 5000 6850 
0.01 100 6330 5460 7700 
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The Mad River dataset only contains six years of recorded annual peak discharges and is not 
sufficient to perform the Bulletin 17B procedure. Alternatively, a scaling factor was 
developed to adjust the frequency discharges at the Ardenvoir gage in order to estimate the 
discharges at Mad River, using five overlapping years.  The overlapping discharges in Table 
B–4 were used to solve for the exponent “x” in Equation B–1 by minimizing the “sum of the 
squared residuals” (SSR).   

Table B–4.  Overlapping peak discharges at Ardenvoir and Mad River.   

Date Ardenvoir peak 
(ft3/s) 

Mad River peak 
(ft3/s) 

Predicted Mad 
River peak (ft3/s) 

Squared 
residuals 

5/30/2002 2,860 698 648 2,483.82 

6/07/2003 2,580 674 585 7,973.49 

5/10/2005 1,830 393 415 472.33 

5/18/2006 4,100 965 929 1,282.83 

6/03/2007 3,380 624 766 20,166.75 

         SSR = 32.379.22 

   Drainage Area Ratio = 0.45 

x  =  1.85 

Equation B-1 Q2  Q1 DrainageAreaRatioX 

 Q2 is the peak discharge, in ft3/s, at the Mad River gage; 


 Q1 is the peak discharge, in ft3/s, at the Ardenvoir gage. 


 The drainage area ratio (0.45) from Table B-4 is the contributing drainage area 

(92 mi2) at Mad River divided by the contributing drainage area (203 mi2) at the 
Ardenvoir gage. 

The resulting scaling factor of 0.228 = (0.45)1.85 was multiplied by the frequency discharges 
at Ardenvoir to estimate the 2-, 5-, 10-, 25-, 50-, and 100-year peak discharges for Mad River 
(Table B–5). 

Table B–5.  Mad River gage flood frequency analysis. 

Return Period Mad River peak discharge 
(ft3/s) 

2-year 610 

5-year 830 

10-year 980 

25-year 1,160 

50-year 1,300 

100-year 1,430 
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2.6 FLOOD FREQUENCY ANALYSIS AT UNGAGED LOCATIONS 

The following methodology describes how the computed frequency discharges at the 
Keystone and Ardenvoir gages were used to estimate the 2-, 5-, 10-, 25-, 50-, and 100-year 
peak discharges from RM 0.2 to RM 32 and upstream and downstream of the Mad River 
confluence. 

Because flooding occurs as a result of spring snow-melt, peak discharge is a function of both 
drainage area and the elevation of the contributing area.  As elevation decreases, snow-pack 
decreases which decreases the amount of runoff produced.  In order to estimate the effect 
elevation has on runoff, the overlapping discharges in Table B–6 were used to solve for the 
exponent “x” in Equation B–1 by minimizing SSR.   

Q  Q DrainageAreaRatioX 

Equation B–1 2 1 

 Q2 is the peak discharge, in ft3/s, at the Ardenvoir gage; 

 Q1 is the peak discharge, in ft3/s, at the Keystone gage; 

 the drainage area ratio (0.49) from Table B-6 is the contributing drainage area 
(203 mi2) at Ardenvoir divided by the contributing drainage area (416 mi2) at the 
Keystone gage. 

Table B–6.  Overlapping peak discharges at Ardenvoir and Keystone. 

Date Ardenvoir peak 
(ft3/s) 

Keystone peak 
(ft3/s) 

Predicted Ardenvoir 
peak (ft3/s) 

Squared residuals 

5/26/1958 4,110 4,500 3,872 56,605.74 

5/07/1998 2,870 3,740 3,218 121,193.83 

6/17/1999 4,460 5,600 4,819 128,586.03 

5/25/2001 1,390 1,560 1,342 2,273.27 

6/16/2002 2,860 3,250 2,797 4,031.93 

6/09/2003 2,580 2,880 2,478 10,377.20 

10/21/2003 2,030 2,010 1,730 90,282.67 

5/10/2005 1,830 2,050 1,764 4,362.90 

5/19/2006 4,100 4,780 4,112 169.26 

6/04/2007 3,380 3,610 3,106 74,928.69 

    Drainage Area Ratio = 0.49 

x  =  0.21 

          SSR = 492,811.52 
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A digital elevation model (DEM) with 10-meter by 10-meter grid cells was used to compute 
the ungaged drainage area of each river mile.  Equation B–2 was used to estimate the 
ungaged peak discharges at the ungaged river mile locations. 

 
0.21 

AuEquation B–2 Qu  Qg 
 
 
 Ag  

 Qu is the peak discharge, in ft3/s, at the ungaged site for a specific recurrence interval;  

 Qg is the peak discharge, in ft3/s, at the gaged site for a specific recurrence interval;  

 Au is the contributing drainage area, in mi2, at the ungaged site; 

 Ag is the contributing drainage area, in mi2, at the gaged site, 

 x = 0.21 was solved using Equation B–1. 

From RM 0.2 to downstream of Mad River, Qg and Ag are the peak discharge and drainage 
area at the Keystone gage respectively.  From upstream of Mad River to RM 32, Qg and Ag 

are the peak discharge and drainage area at the Ardenvoir gage respectively.  Table B–7 
contains the flood frequency estimates for the Entiat river miles.   

Table B–7.  Flood frequency estimates for the Entiat river miles.   

River Mile 
Drainage 
Area (mi 2) 

Return Period 
2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 

32 108.66 2350 3210 3780 4490 5020 5540 
31 116.96 2390 3260 3840 4560 5100 5630 
30 118.82 2390 3280 3850 4580 5120 5650 
29 119.89 2400 3280 3860 4590 5130 5660 
28 148.47 2510 3430 4040 4800 5360 5920 
27 153.81 2530 3460 4070 4840 5400 5970 
26 157.02 2540 3470 4090 4860 5430 5990 
25 162.43 2560 3500 4120 4890 5460 6030 
24 170.86 2580 3540 4160 4940 5520 6100 
23 180.16 2610 3580 4210 5000 5580 6170 
22 182.56 2620 3590 4220 5010 5600 6180 
21 186.68 2630 3600 4240 5040 5630 6210 
20 187.73 2640 3610 4240 5040 5630 6220 
19 192.02 2650 3620 4260 5070 5660 6250 
18 Ardenvoir gage 203.35 2680 3670 4320 5130 5730 6330 
17 204.56 2680 3670 4320 5130 5740 6330 
16 208.01 2690 3690 4340 5150 5760 6360 
15 219.09 2720 3730 4380 5210 5820 6430 
14 222.78 2730 3740 4400 5230 5840 6450 
13 225.03 2740 3750 4410 5240 5850 6460 
12 225.86 2740 3750 4410 5240 5860 6470 
11 250.46 2800 3830 4510 5360 5990 6610 
upstream of Mad R. 250.91 2800 3830 4510 5360 5990 6610 
Mad R. 91.29 610 830 980 1160 1300 1430 
downstream of Mad R. 342.20 3010 4320 5220 6390 7280 8190 
10 346.94 3020 4330 5230 6410 7300 8220 
9 347.75 3020 4330 5240 6410 7310 8220 
8 351.97 3030 4340 5250 6430 7330 8240 
7 363.41 3050 4370 5290 6470 7380 8300 
6 390.46 3090 4440 5370 6570 7490 8420 
5 392.16 3100 4440 5370 6570 7490 8430 
4 396.99 3100 4460 5390 6590 7510 8450 
3 409.49 3130 4490 5420 6640 7560 8510 
2 413.26 3130 4490 5430 6650 7580 8530 
1.4 Keystone gage 415.09 3130 4500 5440 6650 7590 8530 
1 415.76 3140 4500 5440 6660 7590 8540 
0.2 Mouth 418.19 3140 4510 5440 6660 7600 8550 
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3. GIS INTEGRATION 

A geographic information system was created, in order to quickly access specific peak 
discharge information associated with each Entiat river mile.  A point shapefile 
(entiat_drainage_pts.shp) was created and the results in Table B–7 were added to the attribute 
table. The information tool is used to access the data by simply clicking on the river mile of 
interest (Figure B–5). Figure B–6 is a close-up of the attributes displayed for a specific sub-
basin. Table B–8 lists the descriptions of each attribute in the GIS database.   

B–11 


 
   Figure B–5.  Accessing the peak discharge data in GIS. 



 
 
 

 
 

 
  Figure B–6. Output summary for an ungaged river mile. 

 

 Table B–8.  GIS output description. 

Field Descriptor

RiverMile Entiat river mile number and description 

Area_mi2  Drainage area in square miles 

2-yr_cfs 2-year peak discharge in cubic feet per second 

5-yr_cfs 5-year peak discharge in cubic feet per second 

10-year_cfs 10-year peak discharge in cubic feet per second 

25-yr_cfs 25 year peak discharge in cubic feet per second 

50-yr_cfs 50-year peak discharge in cubic feet per second 

100-yr_cfs 100-year peak discharge in cubic feet per second  
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4. CONCLUSIONS 


Based on the results of the flood frequency analysis, the 100-year flood at Keystone is 
estimated at 8,530 ft3/s. If the frequency curve is extended to include an AEP of 0.002, the 
1948 flood’s peak discharge of 10,800 ft3/s can be approximated at the 500-year flood.  The 
June 17, 1999, flood peak of 5,600 ft3/s can be approximated at the 10-year flood.  The 
1.5-year discharge or bankfull flood can be estimated at 2,600 ft3/s. This estimate is 
approximately 150 ft3/s higher than the discharge calculated by the NRCS. 

The confidence interval estimates of the peak discharges at Keystone and Ardenvoir shown 
in Table B–2 and Table B–3 provide a level of uncertainty of the estimates made at each 
river mile.  Conservatively the estimates in Table B–7 can be adjusted by ±25 percent to gain 
an acceptable range of possible peak discharges for a give return period. 

The FIS computed peak discharge estimates for several locations in the Entiat River 
watershed were compared to the corresponding discharges estimates using the results from 
this analysis (Table B–9). On average, the 10-year peak discharges of this study are 
10 percent less than the discharges computed in the FIS.  The 50-year peak discharges of this 
study are 7 percent less than the discharges computed in the FIS.  The 100-year peak 
discharges of this study are 6.5 percent less than the discharges computed in the FIS.   

Table B–9. Comparison of peak discharges estimates. 

Location 
Drainage 
area (mi2) 

Peak Discharge (ft3/s) 

10-year 50-year 100-year 

FEMA BOR FEMA BOR FEMA BOR 

Mouth 419 6,000 5,440 8,000 7,600 8,900 8,550 

Fish Hatchery Rd. 343 5,600 5,220 7,500 7,280 8,300 8,190 

Mad River Rd. 251 5,100 4,510 6,700 5,990 7,400 6,610 

Ardenvoir gage 203 4,700 4,320 6,200 5,730 6,900 6,330 
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1. OBJECTIVE 

The objective of this study is to provide a long-term context and understanding of 
geomorphic processes along the Entiat River.  Geomorphic data were incorporated along 
with hydraulic modeling and biologic data to identify areas impacted by human activities and 
opportunities for protection or restoration. 

2. INTRODUCTION 

Geomorphic data provide the physical basis for understanding how and where critical habitat 
for salmonids is formed along rivers.  An understanding of the physical river processes is 
necessary in order to implement habitat restoration actions that are compatible with the river 
processes and that will be sustainable in the long term.  By understanding river processes, we 
can link the location of suitable habitat for salmonids with the physical characteristics of the 
system and explain why habitat occurs in some locations but not in others and whether it is 
likely that this habitat existed prior to human interaction with the river.  Geomorphic 
information also provides the data to explain why channel morphology can look very 
different along the same river system and what factors are most important in controlling this 
morphology. Combined with hydraulic modeling and vegetation data, geomorphic data can 
be used to explain historical changes in the river system and to postulate potential causes for 
these changes. This gives us an idea of whether channel processes have changed 
significantly during the historical period, thus impacting habitat quality and/or quantity.   

By mapping landforms along the river such as floodplains, stream terraces, alluvial fans, 
landslides and bedrock, information such as bank erodibility, sediment sources to the 
channel, potential for lateral channel migration, off-channel habitat areas and overbank 
flooding areas can be obtained. Bank erodibility and sediment source data can help to 
understand whether fine sediment sources are a naturally occurring phenomenon in the river 
or whether fine sediment is present in greater amounts in the channel than would naturally 
occur. Geomorphic information that documents the location of floodplain and actively 
reworked areas is important to develop since these the areas along the river have the greatest 
potential for protecting, improving or creating salmonid habitat.   

Geomorphic information places current channel processes into a long-term context and 
answers the question, Is the river functioning similarly now as it has in the past?  For 
example, were there areas where the river had a meandering rather than the straight channel 
pattern that exists today? Based on past channel morphology, is it likely that there were 
more large pools in the system, particularly in the downstream reaches?  Has bank erosion 
accelerated in the historical period, contributing a greater amount of fine sediment to the 
channel and filling in pools and gravel beds?  Many other questions could be posed as well 
that geomorphic information could help to answer.   
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Chapter 3 of this appendix provides a brief summary of the previous work relevant to the 
geomorphic component of the tributary assessment.  Chapter 4 provides information on the 
methods used.  Chapter 5 describes the reaches delineated along the Entiat River while 
Chapter 6 describes the surficial geologic mapping in the Entiat Valley.  Chapter 7 describes 
the geological history. Chapter 8 provides data on historical channel migration.  Chapter 9 
describes sediment sources from a qualitative perspective.  Chapters 10 summarizes the 
findings of this appendix while Chapter 11 provides complete citations for the works 
referenced in this appendix. 

3. AVAILABLE DATA 

Sources of geomorphic data that are pertinent to this study are summarized in the following 
paragraphs. 

Hendrick (2004) digitized previous historical channel mapping by Mabry (1996) to examine 
changes in channel migration and sinuosity from river mile (RM) 18–22.  Historical photos 
used included 1945, 1962, 1972, 1985, 1992, and 1994. Hendrick concluded that rapid 
channel migration was evident in many locations but that no pattern or direction of change 
could be identified; similarly net change in channel sinuosity during this period was also not 
significant. 

Woodsmith and Bookter (2007) compared characteristics of adjacent drainages to the Entiat 
River to evaluate whether a suitable reference reach could be located for the Entiat River.  
They compared slope, bankfull width and depth measurements, width/depth ratios, pool 
frequency and total LWD loading for the Chiwawa, White, and Little Wenatchee rivers to the 
Stillwater reach on the Entiat River.  Although there was no reach on any of these rivers that 
was a perfect match, Woodsmith and Bookter concluded that the Chiwawa River was the 
most similar to the Entiat River in terms of bankfull widths, depths, width-depth ratios, 
stream-bed grain size distributions and channel gradient.  Woodsmith and Bookter (2007) 
also performed an analysis of the longitudinal profile in the Stillwater reach and found that 
steeply sloping reaches were caused by large alluvial fans that constricted the river and that 
gradually sloping reaches were located in between alluvial fan influences along the river.  
Using Hendrick’s (2004) work on the Entiat River and further work on the other three rivers, 
the analysis of channel migrations rates showed that the Stillwater reach had the highest 
migration rate of any of the rivers; Woodsmith and Bookter (2007) attributed this to intense 
land use that has increased the rates over those of nearby river systems.   

Erickson (2004) mapped the spatial and temporal extent of historical changes in riparian 
vegetation in the lower 10.5 miles of the Entiat River from its confluence with the Mad River 
to its mouth and also provided an evaluation of historical channel changes using 1945, 1992, 
and 1998 aerial photographs. Erickson found that the overall acreage of riparian vegetation 
remained the same between 1945 and 1998, although the spatial variation had changed, with 
greater amounts of vegetation increasing in certain locations along the channel through the 
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period of measurement.  Erickson stated that some of this increase may be due to the removal 
of mill dams located in the lower 10 miles.  Channel sinuosity also remained unchanged 
between 1945 and 1998. Despite the fact that the 1948 Flood damaged much of the 
infrastructure along the Entiat River, stream bank erosion did not appear to be a significant 
problem in this reach.  While some previous ideas cite extensive flood control works by U.S. 
Army Corps of Engineers (ACOE) in this reach, Erickson concludes that the channel was not 
heavily altered by flood control structures and stream works.   

The Chelan Conservation District (1998) performed a geomorphic inventory, along with 
riparian and fish habitat inventories, in which they classified the channels according to 
Rosgen’s (1996) classification scheme and counted the number of pools in each reach from 
RM 0–20. Alternatives are listed for the correct number of pools according to the Rosgen 
stream classification.  This report cites changes in sinuosity historically although there is no 
quantitative data given and also indicates that RM 0-20 have a high potential for severe 
erosion. 

Bedrock mapping was performed by Tabor et al. (1987) and Dragovich (2002) to sufficient 
detail to understand how changes in lithology might influence river morphology, gradient 
and historical changes in channel position.  Surficial geologic mapping was performed by 
McAffee (2006) for restoration projects in the lower six miles. Observations and GIS data 
from the preliminary mapping were incorporated into this study in order to provide a 
comprehensive picture of geomorphic processes from RM 0–26.   

4. METHODS 

The surficial geology of the Entiat River Valley was mapped at a scale of 1:6,000 using 
stereo images taken in 2002 by the U.S. Forest Service.  Mapping was field checked over the 
course of two weeks, accessing as many areas as possible.  While private property was an 
issue in some areas, many areas could be viewed from the road or from walking the channel.  
The lower six miles were previously mapped by McAffee (2006); these areas were also field-
checked during this study in order to provide mapping that was consistent with this study’s 
mapping scheme.  Mapping was transferred into GIS by digitizing the lines drawn on aerial 
photography and then by comparing these contacts with light distance and ranging (LiDAR) 
data and inundation depths derived from the hydraulic modeling.   

Once units had been defined, soil descriptions were generated for the various units to provide 
an understanding of the depositional processes responsible for the units’ formation and to 
provide relative age information based on soil development.  Soils were described using U.S. 
Department of Agriculture terminology from Birkeland (1999) while any sedimentological 
properties in the deposits were described using terminology from Boggs (1992).   

To obtain quantitative information about the age of the various deposits, charcoal samples 
were collected from the soils and submitted for macrobotanical identification.  A subset of 
these samples was selected for AMS radiocarbon dating to determine their absolute age.  
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Attachment D provides the results from the macrobotanical identification and radiocarbon 
analyses. 

Historical channels were mapped on rectified aerial photography by digitizing in GIS and 
compared to LiDAR and 2006 aerial photography to determine if the location of historical 
channels was valid. Historical side-channels were digitized using both aerial photography 
and LiDAR while areas of erosion were identified by comparing the historical channel 
positions with the 2006 channel positions.   

5. REACH DESCRIPTIONS 

While river systems should be considered as a complex interaction of hydrologic, 
geomorphic and biologic processes that operate and influence the river along its entire length, 
it is helpful in many cases to subdivide the river corridor into sections that have similar 
dominant processes in order to understand the present river morphology and the opportunities 
or limitations that may exist for salmonid habitat.  These processes, which operate over 
various timescales, produce the characteristics that can be observed along the river corridor.   

In this study, the assessment area covers the lower 26 miles of the Entiat River (Figure C–1).  
The channel elevations in the headwaters upstream of the assessment area have a steep slope 
with cascades, rapids and pools as the dominant morphologic features in the main channel.  
The slope flattens between approximately RM 16–24, likely caused by deep glacial scour 
during the Last Glacial Period in the Late Pleistocene and subsequent infilling of glacial and 
post-glacial sediment.  The slope increases below the glacial limit at about RM 16.1 where 
the Potato Creek moraine is located, and it is mostly been controlled long-term by bedrock in 
the channel and the base level of the Columbia River.  The slope in this section, however, is 
lower than the slope above RM 30. A more detailed analysis of the slope within the 
assessment area is in Subsection 4.2.2 (“Vertical Controls and Slope”) of the Entiat Tributary 
Assessment (Reclamation 2009a).   

In the assessment area, the Entiat River is divided into three valley segments (VS) and then 
further subdivided into seventeen geomorphic reaches based on physical characteristics.  A 
valley segment is a section of river that shows similar geomorphic characteristics such as 
channel gradient and channel morphology.  A geomorphic reach is a subdivision of the valley 
segment in which geomorphic characteristics are examined in more detail, breaking out 
smaller changes in stream gradient and channel morphology along with other features such as 
valley width, floodplain width, the historical channel migration zone, lateral geologic 
controls, vertical geologic controls, bar frequency, surficial geologic map units and sediment 
sources. Valley segment and reach boundaries can be viewed on several maps in the Entiat 
River Map Atlas (Reclamation 2009c) as well as in Figure 1 of the Entiat Tributary 
Assessment (Reclamation 2009a).   
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Figure C–1.  Longitudinal profile of elevation of Entiat River from the mouth to the headwaters based on 
USGS quadrangles. 
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 60  

Valley segment boundaries were defined on the basis of changes in the slope of the 
longitudinal profile and geologic features that control channel morphology (Table C–1; 
Figure C–2). Three valley segments are defined in the assessment area; the first upstream 
boundary is defined by the Potato Creek moraine between VS-1 and VS-2, marking a change 
from a high-gradient, dominantly single-thread channel with low-sinuosity meanders to a 
predominantly low gradient, high sinuosity meandering channel.  The Dill Creek alluvial fan 
defines the boundary between VS-2 and VS-3 and defines a change in slope from the low 
gradient meandering reach to a slightly higher gradient segment that still retains a 
meandering channel but has greater influence from tributary alluvial fans that create short 
and high gradient reaches with straight, single-thread channel morphology.  Valley segment 
characteristics are described below in detail; a summary (Table C–15) can be found in 
Attachment C of this appendix.   
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Table C–1.  Valley segment delineations. 

VS RM Description 
Average 

slope 
Geomorphic characteristics 

Dominant geologic 
controls 

1 0–16.1 River mouth to 0.010 High gradient; low-sinuosity; Holocene terraces; 
Potato Creek single-thread meandering Glacial outwash; 
moraine channel   Alluvial fans.   

2 16.1–21.1 Potato Creek 
moraine to Dill 
Creek alluvial 
fan 

0.003 Low gradient; meandering 
channel reaches separated by 
high-gradient, low-sinuosity 
channel reaches that are 
confined by alluvial fans 

Alluvial fans;   

Bedrock 

3 21.1–26.0 Dill Creek 
alluvial fan to 
USFS boundary 

0.007 moderate gradient, 
meandering channel reaches 
separated by high gradient 
low-sinuosity channel reaches 
that are confined by alluvial 
fans 

Alluvial fans    

Bedrock 

Holocene terraces 
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Figure C–2.  Slope breaks for Entiat River valley segments (from Appendix D).  
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Reach boundaries were defined using changes in slope and geologic controls on a finer scale 
to further delineate differences in geomorphic characteristics.  The ultimate goal in defining 
these reaches is to identify the various opportunities for protection or restoration along the 
length of the river. Geomorphic reach characteristics are described below in detail; a 
summary of reach characteristics (Table C–15) can be found in Attachment C.  The 
geomorphic reaches are indicated by a letter after the valley segment designation.   

5.1 VALLEY SEGMENT 1 (RM 0–16.1) 

The boundaries for VS 1, which extend from the Entiat River mouth (RM 0) to Potato Creek 
moraine (at RM 16.2), are based predominantly on changes in channel morphology, slope, 
floodplain width, and historical channel movement.  VS-1 is characterized by a single-thread 
channel with low amplitude meanders and a much steeper slope than upstream reaches.  A 
few short reaches also contain split flow around vegetated islands.  From RM 0–6.9, the 
active channel is bounded by Late Holocene alluvium (Qa2) that acts as floodplain during 
high flows at a 100-year return period and Middle to Late Holocene terraces (Qa1).  An 
exception to this occurs near RM 3.2 where Mills Canyon alluvial fan and bedrock constrict 
the active channel. Areas of active floodplain are also present but discontinuous along the 
active channel. From RM 6.9–10.6, the river channel is predominantly bounded by high 
floodplain (Qa2). The active floodplain (Qa3) that is inundated by the 2-year flood is narrow 
or missing for much of this reach and exists primarily in small areas along the insides of 
meander bends.  From RM 10.6–16.1, the channel is bounded by Mid-Holocene stream 
terraces, outwash terraces, and alluvial fans that can be more than 100 feet above the modern 
channel. In some cases, alluvial fan sediment has prograded over the outwash; this 
relationship can be observed along road cuts or bank exposures.  In this segment, floodplain 
surfaces (Qa2 and Qa3) are uncommon, existing mostly along the insides of meander bends.   

The narrow width of the valley in this segment is an indicator that bedrock has had a 
significant long term control over lateral channel movement.  Alluvial fans shed from 
tributary drainages have further constricted the channel in many locations, particularly from 
RM 10.6–16.1. Where fans debouche from their confined drainages, they have forced the 
channel toward the opposite side of the valley until the channel encounters other resistant 
banks composed of bedrock, gravelly alluvium, or opposing alluvial fan materials.  These 
relationships and the narrow width of the valley are the main reason why the channel has 
experienced minimal lateral movement during the historical period and probably for much 
longer timeframes.  From RM 6.9–10.6, Late to middle Holocene terraces (Qa2, Qa1) have 
exerted some lateral control on the channel during the historical period.  While the younger 
of these units (Qa2) experiences inundation during the 100-year flood, its gravelly banks may 
act as natural riprap to create resistant banks along the channel margins, inhibiting bank 
erosion and lateral channel migration.   
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5.1.1 Geomorphic Reach 1A (RM 0–0.8) 

Reach 1A extends from the mouth of the Entiat River to the upstream boundary of backwater 
influence from Rocky Reach Dam on the Columbia River.  This reach is characterized by a 
low floodplain and a relatively uniform channel width.  Bedrock and landslide materials 
bound the right bank and glacial outwash terraces bound the left bank.  The alluvial fan from 
Saska Hills development enters the reach on river left at RM 0.6.  The Entiat River delta is 
clearly visible on aerial photography as a lobate form that progrades into the reservoir of 
Rocky Reach Dam.  Tree stumps on the delta are also visible on the ground.   

5.1.2 Geomorphic Reach 1B (RM 0.8–3.7) 

Reach 1B extends from the Rocky Reach Dam backwater to just upstream of the old Mills 
Dam site.  The river exhibits a single-thread meandering morphology through this reach with 
a few areas of split flow around vegetated mid-channel bars.  The floodplain (including map 
units Qa2 and Qa3) has a highly variable width that is controlled largely by alluvial fan 
deposition. For example, extensive alluvial fans between RM 1.4–1.5 (from Moody Canyon) 
and between RM 3.1–3.2 (from Mills Canyon) have prograded into the Entiat Valley and 
forced the river channel to the opposite side of the valley.  Bedrock is also an important 
control on river position between RM 3.3–3.7. The narrowest section of floodplain in this 
reach occurs when both bedrock and alluvial fans are present, such as at RM 3.2.  Historical 
channel movement has been minimal through this reach, occurring only from RM 0.9–1.6, 
where the channel shifted around a mid-channel bar between 1945 and 1965.  The abandoned 
main channel is shown as part of the active channel on map 20 of the Entiat Tributary 
Assessment Map Atlas (Entiat Atlas, Reclamation 2009c).  

5.1.3 Geomorphic Reach 1C (RM 3.7–4.3) 

Reach 1C extends through the Harrison Ranch property, from the old Mills Dam site to the 
head of Entiat Ditch. While the present channel is a single-thread, straight channel, historical 
channel mapping shows this reach as a meandering channel in 1945.  Based on the mapping, 
this reach was channelized between 1945 and 1965.  The floodplain is relatively narrow 
through this reach; bedrock on the left bank and Holocene terraces on the right bank control 
the width of the floodplain in this reach. Alluvial fans from Mills Canyon and other smaller 
drainages have exerted a long-term influence on channel position, relegating it to the north 
side of the valley for probably several thousand years. 

5.1.4 Geomorphic Reach 1D (RM 4.3–6.3) 

Reach 1D extends from the head of Entiat Ditch to just downstream of the Tressel bridge.  A 
single-thread or split flow channel with a low amplitude meanders is typical through this 
reach. The floodplain (including units Qa2 and Qa3) is bounded mostly by alluvial fans, 
Mid-Holocene stream terraces, and bedrock.  Extensive Late Holocene high floodplain 
surfaces (Qa2) occupy the majority of the valley in this reach while the active floodplain 
surface is relegated to discontinuous narrow corridors along the active channel.  Historical 
channel movement is minimal in this reach; a few minor shifts in channel position have 
occurred around vegetated islands between RM 4.7–5.0. 
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5.1.5 Geomorphic Reach 1E (RM 6.3-6.9) 

Reach 1E extends from the Tressel Bridge to Stanley Canyon and is characterized by a 
single-thread meandering channel with areas of split flow around vegetated bars.  The active 
floodplain (Qa3) is wider in this reach than it is in its bordering reaches and is bounded 
predominantly by Late Holocene high floodplain (Qa2).  Alluvial fans appear to exert some 
control over channel position although not to the extent of Mills Canyon fan.   

5.1.6 Geomorphic Reach 1F (RM 6.9–10.6) 

Reach 1F extends from Stanley Canyon to the Mad River confluence.  The reach is 
characterized by a single-thread meandering channel whose position is predominantly 
controlled by bedrock and Mid to Late Holocene terraces (Qa1, Qa2).  Active floodplain 
(Qa3) is uncommon and where it exists, it occurs along the inside of meander bends.  
Historical channel migration is minimal; one exception is at the Mad River confluence, 
where the Entiat River channel in 1945 flowed further to the west.  This area was probably 
filled in between 1945 and 1965 possibly at the same time that the downstream end of the 
Mad River was channelized. 

5.1.7 Geomorphic Reach 1G (RM 10.6–16.1) 

Reach 1G extends from the Mad River confluence to the Potato Creek moraine.  A steeply 
sloping, single-thread, entrenched channel flows through the length of this reach.  Based on 
historical channel mapping and surficial geologic mapping, lateral channel position has 
changed very little through the historical period (1945–2006) and probably very little during 
the last several thousand years. Banks along this section of the Entiat River are composed 
mainly of Mid-Holocene terrace deposits, glacial outwash deposits and alluvial fan deposits; 
all three units provide a long-term lateral control on river position.  While some of the fans 
have active channels that connect to the main channel of the Entiat River, other fans appear 
to experience recent deposition on the proximal portion of the fan and do not have 
recognizable channels that reach the Entiat River.  The active floodplain is narrow to 
nonexistent in this reach and is limited to small surfaces along the insides of meander bends.   

5.2 VALLEY SEGMENT 2 (RM 16.1–21.1) 

Valley segment 2 is bounded by the Potato Creek moraine at its downstream end and Dill 
Creek alluvial fan at its upstream end.  The downstream boundary between VS-1 and VS-2 is 
mostly defined on the basis of changes in channel slope and channel morphology.  From VS­
1 to VS-2, the channel slope changes abruptly from steep to gradual (Figure C–2), while 
channel morphology changes from a low-sinuosity, single-thread to a higher sinuosity multi-
thread channel.  VS-2 is composed of reaches with lengthy multi-thread meandering channels 
separated by short relatively straight reaches with a single-thread channel.  The multi-thread 
reaches generally have high amplitude irregular meanders, a wide active floodplain with 
side-channels as well as relict channels and few alluvial fans entering the reach.  Single-
thread reaches are located in areas where large alluvial fans impinge on the river channel, 
creating a steep slope and a narrow channel incised through the alluvial fans.  While the 
Potato Creek moraine exerts lateral and vertical control on channel morphology at the 
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downstream end of this segment, several extensive alluvial fans exert similar if not greater 
control on both the vertical and lateral channel position elsewhere in the segment.  The 
largest and most dominant fans in this reach issue from Stormy Creek, Shamel Creek, and 
Dill Creek. The combination of opposing fans from Stormy Creek and Shamel Creek act in 
concert to both constrict the width of the active channel and floodplain and to control the 
direction of the river channel as it flows into the more resistant banks of the alluvial fans.  
Dill Creek and its opposing unnamed fan from an unnamed drainage act similarly to control 
channel morphology and restrict the width of the floodplain to a narrow corridor.  This valley 
segment has undergone moderate channel change during the historical period, particularly 
from RM 18.9–19.4.  These changes will be further discussed in the historical channel 
change section. 

5.2.1 Geomorphic Reach 2A (RM 16.1–17.9) 

Reach 2A extends from the Potato Creek moraine to the downstream end of Stormy Creek 
alluvial fan.  Morphology consists of a multi-threaded channel at low flow with irregular 
meanders.  While several alluvial fans in this reach exert control on the position of meanders, 
they do not constrict the channel enough to delineate separate reaches.  For example, the 
majority of outer meander bends are located opposite an alluvial fan and against bedrock or 
colluvium.  Floodplain surfaces, however, are typically located between the alluvial fan and 
the river channel.  Most of the floodplain in this reach is inundated during the 2-year flow 
(Qa3). The areas that are inundated during the 100-year flow (Qa2) are located against the 
distal margin of the alluvial fans in the reach.  Paleochannels are visible on the active 
floodplain surface (Qa3) and appear to predate historical channel positions in this reach.  
Since most of the surfaces adjacent to the channel are part of the active floodplain (Qa3), 
bank materials are composed of either a thin layer of sandy alluvium over gravelly sand or 
primarily sandy alluvium.   

5.2.2 Geomorphic Reach 2B (RM 17.9–18.1) 

Reach 2B extends along the length of the oldest and highest portion of Stormy Creek alluvial 
fan. Through this reach, the channel is a predominantly single-thread entrenched  
meandering channel whose bends are controlled by the Stormy Creek alluvial fan and a 
combination of colluvium and steep fan complexes on the opposite side of the river.  These 
features create near right angle bends in the river, where deposition of large sand bars 
upstream of these hard points appear to be a consistent feature throughout the years of 
historical aerial photography. Alluvial fan deposits are the dominant feature through this 
reach. During high flows of 2008, a large pine tree toppled from the left bank of the Stormy 
Creek alluvial fan, blocking the active channel. 

5.2.3 Geomorphic Reach 2C (RM 18.1–20.9) 

Reach 2C extends from the upstream end of Stormy Creek alluvial fan to the downstream 
end of Dill Creek alluvial fan. Channel morphology through this reach is variable and ranges 
from a multi-thread channel to a mostly single-thread channel.  Alluvial fans from Stormy 
Creek and Shamel Creek act as local base level controls for this reach, illustrated by irregular 
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highly sinuous meanders from RM 18.1–19.1.  Most of the surfaces adjacent to the channel 
in this reach are mapped as the active floodplain (Qa3) and are composed of unconsolidated 
sandy alluvium or a thin cap of sandy alluvium over gravelly sand.  While there are a few 
areas where the channel is against alluvial fans and talus slopes, the total length of these 
sections is relatively minor compared to the length of the active floodplain surface along the 
active channel. The most obvious paleochannels are mapped and are linked to the channel 
position in 1945. The paleochannel near RM 18.7 is not part of the main channel in 1945 
historical aerial photography but instead may be an older channel that now acts as an 
overflow channel that is inundated occasionally during high flows.   

5.2.4 Geomorphic Reach 2D (RM 20.9–21.1) 

Reach 2D extends along the length of the Dill Creek alluvial fan and is characterized by a 
single-thread, straight channel morphology.  The floodplain is very narrow in this reach, with 
only a narrow active floodplain (Qa3) on the right bank and a higher Late Holocene 
floodplain (Qa2) along the left bank downstream from the Dill Creek fan apex.   

5.3 VALLEY SEGMENT 3 (RM 21.1–26.0) 

Valley segment 3 extends from the Dill Creek alluvial fan to the U.S. Forest Service 
boundary. This segment has similar morphology to VS-2 with alternating low gradient 
reaches with multi-thread meandering channels and high gradient reaches with low-sinuosity, 
single-thread channels. Slopes in this segment are generally greater than VS-2 due to the 
greater number of alluvial fans that enter the segment but are still lower than VS-1.  Alluvial 
fans appear to exert the greatest control on lateral channel movement; however, high alluvial 
terraces (Qa1) and talus slopes are also important to note.  The largest alluvial fans in this 
segment that create constrictions in the river include: Dill Creek, Preston Creek, Mott Creek, 
Brennegan Creek, McCrea Creek, Grandma Creek and Burns Creek.  High terraces, located 
at the distal edges of the alluvial fans also restrict the channel and control its lateral 
movement; the most influential of these occur at Brennegan Creek fan and downstream of 
Preston Creek fan. Bedrock plays a minor role in this segment as a lateral control; the only 
reach where bedrock outcrops close to the river occurs in Reach 3C on river left at RM 23.5 
between Preston Creek fan and Brennegan Creek fan.  Alluvial fans also exert control on 
channel bed elevations in this segment.  This can be observed in the abrupt change in slope at 
each major alluvial fan (Figure C–3).  Surfaces adjacent to the river channel are 
predominantly Holocene floodplain units (Qa2 and Qa3) in the reaches with wide floodplains 
and alluvial fans (Qaf1, Qaf2) and high terraces (Qa1) in the narrow floodplain reaches.  This 
reach has experienced significant channel change during the historical period, particularly 
from RM 21.2–22.7 and from RM 24.0–24.8.   

5.3.1 Geomorphic Reach 3A (RM 21.1–22.7) 

Reach 3A extends from the upstream end of Dill Creek alluvial fan to the downstream end of 
a high terrace near Preston Creek alluvial fan.  This reach consists of a multi-threaded 
channel at low flow with irregular meanders and numerous point bars.  Lateral controls on 
channel position consist of the Dill Creek alluvial fan in which the large size of the bed 
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material creates a base level control.  The Entiat River adjusts its equilibrium through lateral 
migration with erosion along the outer bends and deposition on the opposing point bars.  An 
unnamed alluvial fan on river right at RM 22.3 and high terraces (Qa1) and high floodplain 
(Qa2) on river left at RM 22.0 and 22.7 also create resistant banks that limit lateral migration.  
These surfaces are generally underlain by sandy sediment that buries gravelly alluvium.  Two 
extensive constructed levees also exist in this reach:  one on river left from RM 21.8–21.9 
and one on river left from RM 22.1–22.3. These levees have disconnected areas that were 
formerly part of the active channel (Qa4pc), limiting lateral migration toward the left bank 
since the levees were constructed in the 1960’s.  Noteworthy side-channel entrances exist on 
river right at RM 21.7 and 22.2. At RM 22.2, large woody debris blocks the former entrance 
of the main channel path that was active in 1945.  Another former channel (paleochannel; 
Qa2pc) is present at the downstream end of this reach on river left near RM 21.2 and is 
located on the high floodplain surface (Qa2).  While this paleochannel is most likely older 
than the paleochannel at 22.2, it is most likely still less than 100 years old since it still retains 
visible channel morphology and is inundated by 2-year flows.  At higher flows, overflow 
channels around vegetated islands create split flow conditions in some sections of this reach.   

5.3.2 Geomorphic Reach 3B (RM 22.7–23.3) 

Reach 3B extends along the length of a Mid- to Late Holocene terrace (Qa1) and the Preston 
Creek and Mott Creek alluvial fans.  The reach is characterized by a steep slope and low-
sinuosity, single-thread channel morphology with relatively few sediment bars, and minimal 
historical channel change.  Active floodplain surfaces (Qa3) in this reach are virtually 
nonexistent. Narrow high floodplain surfaces (Qa2) have been carved into the margins of 
both the Preston and Mott Creek alluvial fans as well as into the Mid- to Late Holocene 
terrace (Qa1). The alluvial fans on both sides of the river as well as colluvial slopes have 
exerted a long-term control on both the lateral and vertical position of the channel through 
this reach. 

5.3.3 Geomorphic Reach 3C (RM 23.3–24.0) 

Reach 3C extends from RM 23.3, where the floodplain widens upstream of the Preston/Mott 
Creek alluvial fans to the upstream end of the constriction created by the Brennegan Creek 
alluvial fan at RM 24.  Reach 3C is generally a single-thread relatively straight channel with 
one short multi-threaded section between RM 23.4–23.6.  The river channel is mostly 
bounded by Middle to Late Holocene terraces and floodplain surfaces (Qa1, Qa2) that are 
inset against the Brennegan alluvial fan on the left bank and against colluvial slopes on the 
right bank.  Large rocks can be observed on the Qa2 surface; based on their angular shape 
and random distribution across the high floodplain surface, these rocks are most likely 
rockfall from the nearby slope.  The active floodplain (Qa3) in this reach is limited to a few 
isolated gravel bars in the multi-thread reach, where they form mid-channel bars and islands.  
The Brennegan alluvial fan and opposing colluvial slopes have the most control over the 
vertical and lateral position of the river channel at the upstream end of this reach at RM 24.0.  
At this location an old segment of the alluvial fan on the left bank has pinned the river 
against the colluvial slope on the right bank and forced the channel through this location.  
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Appendix C – Geomorphic Data 

While historical channel mapping indicates that very little lateral movement has occurred 
during the last 60 years, relict channels on the Qa2 surface indicate that the channel has 
probably occupied areas along the right bank within the past 1,000 years.   

5.3.4 Geomorphic Reach 3D (RM 24.0–25.0) 

Reach 3D extends from the upstream end of the constricted section created by the Brennegan 
Creek alluvial fan to the downstream end of McCrea and Grandma Creek alluvial fans.  The 
reach is characterized by a steep gradient channel with irregular meanders, relatively low 
sinuosity and multiple threads at low flow.  Bar surfaces are prevalent at low flow mostly as 
point bars and lateral bars. Active floodplain (Qa3) that is bounded mostly by colluvial 
slopes and alluvial fans extends almost the entire length of the reach, narrowing at the 
upstream end as it encounters Middle to Late Holocene terraces (Qa1, Qa2) along the left 
bank and bedrock along the right bank. A large beaver complex is located along the 
southeastern portion of the active floodplain (Qa3) and against Entiat Valley Road at the 
upstream end of the Brennegan Creek alluvial fan.  Extensive alluvial fans act as lateral 
controls at the upstream and downstream ends of the reach; the Brennegan Creek fan at the 
downstream end of the reach acts as a local base level control, with its contribution of coarse 
bouldery alluvium that is resistant to channel bed lowering.  This can be observed in the 
slope profile of this reach (see Figure C–2 and Appendix D), where the slope dramatically 
changes at the transition between confined channel and unconfined channel.  Between 
RM 24.6–24.8, a paleochannel (Qa3pc) on river right marks the location of the 1945 and 
1965 historical main channel.  A side-channel now flows through this area. 

5.3.5 Geomorphic Reach 3E (RM 25.0–25.6) 

Reach 3E begins at the downstream end of McCrea and Grandma Creek alluvial fans and 
ends at about the apex of Burns Creek and an unnamed alluvial fan.  Channel morphology is 
straight with entrenched meanders that are almost completely controlled by the alluvial fans 
that enter the reach.  Slopes are steep through this reach, reflecting the influence of the 
alluvial fans on bed elevations. A few areas of active floodplain (Qa3) exist through this 
reach as narrow strips against the alluvial fan scarps; higher floodplain surfaces (Qa2) are 
also limited and exist along the inside bends of the channel and at the upstream end of the 
McCrea Creek alluvial fan.  Channel position has changed little through the historical period 
and reflects the long term influence of the alluvial fans.  Recent deposition of debris flow 
material into the Entiat River from Grandma Creek can be viewed on LiDAR near RM 25.1.  
While the river has removed some of the material from the flow, much of the material can 
still be observed along the channel margin.  Based on the lack of vegetation that has yet to 
establish on the debris flow, the lack of weathering on the clasts and the preservation of 
debris lines, it is likely that this flow is less than 5 years old.   
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5.3.6 Geomorphic Reach 3F (RM 25.6–26.0) 

Reach 3F extends from the apex of Burns Creek alluvial fan to the U.S. Forest Service 
boundary. The channel in this reach ranges from a single-thread straight morphology to a 
multi-thread low-sinuosity channel.  The reach is almost entirely composed of a moderately 
wide active floodplain (Qa3). The floodplain is bounded along its length by bedrock and 
colluvial slopes. While historical channel migration shows that the river channel has been 
mostly located along the east side of the valley for the past 60 years, multiple channels 
visible in the floodplain along the west side of the valley indicate that the channel has 
migrated across the width of the valley probably during the last 500–1,000 years.  Floodplain 
width narrows in the upstream direction in this reach as the valley becomes narrowly 
restricted by bedrock and colluvial slopes. 

5.4 REACH TYPES 

Based on the above descriptions, reaches can be grouped into three broad types according to 
complexity measures and floodplain confinement as well as other related geomorphic and 
hydraulic characteristics. These reach types include:  (1) high complexity with an 
unconfined active floodplain; (2) moderate complexity with a moderately confined active 
floodplain; and (3) low complexity with a confined to nonexistent active floodplain, as 
shown in map 8 of the Entiat Atlas (Reclamation 2009c).   

Channel complexity is considered to be a measure of habitat quality for salmonids and 
therefore is the main characteristic that is evaluated.  This would include features such as 
side-channel and off-channel habitat, instream large wood, deep pools with hiding cover, and 
substrate (and associated velocities) suitable for spawning.  Geomorphic characteristics that 
reflect the degree of channel complexity in each reach include the width and longitudinal 
variation in the active floodplain, the amount of historical channel migration, the presence of 
side-channels, channel slope (or stream power), the presence of large woody debris, and the 
frequency of channel bars. 

The active floodplain width is controlled by older geologic features that either limit or allow 
expansion of its width by the nature of their own resistance to erosion, or vertical controls on 
channel slope that have allowed the channel to migrate over wide or narrow zones both 
historically and prehistorically.  This characteristic is described in this report as floodplain 
confinement.  Active floodplain confinement can be defined as the relative degree to which 
the active floodplain width is limited by naturally occurring, long-term geologic controls.  
While in a broad sense, the entire Entiat River could be described as confined because it is 
locked into a bedrock valley, this assessment uses the term confinement on a smaller scale to 
categorize the active floodplain width as it relates to habitat complexity and opportunities for 
restoration or protection. The three categories that are used include unconfined, moderately 
confined and confined.  These terms are used in a relative sense within each valley segment 
and do not have specific quantitative values associated with them.   
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Appendix C – Geomorphic Data 

The degree of channel complexity and floodplain confinement can be linked to a 
combination of lateral and vertical geologic controls along the Entiat River.  For instance, 
reaches with high complexity and an unconfined floodplain are influenced by a lack of 
geologic features that would limit the width of the floodplain.  This includes features such as 
alluvial fans, glacial outwash terraces, and older, gravelly stream terraces.  They are also 
influenced by grade control features, such as alluvial fans or glacial limits, which cause low 
gradients and higher channel migration rates to persist within the reach.  Reaches with low 
complexity and a confined active floodplain typically have geologic features that are highly 
resistant to lateral erosion close to the active channel, such as coarse, gravelly alluvial fans, 
outwash terraces or bedrock.  The coarse material issuing from these features exerts a vertical 
control as well on the channel bed, forcing the channel to maintain a steeper gradient than in 
other reaches. 

It is worth noting that the same geologic feature may have varying resistance depending on 
its composition in the subsurface.  This is especially true for high floodplain areas that are 
located adjacent to the active floodplain. In VS-1, they are composed of gravelly materials 
and may provide greater resistance to lateral channel migration when compared to VS-2 and 
VS-3, where they are composed of greater amounts of sandy materials and are more readily 
eroded. The three broad reach types are described below.   

5.4.1 	 High complexity with continuous unconfined active floodplain 

High complexity reaches have a broad unconfined active floodplain that exhibits high 
connectivity with active channels and frequent reworking of surfaces by less than 2-year 
flows and historical channel migration.  Some areas are slightly higher and may be flooded 
less frequently but still show abundant flotsam on their surfaces, indicating inundation on a 
semi-regular basis.  The active floodplain is typically continuous longitudinally and is 
adjacent to the active channel for the majority of the reach.  The channel is typically lower 
gradient with an irregular meandering morphology and multi-threaded at low flow 
conditions. The five reaches in this category are 2A, 2C, 3A, 3D, and 3F.   

5.4.2 	 Moderate complexity with discontinuous moderately confined active 
floodplain 

Moderate complexity reaches have a moderate to narrow active floodplain that is moderately 
confined and discontinuous along the length of the reach and therefore only borders the 
active channel in some areas.  Active floodplain areas along the active channel are frequently 
reworked, but side-channels are less frequent and shorter in length where they do exist when 
compared to high complexity reaches.  Historical channel migration is low, in which only 
minor changes in channel position can be observed from 1945 to 2007.  Channel morphology 
is typically meandering single-thread to split flow and the slope is typically steeper than the 
high complexity reaches.  The four reaches in this category are 1B, 1C, 1E, and 3C.   

5.4.3 	 Low complexity with discontinuous confined active floodplain 
Low complexity reaches have a narrow to nonexistent active floodplain that is confined and 
discontinuous along the length of the reach.  The limited nature of the active floodplain 
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precludes the existence of any substantial side-channels or off-channel habitat.  These 
reaches have steep slopes and show minimal historical channel movement from 1945 to 
2007. Channel morphology is typically single-thread with low sinuosity.  The seven reaches 
in this category are 1D, 1F, 1G, 2B, 2D, 3B, and 3E.   
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Appendix C – Geomorphic Data 

6. SURFICIAL GEOLOGIC MAP UNITS 

Surficial geologic mapping involves the delineation of surficial geologic features on the 
landscape. When mapping along river corridors, these features typically include stream 
terraces, bedrock outcrops, axial and tributary stream channels, eolian landforms, and other 
deposits along valley margins, such as landslide deposits and glacial deposits.  The extent 
and character of these features provide information concerning controls on lateral and 
vertical channel movement over longer time frames than the historical period and many times 
are important factors in explaining variation in channel morphology along the length of the 
study reach. Surficial geologic units defined in this study are described on the basis of 
surface morphology, character of deposits, vertical and lateral relation to other mapped units, 
relative or absolute age, and geographic location.  The location and character of bedrock 
units are derived from Tabor et al. (1987).  Attachment C (Table C–16) provides a 
comparison of characteristics for all of the surficial geologic map units.. Maps 29–38 of the 
Entiat Atlas (Reclamation 2009c) show the distribution of surficial geologic units in the 
assessment area.   
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6.1 QA4 ACTIVE CHANNEL 

The active channel is defined as “... the portion of a channel in which flow is present at the 
time of measurement, as opposed to the high-flow channel” (Neuendorf et al. 2005).  In this 
case, the active channel also includes unvegetated sand bars that are modified on an annual 
basis by the largest flows during spring runoff.  The active channel is historical in age and 
characterized by channel and bar topography. Bars take the form of point bars along the 
inside of meander bends, mid-channel features in areas of split flow, or elongate, longitudinal 
forms flanking areas between the active channel and higher terraces or alluvial fans (Figure 
C–3). Deposits on the bars generally consist of a gravelly surface of pebbles and cobbles 
with underlying sandy sediments.  Deposits in the channel are composed of  unconsolidated 
sand with varying percentages of subangular to rounded boulders, cobbles and pebbles.   

Figure C–3.  Illustration 
of active channel, 
outlined in blue, Reach 
2A (7/22/2008). 

Unvegetated bars are 
included in the active 
channel delineation and 
are highlighted in 
yellow. The majority of 
bars in this example are 
point bars; however at 
higher flows, some of 
the point bars transition 
into mid-channel bars 
as the backchannels on 
their inner margins are 
inundated.  Flow is 
from top to bottom in 
the photograph; Daily 
mean discharge in 
photograph is 306 ft3/s 
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Appendix C – Geomorphic Data 

6.2 QA4PC DISCONNECTED ACTIVE CHANNEL 

The disconnected active channel is located in areas where human constructs have isolated the 
historical channel from floodplain processes.  This unit still maintains morphology similar to 
the active channel visible on aerial photography, but is currently occupied by riparian 
vegetation. This unit is limited in extent and occurs locally in association with human 
constructed levees (mapped as fill) (Figure C–4).   

Figure C–4. Example of paleochannel units Qa4pc, Qa3pc, and Qa2pc in Reach 3A (RM 21.1–22.9). 

6.3 QA3 HISTORICAL ALLUVIUM (< 100 YEARS) 

The Qa3 alluvium is historical in age and can be described as the active floodplain along the 
Entiat River.  It is generally a planar surface that is less than 5 feet above the active channel 
and has an irregular, low relief surface morphology with abundant overflow channels.  
Deposits can be composed of primarily sandy materials, gravelly sand or a combination 
where a thin cap of sandy sediments overly gravelly sand deposits.  The deposits are mostly 
unconsolidated where banks are laid back along the active channel; some of the banks that 
have greater percentages of silt and clay are more vertical.  The Qa3 soil profile at Stormy 2, 
described near Stormy Creek, is characterized by a 22-cm-thick sandy A horizon with weakly 
developed granular structure (Figure C–5; see also Table C–10 in Attachment B).  This 
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overlies a weakly developed B horizon with subangular blocky structure and a fine to 
medium sandy loam texture.  This is underlain by C horizons, which are characteristic of the 
parent material for this unit, which can be either gravelly sand or mostly sand.  The extent of 
this unit varies by valley segment; in VS-1, the Qa3 alluvium is relatively narrow in most 
places while in VS-2 it is extensive.  In VS-3, the Qa3 unit is generally extensive areal when 
it is removed from tributary confluences and narrow in the vicinity of tributary confluences.  
The active floodplain is located in areas that are inundated by the 2-year flood in the 
hydraulic model; flotsam deposited by historical floods can be observed in many places on 
the surface of the Qa3 unit.  Radiocarbon ages were not obtained for this unit because of its 
estimated young age of less than 100 years and observations that it is modified and regularly 
inundated by historical flows. 
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Figure C–5.  Stormy 2 soil profile and surficial geologic map of the Stormy Creek area in Reach 2C 
(RM 18.1–18.3).   
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6.4 QA3PC PALEOCHANNELS (<100 YEARS) 

The Qa3pc unit is comprised of abandoned former active channels.  The paleochannels can 
be described as low-relief swales that are presumably composed of gravelly subsurface 
material (representing the previous active channel deposits) and overlying sandy and silty 
sediments that have filled in the active channel during subsequent overbank deposition 
(Figure C–4). These channels can be observed on aerial photography as arcuate channel 
scars whose morphology is at least to some extent obscured near its connection to the 
currently active channel by overbank deposition.  These paleochannels may still have some 
connection to the active channel however if they are utilized as narrower side-channels or 
during high flows. In some cases, the abandoned channels can be linked to historical channel 
positions from either 1945, 1965 or 1975; in other cases, the swales predate 1945; however, 
their visibility on aerial photography suggests that they probably date to less than 100 years 
old, or to the historical period. 
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6.5 QA2 LATE HOLOCENE ALLUVIUM (HISTORICAL TO 2,000 YEARS) 

The Qa2 unit is characterized by a planar surface morphology with localized irregular 
topography from relict channels.  Its height above the active channel ranges from about 5 to 
10 ft depending on the valley width with some areas being slightly lower or higher than the 
average range.  Portions of the surface are inundated by the 100-year flow in the hydraulic 
model, indicating that it still can receive some overbank sedimentation in the present flow 
regime.  Deposits underlying the high floodplain surface range from predominantly silty sand 
to a thin sandy cap of sediment over rounded cobbles and pebbles.  This unit is generally 
located along the active channel or along the active floodplain.  It is a common unit in most 
reaches, except those where the channel is most strictly confined by alluvial fans.   

Two soil profiles were described to illustrate the variation in Qa2 deposits.  The Yurt 1 soil 
profile (see also Table C–13), located along the left bank near RM 21.5, is located along an 
outer meander bend in an area undergoing lateral erosion along its left bank.  Point bars can 
be observed to be building laterally toward the Yurt 1 site on the active floodplain unit (Qa3) 
(Figure C–6). 

C–22 


      Figure C–6. Geomorphic setting of the Yurt 1 site (in Reach 3A, near RM 21.5); flow is from right to left 
in the photo. 
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The soil is characterized by a weakly developed soil with sandy loam texture over silty and 
sandy deposits (Figure C–7; Table C–13 in Attachment A.)  Abundant pumice fragments can 
be observed in the C2 horizon at a 59-94 cm depth, indicating that an area with a high 
concentration of pumice was mobilized during the flow event that deposited these sediments.  
An underlying unit at a depth of 94 cm contains abundant organic material including several 
different types of charcoal (Puseman and Varney 2009).  It is likely then that this area was 
once an active channel that was then abandoned and formed an oxbow lake where organics 
accumulated.  As the channel moved farther away from this location, sandy overbank 
sediments buried the oxbow, upon which a weak soil has begun to form.  Charcoal samples 
from a depth of from 94 cm in the C3 horizon (representing the top of the oxbow 
environment) and 56-68 cm in the C horizon range from 1130 ± 20 BP (1,090-960 Cal BP) 
and 1700 ± 20 BP (1700-1540 Cal BP), respectively, indicate that the deposits in this stream 
bank provide a record of at least 1,000 years of alluvial sedimentation (Puseman and Varney 
2009). 

Figure C–7. Soil 
description at the Yurt 1 
site (in Reach 3A, near 
RM 21.4)   
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The second soil profile is located at the Hatchery along the right bank and near the East-West 
trending fence line that runs the length of the Qa2 surface.  Unlike the soil profile at the 
Yurt 1 site, this profile is composed of a weakly developed sandy soil over a gravelly 
substrate (Figure C–8; Table C–7 in Attachment A).  Alder (Alnus) charcoal at a depth of 
30 cm at the contact between the C and 2C horizons yields a radiocarbon age of 955 ± 20 BP 
(930-790 Cal BP) and indicates that the deposits below 30 cm are greater than about 800 
years in age (Puseman and Varney 2009).  Deposits above this depth are interpreted as 
overbank sediments that have accumulated within the last ~800 years.  Thus, while much of 
the deposits underlying this unit are Late Holocene in age, the surface deposits can be 
historical in age, resulting from overbank inundation by high magnitude peak discharges.  
The historical sedimentation on this surface, however, is limited as illustrated by radiocarbon 
ages that range from 800-1000 years old within ½ meter of the surface.   
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Figure C–8.  Soil profile and surficial geologic map of the Hatchery 1 site (Reach 1E, RM 6.6–7.2).  
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6.6 QA2PC LATE HOLOCENE PALEOCHANNEL (<1,000 YEARS) 

This unit appears as a broad swale on the surface of the Qa2 terrace. These channels are 
interpreted to have functioned as the main channel and are relatively rare, having been 
overprinted by overbank sedimentation and obscured from observation on aerial photography 
and LiDAR. They are mapped in association with the Qa2 surface and therefore are 
interpreted to be slightly younger than the deposits surrounding them (Figure C–4).  While 
not observed directly, it is likely that the deposits in these paleochannels are composed of 
fine grained sediments overlying gravelly deposits, in which overbank sedimentation has 
filled in the former main channel as the main channel migrated away from the paleochannel 
location. 

6.7 QA1 MIDDLE TO LATE HOLOCENE ALLUVIUM (~3,000-4,000 YEARS) 

The Qa1 unit is characterized by a planar surface morphology with localized irregular 
topography from fallen trees or rockfall.  Deposits that compose the Qa1 terrace include 
moderate to well sorted silty sands that overlie alluvial fan sediments or fluvial gravelly 
sands. The terrace is located at approximately 10 to 20 ft above the active channel and is less 
prevalent than the Qa2 surface, but can be found in many locations in the Entiat River Valley 
against the bedrock valley wall or adjacent to older alluvial fan deposits.  The soil profile, 
described at the Hatchery along the right bank, can be described as a moderately developed 
soil with sandy loam texture that overlies a fluvial gravelly sand with well rounded cobbles 
and pebbles (Figure C–9; Table C–8 in Attachment A).  Radiocarbon ages for this deposit 
range in age from 2810 ± 20 BP (2960-2850 Cal BP) at a depth of 29 cm in the B2 horizon to 
3545 ± 20 BP (3900-3720 Cal BP) at a depth of 52 cm in the 2C horizon (Puseman and 
Varney 2009). While the radiocarbon ages from this profile can provide a representative age 
for this unit, it is possible that some of the other deposits included in this map unit are 
slightly older or younger because in places, multiple terrace levels are included together in 
this single mapped unit.  The Hatchery 2 soil profile records a fluvially-derived gravelly 
channel facies, which is progressively overlain by medium to coarse sandy overbank 
deposits. In other locations, the upper sandy soil is observed to overly alluvial fan sediments, 
indicating overbank deposition following a period of alluvial fan deposition.   
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Figure C–9.  Soil profile of the Qa1 unit at the Hatchery 2 site and surficial geologic map (Reach 1E, 
RM 6.6–7.2).  
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6.8 QAF2 HOLOCENE ALLUVIAL FAN (YOUNGER) 

Qaf2 is the younger of two alluvial fan units. The age of this unit is based on its height 
relative to other alluvial fan components and may vary considerably among the alluvial fans 
in the Entiat Valley. This unit was mapped only where younger fan components can be 
distinguished from an older alluvial fan complex.  In some areas, surface morphology can be 
characterized by a broad bar and swale topography; in other areas, the Qaf2 unit defines the 
modern incised tributary channel that is the conduit for sediment delivery from the tributary 
drainages to the Entiat River channel. The Qaf2 unit is estimated to range in age from 
historical to Late Holocene and has a variable height above the main Entiat River channel.  In 
some cases, this unit is graded to the Entiat River and in other cases, it is elevated above the 
Entiat River, depositing sediment onto terrace surfaces or older alluvial fans.  Deposits in this 
unit range from debris flow to hyperconcentrated flow and can be generally described as 
angular to subangular, poorly sorted boulders, cobbles and pebbles in a sandy matrix.  At 
Stormy Creek, Qaf2 deposits are about 5 ft above the channel and are characterized by a fine-
grained deposit that overlies a debris flow unit with predominantly angular feldspar pebbles 
in a sandy matrix (Figure C–10; Table C–9 in Attachment A).  Sandy sediments derived from 
the Entiat River underlie this unit along with a thin bed of volcanic ash.  Rounded cobbles are 
exposed at the base of the profile, which can be interpreted as channel deposits of the Entiat 
River. Radiocarbon ages from this profile at Stormy Creek indicate that the sediments in the 
upper meter of the profile were deposited within the last 500 years.  The profile represents 
approximately 1,000 years of sedimentation (Puseman and Varney 2009).   

Figure C–10. 
Stormy 1 soil 
profile of the Qaf2 
unit and surficial 
geology of the 
Stormy Creek 
area (in reaches 
2B and 2C, RM 
18.0–18.5).  Flow 
is from left to 
right in the 
photograph. 
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6.9 QAF1 HOLOCENE ALLUVIAL FAN (OLDER) 

The Qaf1 unit delineates the majority of alluvial fan deposits in the Entiat Valley.  It is the 
older of the two alluvial fan units and is estimated to be Holocene in age.  Surface 
morphology for most of the fans is relatively smooth presumably because relict bar and swale 
topography has been filled in by deposition of fine-grained sediments across the surface 
during smaller magnitude tributary events.  Some of the larger fans upstream of RM 21 have 
irregular surface morphology where coarse deposits can still be observed at the surface.  It is 
possible that these components are younger than the smoother fans or that these fans are 
composed of coarser material from steeper drainages than those downstream.  Sediments that 
compose the Qaf1 unit range from pebbly granitic sand to subangular to subrounded boulders 
and cobbles. A representative soil profile at Stormy Creek in the Qaf1 unit is about 20 ft 
above the Entiat River and has a 180-cm-thick surface soil developed on debris flow deposits 
with poorly sorted angular to subangular boulders and cobbles in a sandy matrix (Figure C– 
11; see Table C–11 in Attachment A).  The soil overlies a clast-supported bed of moderately 
sorted angular to subangular small cobbles with a fine to medium sand unit at base that 
pinches out laterally. Douglas fir (Pseudotsuga menziesii) charcoal collected at a depth of 
190 cm in the 2B horizon has a radiocarbon age of 3030 ± 20 BP and a 2σ calibrated age of 
3320 to 3160 Cal BP (Puseman and Varney 2009).  This indicates that deposition of the older 
alluvial fan unit was contemporaneous at least in part with deposition of the Qa1 unit, the 
Middle to Late Holocene alluvium.   

 

Figure C–11.  
Soil profile of  
the Qaf1  map 
unit at  the 
Stormy 3 site 
and surficial 
geologic map 
of the Stormy  
Creek area.  
Flow is from 
left to right in  
the 
photograph.  
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6.10 QGO LATE PLEISTOCENE/EARLY HOLOCENE GLACIO-FLUVIAL DEPOSITS 

The Qgo map unit is composed predominantly of glacial outwash deposits that are estimated 
to be Late Pleistocene to Early Holocene in age.  The deposits are about 80 ft above the 
modern Entiat River channel and exhibit scarps at their outer edges in most places, labeled as 
Qgot. Materials that compose this unit are poorly sorted subangular to subrounded boulders 
and cobbles in a sandy matrix.  The soil formed on the Qgo unit is not well preserved; 
observations of the soil where it is best preserved indicate that the soil has a Bt horizon with 
thin clay films on subangular to subrounded pebbles, cobbles and occasional boulders.  Thin, 
discontinuous silica coatings are observed at a depth below 56 cm in the soil profile (Figure 
C–12; Table C–14 in Attachment A).  Lithologies are mostly granitic, although a few basaltic 
clasts can be found in the deposits as well, most likely derived from mafic dikes in the Entiat 
Valley headwaters. These deposits represent the glacial outwash plain that was forming as 
the Entiat Valley glacier reached its maximum extent and began its recession.   

For the purposes of this mapping effort, slackwater deposits and other gravelly fluvial 
deposits that may be related to outburst floods from glacial Lake Missoula during the 
Pleistocene are also included in this unit near the mouth of the Entiat River.  The deposits in 
this area are mapped by Waitt (Tabor et al. 1987) as deposits of catastrophic floods in the 
Columbia River valley.  These deposits, while similar in grain size to the outwash terrace 
deposits have a distinct bar rather than terrace morphology.  It would be difficult without 
further investigation to 
confirm or refute Waitt’s 
interpretation of these 
features as flood bars. 
Although not specifically 
mentioned by Waitt, sandy 
slackwater deposits with 
primary bedding are also 
preserved near the mouth of 
the Entiat River. Based on 
bedforms and depositional 
setting, these deposits appear 
to be related to catastrophic 
floods, although their timing 
in relation to the flood bars 
mapped by Waitt at a lower 
elevation has not been 
rigorously studied. 

Figure C–12.  Glacial outwash 
deposits (Qgo) downstream of 
the Hatchery (Reach 1E, near 
RM 6.6) 
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Figure C–13.  Example of the Qaf/Qgo unit at McKenzie Creek (in Reach 1G near RM 14.4); inset is 
looking upslope into the apex of McKenzie Creek alluvial fan.   
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6.11 	 QAF/QGO HOLOCENE ALLUVIAL FAN OVERLYING LATE 

PLEISTOCENE/EARLY HOLOCENE OUTWASH DEPOSITS 

The Qaf/Qgo unit is a composite unit that describes the burial of glacial outwash by alluvial 
fan sediments.  This unit is only described where this relationship was observed, typically 
along road cuts or stream bank exposures and where burial of the outwash deposits was 
relatively thin, or less than about 3 feet thick (Figure C–13).  Alluvial fan sediments are 
typically pebbly granitic sand while the outwash deposits are mostly poorly sorted 
subangular to subrounded boulders and cobbles in a sandy matrix.  However, there are areas 
where bouldery alluvial fan sediments bury outwash gravels, such as on the Potato Creek fan.   
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6.12 QGM LATE PLEISTOCENE MORAINE 

The Qgm unit outlines the extent of the Potato Creek moraine; while other glacial deposits 
are preserved in the tributaries and along the Entiat valley margins, our focus was in the 
bottomland of the Entiat Valley and therefore other glacial features were not mapped.  An 
older glaciation is documented by Long (1951) in the Entiat Valley where he apparently 
observed deposits of till along the Entiat River between the Potato Creek moraine and the 
Mad River confluence; what appear to be the same deposits referred to in Long (1951) are 
mapped as outwash deposits in this effort.  Further observations of the deposits in this reach 
should be performed to confirm the current mapping and explore the location of Long’s 
observations. The Potato moraine is composed of angular to subangular boulders and 
cobbles in a sandy matrix (Figure C–14); a soil description was not performed on this map 
unit due to lack of time and poor preservation of the moraine’s surface.  The deposit is semi-
unconsolidated and is undergoing lateral erosion by the active Entiat River channel.   
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Figure C–14.  View of the Potato Creek moraine (in foreground) at the boundary between Reach 1G and 
Reach 2A (near RM 16.1).   
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6.13 QLS LANDSLIDE DEPOSITS (HOLOCENE) 

The Qls unit is composed of angular, poorly sorted clasts of local lithology; typically, it has a 
hummocky topography and arcuate scarp at its upslope limit (Tabor et al., 1987).  Although 
several large slides are mapped by Tabor et al.  (1987) in the uplands of the Entiat Valley, 
only one small landslide is located close to the Entiat River near its mouth.  This slide occurs 
within the Entiat Pluton, which consists of hornblende-biotite gneiss, biotite-hornblende­
tonalite gneiss and tonalite gneiss.  This is not a unit that is identified in Tabor et al.  (1987) 
as having an abundance of landslides. The age of this landslide is also unknown but it 
appears to extend to the current river level.  This suggests that this landslide is Holocene in 
age or at least has experienced movement during the Holocene.   

6.14 BEDROCK UNITS (FROM TABOR ET AL., 1987) 

The bedrock units that outcrop along the Entiat River are included in the Swakane Terrane, 
Mad River Terrane and Chelan Mountains Terrain as summarized by Tabor et al.  (1987); 
nomenclature is derived from Dragovich et al (2002) and WDNR (2005) in which the 
original symbology developed by Tabor et al.  (1987) was converted to obtain a consistent 
statewide symbology (Table C–2).  Terranes are differentiated on the basis of their differing 
structural history and stratigraphic sequences.  These terranes have a complex history of 
metamorphism and intrusion during the Late Cretaceous.   

6.14.1 The Mad River Terrane 

The Mad River Terrane is composed of metamorphic rocks that were probably Paleozoic or 
older in age (protolith age) before they were metamorphosed during the Late Cretaceous.  
These rocks outcrop along the lower Entiat River between RM 1.8–6.8 are composed of 
heterogeneous schist, light-colored gneiss and marble, calc-silicate schist with minor 
amphibolite and micaceous quartz.   

6.14.2 The Chelan Mountains Terrane 

The Chelan Mountains Terrane is composed of metamorphic and plutonic rocks; the Chelan 
Complex is a group of metamorphic rocks within the Chelan Mountains Terrane that were 
also metamorphosed during the Late Cretaceous and that have a protolith age of Triassic or 
older. Rocks of the Chelan Complex outcrop between RM 18.5–21.0.  Separating the Mad 
River Terrane and the Chelan Complex of the Chelan Mountains Terrane is the Entiat Pluton; 
it is an intrusive body of tonalite and granodiorite composition that intruded the Mad River 
and Chelan Mountains terranes during Late Cretaceous regional metamorphism.   

The Entiat Pluton, however, also shows metamorphic overprinting similar to host rocks of 
the Chelan Complex suggesting that it does not clearly post-date Late Cretaceous regional 
metamorphism, but instead is metamorphosed sometime during the late stages of the tectonic 
event. Rocks of the Entiat Pluton outcrop along the Entiat River from RM 0–1.8 and from 
RM 6.8–18.5. 
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The Duncan Hill Pluton, whose rocks outcrop along the Entiat River Valley between 
RM 21.0–26.0, intruded the Chelan Mountains Terrane (including the Chelan Complex and 
Entiat Pluton) between about 45 to 48 million years ago (m.y.) (Cater and Wright 1967); 
related porphyry and rhyolite dikes also intruded the Mad River Terrain at about the same 
time (45 to 50 m.y.) (Barksdale 1975).   

6.14.3 The Swakane Terrane 

The Swakane Terrane should also be mentioned briefly, as the Entiat River takes a sharp 
bend at its limited contact with this unit.  The Swakane Terrane is almost entirely composed 
of biotite gneiss which was also formed as part of the regional metamorphism in the Late 
Cretaceous.  It is fault bounded by the Mad River Terrane in which metamorphic rocks of 
heterogeneous schist are thrust on top of the Swakane biotite gneiss.   

Table C–2. List of bedrock formations that bound the Entiat River Valley.   

RM Terrane Formation General Lithology 

0–1.8 Chelan Mountains Entiat Pluton (Kit(e)) gneiss 

1.8–6.8 
Mad River 

Napeequa (TRPMhmc(nh), 
pTog(n), TRPhm(nq)) 

schist, gneiss 

Swakane pCgn(s) gneiss 

6.8–18.5 Chelan Mountains Entiat Pluton (Kit(e), Kigb(e)) gneiss, gabbro 

18.5–21.0 Chelan Mountains Chelan Complex (Kit(ecc)) gneiss, amphibolite 

21.026.0 Chelan Mountains Duncan Hill Pluton (Eiq(d)) granodiorite 

Table C– 3.  Supporting information for bedrock units (from Tabor et al. 1987; Dragovich et al. 2002; 
and WDNR 2005) 

Swakane Terrane — Biotite gneiss (Late Cretaceous) 

 pCgn(s) Biotite gneiss, minor amphibolite and Hornblende schist 

Mad River Terrane — Heterogeneous Schist and Gneiss (Late Cretaceous) 

 TRPMhmc(nh) Heterogeneous schist 

 pTog(n) Light-colored gneiss 

 TRPhm(nq) Marble, calc-silicate schist with minor amphibolite and micaceous quartzite 

Chelan Mountains Terrane — migmatic and gneissic to massive tonalite (Late Cretaceous to Tertiary) 

 Kit(ecc) Banded Migmatitic tonalite gneiss and mafic amphibolite 

Entiat Pluton 

 Kit(e) Hornblende-biotite gneiss, biotite-hornblende tonalite gneiss and tonalite gneiss   

 Kigb(e) Fine-grained two pyroxene gabbro 

Duncan Hill Pluton (Eocene) 

 Eiq(d) Biotite and hornblende-biotite granodiorite 
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6.15 GEOGRAPHIC  DISTRIBUTION OF SURFICIAL DEPOSITS  

The geographic distribution of deposits can be described by their longitudinal distribution in 
the Entiat Valley as well as by their position relative to the active channel in each valley 
segment (Table C–4; Figure C–15).  In VS-1, the high floodplain (Qa2), alluvial fans and 
outwash terraces are the dominant units while the active floodplain (Qa3) is narrow in most 
places up to the Mad River confluence.  The Qa2 and Qa1 units are mostly adjacent to the 
active channel.  From the Mad River confluence to the upstream end of VS-1 at RM 16.1, 
alluvial fans (Qaf1) and outwash terraces buried by alluvial fans (Qaf/Qgo) are the dominant 
units with minor Holocene terraces (Qa1) and very limited active floodplain (Qa3) or high 
floodplain (Qa2) units. Alluvial fans are thus the unit that is most frequently adjacent to the 
active channel. In VS-2, the active floodplain (Qa3) is the dominant map unit, while the high 
floodplain (Qa2) and alluvial fans are also extensive.  Outwash terraces (Qgo) are not present 
upstream of RM 16.1 and Holocene terraces (Qa1) are also not prevalent.  In VS-3, the active 
floodplain (Qa3) and high floodplain (Qa2) have similar extents, while alluvial fan area has 
increased. Holocene terraces (Qa1) are also more extensive in this reach when compared to 
VS-2. For VS-2 and VS-3, surfaces adjacent to the channel are similar with the active 
floodplain adjacent to the channel in areas between major alluvial fans and alluvial fans 
(Qaf1 or Qaf2) adjacent to the channel where they impinge on the channel.   

Table C–4. Dominant map units by valley segment. 

Valley segment 
Dominant Map Units 

Valley-wide Adjacent to active channel 

1 (RM 0–10.6) Qa2, Qaf, Qgo Qa2 or Qa1 

1 (RM 10.6–16.1) Qaf, Qaf/Qgo Qaf or Qgo 

2 (RM 16.1–21.1) Qa3, Qaf, Qa2 Qa3 or Qaf 

3 (RM 21.1–26.0) Qa3, Qaf , Qa2, Qa1 Qa3 or Qaf 

C–34 

   

 

0% 

20% 

40% 

60% 

80% 

100% 

1A 1B 1C 1D 1E 1F 1G 2A 2B 2C 2D 3A 3B 3C 3D 3E 3F
 

Geomorphic reach 

A
re

a
l c

o
ve

ra
g
e 

(%
) 

Alluviual fan/outwash (Qaf/Qgo) 

Alluvial fan (younger) (Qaf2) 

Alluvial fan (older) (Qaf1) 

Glacial outwash terrace (Qgo) 

Mid-Holocene terrace (Qa1) 

Paleochannel (Qa2pc) 

High floodplain (Qa2) 

Paleochannel (Qa3pc) 

Active floodplain (Qa3) 

Disconnected active channel (Qa4pc) 

Active channel (Qa4) 

Figure C–15.  Areal distribution of units in each geomorphic reach. 
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7. GEOLOGIC HISTORY 

Two episodes of alpine glaciation are recorded by previous workers in the Entiat Valley; the 
oldest glaciation, which is correlated to the Late Pleistocene Salmon Springs glaciation, 
extended to just upstream of the Mad River near the town of Ardenvoir and is recorded by 
deposits of till that are buried by alluvial fan deposits and colluvium (Long 1951).  The 
outwash terraces observed near the mouth of the Entiat River (not mapped in this study; Qtg 
in Tabor et al. (1987) may be linked to this oldest glaciation.  The second glaciation is 
correlated to the Evans stade, which is the first stage of the Fraser Glaciation in which alpine 
glaciers advanced in the mountains of western Washington and elsewhere.  In the Entiat 
Valley, this glaciation is documented by morainal deposits (Long 1951) that are locally 
known as the Potato Creek moraine and glacial outwash terraces in the lower sixteen miles of 
the Entiat River Valley. 

Regional data indicate that glacial recession during the younger glaciation began around 
15,000 years ago (15ka), prior to the recession of the Cordilleran Ice Sheet and continued as 
the Entiat Valley Glacier melted (Crandall 1965); while the timing between the recession of 
the smaller tributary glaciers in the Entiat Valley and the main trunk glacier is unknown, the 
relationship documented in other places shows that the smaller glaciers typically respond 
more rapidly to changes in climate due to the smaller volume of ice; it is therefore likely that 
any smaller glaciers in the Entiat watershed had begun their recession prior to the main trunk 
glacier, or before 15 ka. 

 As the main Entiat Valley glacier receded, abundant meltwater-transported materials eroded 
from the valley bottom and valley margins downvalley, forming outwash plains that filled the 
valley to the level of the highest outwash terrace preserved near the mouth of the Entiat 
Valley (Qgo unit in this study). Alluvial fans began prograding into the valley from tributary 
drainages at the level of the outwash terraces and into the upper valley as the glacier receded.  
Fluvial reworking of glacial outwash and alluvial fan formation continued into the Early 
Holocene (~10ka-7ka).  During the middle Holocene (~7-4 ka), the Entiat River system 
incised approximately 100 feet, forming the Qgo terrace and alluvial fan scarps.  The Qa1 
surface, whose deposits are about 3,000 to 4,000 years old, records the approximate elevation 
of the newly formed valley bottom. 

Alluvial fans prograded into the valley bottom, partially or completely burying older alluvial 
fan deposits as shown by only partially exposed alluvial fan and outwash terrace scarps.  
Between 3ka and 2ka, the system underwent another period of incision, forming the Qa2 
surface and isolating the Qa1 surface from substantial fluvial reworking.  Between 2ka and 
1ka, the channel underwent another period of minor incision, forming the active channel 
(Qa4 unit) and active floodplain (Qa3 unit) while continuing to deposit overbank sediments 
on the Qa2 surface.  Some of the tributary channels have incised to the current river level, 
depositing materials into the active channel (Qa4 unit) while others have continued to deposit 
onto the surface of older alluvial fans and outwash terraces.  The extent and exact timing of 
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degradation and filling during each period of incision are unknown; however, the oldest 
episode of incision discussed was probably the greatest, abandoning the glacial outwash plain 
at 75 to 150 feet above the level of the modern Entiat River.  It should also be noted that this 
is a general history for the three valley segments and the geologic history of a specific area 
along the river may vary from this general description.   
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8. HISTORICAL CHANNEL MIGRATION 

In order to document changes in historical lateral channel position, historical aerial 
photography from 1945, 1965 and 1975 was rectified.  Channel centerlines were screen 
digitized for each year of photography and overlaid on 2006 photography, LiDAR, and 
surficial geologic mapping to investigate channel change.  Due to horizontal error in photo 
rectification, some channel centerlines were adjusted where possible to fit within the valley 
floor or to occupy a nearby relict channel if the channel pattern and relict channel had very 
similar channel paths.  Most of the offset was not adjusted; however, general interpretation 
can still be made regarding historical channel movement despite these discrepancies.   

Historical channel mapping can aid in habitat restoration studies by identifying channel areas 
modified by human actions, such as areas disconnected from the main channel by levees or 
bridges, infringement on channel margins by road embankments or bank protection, or 
channels that have been relocated, or filled in and graded for agriculture.  Historical channel 
mapping also helps to determine whether channel processes have changed significantly 
during the historical period and if so, the possible causes for those changes.  Areas of future 
habitat restoration can also be identified by combining the mapped historical channels with 
other geomorphic, biologic and hydraulic information.  For example, abandoned or 
disconnected historical channels are obvious areas where channels can be reconnected or 
otherwise rehabilitated if substantial incision or infilling has not occurred following their 
abandonment.   

The majority of historical channel changes in the Entiat Valley have occurred in VS-2 and 
VS-3, RM 16–26 (Table C–5), where wide floodplain areas exist between narrow, steep 
reaches where alluvial fans confine the river.  Channel migration in the reaches with wide 
floodplains is described as moderate or high.  For reaches with moderate amounts of 
historical channel change, channel position has changed by more than one channel width 
between 1945 and 2006 in several locations throughout a reach.  For reaches with high 
amounts of historical channel change, the majority of channel positions have changed by 
more than one channel width in numerous locations within the reach.  Reaches that are 
confined by alluvial fans have a low degree of change, which means that the majority of 
channel positions within the reach have not changed by more than one channel width 
between 1945 and 2006. In general, VS-1 (RM 0–16.1), is geologically constrained by 
alluvial fans, fluvial terraces and bedrock, so that little historical channel movement has 
occurred. These reaches also have a low degree of channel change.  One notable exception 
to this occurs in Reach 1C (RM 3.7–4.3), where a meandering channel in 1945 was 
channelized by 1962. Channel changes are summarized below by valley segment.   
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8.1 VALLEY SEGMENT 1 (RM 0–16.1) 

In VS-1, historical channel position has changed very little between 1945 and 2006, with 
only minor adjustments related to erosion along meander bends.  A few examples of notable 
change are located in Reach C between RM 3.7–4.3 and at the upper end of Reach 1F (Mad 
River confluence).  These changes appear to be mainly due to human modifications to the 
channel rather than from natural channel processes.  The channel was straightened along 
Reach 1C between 1945 and 1962, reducing channel sinuosity and eliminating the point bars 
and pools along meander bends that are typical of a meandering system (Figure C–16).  Since 
1962, the channel has retained its straightened morphology.  At the Mad River confluence, 
the 1945 channel meandered further to the west toward the mouth of Mad River.  By 1962, 
the channel appears straighter and was located in the position of the current (2006) channel.  
Anecdotal evidence indicates that the area at the Mad River confluence was partially filled 
in, the Mad River channelized and the Entiat River forced toward the east side of the valley 
to flow through Mill Pond Dam. 

Figure C–16. View of channel change in Reach 3C showing channelization on 1962 aerial photography.  
Yellow line denotes the 1945 channel position; flow  is from left to right. 
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8.2 VALLEY SEGMENT 2 (RM 16.1–21.1) 

Historical channel change from 1945 to 2006 in VS-2 is highly variable depending on the 
lateral controls within each geomorphic reach.  Reaches confined by alluvial fans (2B and 
2D) are characterized by minimal lateral movement due to the high resistance of bouldery 
stream banks composed of alluvial fan sediments, outwash deposits, colluvium or talus.  
Reaches between alluvial fan constrictions (2A and 2C) exhibit greater lateral channel 
change in the form of downstream meander bend migration, decreasing sinuosity, and 
morphologic change from a multi-thread to single-thread channel.  These reaches have wide, 
low floodplains that allow for lateral channel migration into unconsolidated banks of sandy 
and gravelly alluvium.   

In Reach 2A, lateral channel changes are minimal to moderate and can be characterized by 
the downstream migration of meander bends near RM 17.0, RM 17.2, and RM 17.4.  In 
Reach 2C, channel changes take the form of decreasing sinuosity and transitions from a 
multi-thread to a single-thread channel.  From RM 19.0–20.2, channel sinuosity decreases 
dramatically between 1945 to 2006 with the majority of change occurring between 1945 and 
1962 (Figure C–17). It is likely that the 1948 flood was the catalyst for many of the 
avulsions that cutoff meandering sections of the 1945 channel in this reach.  The construction 
of the dike along the left bank at RM 19.7 in 1973 along with LWD clearing by ACOE in 
1971 may have also been factors in some changes from a sinuous meandering channel to a 
low-sinuosity straight channel between 1962 and 1975; however, many of the meander 
cutoffs occurred prior to these alterations.  No evidence is available that documents any 
mechanical straightening of the channel in this reach between 1945 and 1962.   
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Figure C–17.  Channel change in Reach 2C showing 1945, 1962, 1975 and 2006 channel positions; flow is from top to bottom in the photograph.   
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8.3 VALLEY SEGMENT 3 (RM 21.1–26.0) 

Channel changes in VS-3 are similar to those in VS-2 in that channel movement is greatest in 
areas that are between large alluvial fans (reaches 3A, 3D and 3F).  Channel movement is the 
least in areas where alluvial fans confine the main channel (reaches 3B, 3C, and 3E). 

Reach 3A (RM 21.1–22.7) shows the greatest amount of historical channel change.  The 
1945 channel planform is much different from later channel patterns, having a multi-thread 
channel with greater sinuosity. Some of the 1945 meander bends have been cut off by dikes 
near RM 21.9 and 22.2 (Figure C–18). Near RM 21.5, channel sinuosity has increased 
locally from 1945 to 2006 by progressive erosion of the left bank along the outer meander 
bend. It appears that the two meanders in this area have associated secondary channels along 
the right bank that route a portion of flow during the largest annual peak discharges.   

Reach 3D (RM 24.0–25.0) shows channel change between 1962 and 1975, where many of 
the large meanders present in 1962 are cut off by 1975, thus decreasing the overall channel 
sinuosity in this reach. Other channel changes in VS-3 appear to be related to channel 
avulsion, in which the main channel can be observed to switch laterally back and forth within 
a multi-thread channel morphology.   

C–41 




 

 

 
  

 
 

 




Appendix C – Geomorphic Data 

Figure C–18.  Channel change, 1945–2006, in Reach 3A (RM 21.1–22.7); flow is 
from left to right.  
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Table C–5. Descriptions of lateral historical channel change, 1945–2006. 

Valley 
segment 

Reach 
Degree of 

change 
Description 

Sinuosity 
(2006) 
(ft/ft) 

Change in 
Sinuosity 

(1945-2006) 
(ft/ft) 

1 
RM 0–16.1 

1A low n/a n/a n/a 

1B low n/a 1.1 0.0 

1C high channelization 1.0 0.3 

1D low n/a 1.1 0.0 

1E low n/a 1.2 0.1 

1F low n/a 1.3 0.0 

1G low n/a 1.2 0.0 

2 
RM 16.1– 

21.1 

2A moderate downstream meander 
migration; lateral migration 

1.3 0.1 

2B low n/a 1.2 0.0 

2C high change in sinuosity and 
channel pattern 

1.4 0.2 

2D low n/a 1.0 0.0 

3 
RM 21.1– 

26.0 

3A high lateral migration; meander 
cutoffs 

1.4 0.0 

3B low n/a 1.1 0.0 

3C moderate avulsion 1.1 0.0 

3D high change in sinuosity 
and channel pattern 

1.2 0.2 

3E low n/a 1.2 0.0 

3F moderate avulsion 1.2 0.0 

8.4 HISTORICAL CHANNEL MIGRATION ZONE 

The historical channel migration zone (HCMZ) is defined as the potential area in which the 
channel has migrated during the historical period, which in the case of the Entiat Valley, 
includes about the last 100 years.  The HCMZ includes both the area occupied by historical 
channels mapped from 1945 to 2006 and areas that have visible meander scars and 
morphology that are indicative of recent occupation (< 100 years) by the Entiat main channel 
or its associated side-channels but that predate 1945 channel positions.  The zone may also 
include areas that may have potentially had a channel that is now obscured by land clearing, 
leveling or overbank sedimentation.  Surficial geologic map units within the HCMZ include: 
the active channel (Qa4), areas of the active channel that have been disconnected from 
current channel processes by levees (Qa4pc), the active (historical) floodplain (Qa3), and 
relict historical channels (Qa3pc).   
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Areas within the HCMZ are considered to have a high potential for lateral channel migration 
and channel avulsion because they are frequently inundated and are composed of 
unconsolidated sandy and gravelly alluvium that is easily eroded.  The formation and 
abandonment of side-channel complexes are also expected within the HCMZ.  Although the 
width of the HCMZ varies within the valley, some generalizations can be made for each 
valley segment. In VS-1, the HCMZ is variable, but is generally narrow and discontinuous 
along the active channel. VS-2 and VS-3 show a larger variation in the width of HCMZ; in 
intervening reaches between alluvial fans, the HCMZ is typically wide; in areas where 
alluvial fans impinge on the river, the HCMZ is usually narrow and limited to the active 
channel width. 

8.5 LATE HOLOCENE FLOODPLAIN 

The Late Holocene Floodplain, or “high floodplain,” is defined as the area that is inundated 
infrequently outside of the HCMZ during the historical period by the largest flows.  It is 
composed of the active channel, side-channels, and overbank deposits that range from 
historical in age to about 1,000 to 2,000 years old in the upper meter of sediment in the 
subsurface for the highest elevation areas.  The Late Holocene floodplain is inundated by the 
100-year flow in the hydraulic model, displaying hydraulic connectivity with the active 
channel. Surficial geologic map units within the Late Holocene floodplain include the active 
channel and side-channels (Qa4), areas of the active channel that have been disconnected 
from current channel processes by levees (Qa4pc), the active (historical) floodplain (Qa3), 
relict historical channels (Qa3pc), Late Holocene alluvium (Qa2), and Late Holocene 
paleochannels (Qa2pc). 

8.6 SIDE-CHANNELS 

Side-channels provide critical off-channel habitat for salmonids in the Entiat River and can 
be used as one measure to identify varying opportunities for protection or restoration on a 
reach-by-reach basis.  Side-channels are typically much smaller in width than the main 
channel and provide slow velocities for spawning, rearing, and refuge during floods.  Side-
channels are mapped where they can be observed to connect at both their downstream and 
upstream ends with the active channel, demonstrating that they are part of the active channel 
processes. Side-channels were mapped using aerial photography, LiDAR, and field 
observations. Mapping of the side-channels was not rigorously validated with field 
checking; therefore, the evaluation of side-channels by reach was performed on a qualitative 
rather than quantitative basis.  In general, the greatest number and length of side-channels are 
located in the unconfined reaches of VS-2 and VS-3 while the lowest number are in VS-1 
and the confined reaches of VS-2 and VS-3.   
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9. SEDIMENT SOURCES 

A variety of geomorphic processes is important in how sediment becomes part of the active 
channel bed material, bedload, or suspended load.  These processes include but are not 
limited to lateral erosion, bed degradation, mass wasting, rockfall, and debris flow.  These 
processes deliver sediment to the Entiat River from their sources, which include stream 
banks, hillslopes, tributaries and upstream inputs (>RM 26).   

9.1 STREAM BANKS 

The reworking of sediment in stream banks along the Entiat River is an important source of 
sediment because it is directly accessible to the river in both low flow and high flow 
conditions and in many cases the stream banks are relatively unconsolidated, making them 
easily erodible by the river. Observations of historical lateral channel movement and banks 
that are being undercut as well as high bluffs whose toeslopes are being eroded provide 
support for this statement.  Some streambanks, however, are composed of enough gravelly 
material to provide resistance to lateral cutting of their banks.  The reworking of stream bank 
materials will thus vary according to the surficial map unit along the active channel.   

9.2 DISTRIBUTION OF MATERIALS ALONG CHANNEL LENGTH 

Stream bank materials vary along the river according to the landform that occurs adjacent to 
the channel.  The surficial geologic map shows the distribution of geologic units, or 
landforms, that are adjacent to the channel.  While generally having similar materials within 
each unit, units vary in both the materials they contain and their erodibility.  For example, the 
active floodplain (Qa3 map unit), ranges from predominantly unconsolidated sand and gravel 
to unconsolidated sand. This unit is highly erodible because of its minimal cementation as 
well as its frequent inundation by channel flows (Figure C–19).  Bedrock, composed of intact 
rock outcrops or talus slopes, could be considered to have low erosion potential since these 
materials are not easily mobilized and are thus more resistant to fluvial reworking; however 
the colluvium that is included in the bedrock unit is typically composed of sand, pebbles, and 
cobbles and thus is more easily eroded.  Several locations along the active channel have high 
bluffs of colluvium that provide sediment to the river.  A spectrum of bank erodibility exists 
between these end members.  While some of the fine sediment in alluvial fan deposits and 
older terraces may be winnowed out by high flows, the coarse material combined with soil 
formation that binds the matrix of the deposits together form a bank that is resistant to lateral 
erosion, unable to be heavily modified by the available shear stress.  These relationships can 
be observed in the historical record by looking at the relationship between historical lateral 
erosion and surficial geologic map unit.  The greatest amount of lateral erosion occurs when 
the channel is adjacent to the active floodplain (Qa3 unit) while the lowest amount of erosion 
occurs in areas where the active channel is adjacent to bedrock, alluvial fans or high stream 
terraces. 
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  Figure C–19.  Example of bank erosion of the Qa3 unit by undercutting in Reach 3C. 
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Distribution of surficial geologic units along the active channel varies by reach (Figure C– 
20). Floodplain surfaces, including the active floodplain and high floodplain, are generally 
the dominant landforms adjacent to the active channel in all three valley segments.  The 
major exceptions to this occur in reaches 1G, 2B, 2D and 3E, where older terraces or alluvial 
fans are dominant.  Mid-Holocene terraces are commonly adjacent to the active channel in 
reaches 1F, 1G, and 3C. Glacial deposits, which include surficial geologic units Qgo, Qgm 
and Qaf/Qgo, are only an important source of sediment along the active channel in 
Reach 1G, where outwash terraces line much of the stream banks in the reach.  Alluvial fans 
(units Qaf1 and Qaf2) play a greater role in VS-2 and VS-3, but are also important in 
Reach 1G. Bedrock, colluvium and fill are grouped together because these units are for the 
most part closely associated with each other.  Exceptions occur where levees are along the 
active channel or where road fill is extensive.  Reaches that have a considerable amount of 
this unit along the active channel include 1A, 1B, 1F, 1G, and 2C.  Reaches 1A, 1B, and 1F 
have both bedrock/colluvium and fill along the active channel.  Reach 1G has only bedrock 
and colluvium along the active channel, while Reach 2C has mostly fill in the form of a levee 
between RM 19.7–19.8. Landslides and paleochannels are very minor features along the 
active channel; landslides occur only in reaches 1A and 1B along river right while 
paleochannel entrances are adjacent to the active channel in reaches 1B, 1F, 1G and 3A.   
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Linking the data in Figure C–20 with qualitative estimates of lateral channel migration 
(Table C–5) shows that in VS-2 and VS-3, reaches with moderate to high rates of lateral 
migration also have extensive lengths of active floodplain along the active channel.  The 
reaches included in this category are 2A, 2C, 3A, 3D, and 3F.  Thus, the lower slopes and 
presence of active floodplain in these reaches allows for substantial lateral migration.  These 
are the reaches that would have the highest likelihood for lateral erosion.  Reaches that have 
low rates of channel migration generally have steep slopes and minimal active floodplain 
along the active channel. The reaches included in this category are 2B, 2D, 3B and 3E.  
Reach 3C has a moderate amount of channel migration in a small area of the reach where 
active floodplain is located (RM 23.5–23.6) but is generally not a reach where a large amount 
of lateral erosion would be expected. 

While most of the reaches in VS-1 have active floodplain along the active channel, the lateral 
historical channel migration rates are low.  The fact that the active floodplain is relatively 
narrow and discontinuous in most reaches in VS-1 and the limited lateral migration suggests 
that factors in addition to bank resistance control the low rates of channel migration.  The 
steep slope and high stream power through VS-1 maintain a channel that is relatively narrow 
with high velocities, which can be linked to the low rates of migration.  Thus, although there 
is active floodplain along the active channel in VS-1, low rates of lateral erosion are expected 
based on other physical and hydraulic characteristics of the valley segment.   
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9.3 LATERAL EROSION LOCATIONS (1975–2006) 

Erosion locations are locations along the Entiat River where the active channel has eroded an 
area that has not been occupied by the main channel between 1945 and 1975 (Table C–6).  
To qualify as an erosion location, the channel must have moved a distance greater than one 
channel width and could not be located within the corridor occupied by historical channel 
locations from 1945 to 1975. The erosion then at these locations occurred between 1975 and 
2006; however little is known about the character of the erosion, whether it was rapid, 
happening during a single flood event or more gradual over the past ~30 years.  A description 
of the method of erosion can be described by examining the pattern of channel movement 
through time. Four different descriptions were used to categorize the character of the 
erosion. Lateral migration indicates progressive movement of the channel toward the 
eroding bank as evidenced by the historical channel positions from 1945 to 2006.  
Downstream meander migration is used to describe translation of a meander bend 
downstream, observed again through historical channel positions from 1945 to 2006.  The 
term “increase in meander sinuosity” describes an increase in sinuosity that has contributed 
to bank erosion and that cannot be linked to a simple progressive lateral migration of the 
channel. Avulsion is used to describe an area that has been eroded due to the creation of a 
new channel path or reoccupation of an abandoned channel path.   

In most cases, the channel is eroding the active floodplain (Qa3), which would be expected to 
be eroded through natural channel processes.  In a few areas, the Late Holocene floodplain 
(Qa2) is being eroded and point bars are building on the inside of the meander bends.  This is 
also a natural process and is not necessarily a cause for concern either, unless the rate of 
erosion appears to be accelerated over what might be present without human influence.   

Table C–6. List of erosion locations, RM 0–26.  

RM Bank location Unit eroding Description 

1.4 left Qa3 avulsion? 

5.0 left Qa2 avulsion? 

5.4 right Qa2 increase in meander sinuosity 

6.4-6.5 left Qa3 avulsion? 

14.4-14.5 right Rc increase in meander sinuosity 

16.3–16.4 left/right Qa3 downstream meander migration 

17.0 left Qa2 lateral migration 

17.4 right Qa3 downstream meander migration 

17.8 right Qa3 increase in meander sinuosity 

18.5–18.6 left Qa3 increase in meander sinuosity 

18.9 right Qa3 lateral migration 

21.4 left Qa2 avulsion? 

21.5 left Qa2 increase in meander sinuosity 

21.9 right Qa3/Qa1? increase in meander sinuosity 

22.4 left Qa2 lateral migration 
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RM Bank location Unit eroding Description 

24.3-24.5 left Qa3 lateral migration 

25.8 right Qa3 avulsion? 

9.4 HILLSLOPES 

Hillslopes provide sediment to rivers through the processes of mass wasting, rock fall, and 
debris flows.  While some hillslopes have bedrock lithologies that could deliver fine 
sediment to the Entiat River, the majority of hillslopes that are presently close to the active 
channel are composed of large angular rock that is moved downslope by a more gradual mass 
wasting process involving freeze thaw or by abrupt rockfall events during which rock 
fragments fall onto the bedrock slope and form steep talus slopes.  In some instances, 
especially in the upstream end of the study reach, large rock fragments may fall from a steep 
bluff and land directly in the river channel.  If individual rock fragments are large enough, 
the talus and rockfall may provide important cover for fish in the main channel and can be 
found in locations mostly in VS-2 and VS-3 where bedrock outcrops are close to the active 
channel (Figure C–21). As discussed in Chapter 6, landslides are not a dominant mechanism 
along the Entiat River.  Debris flows along steep hillslopes are also an important mechanism 
for delivering sediment to the river channel in the upper part of the assessment area.   

Figure C–21.  Talus along the Entiat River downstream from Shamel Creek near RM 18.2. 
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9.5 TRIBUTARIES 

Tributaries deliver sediment to the Entiat River through debris flows, hyperconcentrated 
flows or predominantly clear water flows.  These sediment sources are typically active during 
high intensity rainstorm events and thus typically happen during the summer months.  They 
provide a rapid pulse of sediment to the main channel that may plug or temporarily alter the 
stage of the mainstem discharge.  These deposits in the main channel may alter the course of 
the main channel for longer time periods, forcing the channel to the opposite bank until 
higher flows during the spring can transport some of the larger material downstream.  Several 
storm events have occurred during the historical period that document that debris flows have 
been an important source of sediment to the main channel.   

The 1972 debris flow on Preston Creek is said to have flowed across the road, damaged or 
destroyed several houses located on the alluvial fan, and blocked the river channel, elevating 
the river stage and flooding several residences.  Push-up levees located downstream of the 
debris flow were apparently created in an effort to mechanically remove some of the 
sediment from the main channel.   

Debris flows in June, 2006 were abundant in the Mad River drainage, blocking the channel in 
several locations and can also be observed on many of the fine-grained alluvial fans where 
their flow paths are still visible.  An undocumented debris flow on Grandma Creek fan 
(Figure C–22) may have also occurred during June 2006 in which several chutes were 
activated. A large sediment lobe was deposited in the main channel across from McCrea 
Creek. This lobe continues to exert control over the main channel position, forcing it to the 
opposite bank at least during lower flows. Primary depositional features including debris 
lines, buried logs and other vegetation is still visible on the ground.  
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      Figure C–22.  Grandma Creek debris flow deposits (near RM 25.1). 
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Several tributaries have also been channelized during the historical period in order to route 
flow away from developed areas on the alluvial fans.  It is possible that channelized 
tributaries may contribute more sediment to the channel than they did prior to channelization 
because in some cases they are more directly connected to the active channel than previously.   

9.5.1 Upstream sources (>RM 26.0) 

Much of the upstream reaches are composed of steep bedrock cliffs that form a narrow 
stream corridor with bed material that is predominantly boulders and cobbles.  These features 
form semi-permanent cascades and pools as well as waterfalls in reaches such as box canyon, 
where sheer bedrock walls confine the channel to a narrow cross section with pool and drop 
features. Steep cliffs contribute sediment to the channel by three major processes:  debris 
flows, rock fall, and lateral erosion of unconsolidated materials.  Debris flow chutes that have 
been recently activated are apparent in many locations upstream of RM 26.0 and appear as 
linear features that extend steeply down the cliff faces.  During intense rainfall events or 
avalanches, these chutes are activated as material accumulating in the chutes becomes 
saturated with water, initiating a mass movement of material downslope.  Because the 
bedrock walls are in close proximity to the active channel, much of this material is deposited 
in the channel rather than on terrace surfaces such as is the case in some of the downstream 
reaches.  While composition of debris flows can vary, they generally have a fine-grained 
component and therefore are a source of fine sediment including material less than 2 mm 
(sand, silt, and clay) to the channel. 

Rockfall provides sediment to the river channel through two mechanisms.  In the first 
mechanism, angular rock forms a steep cone at the angle of repose on the hillslope adjacent 
to the channel; in the other, individual larger rocks fall directly into the channel.  In either 
case, these processes contribute angular material to the channel that is predominantly cobble-
size or larger. Sediment from lateral erosion can also be a significant point source of fine 
sediment in areas where glacial bluffs are adjacent to the active channel.  These bluffs, 
composed of unconsolidated sand and gravel, are eroded along their toeslopes by the active 
channel thereby facilitating the downslope movement of material to the channel (Figure C– 
23). 
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Figure C–23. Eroding glacial material along the Entiat River (upstream of RM 26.0). 
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10. SUMMARY 

The following points summarize the findings in this appendix: 

	 The assessment area can be divided into three valley segments that are defined mainly on 
the basis of channel gradient and channel morphology.  VS-1 is characterized by a steep 
slope and predominantly single-thread, low-sinuosity channel morphology; VS-2 is 
characterized by a more gradual slope with multi-thread and meandering channel 
morphology; VS-3 is characterized by a gradual slope that is slightly steeper than VS-2 
and has both multi-thread and meandering channels and single thread, low-sinuosity 
channels, reflecting a greater influence of alluvial fans on channel morphology.   

	 Dominant landforms in the Entiat Valley include a Late Pleistocene/Early Holocene 
glacial outwash terrace (located only in VS-1), extensive Holocene alluvial fans, and 
three Holocene fluvial surfaces with approximate ages of 3,000-4,000 years, less than 
1,000 years, and less than 100 years. 

	 Channel morphology on a broad scale is influenced by geologic features present in the 
landscape of the Entiat Valley rather than historically constructed features in the channel.  
This is illustrated by the change in stream gradient at geologic features, the presence of 
alluvial surfaces that are 1,000 years or older adjacent to the stream channel and the lack 
of channel migration near landforms that confine the river and extensive migration 
upstream of these features, which act as a local base level control.   

	 The historical channel migration zone (HCMZ), which includes the active channel and 
active floodplain has a width that is heavily controlled by geologic features rather than by 
human constructs.  In VS-1, the HCMZ is narrow and is controlled by the presence of 
higher terraces, alluvial fans, bedrock and outwash terraces.  In VS-2 and VS-3, the 
HCMZ is alternately a wide corridor between prograding alluvial fans and a narrow band, 
where alluvial fans constrict the river valley. 

	 Channel migration between 1975 and 2006 has occurred in multiple locations in the 
assessment area.  In these locations, the channel is eroding its active floodplain (Qa3) and 
in a few cases the high floodplain (Qa2).  The active floodplain is a surface that would be 
expected to be reworked as the channel migrates across its floodplain and is part of the 
historical channel migration zone.  Erosion of the high floodplain could also be a natural 
occurrence; however, the eroded areas are outside of the historical channel migration 
zone and should be investigated further to determine if there are human influences that 
are driving the lateral erosion of these areas.   

	 High floodplain surfaces (Qa2), older terraces (Qa1, Qgo), and older alluvial fans (Qaf1) 
have provided a limit to the lateral extent of the active floodplain for at least the last 
1,000 years. 

	 Sediment sources to the channel include stream banks, tributaries, hillslopes, and 
upstream sediment input.  These sources contribute sediment to the main Entiat River 
channel in the assessment area through lateral erosion, debris flow mechanisms, mass 
wasting, rockfall and sediment transport from upstream.  These sources naturally 
contribute to the channel abundant amounts of sediment including both sand and gravel.   
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ATTACHMENT A. FIELD DESCRIPTIONS OF SOIL PROPERTIES 

SOIL PROFILE OF HATCHERY 1 

Profile No. Hatchery 1 Described by Date 7/24/2008 Slope <1  Aspect Pit
Jeanne Godaire, Ralph Klinger 

Map Unit Qa2 Parent Material     fine-grained alluvium and gravelly alluvium 

Location    N47°41.953’; W 120°19.282’; Holocene terrace near fence line and shed, Entiat River Hatchery 

Quadrangle Township/Range Section Elevation  ~1000 ft            

Table C–7.  Soil Profile of Hatchery 1 

Horizon Depth Boundaries Structure Texture Clay Consistence Gravel 

% 

CaCO3 

Morphology 

(effervescence) 

Color 

(moist/dry) (Thickness) 
cm 

Films 
Stickiness Plasticity Dry 

A 0-9 

(9) 

aw 2f-mgr mLS None so po so <10 none 

(none) 

10 YR 2/1M 

B 9-20 

(11) 

aw 1f-msbk mSL None so po so <10 none 

(none) 

10 YR 3/2M 

C 20-30 

(10) 

ai sg m-cSL None so po lo <10 none 

(none) 

10 YR 4/2M 

2C 30-54 

(24) 

–– sg c-vcS None so po lo 50-75 none 

(none) 

10 YR 6/2M 

Attachment A. Field Descriptions of Soil Properties C–57 



 

 
 

 

 

   

 

 

         

    

 

  

 

   

 

  

  

 

 

SOIL PROFILE OF HATCHERY 2 

Profile No. Hatchery 2 Described by Date 7/24/2008 Slope 2  Aspect Pit
Jeanne Godaire, Ralph Klinger 

Map Unit Qa1 Parent Material
 gravelly alluvium

Location    N47°42.044’; W120°19.370’; Higher Holocene terrace, Entiat River Hatchery                                             

Quadrangle Township/Range Section Elevation  ~1050 ft            

Table C–8.  Soil Profile of Hatchery 2 

Horizon Depth Boundaries Structure Texture Clay Consistence Gravel 

% 

CaCO3 

Morphology 

(effervescence) 

Color 

(moist/dry) (Thickness) 

cm 

Films 
Stickiness Plasticity Dry 

A 0-5 

(5) 

aw 2fgr m-cSL none so po so <10 none 

(e-) 

10YR 3/2M 

B1 5-19 

(14) 

aw 2cpl m-cSL none so po so 10-25 none 

(e-) 

10YR 3/3M 

B2 19-42 

(23) 

cw 1fsbk mLS none so po so 10-25 none 

(none) 

10YR 3/2M 

2Cox 42-64 

(22) 

-- sg cSL none so po lo 50-75 none 

(none) 

10YR 3/4M 
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SOIL PROFILE OF STORMY 1 

Profile No. Stormy 1 Described by Date 7/24/2008 Slope 1  Aspect Pit
Jeanne Godaire, Ralph Klinger 

Map Unit Qaf2 Parent Material     distal fan alluvium, volcanic ash, gravelly alluvium 

Location   N47°49.287; W120°25.370’; Holocene alluvial fan exposure at Stormy Creek                                             

Quadrangle Township/Range Section Elevation  ~1582 ft            

Table C–9.  Soil Profile of Stormy 1 

Horizon Depth 

(Thickness) 

cm 

Boundaries Structure Texture Clay 
Films 

Consistence Gravel 

% 

CaCO3 

Morphology 

(effervescence) 

Color 

(moist/dry) Stickiness Plasticity Dry 

A 0-10 

(10) 

aw 2mgr cSL none so po so <10 none 

(none) 

10YR 2/1M 

B 10-25 

(15) 

cw 1f-cgr-
1fsbk 

c-vcLS none so po so 50 none 

(none) 

10YR 2/1M 

C 25-50 

(25) 

aw sg-v1fsbk c-vcLS none so po lo-so 50 none 

(none) 

10YR 4/3M 

2C 50-94 

(44) 

as 1fsbk cSL none so po so 75 none 

(none) 

10Y R4.5/3 

3C 94-109 

(15) 

gs m f-mSL none so po so 0 none 

(none) 

10YR 4/2M 

4C 109-133 

(24) 

-- sg cLS none so po lo 10-75 none 

(none) 

10YR 4/3M 
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SOIL PROFILE OF STORMY 2 

Profile No. Stormy 2 Described by Date 9/10/2008 Slope <1  Aspect N
Jeanne Godaire, Ralph Klinger 

Map Unit Qa3 Parent Material
 sandy and gravelly alluvium

Location   N47°49’17.1”; W120°25’25.9”; exposure of low Holocene floodplain, left bank downstream from Stormy 1 

Quadrangle Township/Range Section Elevation  ~1505 ft            

Table C–10.  Soil Profile of Stormy 2 

Horizon Depth Boundaries Structure Texture Clay Consistence Gravel 

% 

CaCO3 

Morphology 

(effervescence) 

Color 

(moist/dry) (Thickness) 

cm 

Films 
Stickiness Plasticity Dry 

A 0-22 

(22) 

as sg-v1mgr cLS none so po lo <10 none 

(e) 

10YR 3/3M 

B 22-36 

(14) 

ai 1fsbk f-mSL none so po so <10 none 

(none) 

10YR 3.3M 

2C 36-52 

(16) 

aw sg cLS none so po lo 75 none 

(e-) 

10YR 4/3M 

3C 52-127 

(75) 

-- m fSL none ss ps so 0 none 

(none) 

10YR 3/3M 
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SOIL PROFILE OF STORMY 3 

Profile No. Stormy 3 Described by Jeanne Godaire, Ralph Klinger Date 9/10/2008 Slope 3  Aspect SW 

Map Unit Qaf1 Parent Material
 distal fan alluvium, volcanic ash

Location   N47°49’8.5”; W120°25’28.0”; Holocene alluvial fan exposure at Stormy Creek, left bank near toppled tree and gaging 

Quadrangle Township/Range Section Elevation  ~1582 ft            

Table C–11.  Soil Profile of Stormy 3 

Horizon Depth 

(Thickness) 

cm 

Boundaries Structure Texture Clay 
Films 

Consistence Gravel 

% 

CaCO3 

Morphology 

(effervescence) 

Color 

(moist/dry) Stickiness Plasticity Dry 

A 0-16 

(16) 

aw 2msbk mSL none so po so 25 none 

(none) 

10YR 3/2M 

10YR 5/3D 

B 16-78 

(62) 

cw 1msbk cLS none so po so 50 none 

(none) 

10YR 4/3M 

10YR 6/3D 

2B 78-180 

(102) 

gi m-1csbk vcLS none so po so 75 none 

(none) 

10YR 6/3M 

10YR 7/3D 

3C 180-235 

(55) 

as moderately sorted, angular to subangular small cobbles (5-6 cm), clast supported, variable thickness; fine to medium 
sand unit at base, which pinches out laterally 

4C 235-255 

(20) 

aw moderately sorted, pebbly very coarse sand with subangular pumice pebbles; planar, horizontal bedding 

5C 259-294+ 

(35) 

-- angular to subangular pebbles in a loamy matrix; matrix appears bimodal, composed of sand and clay; reddish 
mottling 
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SOIL PROFILE OF STORMY 4 

Profile No. Stormy 4 Described by Date 9/10/2008 Slope 1  Aspect NW
Jeanne Godaire, Ralph Klinger 

Map Unit Qa3 Parent Material     sandy alluvium and gravelly alluvium; volcanic ash 

Location   N47°49’11.4”; W120°25’29.7”; right bank of low floodplain 

Quadrangle Township/Range Section Elevation  ~1560 ft            

Table C–12.  Soil Profile of Stormy 4 

Horizon Depth 

(Thickness) 

cm 

Boundaries Structure Texture Clay 
Films 

Consistence Gravel 

% 

CaCO3 

Morphology 

(effervescence) 

Color 

(moist/dry) Stickiness Plasticity Dry 

A 0-14 

(14) 

as 1mgr fSL none so po so 0 none 

(e) 

10YR 5/3D 

10YR 3/2M 

AB 14-45 

(31) 

cw 3cgr-
1fabk 

fL none ss ps sh 0 none 

(none) 

2.5YR 5/2D 

10YR 3/2M 

B 45-59 

(14) 

as 2fsbk fL none so-ss ps so 0 none 

(none) 

2.5YR 5/2D 

10YR 3/2M 

2C 59-63 

(4) 

aw volcanic ash 10YR 8/1D 

3B 63-77 

(14) 

as 2msbk SiL none ss p so 0 none 

(none) 

2.5YR 5/2D 

2.5YR 3/2M 

3B2 77-95 

(18) 

as 2csbk SiL none s p sh 0 none 

(none) 

2.5YR 6/3D 

2.5YR 4/2M 

3B3 95-116 

(21) 

aw 2msbk L none ss ps sh 0 none 

(none) 

2.5YR 6/3D 

2.5YR 4/2M 

4C 116-140+ 

(24) 

-- sg vcS none so po lo 75 none 

(e) 

2.5YR 6/2D 

2.5YR 4/2M 
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SOIL PROFILE OF YURT 1 

Profile No. Yurt 1 Described by Date 7/23/2008 Slope <1  Aspect NW
Jeanne Godaire, Ralph Klinger

Map Unit Qa2 Parent Material
 sandy alluvium

Location   N47°”; W120” <convert UTM to Lat/Long>; exposure of high Holocene floodplain, “clay bank”, left bank downstream from 
Christmas tree revetment   

Quadrangle Township/Range Section Elevation  ~1640 ft        

Table C–13.  Soil Profile of Yurt 1 

Horizon Depth 

(Thickness)  

cm 

Bounda-
ries 

Structure Texture Clay 
Films 

Consistence Gravel 

% 

CaCO3 

Morphology 

(effervescence) 

Color 

(moist/dry) Stickiness Plasticity Dry 

A 0-8 (8) aw 1fgr-2m-
csbk 

mSL none so po so 0 none 

(none) 

10YR 3/2M 

B 8-25 (17) ai 1f-msbk m-cSL none so po so 0 none 

(none) 

10YR 3/2M 

C 25-59 (34) aw sg mLS none so po lo 0 none 

(none) 

10YR 3/2M 

C2 59-94 (35) aw sg m-cLS none so po lo <10 none 

(none) 

10YR 4/2M 

C3 94-145 (51) check 
pic 

sg vcS none so po lo 0 none 

(none) 

10YR 7/2M 

C4 145-167 (22) aw -- SiL none s ps-p -- 0 -- 10YR 4/3M 

C5 167-180 (13) aw -- vcSL none ss po -- 0 -- 10YR 3/2M 

C6 180-194 (14) -- -- cLS none so po -- 0-10 -- 10YR 2/2M 

Notes: Soil too moist below 145 cm for structure, dry consistence and effervescence to be evaluated.   

Abundant rounded pumice fragments in 59-94 cm horizon. 
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SOIL PROFILE OF TRESSEL 1 

Profile No. Tressel 1 Described by Date 11/17/2008 Slope <1  Aspect N
Jeanne Godaire 

Map Unit Qgo Parent Material
 sandy and gravelly alluvium

Location   exposure along old switchback road across from Tressel bridge, RM 6.4 

Quadrangle Township/Range Section Elevation  ~ 1040 ft            

Table C–14.  Soil Profile of Tressel 1 

Horizon Depth 

(Thickness) 

cm 

Boundaries Structure Texture Clay 
Films 

Consistence Gravel 

% 

CaCO3 

Morphology 

(effervescence) 

Color 

(moist/dry) Stickiness Plasticity Dry 

A 0-16 

(16) 

cs 2mgr-
1fsbk 

L none so-ss ps -- <10 none 

(e) 

10YR 3/3M 

Bt 16-34 

(18) 

aw 1msbk CL 2dco s p -- <10 none 

(none) 

10YR 4/3M 

Bt2 34-56 

(22) 

aw sg-1fsbk SCL 2dco s p -- 25 none 

(e-) 

10YR 4/4M 

C 56-70+ 

(14) 

-- sg cLS none so po -- 50-75 none 

(none) 

10YR 4/4M 

Notes: soil was too moist to determine dry consistence or dry color 
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ATTACHMENT B. REACH DESCRIPTION TABLE 


Table C–15.  ATTACHMENT B  ––  Reach Descriptions. 

Reach RM Ave. 
Slope 
(ft/ft) 

Channel morphology Active 
floodplain 

confinement 

High 
Floodplain 

Width 

HCMZ Lateral 
Controls 

Vertical 
Controls 

Bar frequency Dominant 
map units 

1A 0-0.8 -- Single-thread, low 
amplitude meanders; 
occasional split flow 

channels with 
vegetated islands 

n/a n/a narrow bedrock, 
alluvial fans, 

outwash 
terraces 

Columbia 
River base 

level, 
alluvial fans 

low to 
moderate 

Qgo, Qa4, 
Qa3 

1B 0.8-3.7 0.009 Single-thread, low 
amplitude meanders; 
occasional split flow 

channels with 
vegetated islands 

moderately 
confined 

narrow to 
moderate 

narrow Holocene 
terraces, 
outwash 
terraces, 

alluvial fans 

Columbia 
River base 

level 

low to 
moderate 

Qaf1, 
Qa2, Qgo, 

Qa1 

1C 3.7-4.3 0.011 single-thread, straight moderately 
confined 

narrow moderate riprap, 
bedrock, 
Holocene 
terraces 

Columbia 
River base 

level 

low Qaf1, 
Qa2, Qa1, 

Qa3 

1D 4.3-6.3 0.011 single-thread, straight 
to low-sinuosity 

confined narrow narrow Holocene 
terraces 

Columbia 
River base 

level 

low Qaf1, Qa2, 
Qa1 

1E 6.3-6.9 0.012 single-thread 
meandering 

moderately 
confined 

narrow to 
moderate 

narrow Holocene 
terraces 

Columbia 
River base 

level 

moderate Qaf1, Qa2, 
Qa3, 

1F 6.9-10.6 0.010 single-thread, 
entrenched meanders 

confined narrow narrow bedrock, 
Holocene 
terraces 

Columbia 
River base 

level, 
bedrock in 
channel 

low Qa2, Qa1, 
Qaf1 
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Reach RM Ave. 
Slope 
(ft/ft) 

Channel morphology Active 
floodplain 

confinement 

High 
Floodplain 

Width 

HCMZ Lateral 
Controls 

Vertical 
Controls 

Bar frequency Dominant 
map units 

1G 10.6-16.1 0.010 single-thread, 
entrenched meanders 

confined narrow narrow glacial 
outwash; 

alluvial fans 

bedrock in 
channel; 
Columbia 

River base 
level 

low Qaf/Qgo, 
Qaf1, Qa1 

2A 16.1-17.9 0.002 Single-thread main 
channel with irregular 
meanders; overflow or 

side-channels 

unconfined wide moderate alluvial fans, 
bedrock 

moraine, 
alluvial fans 

high Qa3, Qaf1, 
Qa2 

2B 17.9-18.1 0.002 Single-thread, high 
amplitude meanders 

confined narrow narrow alluvial fans, 
bedrock 

alluvial fans low Qaf1, Qa3 

2C 18.1-20.9 0.002 Single-thread main 
channel with irregular 

meanders; side-
channels 

unconfined wide wide alluvial fans, 
bedrock, 
levees 

alluvial fans high Qa3, Qaf1, 
Qa2 

2D 20.9-21.1 0.007 Single-thread confined narrow narrow alluvial fans alluvial fans Low Qaf1 

3A 21.1-22.7 0.003 Single-thread main 
channel with irregular 

meanders; side-
channels 

unconfined wide wide alluvial fans, 
levees, high 

terraces 

alluvial fans high Qaf1, Qa3, 
Qa2 

3B 22.7-23.3 0.011 Single-thread, straight confined narrow narrow alluvial fans, 
high terraces 

alluvial fans low to 
moderate 

Qaf1, Qa1 

3C 23.3-24 0.003 Single channel with 
irregular meanders to 
multi-thread braided 

confined moderate narrow to 
moderate 

alluvial fans, 
bedrock 

alluvial fans moderate Qaf1, Qa2, 
Qa1 

3D 24.0-25.0 0.006 Single-thread with low 
amplitude irregular 

meanders and side-
channels 

unconfined wide wide alluvial fans alluvial fans high Qa3, Qaf1, 
Qa1 

3E 25.0-25.6 0.011 Single-thread, 
irregular meanders 

confined narrow narrow alluvial fans alluvial fans low Qaf1 

3F 25.6-26.0 0.005 Multi-thread to single-
thread with irregular 

meanders 

unconfined moderate narrow to 
moderate 

bedrock alluvial fans high Qa3 

C–66 Attachment B. Reach Description Table 



 

 
 
 

  

  

  
 

 

 

 

 

 

 
 

 
 

 

 

 
  

  

 

 

 


ATTACHMENT C. TABLE OF SURFICIAL GEOLOGIC MAP UNITS  


Table C–16.  ATTACHMENT C –– Surficial geologic map units.   

Description Map 
unit 

Descriptive 
Name 

Age Surface 
morphology 

Materials Height 
above 

channel 
(ft) 

Location 
(RM) 

Occurrence Inundation 

Fluvial 
deposits 

Qa4 Active channel Historical Irregular; 
channel and 

bar 
topography 

Sand with subangular to 
rounded boulders, cobbles 

and pebbles 

0 All Very 
common 

<2-year 

Qa4pc Disconnected 
active channel 

Historical Irregular; 
channel and 

bar 
topography 

Sand with subangular to 
rounded boulders, cobbles 

and pebbles 

0-2 above RM 
16.1 

Uncommon <2-year 

Qa3 Historical 
alluvium or active 

floodplain 

Historical Irregular with 
abundant 
channels 

Thin sandy cap of sediment 
over subrounded to rounded 

cobbles and pebbles 

<5 All Very 
common 

2-year 

Qa3pc Paleochannel <100 years Low relief 
swale 

Thin sandy cap of sediment 
over subrounded to rounded 

cobbles and pebbles 

<5 above RM 
16.1 

Uncommon 2-year 

Qa2 Late Holocene 
alluvium or high 

floodplain 

<2,000 years Irregular with 
common 
channels 

Ranges from silty sand to thin 
sandy cap of sediment over 

rounded cobbles and pebbles 

5-10 All Very 
common 

100-year 

Qa2pc Late Holocene 
paleochannel 

Late Holocene Low relief 
swale 

sandy cap of sediment over 
rounded cobbles and pebbles 

5-20 All Uncommon 100-year 

Qa1 Middle to Late 
Holocene 

alluvium or 
Middle Holocene 

terrace 

3,000-4,000 
yrs 

Planar with 
localized 
irregular 

topography 
from felled 
trees and 
rockfall 

Moderate to well sorted silty 
sands; may overlie alluvial fan 

sediments or fluvial gravel 

10-20 All Common >100-year 
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Description Map 
unit 

Descriptive 
Name 

Age Surface 
morphology 

Materials Height 
above 

channel 
(ft) 

Location 
(RM) 

Occurrence Inundation 

Glacial 
outwash 

Qgo Glacio-fluvial 
deposits 

Late 
Pleistocene to 

early 
Holocene 

planar Poorly sorted subangular to 
subrounded boulders and 
cobbles in a sandy matrix 

80 0-7.2 Common >100-year 

Glacial 
moraine 

Qgm Glacial moraine Late 
Pleistocene 

Rounded Subangular to subrounded 
boulders and cobbles in a 

sandy matrix 

100 16.1-16.2 Uncommon N/A 

Alluvial fan 
deposits 

Qaf1 Holocene alluvial 
fan (older) 

Holocene Bar and swale 
to smooth 

Angular to subangular poorly 
sorted boulders and cobbles 

in a sandy matrix; fine grained 
component on some fans 
consists of pebbly granitic 

sand 

variable All Common N/A 

Qaf2 Holocene alluvial 
fan (younger) 

Late Holocene Bar and swale 
to smooth 

angular to subangular poorly 
sorted boulders and cobbles 

in a sandy matrix 

variable All Uncommon N/A 

Qaf/Qgo Holocene alluvial 
fan or glacial 

outwash deposits 

Late 
Pleistocene to 

Holocene 

Smooth Pebbly granitic sand over 
subangular to rounded 

boulders and cobbles; coarse 
alluvial fan sediments may 

exist in places 

>20 <RM 16.1 Common >100-year 

Landslide 
deposits 

Qls Landslide 
deposit 

Holocene hummocky Diamicton of angular clasts of 
bedrock and surficial deposits 

derived from upslope (from 
Tabor et al. 1987) 

n/a 0-1 Uncommon N/A 

Bedrock/coll 
uvium 

various Bedrock / 
colluvium 

Late 
Cretaceous to 

Tertiary 

Irregular  Varies (see associated text) n/a All Common N/A 

Human 
disturbance 

features 

F add Historical Linear berms 
and circular to 

oblong pits 

Mostly unconsolidated sand 
and gravel 

n/a Localized 
(0-24) 

Uncommon Variable? 
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IIINTRNTRODUNTROODUDUCCCTION TION TION 

A A A 10lal total total of of of 20 20 20 detrdetrital detrital ital charcoal charcoal charooal samples samples samples were were were examined examined examined 10 to to recover recover recover organic organic organic fragments fragments fragments 
suitable suitable suitable for for for rradiocarbon radiocarbon adiocarbon analysisanalysis. analysis. . These These These samples samples samples were were were recovered recovered recovered from from from sites siles sites along along along the the the Entiat Entiat Enlial 
River River River in in in Central Central Central Washington Washington Washington for for for a a a study study study of of of Ihe the the Holocene Holocene Holocene terrace terrace terrace chronology chronology chronology along along along Itla the the riverriverriver. . , 
Botanic Botanic Botanic components components components and and and detrital detrital detrital charcoal charcoal charcoal wera were were identified, identified, identified, and and and polentially potentially potentially radiocarbon radradiocarbon iocarbon datable datable datable 
material material materiat was was was separatedseparatedseparated. . . Charcoal Charcoal Charcoat ffragments fragments ragments from from from nine nine nine samples samples samples were were were AMS AMS AMS rradiocarbon radiocarbon adiOCarbon dated. dated. dated. 

METHODS METHODMETHODS S 

CllaCllaCharcoarcrcoaoallldl Identildentificatientification f ication on 

All All All sampsampsamples lles es were were were water-screened water-screened water·screened ththrough through rough a a a 250 250 250 micron micron micron memesh mesh sh sieve ssieve ieve and and and allowed aalllowed lowed to to to drydrydry. . . 
The The The dried dried dried samples samples samples were were were scanned scanned scanned ullder under under a a a binocular binocular binocular stereo stereo stereo microscope microscope microscope at at at a a a magnifICation magnification magnification of of of 
10x10lOxx. . . Charcoallragmenls Charcoal Charcoal fragments fragments were were were separated separated separated and and an<! examined examined examined under under under a a a binocular binocular binocular mmicroscope microscope icroscope aat at t a a a 
magnifmagnifICation magnifICation ICation of of of 70x70x. 70x. . Macrofloral Macrofloral Macronoral remains, remains. remains, including including including charcoal, charcoal, charcoal. were were were ideidentified identiflBd ntified using using using manuals manuals manuals 
(Core, (Core, (Core, et et et aL al. al. 1976: 1976; 1976; Manin Martin Martin and and and Barkley Bar1<ley Bar1<ley 1961: 1961: 1961 : PPanshin Panshin anshin and and and Zeeuw Zeeuw Zeeuw 19801980: 1980; ; Petrides Petrides Pelrides and and and Petrides Petrides Petrides 
1992) 1992) 1992) and and and by by by cococomparison mparmparison ison with with wilt1 mmodem modem odem and and and archaeological ardlaeological archaeological referencesreferereferencesnces. . . The The The tterm tenn erm ""' seed" seed" seed'is is is used used used 
10 to to represenrepresent represenl t seeds. seeds, seeds. achanasachenesachenes, . . caryopsescaryopsescaryopses, . . and and and other other other didissemdisseminulessseminules. inules. , Because Because Because charcoal charcoal charooal and and and 
possibly possibly possibly other other other botanic botanic botanic remains remains remains were were were to to to be be be sent sent sent for for fo r radiocarbon radiocarbon radiocarbon analysis, analysis. analysis, clean clean clean laboratory laboratory lalxlfalory 
conditiOns conditions conditiOns were were were used used used during during during water·screening water-screening water-screening and and and identmcation identificatiOn identification to to to avoid avoid avoid contaminationcontamination. contaminatiOn. . All All All 
instruments instruments instruments were were were washed wwaashed shed between between belween samples. samples, samples. and and and samples samples samples were were were protected protected protected from from from contacl contact contact with with with 
modem modem modem charcoal. charcoalcharcoal. . 

AMS AMS AMS RadiRadioRadiococcarbon arbon arbon Dating Dating Dating --- CCCharcoal harharcocoaal l and and and Wood Wood Wood 

Wood Wood Wood and and and charcoal charcoal charcoal samples samples samples submitted submitted submined for for for radiocarbon radiocarbon radiocarbon dating dating dating are are are identified identified identified and and and 
weighed weighed weighed prior prior prior to to to selectiselecting selecting ng subsamples subsamplBs subsamples for for for pre-treatment. pre-treatmenpre-treatment. t The The The remremainderemainder ainder r of of of each each each sample, samplesample, , iif if f 
there there there is is is any. any, any, is is is permanently permanenlly permanently curated curated curated al at at Paleo Paleo Paleo ResearchResearCh. ResearCh. . The The The subsampte subsample subsample seseselected llected ected for for for pre­pre­pre­
trtretreatment eatment alment Is is is first first first subjected subjected subjected 10 to to hot hot hot (at (at (at least least least 110 110 110 ~·· C). C), C). 6N 6N 6N hydrochloric hydrochloric hydrochloric acid acid acid (HCI). (HCI). (HCI). with with with rinses rinses rinses to to to 
neutral neutral neutral between between between each each each HCllreatmentHCl HCI treatment. treatment. , until until until ththe the e supernatant supernatant supernatant is Is is clear. clear. clear. ThThis ThiS is removes removes removes Iron iron iran 
compounds compounds compounds and and and calcium calcium calcium carbonates carbonates carbonates that tthahai t WOuld WOuld would hamper hamper hamper removal removal removal of of of humate humate humate compounds compounds compounds laterlater. later. . 
Next Next NelC! the the the samples samples samples are are are subjected subjected subjected 10 to to 5% 5% 5% potassium potassium potassium hydroxide hydroxide hydroxide (KOHl (KOH) (KOH) to to to remove remove remove humates. huhumatesmates. . Once Once Once 
again, againagain. , Ihe the the samples samples samples are are are rinsed rinsed rinsed to to 10 neutral neneutral utral and and and rere·acldified re-acidified -acidified with with with pH ppH H 2 2 2 HCI HHCI CI between between between each each each KOH KOH KOH 
step. step. slep. This This This step step step is is is repeated repeated repeated until until until the the the supernatant supernatant sUpernatant Is is is clear, clear. clear. Signaling signaling signaling removal removal removal of of of all all all humateshumahumatestes. . , 
After After After humate humate humate removal. removal. removal. each each each sample sample sample Is is is made made made slightly slightly slighUy acidic acidic acidic and and and left left left that that that way way way for for for the tthe he next next next step. step. step. 
Charcoal Charcoal Charcoal samples samples samples (but (but (but not not not wood wood wood samples) samples) samples) are are are subjected subjected subjected to to to a a a concentratedconcenllaledconcentrated, , , hot hot hot nitric nitric nitriC acid aCid aCid bathbath, bath, . 
which which which removes removes removes all all all modem modem modem and and and recent recent fBCBflt organicsorganics. organics. . TThis This his Ire<ltment treattreatmment ent is is is nonot not t used used used on on on unburned unburned unburned or or or 
partially partially partially burned burned burned wood wood wood samples samples samples because because because It it it oxidizes oxidizes oxidizes the tthe he submitted submitted submitted sample sample sample of of of unknown unknown unknown age. age. age. 

Each Each Each sSubmsubmitted ubmitted itted sample sample sample is is is lt1en then then freeze-dried freeze-dried freeze-dried using using using a a a vacuum vvacuum acuum systemsystem. sY5tem, , ffreezing frreezing eezing out oul out aall all ll 
moisture moisture moisture at at al --98 ·98 98 ··9C. CC. . Each EaEach ch Individuat individual individual sample sampJe sample is is is combined combined oombined with with with cupric cupric cupric oxide oxille oxide (CuD) (CuO) (CuD) and and and elemental eelemental lemental 
silver ss~ver ~ver (Ag(Ag(Ag'OO) ) ) in in [n a a a Quartz Quartz quartz ttube. tUbe. ube, then then then name flame flame sealed sealed sealed under under under vacuuvacuuvacuummm. . . 

Standards Standards Standards and and and laboratory laboratory laboratory background background background samples samples samples also also also are are are treated treatreated ted In in in the the the same same same manner manner manner as as as 
the tthe he wood wood wood and and and charcoal chchaarcoal rcoal samples samples samples of of of unknown unknown unknown ageage. age. , A A A radiocarbon radiocarbon radiocarbon ""-dead" deaddead" " EUA EUA EUA wood wood wood blank blank blank from from from 
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Alaska Alaska Alaska that thai that is is is more mormore e than than than 70.000 770,000 0,000 years years years old old old (c(current(currently urrently ly beyond beyond beyond the the the detection detdetection ection capabilities capabilities capabilities of of of AMS) AMS) AMS) 
is is is tttreated reated reated using using using lhe the the same same same chemical chemical chemical processing processing processing as as as Ihe the the samples sasamples mples of of of uunknown unknown nknown age age age in in in ordeorder order r to to to 
calibrate calibrate calibra te the the the laboratory laboratory laboratory correction correction cortectlon factorfactor. factor. . Standards Standards Standards of of of known knoknown wn age. age. age, such such such as as as Two Two Two CCreeks Creeks reeks wood woowood d 
that that that dates dates dates to 10 to 11111,400 1,40,400 0 ReRCYBP RCYBP YBP and and and others others others from from from the the the Third Third Third Intemational International Intemational Radiocarbon Radiocarbon Radiocarbon 
InIntercomparison Intercotercomparison mparison (T((TIRITIRI)IRI )). . , are are are Blso also also processed processed processed simultaneously sisimultaneously multBneously to to to establish astablish establish ttthe he he laboratory laboratory laboratory correction correction correction 
facffactoractortor. . . Each Each Each wood wood wood standard standard standard is is is run run run in in in a a a quanquantiquanttity itty y similar sisimilar milar to to to the the the submitted submitted submitted samples samples samples of of of unknown unknown unknown 
age age age and and and sealed sealed sealed in in in a a a ququartz quartz artz tube tube tube aafter after fter the the the requisite requisite mquisile pre-treatment. pre-trealment. pre-treatment. 

Once Once Once all all all the the the wood wood wood standards, standards. standards, blanksblanksblanks. , , and and and SUbmitted submitted submitted samples samples samples of of of unknown unknounknown wn age age age are are are 
prepared prepared prepared and and and sealed sesealed aled in in in their theitheir r individual individual individual quartquartz quartz z lutubes. tubes, bes. they they they are are are combusted combusted combusted aaat t t 820 8820 20 ··"C. CC. , soaked sosoaked aked for fofor r 
an an an extended extended e,,;tended period period period of of of lime time time at aat t ttthat hat hBt ttemptemperaemperaeratututurerere, , , Bnd and and thtthen hen en slowly slowly slowly allowed allowed allowed to to to COQlto cool cool to 10 enable enBbte enable the the the 
chemical chemical chemical reaction reaction reaction thathat that t extracts extrextracts acts carbon carbon carbon dioxide dioxide dioxide (CO(CO(COl) ,l ) ) gBS. gasgas . . 

FollowFollowing Following ing this tthis his lasl las! last step, step, step, Ball all II sBmpsamples samples les of of of unknown unknunknown own ageageage, , , the the the wood wood wood standards, stanstandardsdards, , and and and the the the 
laboratory laboratory laboratory backgrounds backgrounds backgrounds are are are sent sensent t to to to the the the Keek Keck Keck CCarbon Carbon arbon Cycle Cycle Cycle AMS AMS AMS Facility Facility Facility at at at the the the University University University of of of 
CaCalifomia, Califomia, lifom la, Irvine, IrvineIrvine. , where where where the the the COCOCOl , , gas gas gas is is is processed processed processed Into into into graphitegraphite. graphite. . ThThe The e graphite graphite graphite Iin in n these tthesa hese samples samsamples ples 
iis is s th8fl then theo placed placed placed iin in n the the the tttargeaargerget t t Bnd and and run run run through thrthrough ough the the the accelerator. acceleraaccelerator. tor, which whwhich ich produces produCBs produces Itthe he he numbers numbers numbers that ththat ai 
are are are converted converted converted iiinto nto nto Ithe the he radiocarbon radiocarbon radiocarbon ddate date ale presented presented presented iih in n Ithe the he data data data sectionsectionsection. . . DaDates Dates les are are are presented ppresented resented as as as 
conventional conventional conventional radiocarbon radiocarbon radiocarbon ages, ages. ages, as as as well well well as as as calibrated calibrated calibrated ages ages ages using using using Intcalc04 InIntcalc04 tcalc04 curves curves curves on on on Oxcal Oxcal Oxcal 
v.3.10. v.3v.3.10. .10. 

DIDIDI SCSCSCUUUSSSSSSIION IOON N 

Detrital Oetrital Oetrital charcoal charCOBI charcoal sBmples samples samples from from from sites sites sites Bdjacenadjacenadjacenllt t to to o the tthe he Entiat Enliat Entiat River River River in iin n Central CCentral entral WWashington Washington ashington 
were were were recovered rerecovered covered from from from either eeither ither 5011 soil soil pits pits pits excavated excavateexcavated d on on on HolocHolocene Holocene ene stream stream stream terraces terraces terraces or or or from from from natural natural natural 
bank bank bank exposuresexposures. exposures. . This This This basin basin basin is is is noted noted noled to to to have have have been been been glaciated glaciated glaciated during during during the the the last last last glacial glacial glacial period period period (((--- 171717---
18 18 18 ka)kka)8). . . LLocal Locaocal l vegvegetation vegetaetation tion in in in the the the upper upper upper part part part of of of Ithe the he basin basin basin is is is dominated ddominated ominated by by by conifer conconifer ifer forests, foresforests, ts. incincluding including luding 
wesweswestern ttern ern red red red cedcedar cedar ar (Thuja (Thuja (Thuja plicata)plicata)plicata). , , pine pine pine (Pinus). (Pinus)(Pinus) . , and and and fir fir fir (Abies)(Abies)(Abies). . . WiWiWilllow llow low (Sa(Salix). (Salix)lix). , cottonwood cottonwood cottonwood 
(populus). (Populus). (Populus), and and and other other other riparian riparian riparian plants plants plants are are are fofofound und und on on on the the the lower lower lower terraces terrterraces aces and and and nOoodplain floodpoodplain lain A A A total tototal tal of of of 
20 20 20 detrital detrital detrital charcoal ccharcoal harcoal samples samples samples were were were collected collected collected from from from four four four study study study silessites. sites. . 

HHatHatcatcchhhery ery ery 1 1 1 

Sample Sample Sample HaHHaatchery tchery tchery 1-' 1-1-1 1 was was was collected collected collected from frofrom m a a a depth depth depth of of of 30 30 3Q cm em em at at at the the the base base base of of 01 the the the C C C horizon hhOrizon ortzon 
((Table (Table Table 1). 1). 1). This ThThis is sample sample sample contained contained contained several several severBI fragments fragments fragments of of of Alnus Alnus Alnus charcoal charcoal charcoal weighing weighing weighing 0.060 00 ..060 060 g g g and and and 
two two two charred charred charred bark barK barK fragmenfragments fragments ts weweighing weighing ighing less less tess tthan than han 0.001 00..001 001 g g g (Table (Table (Table 2, 2, 2, Table TaTabble le 3)3). 3). . The The The largest largest largest single single single 
piece piece piece of of of Alnus Alnus Alnus charcoal charcoal charcoal weighing weighing weighing 0.009 00.009 .009 g g g was was was AMS AMS AMS radiocarbon radiocarbon radiocarbon dateddateddated. . . This This This charcoal charcoal charcoal yielded yielyielded ded a a a 
datdate date e of of of 955:t 955 955:t. ± 20 220 0 RCYBP RCYBP RCYBP (PRI-08-90(pRI·08·90(PRI·08·90··-Hatchery HHaatchery tchery 1·1A11-1A+1 AL), L), L), with wlth with a a a twotwo-sigma twa-sigma -sigma calibrated calibrated calibra ted age age age range range range of of of 
930930-790 930·790 -790 CAL CAL CAL yryyr. r. . BP BP BP (((Table Table Table 44A, , . Figures Figures Figures 1 1 1 and and and 2)2). 2). . 

Hatchery Hatchery HBtchery 1-1-'·2 2 2 fffrom rom rom a a a depth depth depth of of of 17 117 7 cm em cm represents represenrepresents ts tthe the he base base base oof of f the the the B B B horizon. horizon. horizon. This This This sample sasample mple 
contained contained contained several seveseveral ral small smasmall ll fragments fragments fragments of of of probable probable probable Pinus Pinus Pinus charcoal charcoal charcoal weighing weighing weighing 0.003 0.003 0.003 g, g. g r renecting reflecting reflecting 
probable probable probable pine pine pine wood wood wood ththat that at burned. burned. burned. A A A charred charred charred unidentified unidentified unidentified seed sseed eed fragment fragment fragment weighing weighing weighing less less less than than than 
00.001 0.OQ1 .001 g g g and and and a a a few few few chachacharrrred rred ed bark bal1\ barK fragments fragments fragments also also also were were were present. present. present. In In In addition, additionaddition, , tthe the he sample sample sample contained contained contained 

2 2 2 

Appendix C – Geomorphic Data 

Attachment D. Macrobotanical Identification and Radiocarbon Analysis C–71 



 

 
 

 

 

a a a few few few uncharred uncharred uncharred roots roots roots and and and rootlets rootlets rootlets frofrom from m modem modern modern plantsplantsplants, , , an an an insect insect insect chitin chitin chitin ffragment. fragment. ragmen\.. and and and a a a srpall small small 
amounamount amount t of of of rock/gravel. rock/gravel. rock/gravel. 

HHHatcatcatchery.2 herheryy·-2 2 

One One One piece piece piece of of of conifer conifer conifer charcoal charcoal charcoal weighing weighing weighing 0.000_0015 0.0015 15 9 g g was was was present present present In in in sample sampsample le Hatchery Hatchery Hatchery 2-1 2-, 2·1 
from from from the the the top top top of of of the the the B2 B2 82 horizon horizon horizon at at at a a a depth depth depth of of of 22 22 22 cmcmcm . . , Several Several Several types types types of of of =[1lfers conifers conifers are are are ffound found ound In in in this this this 
area. areaarea. _ A A A small small small amount amount amount of of of sand sand sand also also also was was was present present present. 

Sample Sample Sample HaHaHatchery tchery tchery 2-2 2-2 2-2 was was was ttaken taken aken ffrom from rom the the the top top top of of of the the the. B2 B2 82 horizon horizon horizon at aat t a a a depth depdepth th of of of 29 29 29 cmcm. cm. . 
This This This sample sample sample contained contained contained two two two small smasmall ll ffragments fragments ragments of oof f conconifer conifer ifer Charcoacharcoal charcoal l weighing weighing weighing 0.0044 0.0044 0.0044 gg. g. . This This This conifer conifer conifer 
charcoal charcoal charcoal was was was AMS AMS AMS radiocarbon radiocartJon radiocarbon dmeddated, dated, . resuresulting resullting ting in in in a a a date date date of of of 2810 2810 2810 ± ± ± 20 20 20 RCYBP RCYBP RCYBP (PR1-08·90-(PRI(PRJ-08-90--08-90-
Hatchery Hatchery Hatchery 2-2CO). 2-2CO). 2-2CO). The The The two-sigma two-sigma tw(}--sigma calibrated calibrated calibrated age age age ranga range range for for for ththis this is data date date is is is 2960-2850 2960-2850 2960-2850 CAL CAL CAL yryr. yr. "BP BP BP 
(Figure (Figure (Figure 3). 3)3). . 

Sample Sample Sample HHatchery Haatchery tchery 2-3 2-3 2-3 represents represents represents the the the B2 B2 82 horizon horizon horizon at aat t a a a deplh depth depth of of of 35 35 35 cmemem, . . Three Three Three smasmall small ll 
fragments fragments fragments of of of ununidentified unidentified identified hardwood hardwood hardwood charcoal charcoal charcoal were were wern present. present. present. This This This charcoal charcoal charcoal exhibited exhibited exhibited a a a diffuse diffuse diffuse 
porous porous porous distribution distribution distribution of of of vessevessevessels ls ts and and and weighed weighed weighed 000.001 .,001 001 gg. g. . A A A small small smaU amount amount amount of of of rock/gravel rock/gravel rock/gravel also also also was was was 
presantpresent present . 

Sevaral Several Several fragments fragments fragments of of of Pinus Pinus Pinus charcoal charcoal charcoal were were were present present present in in in sample sample sample Hatchery Hatchery Hatchery 22-4 2--4 4 from from from the the the 
2Cox 2Cox 2Cox horizon horizon horizon at at at a a a depth depth depth of of of 52 52 52 cm. cm. em. This This This chacharcoal charcoal rcoal iindicates indicates ndicates that that that pine pine pine wood wood wood was was was bumedbumed. bumed. . The The The 
largest largest largest singsingle single le piece piece piece of of of Pinus Pinus Pinus charcoal ccharcoal harcoal weighing weighing weighing 00.0128 0..0128 0128 9 g g was was was processed processed processed for for for AMS AMS AMS radiocarbOn radiocarbon radiocartJon 
daling. dating. dating. This This This charcoal charcoal charcoal yielded yielded yielded a a a dale date date of of of 3545 3545:t 3545 ± ± 220 20 0 RCYBP RCYBP ReYBP (PR1-08-90-Hatchery (PRI-08-90-Hatchery (PRI-08-90-Hatchery 22-4Plj2--4PI)-4PI ). . , with with with a a a 
two-sigma two-sigma two-sigma calcalcalibraled iibrated brated age age age range range n,mge of of of 3900-3810 3900-3810 3900-3810 and and and 38003800-3720 3800-3720 -3720 CAL CAL CAL yyr. yrr. . BP BP BP (Figure (Figure (Figure 4). 44)). _ 

Sample Sample Sample HaHaHatchery tchery tchery 22-5 2-5 -5 also also also was was was recovered recovered recovered from from from the the the 2Cox 2Cox 2Cox horizon horizon horiZon at at at a a a depth depth depth of of of 52 52 52 cm. cm. em. 
This This This sample sample sample yielded yielded yielded four four four small small small fragments fragments fragments of of of hardwood hardwood hardwood charcoacharcoal charcoal l too too too small small small for for for identification identification identificaUon and and and 
weighing weighing weighing 0.0004 0.0000.0004 4 gg. g. . 

Sample Sample Sample Stormy-1 Stormy-, Stormy-1 from from from ithe the he C C C horizon horizon horizon at at at a a a depth depth depth of of of 30 30 30 cm cm em consisted consisted consisted of of of three three three fragments fragments fragments 
of of of Pinus Pinus Pinus chacharcoal charcoal rcoal weighing weighing weighing 000.._099 099 099 9g, g, . reflectin9 reflecting reflecting pine pine pine wood wood wood tthat thhat at burned bumed bumed ((Table (TabTable le 55, 5, . Table Table Table 3)3). 3). _ The The The 
largest largest largest Single single single piece piece piece of of of Pinus Pinus Pinus charcoal charcoal charcoal weighing weighing weighing 00.0345 0..0345 0345 9 g g was was was processed prOGessed processed ffor foor r AMS AMS AMS radiocarbon radiocarbon radiocartJon 
dating. dating. dating. A A A date dale date of of of 385:t 385 385 :t ± 20 20 20 RCYBP RCYBP RCYBP (PRI-08(PRI-08-90(PRI-08-90-Stonny-1-90-Slormy·1 -Stormy-1PI) PIPl) ) was was was returned returned returned for for for Ihis this this charcoal. charcoal. charcoal. with with with 
a a a two-sigma two-sigtw(}--sigma ma calibrated calibrated calibrated age age age range range range of of of 510510-420 510·-4420 20 and and and 360-330 360-330 360-330 CAL CAL CAL yr. yr. yr. BP BP BP (Table (Table (Table 4. 44. , Figure Figure Figure 5)5)5). . . 

Sample Sample Sample Stormy-2 Stormy·2 Slormy-2 was was was =lIecled collected collected from frofrom m a a a depth depth depth of of of 100·102 100-102 100-102 cm cm cm in in in Unit Unit Unit 2. 2. 2. This This This sample sample sample 
contained contained contained several several several fragments fragments fragments of of of Betula Betula Betula charcoal charcoal charcoal weighing weighing weighing a a a 10lal total total of of of 11.751 1..751 751 ggg. . _ A A A single single single piece piece piece of of of 
charcoal charcoal charcoal weighing weighing weighing 000...0604 0604 0604 g g g was was was processed processed processed for for for AMS AMS AMS radiocarbon radicx:arbon radiocarbon dating. dating. dating. This This This charcoal charcoal charcoal yielded yielded yielded 
a a a date date date of of of 405:t 405:t 405 ± 20 20 20 RCYBP ReYBP RCYBP (PRI(PRI(PRI·08-90-Slormy-2BE) --0808-90-Stormy·2BE) -90-Stormy-2BE) and and and a a a two-sigma two-sigma two-sigma calibrated calibrated calibratad age age age range range range of of of 
520--440 520--440 520-440 and and and 350-330 350-330 350·330 CAL CAL CAL yryr. yr. , BP BP 8P (Figure (Figure (Figure 6). 6). 6). A A A few few few uncharTed uncharred uncharred rootlets rootlets rootlets and and and a a a small small small amount amount amount ooof f f 
rock/gravel rock/grarock/gravel vel also also also were were were present. present. present. 
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Sample Sample Sample StormyStormy-5 Stormy-5 -5 also also also was was was taken taken taken from from from Unit Unit Unit 2 2 2 at at at a a a depth depth depth of of of 102 102 102 cm. cm. em . Six Six Six pieces pieces pieces of of of Betula Betula Betula 
charcoal charcoal charcoal weighing weighing weighing O00...017g 017g 017g again again again nole note nole birch birch birch wood wood wood thai that thai was was was burned. burned. burned. 

Six Six Six frafrfragments agmengments ts of of of Pseudotsuga Pseudotsuga Pseudotsuga menziesii rmmzlasii rrwnziesii charcoal charcoal charcoal weighing weighing weighing 0.314 0.314 0.314 g g g were were were present present present In in in 
sample sample sample Stormy Stormy Stormy 3-1 3-1 3-1 from from from the the the 28 2B 2B horizon horizon horizon at at at a a a depth depth depth of of of 190 190 190 cm. emem. . The The The largest largest largest pieca piece piece of of of charcoal charcoal charcoal 
weighing weighing weighing 000...047 047 047 g g g was was was processed processed processed fffor or or AMS AMS AMS radiocarbon radiocarbon radiocarbon analysis. analysisanalysis. . This This This charcoal charcoal charcoal frafragment fragment gment yieyielded yielded lded 
a a a date dale date of of of 3030:t 3030:t 3030:t 20 20 20 RCYBP RCYBP RCVBP (PRI(PRI-08-90-Stormy (PRI-08-90-Stonny -08-90-Stonny 3-1PS)33--1PS)1PS). . , with with with a a a two-sigma two-sigma two-sigma calibrated calibrated calibrated age age age range range range 
of of of 3340-3200 3340-3200 3340-3200 and and and 3331901190-3160 90-3160 -3160 CAL CAL CAL yr. yr. yr. BP BP BP (Figure (Figure (Figure 7). 7). 7). 

Sample Sample Sample Stonny Stormy Stormy 3-2 3-2 3-2 was was was recoyered recorecovered vered from from from a a a depth depth depth of of of 72 72 72 cm cm cm in in in the the the B B B horizonhorizon. horizon. . This This This sample sample sample 
contained contained contained several several several fragments fragments fragments of of of vitrified vitrified viaified Pinus Pinus Pinus charcoal charcoacharcoal l weighing wweighing eighing 0.555 0.555 0 .555 g. g, g. reflecting reflecting reflecting pine pine pine wood wood wood 
that that that burnedburnedburned. . . One One One small. small, small. uncharTed uncharred uncharred bone bone bone fragmenfragfragment ment t also also also was was was present. present. present . 

Sample Sample Sample Stormy Siormy Siormy 4-' 4·1 4-1 from from from a a a depth depth depth of of of 45 45 45 cm cm cm and and and sample sample sample Stonny Stormy Stormy 4-2 4-2 4-2 from from from a a a depth depth depth of of of 66 66 66 
cm em em both both both contained contained contained fragments fragments fragments of of of Betu/a Betu/a Betula charcoal. charcoal, charcoal. weighing weighing weighing 00.063 0..063 063 g g g and and and 000.069 ..069 069 g g g respectivelyrespectivelyrespectively. . . 
indicating indicating tndlcating the the the presence presence presence of of of birch birch birch WOOd wood wood that that that burnedburned. burned. . SeYen Seven Seven fragments fragments fragments of of of Incompletely incompletely incompletely charred charrecharred d 
Betula Betula Betula rool root root charcoal charcoal charcoal weighing weighweighing ing 00_069 0..069 069 g g g were were were noled noted noted in in in sample sample sample Stormy Stormy Stormy 4-3 4-4-3 3 from ffrom rom a a a depth depdepth th of of of 109 '09 109 
emom. om. . 

Sample Sample Sample Stormy-4 Stormy-4 Stormy-4 from ffrom rom a a a depth depth depth o01 of f 120 120 120 cm cm cm In Iin n Unit Unit Unit 3 3 3 yielded yielded yielded seven seven seven fmgments fragments fragments of of of Thuja Thuja Thuia 
plicata plicata plicata charcoal charcoal charcoal weighing weighing weighing 0.011 00..011 011 g. g. g. ThThis This is charcoal charcoal charcoal represents represents represents western western western red red red cedar cedarwood cedar wood wood tthat thhat at 
burned. burned. burned. The The The largest largest largest single single single fragment fragment fragment of of of charcoal charcoal charcoal weighing weighing weighing 0.0055 0.0055 0.0055 g g g was was was AMS AMS AMS mdiocarbon radiocarbon radiocarbon 
dateddateddated. . . resultresulling resultiing ng in in in a a a date date date of of of 1120 1120 1120 1: ± ± 20 20 20 RCYBP RCYBP RCYBP (PRI-08-90-Stormy-4TH)(PRI-08-90-Stormy-4TH)(PRI-08-90-Stormy-4TH). . . The The The two-sigma two-sigma two-sigma 
calibrated calibrated calibrated age age age range range range for fofor r this this this dale date date is is is 1065-970 1065-970 1065-970 CAL CAL CAL yr. yyr. r. BP BP BP (Figure (Figu(Figure re 8)8)8). . . A A A few few few uncharred uncharred uncharted rootlets rootlerootlets ts 
from from from modern modern modern plants plants plants and and and rock/gravel rock/gravel rocklgra'roi also also also were were were notednoted. noted. . 

Four Four Four samples samples samples were were were collected collected collected from frofrom m the the the Yurt Yurt Yurt ssite. siteite. . Sample Sample Sample Yurt-1 Yurt-' Yurt-1 from frfrom om the the the C3 C3 C3 horizon horizon horizon at at at a a a 
depth depth depth of of of 94 94 94 em em em contained contained contained five five five pieces pieces pieces of of of conifer conifer conifer charcoal charcoal charcoal weighing weighing weighing 0.006 00..006 006 9 g g and and and one one one piece pieoo piece of of of 
hardwood hardwood hardwood charcoal charcoal charcoal too too too small small small for for for identificatidentification identification ion weighing weighing weighing 0.001 00_00.001 1 g g g (Table (Table (Table 6, 6. 6, TaTable Tabble le 3)3)3). . , The The The conifer conifer conifer 
charcoal charcoal charcoal was was was processed processed processed for for for AMS AMS AMS radiocarbon radiocarbon radiocarbon analysisanalysisanalysis. . . resulting resulting resulting in in in a a a date date date of of of 1700:t 11700 700:t ± 20 20 20 RCYBP RCYBP RCYBP 
(PRI-08-90-Yurt-1CO) (PRI·08·90-YlJrl·1CO) (PRI-08-90-Yurt-1CO) and and and a a a two-sigma two-sigma two·sigma calibrated calibrated calibrated age age age range range range of of of 1700-1650 1700-1650 1700-1650 and and and 163016301630-1540 -1540 -1540 CAL CAL CAL 
yryryr. . . BP BP BP (Table (Table (Table 444, , , Figure Figure Figure 9). 9). 9). 

Several Several Several charcoal charcoalrypes charcoal types types were were were present present present In in in sample sample sample Yurt-2 Yurt-2 Yurt-2 from from from the the the upper upper upper part part part of of of the the the C1 C1 C1 
horizon horizon horizon aaat t t a a a depth depth depth of of of 25 25 25 cmcm. ern . . This This This sample sample sample contained contained contained one one one piece piece piece of of of Abies Abies Abies charcoal charcoal charcoal weighing weighing weighing 
00.103 0..103 103 g. g. g. one one one piece piece piece of of of Pseudotsuga Pseudotsuga Pseudotsuga menziesiiweighlng menziesjiweighing menziesiiweighing 0.078 0.078 0.078 g. g. g. one one one piece piece piece of of of Rosaceae Rosaceae Rosaceae 
charcoal charcoal charcoal weighing weighing weighing 0.058 0.058 0.058 gg. g. , one one one ppiece piece Iece of of of Salicaceae Salicaceae Salicaceae weighing weighing weighing 00.096 0.096 .096 g. g. g, and and and one one one charred charred charred bark bark bark 
fragmenfragment fragment t weighing weighing weighing 000..0.031 031 31 g. g. g. These These These charcoal chcharcoal arcoal fragments fragments fragments reflect firrenecl reflect firfir, , , Douglas Douglas Douglas fir, fir, fir, a a a woody woody woody member member member 
of of of the the the rose rose rose familyffamilyamily. , , and and and Willow/cottonwoodWillow/cottonwood. willow/cotlonwood. . 

Sample Sample Sample Yurt-3 Yurt-3 Yurt-3 was was was ttaken takaken en from from from a a a depth depth depth of of of 22·25 22-25 22-25 cm cm em in in in Unit Unit Unit 22. 2. . ThThis This is ssample sample ample contained contained contained 
fragments fragments fragments of of of Salicaceae Salicaceae SaUcaceae charcoal charcoal charcoal weighing weighing weighing 0_832 0.832 0.832 g. g. g. representing representing representing willow/cottonwood wlllcm/cottonwood willow/cottonwood growing growing growing 
along along along the the the river. river. river. Several Several Several large large large ffragmefragments ragments nts of of of partially partially partially charTed charred charred Thuja Thuja Thuja pliCBta p/icata plicata wood wood wood W€ighing weighing weighing 7.297 7.297 7.297 
g g g and and and a a a few few few pieces pieces pieces of of of Thuja Thuja Thuja plicata plicata plicafa charcoal charcoal charcoal weighing weighing weighing 0.351 0.351 0.351 g g g also also also were were were present present present and and and renect rereflect flect 
weswestern western tern red red red cedar cedar cedar trees trees trees in in in tthe \he he area. areaarea. . 
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Sample Sample Sample Yurt-4 Yurt-4 Yurt-4 ffrom from rom a a a depdepth depth th of of of 56-58 56-58 56-58 cm cm em in in in Unit Unit Un~ 3 3 3 consisted consisted consisted mostly mostly mostly of of of uncharred uncharred uncharred wood wood wood 
fragmenfragmenfragments ts ts that that that appear appear appear to to to have have have been been been wwwateraater-togged ter-logged -logged and and and then then then compressed, compressed, compressed, as as as no no no identifiable identiflabte identifiable 
wood wood wood structure structure structure remainedremained. remained . . One One One fragment fragment fragment of of of vitrified vitrified vitrified conifer conifer conifer charcoacharcoal charcoat l weigweighing weighing hing 000_..0519 0519 0519 ,9 g g also also atso 
was was was present. present. present. Vitrified Vitrified Vitrified materiat materia) material has has has a a a shiny, shinyshiny, , glassy gtassy glassy appearance appearance appearance due due due to to to fusion fusion fusion by by by heat. heat. heat. This This This 
vitrified vitrified vitrified piece piece piece of of of conifer cooifer conifer chcharcoal charcoat arcoal yielded yielded yielded an an an AMS AMS AMS radiocarbon rradiocarbon adi<x::arbon date date date of of of 1135 11135 135 1: 1; ± 20 20 20 RCYBP RCYBP RCYBP (PRI-(PRI-(PRI-
08-9008·90-08-90-Yurt-4CO) -YuYurt-4rt--4CO) CO) and and and a a a two-sigma two-sigma two-sigma calibrated calibrated calibrated age age age range range range of of of 109010901090·960 -960 -960 CAL CAL CAL yryryr. . . BP BP BP (Figure (Figure (Figure 110). 10). 0). 

SSUMMARY SUMMARUMMARY Y AND AND AND COCOCONCLUSIONNNCLUSIONS CLUSIONS S 

Identification Identification Identification of of of charcoal charcoal charcoal in in in sampsamples samples les from from from Ssiles sites ites aiong along along the the the Eniiat EntiaEntiat t RIver River River Iin in n Central centracentral l 
Washinglon Washington Washington resulted resulted resulted In in in recovery recovery recovery of of of charcoal charcoal charcoal frffragments ragmenagments ts suitable suitable suitable ffor for or AMS AMS AMS radiocarbon radiocarbon radiocarbon datingdatingdating. . . A A A 
total tototal tal of of of nine nine nine samples samples samples were were were dateddated. dated. . Pine PPine ine charcoal charcoal charcoal from ffrom rom the the the Hatchery Hatchery Hatchery 2 2 2 site site site and and and DoDouglas Douglas uglas fir fir fir 
charcoal charcoal charcoal frofrofrom m m the tthe he Stormy Stormy Stormy site site site yielded yielded yie lded the the the oldest oldest oldest dates dadates tes of of of 3545 3545 3545 ± t t 20 20 20 BP BP BP (sample (sample (sample HatcheHatcherY Hatchery ry 2-4) 2-4) 2--4) 
and and and 3030 3030 3030:1: ± t 220 20 0 BP BP SP (sample (sample (sample Stormy Stormy Stormy 3-1)3-3-11)). . , A A A date date date of of of 2810 2810 2810 ± t i: 20 20 20 BP BP SP was was was Obtained obtained obtained for for for conifer conifer conifer 
charcoal charcoal charcoal in in in sample sample sample HatcheHatchery Hatchery ry 2-2, 2-2, 2-2. while while while conifer conifeconifer r charcoacharcoal charcoal l from from from the the the Yurt Yurt Yurt ssite site ite yielded yielded yielded dates dates dates of of of 1700 1700 1700 
:I: ± t 20 20 20 BP BP BP (sample (sample (sample Yurt-1) Yurt·') Yurt.1) and and and 11135 11135 35 i ± t 20 20 20 BP BP BP (sample (sample (sample Yurt--4). Yurt-4). Yurt-4). Western Western Western red red red cedar cedar cedar charcoacharcoal charcoal l in in in 
sample sample sample Stormy-4 Stormy-4 Stormy-4 yielded yielded yielded a a a date date date of of of 1120 1120 1120 i: ± t 20 20 20 BPBPSP, , , and and and alder alder alder charcoal chacharcoal rcoal In in in sample sample sample Hatchery Hatchery Hatchery 1-' ,-, 1-1 
retumed returned returned a a a date date date of of of 955:t 955:t 955 ± 20 20 20 BP. BPSP. . The The The two two two youngest youngest youngest dates dates dates were were were obobtained obtaita ined ned from from from birch birch birch charcoal ch<lrcoal charcoal in in in 
sample sample sample Stormy Stormy Stormy 22-BE 2-BE -BE (405 (405 (405 ± -t t 20 20 20 BP) BP) BP) and and and from from from pine pine pine charcoal charcoal charcoal in in in sample sample sample Stormy-1 Stormy-' Stormy-' (385:1: (385 (385 ± t 20 20 20 BP)BP). BP). , 
These These These charcoal charcoal charcoal types, typestypes, . as as as well well well as as as fir fir fir and and and willow willow willow family ffamily amily charcoal ccharcoal harcoal nol not not dated, dated. dated. all all all represent represent represent woody woody woody 
vegetation vegetation vegetation found found found locally localocally lly in in in the the the areaareaarea. . . 
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TABLE TABLE 1 1 TABLE t 
PROVEN IENCE DATA FOR SAMPLES FROM SITES ALONG THE EN TIAT RIVER, WASH INGTON PROVEN IENCE DATA FOR SAMPLES FROM SITES ALONG THE ENTIAT RIVER, WASH INGTON PROVEN IENCE DATA FOR SAMPLES FROM SITES ALONG THE EN fiAT RIVER , WASH INGrON 

SSiite te Site 
Sample Sample SIImple 

NO No. No. 
Depth {~ePth I~ep,t:, cmbs cmbs ~mbs 

Proveniencel Pro~"'nj"'ncel Provenlencel 
Descri Oeserl t ion Descrl tion tlon Anal An,,1 sis ~ js AmI! sis 

Halch .. ry \ Hatchery 1 H,,!.::hery 1 Hatchery \.\ Hatchery 1_1 Hatchllry ,., 30 30 " Charcoal' base of C hori~on Cha rcoal" b"se of C horj~on Ch~rcoH I· baSil of C hori>:on Charcoal 10 CharcoallD Charcoal 10 

Hatchery l~lAL Hatchery 1_t AL Hatchery t-tAL 30 30 " Alnus charcoa l Alnus charcoa l Alnus charcea l AMS ,.c Date AMS ,.c Date AMS ,.c Dale 

,~ , Hatche Hatehe HaleMe ,., ,., H H " Cha rcoal; base of B horl~on Cha rcoal; base of B horl~on Cha rcoal: bllse of B horizon Charcoal 10 Charcoa l 10 C~arcoallD 

HHatchery atchery 2 2. Halche!), 2 Hatchery 2-Hatchery 2- 1 1 Hatenll!), 2-1 

Hatche Hatche Halehe ,~ , ,., ,., " " " 
" " " 

Cha rcoal; top of B2 ho r i~on Charcoal; top of B2 ho ri~on Charco!!l: top of 82 horizon 

Charcoal'Charcoal" to to Charcoal · to of B2 hori~on of B2 horizon of B2 horizon 

Charcoa l 10 Charcoa l lD CI1!!reoallo 

Charcoal Charcoal 10 10 Charcoa l 10 

Hatchery 2-2CO Ha tch~ry 2_2.CO Hatehary 2-;!CO 

Hatch", ,~ , ,., Hatche Halche ,., " " " 
" " " 

Conifer Conifer charcoal charcoal Conifer charcoal 

Charcoal; B2 hori~on Cha rcoal; B2 horiZon Charcoal: B2 horizon 

AMS ,.c Date AMS "c Oate AMS '. C Dllte 

Charcoal Charcoal 10 10 Charcoa l 10 

Hatchery 2-4 Hatchery 2-4 Hatchery 2-4 52 " " Charcoal; 2Cox hori~on Charcoal; 2Co~ hori~on Charcoal: 2Cox Moriton CharcoaCharcoal l 10 10 Ch~rc",, ' lo 

Hatchery 2-4P I Hatchery 2-4P I HlllcM~ry 2-4f> 1 52 " " Pinus charcoa l Pinus cha rcoa l Pinus charcoal AMS ,.c Date AMS ,.c AMS Date ' ·C Ollte 

Hatchery Hatchery 2-5 2-5 HalChllry 2-5 52 " " Charcoal; 2Cox horl~on Charcoal; 2Cox horizon Ch3rcoal: 2Cox ho!lzon Charcoa l 10 Charcoa l 10 Charcoa l 10 

Stormy Stormy Stormy Stormy-l Stormy-l Stormy- t 30 30 " Charcoal; C horizon Charcoal: C horizon Charcoal: C horizon Charcoal 10 CharcoailD Chareo!!1 to 

Stormv-1PI Stormv-1PI Stormv-IPI 30 30 " Pinus Pinus charcoal charcoal Pinus cMrcoal AMS "c Date AMS "c Date AMS "c Date 

StormyStormy--2 2 Stormy-2 \00100--102 102 100-102 Charcoal- Un~ 2 Charcoal" Un~ 2 CharCOal: Unit;! Charcoal 10 Charcoal lD Charcoal to 

StoStorrm m Storm -2BE -2BE -2BE. 100-102 100-102 100-102 Betulll cha rcoal Betula charcoal Betula charcoal AMS ,.c Date AMS ,.c Date AMS ,.c Dale 

Stormy-5 Stormy_S StormY-5 

,~ , ,., StoStorm rm Storm ,., '" '" '" 
"0 '" '" 

Charcoal: Unit 2 Charcoal; Unit 2 Charcoal: Unl12 

Charcoal; 2B horizon Charcoal; 26 horizon C~arcoal: 2B ~orlzon 

Charcoal 10 Charcoal lD C harcoal lD 

Charcoal 10 Chareoal lD Charcoal lD 

Stormy 3-1 PS Stormy3-1PS Stormy 3·1 PS 

,., StoStorm rm H Storm v 3-2 
'" '" '" 
" " " 

Pstludotsugll mtl nzitlsii charcoa l Pseudotsuga menziesii charcoa l Pseudolsuga mrmziesii charco,, ' 

Charcoal: B horizon Charcoal; B hor;;':on Charcoal: B horilon 

AMS "c Date AMS "c Date AM5 !4C Ollte 

Charcoal 10 Charcoal lD C ~arceallD 

Storm y 4Stormy 4--1 1 Stormy4-1 

.., Storm Storm Storm 0 ,., " " " 
" " " 

Charcoal Charcoal Charcoal 

Charcoal Charcoal Charocei 

Charcoal 10 Chareoal lD Charcoa l lD 

Charcoal 10 Charcoal 10 C~lIrcoa l lD 

Storm y4_3 Storm y 4·3 Stormy 4-3 '" '" '" Charcoal Charcoal Charcoal Charcoal 10 Ch"rcoal lD CharcQallO 

Storm Storm -4 -4 SIQrmy-4 '" '" '" Charcoal; Un~ Charco~l: Un~ 3 Charco al: Unit 3 3 Charcoal 10 Charcoal lD ChllrcoallD 

Storm Storm Siorm -4TH -4TH -4TH '" '" '" Thu'a Thu" .. Thu ·s lieata /lcBta charcoal chareaal Ucs/a e~ar oal AMS "c Date AMS " c Date AMS ,.c Dale 
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SS iile te Sile 
Sample Sample Sample 

No. No. No. 
Depth Depth Depl h 
cmbs) embs) cmb~) 

ProvenienProvenience! cel Pro~eniene81 
Descri l ion Oeser; tion Deser' lion Anal Anal sis sis An ,,1 sis 

V", y", 

''" Yll rt-l Yll rt- l Yl,l rt~1 ,. 
" " Charcoal" C3 horizon Charcoal" C3 hor;lon Charcoal: C3 horizon CharcoaCharcoal l 10 10 Cha,eoallD 

Yurt·1CO Yurt-1CO Yurt- tCO " " " Conifer Conifer charcoal charcoal ConUe, cha,~"".1 AMS ,.c Dale AMS '·C Date AMS ,.C Oate 

Yll rt-2 Yurt-2 Yurt-;>. " " " Charcoal: IIpper part of Cl horizon Charcoal: upper part of Cl horilon Cha rcoal: upper Jl.arl of Ct horl:ron Charcoal 10 Charcoal 10 Chareoa l lD 

YllrtYllrt--3 3 Yll rt..J 222222-25 _25 -25 Charcoal" Un~ 2 Charcoal: Un~ 2 Charcoal; Unit 2. Charcoal 10 Charco al 10 Charco allD 

Yllrt-4 Yll rt-4 Yll rt-4 56-58 56-58 56-58 Charcoal: Un~ 3 Ch!rcoal: Unrt 3 Charco"l: Un~ 3 CharcoaCharcoal l 10 10 CharcoellD 

Yurt-4CO Yurt-4CO Yurt-4CO 56-58 56_58 56.58 Conifer Conifer charcoal charcoal vivitlrrified ified Conifllr char~o,,1 vitrifilld AMS ,.c Dale AMS ,.c Date AMS ,.c Dal .. 
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TABLE 2 TABLE 2-TABLE 2 
MACRO FLORAL REMAINS IN SAMPLES FROM ALONG TH E ENTIAT RIVER, HATCHERY S ITES MACRO FLORAL REMAINS IN SAMPLES FROM ALONG THE ENTIAT RIVER, HATCHERY S ITES MACRO FLORAL REMAINS IN SAMP LES FROM ALONG THE ENTIAT RIVER, HATCHERY S ITES 

Sample Sample S"mpl9 

N N No Identificali Iden ifi all Id n n ntifice!lon p, p" 0" 

I I I Charred Charred Charred , W W F F 

Uncharred UncharrBd Uncharred , W W W F F 

Weights/ W eighl$l Welghtsl 

mm mm m CommenlS '" 
Hatchery Hatchery I·' I·' H31c~ery 1_' Sample Weight Sample WeiQht SBmpie W.I "' 0.138 0.138 0.136 

30 30 em em 30 em FLORAL REMAINS: FLORAL REMAINS: FLORAL REMAINS: 

Bark Bark scale scale Sark scale , , , '" " 0.001 0.001 '" 0.001 

CHARCOALIWOOOCHARCOALMlOOO: : CHARCOALI'NOOD: 

Alnus" Alnus" Alnus·· CharcoaCharcoal l Charcoal " " " 0.060 0.060 0.060 

Hatchery Hatchery '' ·2 ·2 Haichll'll .1_:2 Volume Volume Water-sereened Water·screened Volum .. Watll,_sc,,,enlld '" < 0.10 L "0,10 L 0_ 10 L 

17 em 17 cm 17 cm Water-screened Sample W ei M Water_screened Sample Wei M Water-screened Sample Wei "' 22_.72 72 V2 

FLORAL REMAINS: FLORAL REMAINS: FLORAL REMAINS: 

Unidentified Unidentified Unldentilied SeSeeed d S eed 

Bark Bark B~rk 

Roots Roots R~' 

RooUe!s Rootlets RocUets 

, , , 
X X X 

X X X 
X X X 

'" '" 0.001 II 0.001 II < 0.001 9 

F.w Fow ". 
F.w F.w ". 
F.w Fow , .. 

CHARCOALIWOOO: CHARCOALMIOOD: CHARCOALIWOOD: 

c/d . . ct. Pinus Pinus p,'nus Charcoal Charcoa l Charcoal " " " 00..003 003 0.003 

Hatche Hatcher ,., ,., Hatch" ,-, 

NON-FLORAL REMAINS, NON-FLORAL REMAINS; NON-FLORAL REMAINS: 

In,.ec! In,.ect Insect Ch itin Ch itin Chilln 

Rock/Gravel Rock/Gravel RocklGf1Ivel 

Volume Water-screened Volume Water-screened Volume Wal" ,-sc,e.med 

, , , 
X X X F. w F.w ". 

<O.lOL " '" 0 10 L O,HI L 

22 Cm 22em 22 em Water-screened Sam Water-screened Sam Water_scree ned S am Ie W ei Ie W ei M Ie Wei M "' 0.15 0,15 0.15 

CHARCOALIWOOO: CHARCOAUWOOO: CHARCOAL/WOOO: 

Conifer Conifer Conll"r Charcoal Charcoa l Charcoal , , , 0a ..0015 OOtS a .OOI5 

NONNON-FLORAL REMAINS: -FLORAL REMAINS; NON.FLORAL REMAINS: 

Sand Sand Sand X X X 

Hatchery Hatchery 22--2 2 Hatchery 2·2 Volume Water~creened Volume Water~creened VOlwm .. WaLer-.o;e,eened '" " 0.10 L a, l a L < 0_10 L 

29 cm 29 em 29 em Waler-screoned Sample Wei M Water-screened Sample W ei M W ater-screened Sam pili Wei "' 00.74 .74 Q.74 

CHARCOALIWOODCHARCOAUWOOD: : CHARCOALJWOOO, 

ConiConiffer" er" Conll ",·· CharcoaCharcoal l Charcoal , , 2 0.0044 0.0044 0 0044 

NONNONNON-FLORAL REMAINS: -FLORAL REMAINS: -FLORAL REMAINS: 

Rock/Gravel Roek/G rav ockl I " X X X F.w Fow ". 
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TABLE 2 (Continued) TABLE 2 (Continued) TABLE 2. ~CQotiou .. dl 

Sample Sample Sample 

No. No. No. Identffica tion Idenlffica tion IdenUfica~on ,.rt e"" '"' 
Ch8ffed Ch~ffed Charred , , , W W W 

UnchaffUnch~ffeed d Unch"rr~d , , , W W W 

WWeeiights! ghts/ W~lghbl 

Comments Comments Commenls 

Hatchery 2-3 Hatchery 2-3 Haichery.2 .3 Volu me Water-screened Volume Water-screoned Volume Wate,.screened < O.tO L < 0.10 L <D. HI L 

35 35 em cm !IS em WateWaterr--5creened Sam ~c ree ned Sam Ie W ei Ie Wei M Water-$crllened Sample Wei " "' 0.39 0.39 0.!l9 

CHARCOALIWCHARCOAl/WOOO: OOO: CHARCOALmOOO~ 

Un idenufied hardwood Uniden@ed hardwood Unidenmied herdwooo --- CharcoaCharcoa l l Ch,,'ceal 
ddiiffuse ffuse dillus .. orous orous oroUs 

, , , OOO t O II 000 10 II O.OOHlg 

NON-FLORAL REMAINS: NON-FLORAL REMAINS: NON ·F LORA REMAINS: 

RRock/Gravel ock/G ravel Reck/Gravel X X X 'ow 'ow 'ow 
Hatchery 2-4 Hatchery 2-4 Hatchery.2 -<1 Volu me Water-screened Volume Water-screened Volume W .. ter.sc,eened 0.0.15 15 L L 0.1S L 

52 52 cm cm ~2 em Waler_sc ree ned Sa m Wate r_ screened Sam W ater- Ie W ei Ie Wei M screened Sample Wei " "' 107 1.07 1.01 

F LORAL REMAINS: FLORAL REMAINS: FLORAL REMAINS: 

CHARCOALIWOOOCHARCOALIWOOD: : CHARCOALrWOOO: 

Pinus-Pinus· -Pinus--· Charcoa l Charcoa l Charcoal , , , 0.036 0.036 0 .036 

Hatche Hatche Haiehe ,~ 2-' 2-' 

NONNONNON_·FLORAL REMAINS; _FLORAL REM AINS: FLORAL REMAINS: 

ROCk/Gravel Rock/G ravel Roek/Grayel 

Volu m" Volume Wat"r-scr"ened Water-scre " ned Volume Ware,..,;creened 

X X X , .. "W 'ow 
< O. to L < 0 .10 L <O. HIL 

S2 52 em cm 52 em W aler-scr .. " n"d Sam Water- screened Sam Water- I"Wei Ie Wei M screened Semple Wei " "' 00 ..37 37 0.37 

CHARCOAL/WOOO; CHARCOALIWOOO: CHARCOALfNOOO: 

Unidenufied hardwoodUnidenUfied I",rdwoed -Uniden~fied hardwood-- CharcoaCharcoa l l eh,,'ce,,1 
smasmall ll small 

, , , 0 .0004 II 0 ,0004 II 0 .0004 \I 

NONNON-FLORAL REMAINS: -FLORAL REMAINS: NON .FLORAL REMAINS: 

Sand Sand Sand X X X 

W" Wh o l. W"Whol. w ~ W ~"I. 
F "Fragment F" Fragm ent F "FraQment 
X " )( Pres"nc" not" d in sample X" Presence noted In sam pi" '" P,esene" noled In gam pi .. 
g " g" grams grams lI~gram i 

--" Submitted for AMS radiocarbon dating •• " Submitted for AMS radioca rbon dating •• '" Submitted for AMS ,adlocarbon dating 
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TABLE TABLE 3 3 TASLE:: 3 
INDEX OF MACROFLORAL REMAINS RECOVERED FROM SITES ALONG INDEX OF MACROFLO RAL REMAINS RECOVERED FROM SITES ALONG INDEX OF MACROFLORAL REMAINS RECOVERED FROM SITES ALONG 

THE ENTIAT RIVER, WASHINGTON THE ENTIAT RIVER. WASHINGTON THE ENTIAT RIVER. WASHINGTON 

Scientific ScI"ntific Name Nam" Scientific Ntlme Common Name Common Nam" Common N~me 

CHARCOALIWOOD: CHARCOALIWOOD: CHARCOAUWOOD: 

Alnus Alnus Alnus Alder Alder Aid8r 

Belula Betula Belul. Birch Birch Bj,eh 

Conifer Conifer Conlle r Cone-bearing , gymnospermous trees and shrubs, Cone-bearing , gymnospermous trees and shrubs, Cone-beanng, gymnospermOUS-lIeeS and shrubs, 
mostly evergreens, inc luding the pine. spruce, f ir. moatly evel';lreens. inc luding the pine. spruce. f ir. mos tly "v"'9reen~, ,ncluding the pme.. ~pruee, fir, 
juniper, c .. dar, yew, hemlock , redwood, and cypren Juniper. cedar , yew, hem lock , redwood , and cypreu Jun1p .. r, cedar. y .. w. hemlock, redwood, and c~pre,." 

Ab le s AbleS Abies FF iir r F ir 

P;nul; Pinus Pinus Pine Pine PIn ... 

Pseudolsuga menziesi; Pseudotsug8 ",en~iesii Pseudo'~u'1a menzjesii DougDoug llas_fir asDoug las _fir _flr 

Thuja Thuja pli<;a/a plica/a Thula plica/a Western red cedar West"rn red cedar Westom rod codar 

Sallcaceae Salicaceae Salfcace"e W illow fam ily W illow fam ily W illow family 

Unidentified hardwood Unidentified h~rdwood Unidentified hardwood - smo ll - amn ii - s milll Wood from 0 brood-leaved f lowering t ree Or shrub, Wood from e broad-leaved flowering tree or shru b, Wood from B b roBd-le~ved f lowe,ing tree 0' shrUb, 
fragm .. nts too sma ll for fu rther klent<lication fragmen ts too sma ll for further identification frn!,lman!,. 100 Gma ll for furU"H idontiflCatio fl 

Unident<lied hardwood Unidentified hardWOOd Unidentifled har~ _ diffuse porous - diffuse porous wood, diffuse porous Wood from a broad_leaved f lowering tree or shrub, Wood from a broad-leaved flowering tree or shru b. Wood Irom a broad-leaved flowering !reO! or s hrub, 
with a d iffuse with a d iffuse with ~ diffuse orous distribution 01 vessels orous distribut ion ofvesso rou " ls ~ dislrlbutron of vessel" 
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TABLE " TABLE 4 TABLE 4 
RADIOCARBON RESULTS FOR SAMPLES FROM SITES ALONG RADIOCARBON RESULTS FOR SAMPLES FROM SITES ALONG RADIOCARBON RESULTS FOR SAMPLES FROM SITES ALONG 

THE ENTI AT RIVER, WASH INGTON THE ENTI AT RIVER. WASH INGTON THE ENTIAT RIVER, WASHINGTON 

Sample Sample Sample 
No. No. No. 

Sample Sample S8mple 
Ident ification Ident ification Idemlficallon AMS AMS "c AMS " c "c 

D3te" Date" Oats ' 

I -sigma I -sigma 1·slgm8 
CCalibrated al ibrated Date Date Calibrated Dllte 
(68.2% ) (68.2%) [68 .2%) 

2-sigma 2-sigma 2-s lgma 
Ca librated Dale Ca librated Date Ca librated Date 
(95.4%) (95.4%) [95.4% ) 

15/5 '''c"" 'C"" 15 "'C" 
((",oJ "/..,) (\ • .1 

PRI--08-91l· PRI-08-90-PRHI8-9D-
Hatchery 1·1 Al Hatch .. ry 1_1 Hatch .. 'Y 1_1 AL Al 

Alnus charcoa l Alnus charcoa l Alnu$ charcoa l 955 955 * t 965 t 20 20 20 
RCYBP RCYBP Reys? 

930-900 930_900 930·900 
670670--60G 601l 870..a0() 
CAL y'- BP CAL yr. BP CAL yr. SP 

930-790 930-790 930-790 
CAL yr. BP CAL yr. SP CAL yr. SP 

-26.0 _26 .0 -26.0 

PRI--08·90-PRI-08-90-PRt-08.90. 
Hatch " ry 2·2 CO Hatchllry 2-2 CO Hatchery 2-2 CO 

Conife r charcoa l Coniler charcoa l Conlfe, charcoa l 2810 t 2811) * l81D t 20 21l 2D 
RCYBRCYB P P RCVS? 

295029513··2875 2875 2950-2S75 
CAL yr. BP CAL yr. BP CAL yr. Sf> 

2960-2850 2960-2850 2960·2S5D 
CAL yr. SP CAL yr. BP CALyr. Bf> 

-23.8 -23.8 ·23.S 

PRI--06_90· PRI-08_90_ PRI-OS-90- Pinus charcoa l Pinus charcoa l Pinus cha,coal 3545 3545 * t 20 20 35.451: 20 3660-3620 3880-3820 .3SS0--3S2D 39003900_3810 _3810 3900_3S1D ·-24.9 24.9 -24.9 
Hatchery 2-4 PI Hatchery 2-4 PI Hatc~ery 2..4 PI RCYBP RCYB? RCVS? 3790-3770 3790-3770 3790-3710 

CAL yr. SP CAL yr. SP CAL yr. B? 
380038003800--3720 3720 -3720 
CAL yr. SP CAL yr. SP CAL yr. BP 

PRI--08PRI-08 ·9() · ·90· PRI..()SoSO-
Stormy.l Stormy_I PI PI StormY'1 PI 

Pinus charcoa l Pinus charcoa l Pinus charcoa l 385 t 20 385 1 20 365 1 20 
RCYBP RCYB? ReVS? 

500-450 500-450 500-450 
350·33G 350_330 350-.330 
CAL yr. SP CAL yr. SP CAL yr. Sf> 

510-420 510-420 510-420 
360·330 360-330 360-330 
CAL yr. SP CAL yr. SP CAL yr. Sf> 

-27.7 -27.7 -27.7 

PRI--08·90· PRI-08-90-PR1"()S-!I()· 
Stormy-2 BE Stormy-2 BE Stormy.2 BE 

B e/ullf charcoa l B elul .. charcoa l Belul .. charcoa l 405 t 405 * 20 20 4051 20 
RCYSP RCYS? ReVBP 

5()5-470 505-47Cl 505..470 
CAL y'- SP CAL yr. SP CAL yr. Sf> 

520-440 520-440 520-440 
350-330 350-330 350-330 
CAL yr. SP CAL yr. 81' CAL yr. SP 

-30-30..7 7 -30.7 

PRt--08 ·90· PRI-OB_90_ PR1-OB ·\IO_ 
Stormy 3-1 PS Stormy 3- tPS Stormy3·1f>S 

PSflUdolsuga Ps .. udolsuga Pseudo/sufla 
m enziesii cha rcoal mlln~iflsii charcoal men~lesll charcoal 

3030 3030 t t 20 20 3030:t 20 
RCYBP RCYS? RCVS? 

3320-3290 3320·3290 3320-3290 
3270-32 10 3270-32 10 3270-32 10 
CAL yr. SP CAL yr. BP CAL yr. Sf> 

3340-3200 3340_3200 3340,,;]2[1[1 
3190·3160 3190-3160 3190.3160 
CAL y'- SP CAL yr. SP CALyr. SP 

-18_18 ..6 6 _18 .8 

PRI--08PRI-08 ··9090· · PRI..()6-9D-
Stormy-4 TH Stormy-4 TH Slormy-4 TH 

Thujll plica la charcoa l Thujll pI/eli/II charcoal T/luj .. plic .. / .. charcoal 1120t20 1120:t20 1120120 
RCYBP RCYB? RCVB? 

1060·1045 1060-1045 1060·1045 
1040_1040_980 980 1040-98() 
CAL yr. BP CAL yr. BP CAL yr. Sf> 

1065-97() 1065-970 1065·97D 
CAL yr. SP CAL yr. SP CAL yr. Sf> 

-26.4 ·26.4 -26.4 

PRI--08PRI-08-9()--90-PRI.06_90· 
Yurt.l CO Yu rt _1 CO Yu rt_l CO 

Conifer charcoa l Con il llr cnarcoa l Conlfe ' charcoa l 1700 t 20 1700120 1100t:20 
ReVS? ReYBI' RCVBP 

1690-1 670 1690-1 670 1690_1610 
I ~.\20. 1 560 1620·1 560 1620·1560 
CAL yr. SP CAL yr. SP CAL yr. Sf> 

1700 -1 650 1700 -1 650 1700.1650 
11630·1540 630_1540 \6l0.1!;40 
CAL yr. SP CAL yr. SP CAL yr. BP 

-30.0 -30.0 _30 .0 

PRI--08 ·90-PRt·OS-90· PRI-OB-9D- Conifer charcoa l -Conifer charcoa l -Conifer charcoa l - 1130t20 1130t20 1130i20 1065· 1050 1065·'050 I 065·\05D 1090-960 1090-960 1090OSS0 -26.6 -26.6 ·26.6 
Y~rt-4 Yurt-4 CO CO Yurt-4 CO vitrified vitrified vitrified RCVBP RCYBP ReYB? 1035·985 1035-985 1035·985 

CAe CAe CAe '- SP r. BP r. BP 
CAL yr. SP CAL yr. SP CAL yr. 8P 

• Reported in rad iocarbon years at 1 standard deviation mea~uremen t precis ion (68.2% ). "Rllportlld In radiocarbon yllars al 1 sl andard dll~jalion mllasuremenl preci$ ion (68 .2% ). • Reported In radlocaibon Yllar'!l at 1 slandBrd dev;allOO1 maa5uremen1precisi<>n 166.2%), 
corrected for I'i ' lc corr .. cted lor /i'''C corrected for 15 ''C 

""II ' lc values are measured by AMS during the "C m easurement . "" /I ''C values are m"asured by AMS during Ihe"C mllasurem"nl . .. ~'''C values Hre ml!asured by AMS during th .. "c m 83Surem enl The AMS-<'i " C values The AMS-<'i " C values Th .. AMS-<'l ' 'C VlIllJe. 
are used fo r the " c calcu lation and should not be used for d ietary or are uSf!d lor Ih" ,.c calcu lation and shou ld nol be us"d l or dietary or a,1I usad for the "c calcu lallon and . hould not bn uSlld for dlatary or 
pa te oenv ironm enla I Interpretations. paJeoenvironm ental ln[erpretations. pa leol!n~mnm IIntallntarprlltatJons. 
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TABLE 5 TABLE 5 TA8LE 5 
MAC ROF LORAL REMAINS IN SAMPLES FROM ALONG THE ENTIAT RIVER. STORMY SITE MAC ROFLO RAL REMAINS IN SAMPLES FROM ALONG THE ENTIAT RIVER, STORMY SITE MACROFLORAL REMAINS IN SAMPLES FROM ALONG THE ENTIAT R IVER. STORMY SITE 

Sa mple. Sa mple S~mple 

N " " IdentificI entifi ~ tion Identifleallon "'" p, p" e," 
Charre.Charred d Charred , W W F F 

Uncharred Uncharrad Uneh~rred , W W w F F 

W eightsl W eighl$/ Welghtsl 

mm mm m Comment '" 
Stormv·Stormy.l l SWrmy.' 

30 30 cm cm 30 em 

CHARCOAl.JWOOOCHARCOAlJVi'OOO: : CHARCOAl.M'OOO; 

PinusPinus" " Pinus" CharcoaCharcoal l Charco,,1 , , 3 0.099 0.099 0.099 

Storm Storm Storm ··2 2 ·2 Volume W ater·screened Volume Waler--sc reened Volume W .. t(!r-o;cr .... In(ld <O.W L <0,1OL <O.1(IL 

100100·· 102 102 100.102 Water-5cre e.ne.d Sam Water· screened Sam Water·5c",e"ed Sam le W e. i Ie W ei le We m " " 1818..02 02 18.02 

oom m om FLORAL REMAINS: FLORAL REMAINS: FLORAL REMAINS: 

Rootle.ts Rootle ts Rootle ts X X X FoFo. . '.w 

CHARCOALIWOOO: CHARCOAlJVi'OOO: CHARCOAl.M'OOD; 

8etula"" Betula" SaW/II" CharcoaCharcoal l Charcoal 75 " " 1.751 1.7 51 1.151 

NO N.FLORAL REM AINS: NO N.FLORAL REM AINS: NON· FLORAL REMAINS: 

Roc~/GRoc~/G ravera ~eRoc~IGraye l l l X X X F,. F •• Cow 

Storm Storm Storm ···5 5 5 CHARCOAlJWOOO: CHARCOAlJVi'OOO : CHARCOAUWOOO: 

102 Cm 102 cm 102 em 8etula Be/u/a Be/ulll Charcoal Charcoa l Chllrcoal , , , 0.017 0.0 17 0.011 

Stormy 3 -1 Stormy 3·1 Stormy 3·1 

NON-FLORAL REMAINS: NON·F LORAL REMAINS: NON-FLORAL REMAINS: 

Rock/G rave l Rock/G ra~e l Rock /G r .. ve l 

Wate. r·scre ene.d Sam Water·screened Sam Ie. W e. igh t Ie W eight We\er'5cree ned Sample Weight 

X X X F F •• • • ". 
OAOO 0.400 0.400 

190 cm 190cm 190cm 

,., Storm Storm Storm 3·' '-7 

CHARCOAlJWOOD: CHARCOAUWOOO: CHARCOALJWOOO: 

Pse.udotsUgB me.nI~sj/"· Pseudotsuga men'll"sU" Ps,"-udo/s,ufjll menllesil'" 

Water-screened Sam Water·scre"ned Sam Water-screened Sam Ie Weich t Ie Weloht Ie WelQht 

Charcoa l Charco al Charcoal 

I I I 
I I I , , , 0.3 14 0.31 4 0.314 

11..244 244 1.244 

772 2 cm cm 72. em CHARCOALIWOOO: CHARCOAUWOOO: CHARCOAUWOOD: 

Pinus - vitrified Pinus· vitrified Pinus· vitrified 

PPinus inus - vitrified · vitrified Pinus· vitrified 

CharcoCharcoaal l Ch .. ,co .. 1 

Charcoa l Charcoa l Charcoal 

27 27 , 7 7 " 0 0 0 

0.181 II 0.181 g 0.181 !I 

0.374 0.374 0.374 

NON-FLORAL NON·FLORAL REMAINS: REMAINS: NON·FLORAL REMAINS: 

Storm Storm Storm ,,.., , ,-, 
45 cm 45 Cm 45 em 

80ne Bone Bone 

Sand Sand Sand 

Water_screened Sam Water' $cre aned Sam W ater·,"cre"nod Sam Ie W ei Ie We ht Ie Weklh! " CHARCOAlJWOOO: CHARCOALIWOOO: CHARCOALIWOOD: I I I 

, , , 
X X X F F •• • • ,OW 

00..074 074 0.074 

8etula Betula BeWIII Charcoal Charcoal Charcoal I I I , , , 0.063 0.063 0.063 

Stormy4Stormy4 -2 ·2 Stormy4.2 Water-W oter· scre ened Sam scre ened Sam W aler.scr"elled Sam Ie W eillht Ie W eight Ie W eight 

66 66 em cm 66 em CHARCOALIWOOD: CHARCOALIWOOO : CHARCOALM'OOO; 

8 etula Betula Belu/" CharcoaCharcoal l Charcoal , , , 0.0 16 0.0 16 0.018 

NON-FLORAL REMAI NS: NON· FLORAL REM AINS: NON·FLORAL REMAINS : 

Rock/G rave l Rock/Grave l Rock/Graye l X X X eo. Fo. 'ow 
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TABLE TABLE 5 5 TABLE 5 
MACROF LORAL REMAINS IN SAMPLES FROM ALONG THE ENTIAT RIVER. STORMY SITE MACROF LORAL REMAINS IN SAMPLES FROM ALONG THE ENTIAT RIVER, STORMY SITE MACRO FLORAL REMAINS IN SAMPLES FROM ALONG THE ENTIAT RIVER. STORMY SITE 

Sa mple Sa mple Sample Charred Charred Charred UncharrUncharr e.. d d Un~halT"d Weights/ W .. ightsl W ei9htsl , , , , N No . Identifica tion Id .. niificati I e rt · ~3 11 n p, , W W F W W W F C<mm C<mm Co ". " '" " 
StormyStormy--Starmy-l , ! CHARCOAl.JWOOO: CHARCOAlNI'OOO: CHARCOAUWOOO: , , 30 30 cm cm Pinus'-Pinus' -'" om Pinus" CharcoaCharcoal l Char~oa l 3 0.099 0.099 0.099 

StormyStormy--2 2 Slarmy-2 Volume Water_screened Vo lume Water_screened Volum .. Water_s;~ro"n"d <O.1DL < 0. 10 L <- O,lD L 

100-102 100-102 100-102 WaterWater--screened Sam screened Sam WBtllr-5cJellned Sam Ie Wei Ie We m III Weklht 18.02 1802 18_02 "' om '' m m FLORAL REMAINS: FLORAL REMAINS; FLORAL REMAINS; 

Rootlets Rootlet>; Rootlets X X X , F .. •• ,.w 
CHARCOALIWOOO: CHARCOALM'OOO; CHARCOALlWOOO: 

BetulB--Betula" Belula" CharcoaCharcoal l Charcoal 75 75 1.751 1.151 1.7 51 " NON_FLORAL REMAINS: NON,FLORAL REMAINS : NON.FLORAL REMAINS; 

Roc~/GraveRoc~/Grave l l Ro~~IGravlIl X X X , F.. o. 'ow 
Stormy_5 Stormy_5 Stormy_5 CHARCOAUWOOO: CHARCOAlNI'OOO: CHARCOAUWOOO- , , , 102 Cm 102 Cm 102 em Be/u/e Be/ul .. B",/ul" Charcoal Charcoal Chllrcoa l 0.017 0.0 17 0.017 

NON-FLORAL REMAINS: NON-FLORAL REMAINS ; NON ·FLORAL REMAINS; 

Rock/G rave l ROCk /Gravel RadlGf'3vel X X X F •• ,.w ". 
Stormy 3 -1 Stormy 3 -1 S lormv 3-1 Water'~eree n ed Sample W eigh t Water-scree ned Sample W eighl Wale l'scrt!""ed Sample Weight OAOO DADO 0.400 

190em 190cm 190cm CHARCOAUWOOO : CHARCOAUWOOD : CHARCOALlWOOO ~ , , , PseudotsugB menziesW' Pseudo/sug .. menzlesU" PseudolsugB men;cfflsii" CharcoaCharcoal l Charcoal 0.314 0,314 0.314 

Stormy Stormy 3-2 3-2 Stormy 3-2 Water·screened Water-screened Sam Sam Wl'Ite'·scree.ned Sam Ie W eloh t Ie W ei Ie Wl'Ilaht 1.244 1.244 1.244 "' 72 72 cm cm 72 em CHARCOALIWOOO: CHARCOAL/WOOD; CHARCOALIWOOO: 

Pinus Pinus - vitrified - vitrified Pinus. vitrif." d CharcoaCharcoal l Ch .. ,eal'l l 0.181 II 0.181 II 0_161 g 

Pinus. vltrifh, d , PinusPinus · · vitrified vitrifi .. d ChCharcoal arcoa l Charcaal " " 0 , , " , , 0.374 0.374 0.-37ot 

NON-FLORAL REMAINS: NON-F LORAL REMAINS : NON -FLORAL REMAINS: , , , Bone Bone Bone 

Sand Sand SMd X X X F •• ". 'ow 
StormV4_Stormv4-1 ' Slormv4-1 Water·screened Sample Wei W3Ier-scr"BnB~ Sam m Water,scre"n"d Sample Wei!lh t Ie WeJPhl 0.074 0,074 0.074 

45 em 45 Cm 45 cm CHARCOAUWOOO: CHARCOAUWOOO; CHARCOAUWOOO, 

Charcoal , , , Betula Betula 8etultl Charcoal Charcoal 0.063 0,063 0.063 ,., Storm Storm Storm ,., Water-sc re ened Sam ,., Water-screened Sam Water·scre ened Sam Ie Wei Ie WeIe We ' ' ht ht hi 

66 66 em Cm 66 Cm CHARCOALIWOOO: CHARCOAlM'OOO: CHARCOALrWOOO: , , Betula B"tul;:. 8 .. 1"1,, Charcoal Charcoa l ChllJCQ31 0.0 16 0,0 16 O,Ole • 
NON-FLORAL REMAINS: NON-FLORAL REMAINS : NON_FLORAL REMAINS: 

Rock/Grave l Rock/G ravel Rack/Gravel X X X "F •• . 'ow 
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TABLE 5 (Continued) TABLE 5 (Continued) TABL E:. 5ICQnUnu"d) 

Sa mple S~ mple S~ m ~le 

" . " " Slormy 4 _l Stormy 4_3 Stormy 4_3 

Identifica tion Identific3 tlon Idsnfflcatmn 

Water_Water_$c'e"n"d screen ltd Sam Sam W ater-s<;res ned Sam I" W"ight I" Weight I" W"ight 

,., e," '" 
I I I Chaffed Ch~rred Cherred , , , W W W 

Unchaffed Unch~rred Unc.hllrred , , W W W 

Weights! W eightsl Weights/ 

Comments Comments Comm s nts 

1109cm 0gem 109c.m CHARCOALIWOOOCHARCOALIWOOO : : CHARCOALIWOOO: 

B" tula root Betul .. rooi 8 elU18 roOI CharcoaCharcoal l Charcoal ,. H '" 0.069 0.069 O.OIl!! 

NON_NON_FLORAL FLORAL REMAINS: REMAINS: NON-FLORAl REMAINS ' 

Rock/GraveRock/Grave l l RockJG rt"I~el X X X 'ow 'ow ". 
Storm Storm -4 4 Slorm~-4 Volum e Water-screltnltd Volume Waler_screened Volume Water-screened < 0.10 L < 0.10 L -< 0 ,10 l 

120cm 1ZQcm 120cm Water-scre"n"d Sam Willer-screened Sam Water-scre ened Sam Ie We ' Ie W ei Ie Weklht "' " 8 .89 889 8.89 

FLORAL REMAINS ' FLORAL REMAINS: FLORAL REMAINS: 

RooURoo~ee ts ts Roo~elS 

CHARCOALIWOOOCHARCOAL/WOOO: : CHARCOAUWOOO: 

X X X Fow 'ow ". 
ThuThu '· lJ .. Thu II liea/IJ" licsts" IklltB" CharcoaCharcoal l Charcoal 7 7 7 0.011 0.0 11 0.0 11 

NON_rloRAl NON_rLORAL ReMAIN$: ReMAtNS : NON ·'--lOIlAlIlCMA1NI'l ; 

Rock/Grave l Rock/Grave l RockJGmve l X X X ,.w Fow ". 
WW " " Whole Whole W", Whole 
F F '" '" F" = Fragment Fragment Fragment 
X '" X " Presence noted in sample X" Presence noted in sample PrMence noted In samp le 
9 iii " grams 9 "grams '" !il rllms 
Ie:: incompletely chaffed Ie:: incompletely charred Ic= Incompletely charred 
•• :: Submitted for AMS ra diocarbon dating " :: Submitted fer AMS ra diocarbon dating • • '" Submitted tor AMS rad iocarbon d~ !lng 
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TABLE TABLE 6 (I TABLE II 
MACROF LORAL REMAINS IN SAMPLES FROM ALONG THE ENTIAT RIVER, YURT SITE MACROF LORAL REMAINS IN SAMPLES FROM ALONG THE ENTIAT RIVER, YURT SITE MACROFLORAL REMAINS IN SAMPLES FROM ALONG TH E ENTIAT RIVER. YURT SITE 

Sa mple Sa mple Sample 

N No . " Identifica tion Id .. ntifica ti I rftc3tl n n Ie, Po P 

Charred Charred Charred , , W w F 

UncharrUncharr e.. d d Uncharr"d , , W w W F 

W eightsl W .. ighls/ Weig htsl 

C<mm C<mm Co m ". ". " YurtYurt-- l l Ylln., Volume Waler-screened Volum .. Water-sc re .. n .. d Volum" Wllter_screened < 0.10 L "0.10 L <O.WL 

94 94 cm cm 94 ~m Waler· screened Sample W eight Water-scree ned Sample W eight Weter· .. creened Sample Weight 0.56 0.5(1 0.5S 

CHARCOALIWOOO: CHARCOALlWOOO: CHARCOAL/WOOO : 

Con ife r" Conif .. r·' Coniler-' CharcoaCharcoal l Charcoa l 

Unidentified hardwood Unkhmtifi .. d hardwood - small - small Unkhmtlfied hardwooo;l -~m,, 1 1 CharcoaCh,ncoal l Chllrcoa l 

, , 5 , , , 0.006 g 0 .006 II 0.006 II 

00 ..001 001 0.001 

NON_FLORAL NON_FLORAL REMAINS: REMAINS: NON-F LORAL REM AINS: 

Rock/GraveRock/Grave l l Roc~IGravel X X X F •• "W 'ow 
Yun_2 Yun_2 Yun_2 Volum e Water_screened Volum .. Water-screened Volume Water .... cfeen~ < 0.10 L < 0. 10 L "" 0. 10 L 

25 25 em cm 25 em Water·se",ened Sam Water- screened Sam Wele '-sc,," .. ned S8m I" W"i m Ie W e le W .. OJ " 00 ..60 60 0.60 

CHARCOAL/WOOOCHARCOALIWOOO; : CHARCOAlM'OOO: 

Abjes Abjes Ables 

Pseudolsuga PS9udotsuga menzlesjj m9nz/e~jl Pseudolsuga men2ies.7 

Rosaceae Rosaceae Rosaceae 

SalSal iicaceae caceae SIIlicaceae 

Bark Bark B~rk 

CharcoaCharcoal l Charcoal 

CharcoaCharcoal l Charcoal 

CharcoaCharcoal l Charcoel 

CharcoaCharcoal l Charcoal 

, , I , , , 
, , , , , , 
, , I 

0.0.103 103 II II 0 .103 11 

0.078 II 0 .078 \I 0.018 9 

0.058 II 0 .058 \I 0 .a5a 9 

0.096 0.096 II II a .a9S II 

0.031 0 .031 a .OSl 

NONNON-NON-FLORAL FLORAL REMAINS: REMAINS: -FLORAL REMAINS : 

Sand Sand Sand X X X 
YunYun_3 _3 Yun-3 Volum e W aterVolum .. Water_screened Volumf! W,u9r-scrf!ened _screened < 0. 10 L < 0. 10 L < 0.10 L 

22·25 22-25 em cm 22·25 em Water·se",ened Water-screened Sam Sam Water-screened Slim Ie W eiQh t Ie W elQht Ie W eJ!lhl 1616..78 78 16.76 

CHARCOALIWOOO: CHARCOALIWOOO: CHARCOAL/WOOO: 

Salicaceae S .. licaceae SlIlieaee"e 

Thuilt Thu/If plicala plicatlt Thu]a pi/call! 

Thu 'lI plicalll Thu "" plicatlt Thu]" plka ll! 

CharcoaCharcoal l Charcoal 

Charcoa l Charcoa l Charcoa l 

CharcoaCharcoal l Ch"l"(.oa l 

" , " , " , 
, , e' po • po 

0.832 II 0 .832 II 0 .632 g 

0.0.351 351 9 9 0.351 II 

7.297 7.297 1.297 

NON_FLORAL REMAINS: NON_FLORAL REMAINS: NON-FLORAL REMAINS: 

Sand Sand Sand X X X 

Yun-4 Yun-4 Yun-'l Volume Votume Water-screened Wa!er-scre .. ned Volum " WII!er_screene(l < 001 L < 0.01 L '" D.Ot L 

56·58 56-58 cm cm 56-58 em Water·scree ned Sam Weter-scree ned Sam W aler-sereened Sam Ie W e Ie W e; m Ie Well:lht " 2222 ..74 74 22.14 

CHARCOALIWOOD: CHARCOALIWOOO: CHARCOALiWOOO: 

Con ifer· v~rified" Con ifer - vitrConller - ified"~ vitrified" CharcoaCharcoal l Cha,coal , , , Cl.05 19 g 005 199 00519g 

Unidentified Uni<:jentified Unklanlified _ _ com com - com ressed rened ru sed Wood W'l'ld W~. X X X 

NON_FLORAL REMAINS: NON_FLORAL REMAINS : NON·FLORAL REMAINS: 

Sand Sand Sand X X X 

W"Whole W" Whole W ",Whole 
X" Presence noted in sample X" Presence n'lted in sample X = Presen"" noted in $ampl" 
pc: Partia lly charred pC" Part ial ly charred OC'" P"rti~l ly c~" rred 

F "Fragment F "Fragment F "" Fragm ent 
g"'grams II" grams g" grilm8 
"", Submitted for AMS ra diocarbon dat ing "" "" Submitted for AMS ra diocarbon dat ing Submitted lor AMS ra dloca rtxm ""l ing 
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1100BP 

1000BP 

900BP 

800BP 
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600BP 

1,08,90,Hatchery 1,1AL : 955 ± 20 BP 

1050CalBP 900CalBP 

Calibrated Date 

68.2% Probability 
(21 .8%) 930-900 BP 
(46.4%) 870-800 BP 

95.4% Probability 
(95.4%) 930-790 BP 
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Figure 1. AMS Radiocarbon Dale for Sample PRI-D8-90-Hatchery 1-1AL, for the 
Entiat River Holocene Terrace Chronology Study, Washington. 
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Figure 1. AMS Radiocarbon Date for Sample PRI-D8-90-Hatchery HAL, for the 
Entiat River Holocene Terrace Chronology Study, Washington. 
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Figure 1. AMS Radiocarbon Dale for Sample PRHl8-90-Hatchery HAL, for the 
Entiat River Holocene Terrace Chronology Study, Washington. 
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PRI.()8.90-S!ormy-1 PI 385t20BP --At-
PRI.Q8-90-Stormy-2BE 405t20BP --k-
PRI.Q8-90-Hatchery 1-1AL 955t20BP jj 

PRI.Q8-90-Stormy-4TH 112Ot20BP I 
PRI-08-90-Yurt-4CO 1135t20BP 

= 

PRI-08-90-Yurt-1CO 1700t20BP 

PRI..Q8-90-Hatchery 2-2CO 281 Ot20BP 

PRI..Q8-90-Stormy3-1PS 303Ot20BP 

PRI..Q8-90-Halchery 2-4PI 3545t_ 
5000CalBP 4000caIBP 3000CalBP 200QCaIBP l 000calBP DCaIBP 

Cal ibrated date 

Figure 2. Comparison of AMS Radiocarbon Date for Samples from the Entiat 
River Holocene Terrace Chronology Study, Washington. 

---~- .. .. ,, .. 
PRI-08-90-Stormy-t PI 385t 20BP 
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PRI.Q8-90-Hatchery ' -tAL 955t20BP 

PRI.Q8-90-Stormy-4TH t 12O:!:20BP 

PRI..(}8..90-'(urt-4CO 1135t20BP 

I 

PRI-08-90-i urt-ICO 1700±20BP 

PRI-08-90-Hatchery 2-2CO 28 1Ot208P • 
PRI-08-90-Stormy3-1PS 303Ot20BP 

PRI-08-90-Halchery 2-4Pl 3545t. 
~ 

5000ca18P 4000Ca18P 300QCa18P 2!XX}Ca18P l000cal8P 0Ca18P 

Cal ibrated date 

Figure 2. Comparison of AMS Radiocarbon Date for Samples from the Entiat 
River Holocene Terrace Chronology Study, Washington. 
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PRI.Q8..90-Slormy-1PI 385:t208P 

PRI.Q8..90.slormy·2BE 405:t20BP 

PRI-08-90-Halchery I -t AL 955:t20BP 

PRI-08-90-Slormy-4TH 112O:t20BP 

PRI-08-90-Yurt-4CO 1135:t20BP 

PRI-08-90-yurt-ICO 1700120BP 

PRI-08-90-Halchery 2-2CO 28 1O:t20BP • 
PRI-08-90-Stormy3-1PS 303O:t20BP 

PRI..Q8..90-Halchery 2-4PI 3545:t. 

SQOOCalBP 4000CaIBP 3OO0CalBP 2!XXlCaIBP tCl(X)CaIBP OCaIBP 

Calibrated date 

Figure 2. Comparison of AMS Radiocarbon Date for Samples from the Entiat 
River Holocene Terrace Chronology Study, Washington. 
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3000BP 3000BP 3000BP t ---~~P~RI?QQQ8-90-Hatchery ~ ~Hatchery atchery 2-2CO 2-2CO 2-2CO : : : 2810 2810 2810 ± ± ± 20 20 20 BP BP BP 
c c ~ 
0 0 0 

.~ 

~ ~,.::.~ ~ __ 68.2% 6868..22% % Probability Probability Probability 
~ ~ '" 2900BP 2900BP 2900BP ~ '---- (68.2%) ((68.268.2%%) ) 2950-2875 2950-2875 2950-2875 BP BP BP ...1: 5 5 
E E E ~ 

2 2 
~ ~ ~ 

2800BP 2800BP 2800BP -
95.4% 9595..44% % Probability Probability Probability 

(95.4%) (95.4(95.4%) %) 2960-2850 2960-2850 2960-2850 BP BP BP J!! 
0 0 0 '" '" '" 
c c ~ 

.e 0 0 0 22700BP 2700BP 700BP 
€ € 
1l 1l 1l 
0 0 0 2600BP 2600BP 2600BP 
'6 '6 '6 

a: a: 0: " '" '" 
2500BP 2500BP 2500BP 

3200CalBP 3200CalBP 3200CalBP 3000CalBP 3000Ca3000CalBP lBP 2800Ca2800Ca2800CalllBP BP BP 2600CalBf 2600CalBF 2600CalBF 

Calibrated Calibrated Calibrated Date Date Date 

FFigure Figure igure 333. . . AMS AMS AMS Radiocarbon Radiocarbon Radiocarbon Date Date Date for for for SampSampSampllle e e PRHl8-90-PRPRII-D8-90--D8-90-Hatchery HHatchery atchery 2-2CO2-2CO2-2CO, , , for for for the the the 
Entiat EnEntiat tiat River River River HHHolocene olocene olocene TTTerrace errace errace Chronology Chronology Chronology StudyStudyStudy, , , WashingtonWashingtonWashington. . . 
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Figure 4. AMS Radiocarbon Date for Sample PRI-D8-90-Hatchery 2-4P I, for the 
Entiat River Holocene Terrace Chronology Study, Washington. 
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Figure 4. AMS Radiocarbon Date for Sample PRI-D8-90-Hatchery 2-4P I, for the 
Entiat River Holocene Terrace Chronology Study, Washington. 
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1. OVERVIEW 

This appendix includes the methodology for development of a one dimensional (1-D) 
numerical hydraulic model applied from river mile (RM) 1.4–26 and an analysis of which 
river flows results in initiation of gravel bar sediment mobilization.  The model terrain is 
based on LiDAR (light detection and ranging) data collected on the Entiat River on October 
26 and 28, 2006 (Watershed Sciences 2007).  Results from the modeling are provided in 
Chapter 4 of Entiat Tributary Assessment (Reclamation 2009a).  All model files are in 
Washington State Plane North American Datum (NAD) 1983 feet and North American 
Vertical Datum (NAVD) 1988 feet and are electronically available upon request.  The model 
was utilized to evaluate bankfull and higher flows for the objectives described below.  A 
second 1-D hydraulic model was developed in 2005 for RM 1.5-6.9 by Reclamation that 
utilized channel survey data and USGS 10-meter digital elevation model (DEM) data 
(LiDAR was not available) and is documented in Appendix E “Hydraulic Sediment Analysis 
RM 1.5-6.9.” 

1.1 OBJECTIVES 

The objectives of the model were to provide the following information to help understand 
impacts to present channel function that can be integrated with other discipline findings to 
evaluate habitat restoration opportunities:   

 Compare present hydraulic conditions and channel capacity among geomorphic 
reaches 

 Assist with delineation of the historical channel migration zone (HCMZ) and 
floodplain boundaries (documented in the geomorphic mapping appendix)   

 Identify flows at which channel bars are mobilized, which provides an indication of 
when the active channel is reworked 

1.2 APPLICABILITY LIMITATIONS 

Since the model was based solely on 2006 LiDAR data, there was no channel bottom 
elevations included for areas that were wetted during the survey; bare-earth LiDAR data does 
not represent the true ground elevation of wetted areas because the LiDAR cannot penetrate 
below the water. This artificially raises the channel bottom and does not accurately represent 
depth or velocities, particularly in deep pools.  However, in shallow portions where bed-
material was partially exposed during the survey, such as the riffles, the bed elevations are 
typically less than 1-foot different than actual ground elevations.  Therefore, the model’s 
applicability is limited to bankfull or higher flows and was primarily utilized in this 
assessment for channel capacity and floodplain connectivity evaluation. Because the LiDAR 
was flown during a seasonal low flow, the amount of conveyance not captured by the terrain 
is minimal.  Within RM 0–26, a flow of 50–100 cfs is less than 3 percent of the estimated 
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2-year flow and less than 1 percent of the estimated 100-year flow.  Localized hydraulic 
impacts from bridges, levees, or other human features were not always captured with this 
model and if desired, would need to be addressed with a more detailed model in order to fully 
understand their impacts.   
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2. MODEL SETUP 

This section describes the data and information used to setup up a 1D numerical hydraulic 
model for RM 1.4–26. HEC-RAS River Analysis System Version 4.0 developed by the U.S. 
Army Corps of Engineers (ACOE) Hydrologic Engineering Center (HEC) was used to model 
the Entiat River (Brunner, 2008). This model utilizes a standard-step methodology, in which 
iterative hydraulic calculations are performed at specified locations proceeding incrementally 
in the upstream direction; known as a backwater model.  The key steady flow input 
parameters consist of cross-sections, a downstream boundary condition, roughness values 
(Manning’s n), and flow discharges.  The model was run as subcritical flow; therefore an 
upstream boundary condition was not required.  Default computation parameters and 
contraction/expansion coefficients were used.   

2.1 MODEL GEOMETRY 

A three-dimensional surface was generated in a geographic information system (GIS) from 
the LiDAR data using a Triangulated Irregular Network (TIN) terrain model.  GeoRAS, a 
custom interface between HEC-RAS and GIS, was then utilized for both pre and post-model 
processing. More information with regards to the model terrain is described below.   

2.1.1 Topography 

The river geometry was based on LiDAR data collected on October 26 and 28, 2006 when 
the flow was approximately at 50–100 cfs (http://waterdata.usgs.gov/nwis). LiDAR was 
collected from the Entiat’s confluence with the Columbia River (RM 0) upstream to RM 34.  
As mentioned in the overview, the LiDAR data does not provide channel bottom elevations 
for the wetted portion of the channel on the days collected.  In particular pool geometry is not 
well captured. For non-wetted areas, the LiDAR is expected to provide ±0.14 feet accuracy.  
Also, since the LiDAR was flown during seasonal low flow (Table D–1), the amount of 
channel bottom not captured was minimized.   

Table D–1.  LiDAR collection dates and stream flow for Entiat River. 

Date of Collection USGS Mean Daily Stream Flow 

at Ardenvoir, 
(#12452800, RM 18) 

(cfs) 

at Keystone, 
(#12452990, RM 1.4) 

(cfs) 

October 26, 2008 53 95 

October 28, 2008 56 100 

The LiDAR data was collected in UTM meter projection.  However, all data presented in this 
report are in the horizontal projection of Washington State Plane North, NAD 1983 feet and 
vertical project of NAVD 1988 feet to match other GIS data developed for this assessment.   
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2.1.2 Human Features 

There are levees and other obstructions in the assessment area that partially or completely 
limit access to side channels and floodplain areas.  These features, which are generally 
represented in the LiDAR topography, constrict the cross-section area resulting in higher 
water surface elevations in the present channel.  The model results do not show the effects of 
these human features, but instead show the potential for inundation if there were not limited 
off-channel connections or other floodplain connectivity issues.  These results were used to 
help with mapping the extent of the floodplain and historical channel migration zone.   

2.1.3 Cross-section Generation 

Cross-sections were generated using the previously mentioned model terrain with HEC-
GeoRAS, a GIS extension that provides tools to process geospatial data for use with HEC­
RAS. The alignment of the cross-section lines were based on 2006 aerial photography 
completed near the time of the LiDAR data collection and a hillshade created from the 
LiDAR data. 

A total of 795 cross-sections were spaced approximately every 150 feet between RM 1.4–26 
and slightly less frequently between RM 26 and 28.  Since the model is one-dimensional, the 
cross-section lines must be perpendicular to the direction of flow and therefore may change 
direction when crossing a floodplain that has a different flow path than the main channel.  An 
example of several cross-sections and their spacing and alignment is shown in Figure D– 1.  
Example cross-section spacing and alignment (highlighted profile shown in Figure D–2).   

An example cross-section profile is provided in Figure D–2.  The red points represent the left 
and right edges of the active channel (top of bank).   

D–4 




 
 

 
 

 

Figure D– 1.  Example cross-section spacing and alignment (highlighted profile shown in Figure D–2).   
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Figure D–2.  Example cross-section profile from the HEC-RAS Model.   
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2.1.4 Cross-Section Stationing 

In addition to the cross-sections, the river centerline and bank stations were delineated in GIS 
using HEC-GeoRAS. The river miles referred to throughout the tributary assessment are 
based on the USGS quadrangle map.  However, because of changes in channel position that 
have occurred since the USGS map was created, the 2006 length of the river is different from 
the historical length. Therefore, the cross-section stationing in the HEC-RAS model files is 
not equivalent to the USGS river mile stationing.  In this appendix, RM refers to the USGS 
stationing, and “station” refers to the 2006 channel distance used in the model.  Where 
possible, key features are described in both station and RM to allow linkage to other sections 
of this effort. 

2.1.5 Additional Survey Data (RM 1.5–6.9) 

Cross-section and longitudinal ground survey data of the active channel is also available for 
RM 1.5–6.9 in addition to LiDAR data.  The data was collected over various dates in March 
and April of 2003 and in April, October, and November of 2005.  This data along with a 
USGS 10-meter DEM was used to create a 1-D HEC-RAS hydraulic model in 2005 for 
RM 1.5–6.9 (see Appendix E). For RM 1.5–6.9, the previous 1-D model results were 
compared with the newly developed model to validate the roughness values.   

2.2 MODEL BOUNDARIES 

The HEC-RAS model upstream extent is RM 28 and downstream boundary is RM 1.4.  The 
upstream boundary was chosen because it was outside of the assessment area and a cross-
section and calculated flow discharge were located at this RM.  The downstream boundary 
was chosen to be RM 1.4 because there is a USGS gage located there that can provide a 
downstream boundary condition for the model (“Entiat River near Entiat, WA” USGS 
number 12452990, commonly known as Keystone Gage).  A rating curve of specified 
discharges and water surface elevations had previously been developed for this gage in the 
RM 1.5–6.9 HEC-RAS model. Table D–2 shows the values used in the downstream rating 
curve. 
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Table D–2. Rating curve at RM 1.4 for HEC-RAS downstream boundary condition. 

Flow (cfs) Stage (ft) Flow (cfs) Stage (ft) Flow (cfs) Stage (ft) Flow (cfs) Stage (ft) 

100 738.22 2100 740.88 4110 742.08 6100 743 

202 738.57 2200 740.95 4210 742.13 6200 743.05 

300 738.82 2300 741.02 4310 742.18 6300 743.1 

401 739.03 2400 741.09 4400 742.22 6400 743.15 

501 739.21 2500 741.16 4500 742.27 6500 743.2 

601 739.37 2600 741.22 4610 742.32 6600 743.25 

704 739.52 2700 741.29 4690 742.36 6700 743.3 

801 739.65 2800 741.35 4800 742.41 6800 743.35 

898 739.77 2900 741.41 4910 742.46 6900 743.4 

1000 739.89 3000 741.47 5000 742.5 7000 743.45 

1100 740 3100 741.53 5110 742.55 7100 743.5 

1200 740.1 3200 741.59 5210 742.59 7200 743.55 

1300 740.2 3300 741.65 5300 742.63 7300 743.6 

1400 740.3 3410 741.71 5410 742.68 7400 743.65 

1500 740.39 3500 741.76 5510 742.72 7500 743.7 

1600 740.48 3610 741.82 5600 742.76 7600 743.75 

1700 740.56 3700 741.87 5700 742.8 7700 743.8 

1810 740.65 3800 741.92 5800 742.85 7800 743.85 

1910 740.73 3900 741.97 5900 742.9 7900 743.9 

2000 740.8 4010 742.03 6000 742.95 8000 743.95 

2.3 ROUGHNESS VALUES 

Unique Manning’s n values were assigned to each of the three major valley segments 
described in Appendix C (“Geomorphic Data”):  RM 1.4–16.1, RM 16.1–21.1, and 
RM 21.1–26. Within each valley segment, roughness values were assigned to the left 
floodplain, right floodplain, and active channel area.  The boundaries of the active channel 
(top of bank locations) were determined using 2006 aerial photography and LiDAR data.  
Roughness values utilized are listed in Table D–3.  A sensitivity analysis of the roughness 
values is discussed in Section 3.1. For the reach between RM 1.4–16.1, the Manning’s n 
values used were the same as the values for the model previously completed from RM 1.5– 
6.9 (Appendix E). These values were calculated utilizing hydraulic measurements obtained 
from a USGS survey at the Keystone Gage (RM 1.4).  For RM 16.1–21.1 and RM 21.1–26, 
values were estimated based on field observations of the size of channel bed-material and 
floodplain conditions relative to RM 1.4–16.1, and past modeling experience.    
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Table D–3. Manning’s n roughness values used.   

Reach 
HEC-RAS station n value 

Upstream Downstream Left bank Channel  Right bank 

1.4–16.1 80149.53 255.35 0.045 0.055 0.045 

16.1–21.1 122264.2 80311.67 0.035 0.045 0.035 

21.1–26 153907.4 122568.8 0.045 0.055 0.045 

A flood insurance study for Chelan County, Washington, completed in the 1980s, had cross-
sections for the Entiat River from RM 0–20 (FEMA 2004).  For this analysis, roughness 
values were based on engineering judgment and field observations.  The range of roughness 
values were 0.0.4–0.08 for the left floodplain, 0.045–0.08 for the channel, and 0.035–0.06 for 
the right floodplain. These values were higher than the those used in the previous 
Reclamation HEC-RAS RM 1.5–6.9 study and the current HEC-RAS model.  The 
Reclamation RM 1.5–6.9 HEC-RAS model values were used as a guide since they were more 
recently calibrated.   

2.4 MODEL DISCHARGES 

USGS gage data from Keystone (12452990, RM 1.4) and Ardenvoir (12452800, RM 18) 
were used to develop the flood frequency discharge values that were modeled (Appendix B 
“Hydrology Data and GIS” ). A regression analysis was completed to compute flows every 
river mile from RM 32 to the mouth.  At the Mad River confluence (RM 10.6), two 
additional points were computed just upstream and downstream of the confluence.   

Figure D–3 shows the different flood frequency values.  For comparison, the 1948 flood of 
record was estimated at 10,800 cfs (Erickson 2004) which is above the 100-year flood.  The 
flood frequency values have an uncertainty of up to 25 percent. 
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Figure D–3. Flood frequency values for Entiat River (RM 0–32). 
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Since the majority of flow contribution during large floods on the Entiat River is from snow 
pack (there is not a lot of contribution from the drainage area) the only flow change used in 
the HEC-RAS model was at the Mad River confluence.  Discharges for the 2-, 10-, 50-, and 
100-year floods were simulated in the model.  Table D–4 summarizes the flows modeled.   

Table D–4.  Flood discharges used in the HEC-RAS model.  

Flow Change Location 2-year (cfs) 10-year (cfs) 50-yr (cfs) 100-year (cfs) 

RM 28 2,510 4,040 5,360 5,920 

RM 10.6 (Mad River confluence) 3,010 5,220 7,280 8,190 

For the flood insurance study, FEMA calculated the 10-, 50-, 100-, and 500-year floods 
(FEMA 2004). The frequency-discharge analysis was done with the USGS gaging records 
using the standard log-Pearson Type III method.  For comparisons of the FEMA and 
Reclamation flood frequency analysis, see Appendix B.   
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3. MODEL CALIBRATION AND UNCERTAINTY 

Calibration and validation of a model improve the accuracy and predictive capability of 
model results. Calibration is an iterative process used to adjust roughness parameters to 
match measured data at a range of flows.  Ideally, the calibrated model is then validated, or 
tested, by running it at one or more flows with additional measured data not used in the 
calibration process. However, within the Entiat River modeling boundaries, limited 
measured hydraulic data is available to either calibrate or validate the hydraulic model 
results. Due to the lack of data, the results were instead compared with the previous 
hydraulic model completed for RM 1.5–6.9, which had some calibration data available, as 
well as the FEMA Flood Insurance Study.  In addition, a sensitivity analysis was completed 
on the roughness values in the model to try and capture a portion of the range of uncertainty.  
Additional uncertainty is attributed to topographic survey and flow measurement errors.   

Since the study was not calibrated, absolute depths and elevations from the hydraulic model 
results should not be utilized for detailed design or evaluation purposes.  However, trends 
and changes within the model results can be evaluated in terms of floodplain connectivity.  If 
additional measured hydraulic data does become available, the model could be calibrated to 
improve results.   

3.1 ROUGHNESS SENSITIVITY 

A sensitivity analysis was performed on the roughness values by modeling the 2-year and 
100-year flows with values 10 percent higher and 10 percent lower than the selected 
Manning’s n values (Table D–3).  For the 2-year flood, the water surface elevation changed 
on average 0.2 feet for a 10% change in roughness value.  For the 100-year flood, the water 
surface elevation changed by 0.3 feet on average for a 10% change in roughness values.   

3.2 1980S FEMA 100-YEAR FLOOD INUNDATION COMPARISON 

The 100-year flood inundation boundary reported in the flood insurance study (FEMA 2004) 
was compared to the potential inundation model results.  The potential inundation does not 
take into account the constriction of flow due to levees, bridge embankments, etc.  The 
discharges used to create the inundation and potential inundation mapping are not the same, 
but similar.  In general, between RM 16–20, the HEC-RAS model shows a larger potential 
inundation area than the FEMA mapping.  Between RM 7.5–16, the HEC-RAS and FEMA 
mapping are very similar.  This is likely due to the confined nature of a majority of this 
section. Below RM 7.5–RM 1.4, the FEMA 100-year mapping inundates a larger area than 
the HEC-RAS model potential inundation.  Figure D–4 and Figure D–5 show inundation 
mapping comparisons of several areas.  Figure D–4 shows a section in the lower assessment 
area; the FEMA inundation (grey) covers a larger area than the potential inundation (green 
and purple). In Figure D–5, which is in the upper portion of the assessment area, the FEMA 
inundation is covered by the potential inundation: only the green and purple inundation is 
visible. 
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      Figure D–4. FEMA and HEC-RAS 100-year mapping between RM 2.9–4.9. 

 

      Figure D–5. FEMA and HEC-RAS 100-year mapping between RM 16.5–18.1. 
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3.3 COMPARISON WITH PREVIOUS 1-D HEC-RAS MODEL 

Flood frequency flows used in the 2005 HEC-RAS model 
from RM 1.5–6.9 (Appendix E) were slightly different 
than the flows used in the current LiDAR model.  To 
compare hydraulic results from the two models, the 
previous flows were simulated in HEC-RAS.  Table D–5 
lists the values used. 

A comparison was done between the flow required to 
reach bankfull stage in the 2005 model versus the newer 
LiDAR-based cross-sections. The closest cross-sections to 
the previous model’s cross-sections were chosen from the 
current model.  Based on the comparisons, 5 of 19 cross-
sections had the same bankfull flow, while the remaining 
fluctuated between having lower or higher values without any clear trend (Table D–6).  One 
explanation for the differences may be that the cross-sections were not in identical locations 
and the cross-section spacing and detail were different.  In addition, the current model does 
not include levees so the flow is not restricted to the main channel until overtopping, which 
would also change the results. Finally, the elevations and location of the banks stations may 
be different in the two models. 

Table D–6.  Comparison of Current and Previous HEC-RAS Models.   

Table D–5.  Flood frequency flows 
used for comparison between 

HEC-RAS models. 

  Flood Frequency  Flow (cfs) 

2-year 3,210 

5-year 4,435 

10-year 5,230 

25-year 6,210 

50-year 6,930 

100-year 7,635 

2005 Ground Survey Model LiDAR Model 

Previous HEC-RAS 
Station 

Bankfull Flood 
frequency (year) 

Current HEC-RAS 
Station 

Bankfull Flood 
frequency (year) 

1120 25 1125 5 

2880 10 2910 100 

3840 5 3836 2 

4140 10 4174 10 

4860 10 4836 2 

5360 10 5282 5 

6320 25 6267 5 

6820 50 6900 5 

7340 25 7195 25 

7780 50 7721 100 

8260 10 8219 100 

10400 25 10382 25 

10880 25 10780 2 

11340 50 11378. 100 

12280 5 12203 100 

12760 10 12835 100 

13300 100+ 13298. 100 

14160 100+ 14142 100 

14920 2 14935 5 
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3.4 CHANNEL CAPACITY 

Since it was difficult to compare the two HEC-RAS models, channel capacity across 
geomorphic reaches was compared.  Channel capacity was calculated by averaging the first 
flow modeled that went above each cross-section’s top-of-bank within each geomorphic 
reach. In general, reaches with higher capacity had lower floodplain widths, higher slopes, 
and higher confinement (that is, lower complexity) than reaches with lower capacity.   

 

     

0 

1000 

2000 

3000 

4000 

5000 

6000 

7000 

1B 1C 1D 1E 1F-1 1F-2 1F-3 1G 2A 2B 2C 2D 3A 3B 3C 3D 3E 3F 
Geomorphic Reaches 

C
a

p
a

c
it

y
 (

c
fs

) 

Figure D–6. Geomorphic reach-averaged channel capacity based on HEC-RAS model results. 
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Note:   Due to its length, Reach 1F was divided into three subreaches:   1F-1  (RM 6.9–8.4),  1F-2 (RM  8.4–9.0), 
and 1F-3  (RM 9.0–10.6).  For a complete discussion  on  geomorphic reach delineation,  refer to Chapter  2 of  
Entiat Tributary Assessment  (Reclamation 2009a).   
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4. 	 CHANNEL SLOPE AND MODEL RESULT 
COMPUTATIONS 

4.1 	CHANNEL SLOPE 

Channel slope measurements were computed based on the 2006 LiDAR elevations measured 
along the centerline of the active channel.  Figure D–7 shows the slope break analysis by 
valley segment. Breaks in slope were estimated by hand drawing straight lines connected 
along the tops of hydraulic controls (riffles and rapids) in a spreadsheet plot.  Where the 
straight line no longer crossed the hydraulic controls because of a change in slope, a new line 
was drawn and a slope break identified. Slopes were computed between break points by 
dividing the change in elevation of the water surface by the distance between points.  Table 
D–7 shows the slope break data for RM 1.4–27. 
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Table D–7. Channel slope break data for RM 1.4–27.   

Upstream 
RM 

Downstream 
RM 

Elevation 
(feet) 

Distance 
(feet) 

Elevation 
Change (feet) Slope (ft/ft) 

Slope 
(percent) 

27 26.7 1862.4 1460 43.4 0.0298 2.98% 

26.7 26.2 1819.0 2940 27.8 0.0095 0.95% 

26.2 25.5 1791.2 3760 18.6 0.0049 0.49% 

25.5 25.4 1772.6 680 11.6 0.0170 1.70% 

25.4 25.2 1761.0 1320 7 0.0053 0.53% 

25.2 24.8 1754.0 2340 32.6 0.0139 1.39% 

24.8 23.9 1721.4 5200 24.7 0.0048 0.48% 

23.9 23.2 1696.7 3840 12.1 0.0031 0.31% 

23.2 22.8 1684.6 2620 32.9 0.0126 1.26% 

22.8 22.3 1651.7 2840 16.3 0.0057 0.57% 

22.3 21.1 1635.4 8020 18.6 0.0023 0.23% 

21.1 20.8 1616.8 1780 12.5 0.0070 0.70% 

20.8 19.9 1604.3 6100 14.3 0.0024 0.24% 

19.9 18.5 1590.0 8600 16.8 0.0019 0.19% 

18.5 16.1 1573.2 15620 26.8 0.0017 0.17% 

16.1 14.5 1546.4 9440 104.6 0.0111 1.11% 

14.5 11.8 1441.8 14120 140.6 0.0100 1.00% 

11.8 8.9 1301.2 15940 134.9 0.0085 0.85% 

8.9 8.2 1166.3 4720 56.9 0.0121 1.21% 

8.2 6.7 1109.4 8940 94.6 0.0106 1.06% 

6.7 6.05 1014.8 3880 48.8 0.0126 1.26% 

6.05 4.5 966.0 8000 82.7 0.0103 1.03% 

4.5 3.9 883.3 3400 39.4 0.0116 1.16% 

3.9 1.4 843.9 12040 111 0.0093 0.93% 

4.2 TOTAL STREAM POWER 

The parameter “total stream power” was first introduced by Lane (1955) for river 
morphology studies. It is a measure of the river’s transport ability and is especially useful for 
the prediction of dynamic adjustments of a river system due to changes of hydrologic and 
hydraulic characteristics. 

The total stream power is computed by multiplying the product of discharge, slope, and the 
specific weight of water for a given reach length (γQSX with units of power) (Bagnold 
1966). Stream power is typically computed per unit length, X=1, as in this report.  Further, 
the unit weight of water was assumed constant and therefore neglected.  Computations were 
based on the 2-year and 100-year discharges (Figure D–3) and channel slopes (Figure D–7).   

Generally, discharge tends to increase in the downstream direction in river basins as 
additional tributaries and runoff provide more flow.  Increasing discharge provides more 
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potential energy to transport sediment and large woody debris if other hydraulic conditions 
are otherwise comparable.  Increasing the slope can also increase the river’s ability to 
transport sediment and large woody debris while decreasing the slope can reduce transport 
capacity. 

4.3 UNIT STREAM POWER  

The “unit stream power” is defined as the rate of potential energy expenditure per unit weight 
of water (Yang 1996). This parameter stems from the general concept that the rate of energy 
dissipation used in transporting material should be related to the rate of material being 
transported. It is often used as an indicator of the relative energy required to transport a 
given sediment load among various cross-sections.   

The unit stream power is computed by multiplying the velocity and the friction slope (VS 
with units of feet/second) in the channel for a given cross-section.  Friction slope was 
computed by taking an average of the friction slope values from HEC-RAS of the two cross-
sections upstream, two cross-sections downstream, and the given cross-section (five-point 
average). The velocity of the channel was output from HEC-RAS at each cross-section.  The 
only difference between total stream power and unit stream power is that total stream power 
takes into account the cross-sectional area of the channel.  Therefore, not surprisingly, unit 
stream power calculations often yield the same general trends as the total stream power. 

4.4 WATER SURFACE ELEVATION COMPARISON 

The average increase in water surface elevation from the 2-year to the 100-year flood is 
2.3 feet. The maximum difference is 4.6 feet and the minimum difference is no difference 
between the water surface elevations. 

4.5 POTENTIAL INUNDATION AREAS 

The water surface elevations generated for the 2-year and 100-year floods were mapped 
against the LiDAR hillshade to see the spatial extent of the flooding.  Since human features 
areas, such as levees, were not considered the mapping represents potential areas of 
inundation. Several locations would likely not be inundated because a high point in the 
channel would not have been overtopped and there is no upstream connection to the main 
channel. Backwater effects are also exaggerated in this scenario.  However, it does show 
potential areas of inundation and areas were there may be opportunities to reconnect off-
channel habitat. Figure D–8 and Figure D–9 show examples of areas where the potential 
inundation has been mapped for the 2-year and 100-year events.  The potential inundation 
results for the entire assessment area are shown in maps 49–68 of the Entiat Tributary 
Assessment Map Atlas (Reclamation 2009c).   
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  Figure D–8.  2-year potential Inundation areas from RM 20.9–22.3.  

 

     

 

 

Figure D–9. 100-year potential inundation areas from RM 20.9–22.3. 
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5. SEDIMENT ANALYSIS METHODS 

5.1 PEBBLE COUNTS 

Pebble count samples were collected for RM 6.5–26 on typical point bars located throughout 
the assessment area during July and August, 2008.  The samples were collected with the 
intention of estimating the magnitude of flow that it took to rework the surface layer of the 
bars. Table D–8 lists the pebble count locations and D50 of the sample.  Because there are 
limited point bars between RM 6.5–18, no samples were collected in this area.   

Table D–8. Pebble counts from July and August, 2008. 

Pebble 
Count 

River Mile D50 (mm) 

1 25.8 83.3 

2 24.7 49.7 

3 24 58.3 

4 22.4 33.1 

5 21.5 37 

6 19.8 42.7 

7 17.4 41.3 

8 16.4 28.6 

9 18.7 48.1 

10 8.6 64 

The Wolman Pebble Count method was employed where 100 pebbles in approximately 
1-foot intervals along the unvegetated portions of sediment bars were measured.  A position 
on the bar was selected that represented the typical surface sediment and was not influenced 
by local features such as a large piece of wood.  Where possible, the middle of the point bar 
was selected.  Four 25-foot lines were used spaced approximately 5 feet apart.  An example 
of a bar where a pebble count was taken is shown in Figure D–10.   

For each sample location the first layer of surface sediment (typically a diameter thick) was 
peeled off and a photograph taken of the underlying surface (Figure D–11).  In general, the 
underlying sediment appeared smaller than the surface sediment.   

As part of the data collected for the previous effort on RM 1.4–6.9, a series of Wolman 
Pebble Counts were collected by the Wenatchee National Forest Entiat-Chelan Ranger 
District in 2005 and 2006 at pre-determined sites along the active channel, side channels, and 
bars. This data yielded sediment-size distributions; these were used in comparisons against 
sediment sizes calculated to be at “incipient motion” (see Section 5.2 below) to see how often 
(magnitude of flow event) this material gets reworked.  Photographs and data for all pebble 
count locations are electronically available upon request.    
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Figure D–10.  Bar where pebble count was taken with measuring tape layout 

 

 

Figure D–11.  Bar material below first layer of surface sediment.   
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5.2 INCIPIENT MOTION ANALYSIS 

“Incipient motion” is defined as the threshold conditions between movement and deposition 
of a single particle (Julien 1998). This parameter identifies the largest particle diameter that 
the stream is likely to move at a given flow rate.  Comparing incipient motion calculations to 
the size of material present in the active channel identifies ranges of flood frequencies that 
are likely to mobilize the channel bed or bar material resulting in the reworking of the active 
channel. This analysis was performed using the Shield’s method (Shields 1936) at the 2-year 
and 100-year floods This provides a bracket on the range of flows that can be expected to 
accomplish the majority of channel reworking and coarse sediment mobilization over decadal 
periods of time.   
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6. HISTORICAL SURVEY DATA COMPARISON 

The flood insurance study (FEMA 2004) had cross-sections for the Entiat River from RM 0– 
20. The study included multiple rivers.  Cross-section information was either taken from 
detailed topographic maps or from topographic maps that were photogrammetrically 
prepared for the floodplain area if mapping was not available, and cross-sections were 
digitized for input. Underwater channel geometry was determined by field inspection.  The 
ACOE HEC-2 step backwater 1-D computer program was used to calculate water surface 
elevations. To compare the FEMA information, the vertical datum was converted from 
NGVD 1929 feet to NAVD 1988.  The cross-section locations were converted into the 
current HEC-RAS stationing by rectifying the FEMA floodplain maps and finding the 
location where the FEMA cross-section intersected the current river centerline.   

The thalweg comparison plots show some changes in the channel bottom (Figure D–12).  
However, it is difficult to quantify the exact amount of aggradation or incision because the 
LiDAR data is not the actual river bottom in many locations.  The average difference 
between the LiDAR data and the FEMA thalweg elevation is 6 feet; the range of differences 
is from –8 feet to +33 feet.  The largest differences occur between RM 8–16.  If the FEMA 
cross-sections were measured through pools, some of the difference could be explained by 
the LiDAR limitations.  Another limitation is how well the FEMA topographic mapping was 
prepared. It is difficult to determine if any channel elevation change has occurred due to 
these limitations.   
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Figure D–12.  Thalweg comparison of FEMA study and current HEC-RAS thalweg.   
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1. DATA COLLECTION 

To gain a better understanding of the system hydraulics and geomorphic trends on the lower 
six miles of the Entiat River, a ground survey of the active channel was conducted.  These 
data (Erlandsen points) were collected in October and November of 2005.  They consisted of 
38 cross-sections spaced approximately from 500 to 750 feet apart and roughly corresponded 
to every 5 to 7 channel widths.  Additional, pre-existing data was used to supplement the 
Erlandsen points. These data included a survey used for the Griffith screen and diversion site 
(Griffith points), collected in March and April of 2003, as well as a Natural Resources 
Conservation Service (NRCS) survey (Lange points) that was collected in April of 2005.  
Together, these data were used to create a numerical hydraulic model representing the 
hydraulic conditions from river mile (RM) 1.5 to 6.9 on the Entiat River.   

In addition to the survey data, a series of Wolman Pebble Counts were collected by the U.S. 
Forest Service (USFS) in 2005 and 2006 at pre-determined sites along the active channel, 
side channels, and bars. These data yielded sediment size distributions that were later used in 
a spatial trend analysis of the material sizes.  This information was also used in comparisons 
against sediment sizes calculated to be at incipient motion to see how often (magnitude of 
flow event) this material gets mobilized.  The “Bridge-to-Bridge” reach (RM 3.2–4.6) 
displaying the above mentioned data is shown in Figure E–1.   

E-1  

 Figure E–1. Utilized data for the Bridge-to-Bridge Reach.  
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2. DATA ANALYSIS 

2.1 SURVEY DATA 

A set of 51 cross-sections was developed from the survey data and used as input to a one-
dimensional (1-D) hydraulic model.  Two such cross-section profiles from this set are shown:  
RM 2.34 (Figure E–2) and RM 4.53 (Figure E–3).  The profile at RM 2.34 illustrates the 
current conditions at an existing point-of-diversion (POD), showing the main active channel, 
the top of the diversion, and the diversion pool on river left (looking downstream).  The 
profile at RM 4.53 illustrates the current conditions at a bridge crossing and shows the main 
active channel, the bridge embankment, and the top of the roadway.   
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Figure E–2. Cross-section profile at RM 2.34 showing pertinent channel features. 
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Figure E–3. Cross-section profile at RM 4.53 showing pertinent channel features. 
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Survey data was also used to plot a thalweg profile, shown in Figure E–4.  The profile shows 
a 290-foot drop in channel bed elevation over 5.3 miles, resulting in an average slope of 
1.04 percent.  Reach-scaled slopes (through recognizing slope breaks) of 0.95 percent to 
1.55 percent occur throughout the lower six miles.  The overall profile shows a relatively 
consistent/uniform slope that is completely void of large pools, although periodic smaller 
pools come through at smaller project-level scales. This profile is indicative of a river that 
has been channelized and cutoff from the surrounding floodplain.   
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Figure E–4. Thalweg profile, RM 6.9–1.5. 
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2.2 SEDIMENT DATA 

Wolman Pebble Counts were collected throughout the lower six miles by the USFS.  These 
yielded individual bed material gradation and distribution curves of the surface layer, one of 
which is shown in Figure E–5. This particular pebble count, located at approximately 
RM 3.1, appears to have a bimodal distribution.  The larger mode represents the immobile 
armoring material (boulder/cobble) while the smaller mode represents the mobile 
depositional material (sand) that gets reworked frequently.  The smaller mode is also 
indicative of the artificial bias associated with this testing method.  This type of distribution 
is thematic throughout the lower Entiat River.  The resultant median grain size (D50) at this 
particular location is approximately 115 mm, which falls into the upper end of the small 
cobble range, typical of armored systems.   
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Figure E–5. Pebble count distribution and gradation curve at RM 3.1. 
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A summary of all the pebble counts is shown in Figure E–6, which displays the gradation of 
the surface layer on bars as well as in the channel, in addition to the cutoff threshold between 
gravel and cobble material (64 mm).  The points indicate the median diameter (D50) while the 
whiskers show the particle diameter at which 16 percent and 84 percent of the material is 
smaller, referred to as the D16 and D84, respectively. Therefore, the whiskers show the range 
of material present in the armor layer; the wider the range the more graded/sorted the 
material.  The D50 indicates the typical size of material the river must transport to access the 
underlying bar or channel material.  The D50 of the bar material ranges from medium-gravel 
sized to large-cobble sized sediment, while the D50 of the channel material falls solely within 
the cobble range. In general, the channel material is coarser than the bar material, which is 
further indicative of an armored system.  Also, the channel material seemed to generally get 
coarser further up the river (further from the confluence).   
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Figure E–6.  Channel and bar pebble count gradations by river mile.   
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3. HYDRAULIC MODEL 

A HEC-RAS (one-dimensional) backwater model was used to simulate the river hydraulics 
in the existing state. The steady-flow component of the model was utilized for calculating 
water-surface profiles for steady gradually varied flow.  This component is capable of 
modeling subcritical, supercritical, and mixed-flow regime water-surface profiles.  The basic 
computational procedure used is based on the solution of the one-dimensional energy 
equation. Energy losses are represented through friction (Manning’s Equation) and 
contraction/expansion (coefficient multiplied by the change in velocity head).   

This model was developed utilizing terrain data from the ground survey for the active 
channel, and 10-meter resolution USGS digital elevation models (DEM) for the overbank 
areas. Pre-processing of the modeling was accomplished within an ESRI (Environmental 
Systems Research Institute, Inc.) ArcGIS™ environment utilizing GeoRAS, which is a 
custom interface for HEC-RAS and ArcGIS.  Model input data, which includes a centerline, 
bank lines, flow path lines, and cross-sections, were developed within the GIS using 
GeoRAS. 

The downstream boundary condition was a normal depth slope, determined by the average 
slope of the reach under analysis.  The upstream boundary condition was various discharges 
relating to storm recurrence intervals pre-determined from a Flood Frequency Analysis 
(Sutley 2006; see Table E–1) conducted on the USGS Keystone Gage (#12452990) at 
RM 1.4. The Manning’s n (roughness) value was calculated with Manning’s Equation 
utilizing variables obtained from a survey conducted by the USGS at the Keystone Gage on 
May 11, 2005. As a check, roughness values were also empirically estimated using an 
average of various methodologies, including Limerinos (1970), Lane and Carlson (1953), 
Anderson et al. (1968), and Chow (1959).  The average resultant value was similar to that 
obtained through Manning’s Equation calculated with the gage data.   

Table E–1. Event recurrence interval discharges (cfs) from a flood frequency analysis. 

2-year 5-year 10-year `25-year 50-year 100-year 

3,134 4,511 5,460 6.697 7,643 8,609 
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4. MODEL RESULTS AND ANALYSIS 

4.1 UNIT STREAM POWER 

Unit stream power, computed as the product of the bankfull water surface/energy slope and 
depth-averaged velocity (VS), is defined as the rate of potential energy expenditure per unit 
weight of water (Yang 1996). Stemming from the general concept that the rate of energy 
dissipation used in transporting material should be related to the rate of material being 
transported, this parameter is often used as an indicator of the relative ability of the stream to 
transport a given sediment load among various cross-sections.  Therefore, sediment transport 
rate is directly related to the unit stream power.  It is especially useful for the prediction of 
dynamic adjustments of a river system due to a natural and/or man-made change of 
hydrologic and hydraulic characteristics. Velocity incorporates the impact of channel 
geometry on sediment transport, while the slope represents the stream’s energy.   

Often, unit stream power can be used to look at relative comparisons of sediment transport 
capacity between geomorphic reaches using a series of cross-sections representing a range of 
hydraulic conditions within each reach.  However, six miles is comparatively short for 
distinguishing large-scale geomorphic trends.  Therefore, this analysis focused on the overall 
trend of the entire study area, treating it as a reach unto itself.  This parameter, which was 
computed using the hydraulic modeling results for the 2-year flow event, does not provide 
quantitative information as to the actual quantities or sizes transported.  Additionally, this 
analysis did not differentiate between floodplain areas and the active channel.   
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Figure E–7 shows the unit stream power along the lower Entiat River.  Local variability in 
unit stream power represents the difference between surveying pool, riffle, and glide cross-
sections. There is a slight decreasing trend in the downstream direction (as a result of 
decreasing velocities and/or slope), which generally suggests a decreasing ability to transport 
sediment in this direction.  However, geomorphic observations of an armored bed with few 
sediment bars, a relatively small amount of large woody debris, and not much channel 
complexity were made on the lower six miles; these indicated that the unit stream power and 
discharge is high enough to overcome decreasing slopes in the river.  Also, discharges 
generally increase in the downstream direction due to tributary, groundwater, and return 
flows. Significant flow increases could increase the unit stream power as well.   
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Figure E–7.  Entiat River unit stream power by river mile.   
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4.2 INCIPIENT MOTION 

“Incipient motion” is defined as the threshold conditions between movement and deposition 
of a single particle (Julien 1998). This parameter identifies the largest particle diameter –– 
the “critical grain size” –– the stream is likely to move at a given flow rate.  Comparing 
incipient motion to the size of material present in the channel identifies ranges of flood 
frequencies at which the channel is likely to mobilize the channel bed resulting in reworking 
of the active channel. This analysis was performed using a variety of flow events and 
methods and averaging the results.  Methods included Shields (1936), Meyer-Peter and 
Müller (1948), the competent bottom velocity method from Mavis and Laushey (1948), and 
Yang (1973). 

Figure E–8 shows the average incipient motion diameters in relation to channel, bar, and side 
channel median material along the Entiat River for the 1.5-, 10-, and 100-year floods.  This 
provides a bracket on the range of flows that can be expected to accomplish the majority of 
channel reworking and coarse sediment mobilization over decadal periods of time.  In 2005, 
the NRCS performed a bankfull discharge regression analysis that utilized data from two 
USGS gages, Ardenvoir and Keystone.  It was concluded from this analysis that the 1.5-year 
flood event (2,435 cfs) represents bankfull conditions at the Keystone Gage (Lange 2005).  
This is often used as a benchmark flow, where flows equal to or greater than are capable of 
reworking the sediment within the active channel.  If flows larger than a 1.5-year flood are 
needed to rework the channel, it is a possible sign of channel armoring and/or incision.  
According to the incipient motion analysis results, flows between the 1.5- and 10-year floods 
mobilize the majority of the bar material with a few locations requiring even less flow than 
the 1.5-year flood. As mentioned previously, the average grain size of the channel material is 
seen to be coarser, generally requiring flows larger than the 10-year flood to mobilize, even 
requiring flows larger than the 100-year event in certain areas.  In general, the data suggests 
it is more typical 
that a larger-than­
bankfull event be 
required to rework 
the material in the 
active channel.   

Figure E–8.  Entiat 
River incipient 
motion in relation to 
channel, bar, and side 
channel D50 by river 
mile. 
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The data further suggests that incipient motion criteria are largely dependent on whether or 
not the floodplain is geologically confined. To test this correlation, a dimensionless analysis 
was completed by plotting at each cross-section the 2-year-flood-wetted-width-to-depth ratio 
against the critical-grain-size-to-median-grain-size (D50) ratio (Figure E–9). To make the 
critical grain size dimensionless, each value was divided by the average of the combined bar 
and channel D50 measurements.  Depths are very small relative to the wetted widths, so the 
width-to-depth ratio is largely dependent on fluctuating widths. The analysis suggests that 
the more confined the floodplain, the larger the critical grain sizes in the channel bed, and 
thus the greater the channel armoring.   
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4.3 WIDTH-TO-DEPTH RATIOS 

The active channel wetted width-to-depth ratio summarizes the channel shape.  The optimum 
width-to-depth ratio for maximizing the channel’s transport capacity has been shown to 
increase with discharge, slope, and particle fineness (Knighton 1998).  The width-to-depth 
ratios as computed for the 2-year flood event (3,134 cfs) are shown in Figure E–10.  The 
wetted widths are an order of magnitude greater than the depths at the 2-year flood.  This 
indicates the width-to-depth ratios being mostly dependent on fluctuation in the active 
channel width. For the Entiat River, the width-to-depth ratios range from 15 to 120.  For the 
2-year event, computed wetted active channel widths range from 75 to 365 feet, and cross-
section averaged hydraulic depths range from 2.25 to 5 feet.  A general decreasing trend in 
width-to-depth ratio is seen in the downstream direction; this trend is generally associated 
with increasing channel confinement, and decreasing bank erodibility and bed-load transport 
(Knighton 1998). 

E–12 


 

  

 

0 

20 

40 

60 

80 

100 

120 

1234567 

River Mile 

W
/D

 R
a

ti
o

 

Figure E–10. Active channel wetted width-to-depth ratio for Entiat River.   
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4.4 ECOSYSTEM DIAGNOSIS AND TREATMENT (EDT) MODEL 

“Ecosystem diagnosis and treatment” (EDT) is an analytical method relating habitat features 
and biological performance to support conservation and recovery planning (CCCD 2004); the 
EDT model describes how certain salmonid populations interact with the environment, 
relative to habitat conditions. This methodology, which is based on approximately 47 habitat 
attributes, was used by the Entiat Watershed Planning Unit (EWPU) to describe historic and 
current fish habitat conditions in the Entiat River watershed.  Out of this analysis came depth 
and velocity habitat use curves for various fish species including steelhead, Chinook salmon, 
and bull trout. An example of such curves, depicting the velocity preference for adult 
spawning and juvenile steelhead, is shown in Figure E–11.  Steelhead is the species of 
primary focus on the lower Entiat River.  The habitat-use velocity curves show a nominal 
preferential velocity range of 2.5 to 3.25 feet per second (fps) for adult spawning and 1.3 to 
2.4 fps for juvenile steelhead. 
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Figure E–11.  EDT velocity preference curves for spawning and juvenile steelhead.   
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In-stream velocities were determined for a range of flows at each cross-section using the 
hydraulic modeling results to see how they matched up with the preferential curves.  The 
results from this analysis at the cross-sections making up the Bridge-to-Bridge reach 
(RM 3.2–4.6) are shown in Figure E–12.  Preferential velocities are shown to be exceeded 
rapidly and at relatively low flows, indicating Bridge-to-Bridge reach.  The entire set of 
velocity curves from the limits of this study showed comparable results.   
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5. MODEL CONCLUSIONS 

Results of the geomorphic assessment revealed the general condition of the lower Entiat 
River being a confined, artificially straightened, over-steepened, riffle-dominated, high-
gradient transport reach cut-off from the floodplain and side channels by manmade levees 
and fill.  Data was collected and analyzed using a one-dimensional hydraulic model.   

Model results yielded a slight decreasing trend of the unit stream power in the downstream 
direction, generally suggesting a decreasing ability to transport sediment.  However, 
geomorphic observations indicate that the unit stream power is high enough to maintain the 
lower Entiat River as a transport reach.  Incipient motion calculations yielded that flows 
larger than the 10-year flood are required to mobilize the majority of the channel material, 
which is indicative of channel armoring and/or incision.  The width-to-depth ratios range 
from 15 to 120 for the 2-year event with a general decreasing trend in the downstream 
direction; this trend is generally associated with increasing channel confinement, and 
decreasing bank erodibility and bed-load transport.  Lastly, results from an EDT analysis 
showed preferential habitat velocities to be exceeded rapidly and at relatively low flows, 
indicating a small amount and brief occurrence of preferential habitat for steelhead (species 
of interest) in the lower Entiat River. 
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1. AVAILABLE DATA 

This section describes data acquired and utilized for the tributary assessment.  An electronic 
literature database has also been developed and is available upon request.   

Materials used for geomorphic mapping include historical maps and aerial photographs to 
assess changes over time (Table F–1 and Table F–2).  Photographs and maps that were not 
already rectified1/ were put in a geographic information system (GIS) database in a known 
datum by the Bureau of Reclamation (see Section 2 following for methods).  Coverage of 
each map and photo set varied, but the earliest aerial photography found was 1945 and the 
oldest documentation of river position on a map was from 1893, albeit at a very coarse scale 
with several errors. 

Survey data available in a known datum included a 1959 5-foot water-surface profile from 
USGS ( 

1/  The process of “orthorectification” or placing an image over a known reference point or datum. 
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Table F–3); intermittent project level survey data between RM 0 and 6.5; a longitudinal 
profile between RM 0 and 6.5; and LiDAR (light distance and ranging) data collected in fall 
of 2006 ( 
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Table F–3). 

Pebble-count data in the unvegetated active channel were collected in 2005 by USFS (for 
Reclamation) and in 2008 by Reclamation, which focused on sediment bars that have the 
potential to be mobilized during high flows (Table F–4).  (The methods are documented in 
Section 5.1 of Appendix D and of Appendix E).  McNeil core sampling sediment data has 
been collected by the USFS to look at fine sediment content in redds (see Appendix H, 
“Biological Overview”).  Additionally, there is an Integrated Status and Effectiveness 
Monitoring Project2/ (ISEMP) is collecting sediment samples in certain monitoring reaches of 
the Entiat, but the data is not yet available for distribution.   

Erikson (2004) mapped riparian vegetation in three general categories –– Riparian Forest, 
Riparian Meadow, and No Riparian; this was done with three relative height categories from 
RM 0 to 26 in 2004 (Table F–5). Erikson also did a comparison in the lower ten river miles 
of riparian vegetation presence in 1945 and 2004.  The U.S. Forest Service provided 
vegetation mapping of conditions at the subwatershed scale.  Vegetation mapping from 
ISEMP is also available.  Reclamation mapped the presence of single logs or log jam 
complexes on 2006 aerial photography.  The locations were field validated at some locations 
in 2008. The mapping is considered coarse and for general analysis purposes only; no 
distinction or measurements were made as to the size of logs mapped or the number of logs 
in complexes.   

Ground photographs and photographs from a reconnaissance flight were collected in digital 
form and are available upon request from 2005 to 2008 ( 

2/ NOAA Fisheries Service, Northwest Fisheries Science Center, 
http://www.nwfsc.noaa.gov/research/divisions/cbd/mathbio/isemp/index.cfm 
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Table F–6). Photographs are provided throughout the report and are available upon request.   

The Entiat River habitat conditions were surveyed in 1934-1936 by the U.S. Bureau of 
Fisheries (BOF 1936) and in 1972, 1992, and 1994 by the Wenatchee National Forest (Table 
F–7). Preston Creek to Entiat Falls (RM 23.4–34) was surveyed in 1994 by a contractor 
(Resources NW) using the Hankin and Reeves Methodology (see Appendix H “Biological 
Overview” for more information).  To evaluate water temperature patterns, thermal infrared 
(TIR) and color videography (data are available for low-flow periods in 2001).  These images 
are not rectified in a known datum and were not used extensively for the scale of this 
tributary assessment, but may be of use at refined, smaller scale analyses.  Annual 
monitoring of temperature, sediment, and spawning areas by the WDFW, FWS, and 
Okanogan-Wenatchee National Forest are also known to exist (see Appendix H).  Additional 
water temperature data may be available from Washington Department of Ecology (WDOE) 
but was not acquired for this assessment scope of work.  Attachment F–2 is a list of 
documents produced by WDOE.   

Hendrick (2004) digitized previous historical channel mapping to examine changes in 
channel migration and sinuosity from RM 18–22 (Table F–8).  Additional channel mapping 
was done by Reclamation from RM 0–26 (Table F–8).  Appendix C (“Geomorphic Data”) 
provides an interpretation of this information.   

Table F–1.  List of aerial photographs utilized in geomorphic assessment.   

Date Source River Coverage Type 

2002 USFS RM 0–26 Hard copy stereo pairs; 1:6,000 

October 11-13, 2006; 
October 20, 2006 

Reclamation 
(Watershed Sciences 

2007) 

RM 0–29 along 
Entiat mainstem 

Color orthophoto 

2006 USDA (2008)/ Entiat subbasin Color orthophoto 

2004 Cascadia 
Conservation District 

RM 0–13.6 along 
Entiat mainstem 

Color orthophoto 

1998 USGS Entiat subbasin B&W orthophoto 

1989 Cascadia 
Conservation District 

RM 0–11.7 along 
Entiat mainstem 

Color hard copies scanned and 
rectified into GIS 

1975 University of 
Washington Library 

RM 9.5 to near 
headwaters of Entiat 

mainstem 

B&W hard copies scanned and 
rectified into GIS 

1975 USFS RM 0–17.2 along 
Entiat mainstem 

Color hard copies scanned and 
rectified into GIS 

1962 Central Washington 
University Library 

RM 0 to near 
headwaters of Entiat 

mainstem 

B&W hard copies scanned and 
rectified into GIS 

1962 USFS RM 0–6.5 along 
Entiat mainstem 

B&W hard copies rectified into GIS 

1945 ACOE; hard copies 
scanned by WDOE 

RM 0–26 along 
Entiat mainstem 

B&W hard copies scanned and 
rectified into GIS 
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Table F–2.  List of historical maps utilized in geomorphic assessment. 

Date Source Coverage Type 

2002 Dragovich et al. (2002) Subbasin Geologic Map of Washington-
Northwest quadrant, scale 

1:250,000.  Geologic Map GM-50,. 

Revised 1989 FEMA (2004)) RM 0–20 Floodplain map 

1987 Tabor et al. (1987) Subbasin Geologic map of the Chelan 30-
minute by 60-minute quadrangle, 

Washington: USGS Miscellaneous 
Investigation Series Map I-1661, 

scale 1:100,000 

Channel sections based 
on 1973 aerial 
photography 

USGS Entiat 
Subbasin 

7.5-minute quadrangle 

Surveyed in 1958 and 
1959 

USGS (1959) RM 13.7–24.1 Dam site survey map; 20 ft contour 
on land; 5 ft contour on water 

surface; datum mean sea level 

Surveyed 1883; coarse-
scale river position with 
significant displacement 

Surveyor General’s 
Office (now BLM) 

RM 0–2.1 Township and range map (GLO) 

Surveyed 1883; coarse-
scale river position with 
significant displacement 

Surveyor General’s 
Office (now BLM) 

RM 2.1–7.1 Township and range map (GLO) 

Surveyed in 1915 to 
1921 

Surveyor General’s 
Office (now BLM) 

RM 7.1–13.8 Township and range map (GLO) 

Surveyed 1883; 
resurveyed in 1915 to 
1918 with more detail 

Surveyor General’s 
Office (now BLM) 

RM 13.8–15.6 Township and range map (GLO) 

Surveyed 1883; 
resurveyed in 1915 to 
1918 with more detail 

Surveyor General’s 
Office (now BLM) 

RM 15.6–23 Township and range map (GLO) 
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Table F–3. List of available topographic data in a known survey datum for assessment area. 

Collected Type Source Coverage Method 

October 26 
and 28, 2006 

Bare earth and first return 
ASCII data; 1-m grid and 

0.5 m contours 

Reclamation 
(Watershed Sciences 

2007) 

RM 0–28 LiDAR Data 
(UTM Zone 10, 

meters) 

April 2005 Cross-section and 
longitudinal profile data 

NRCS RM 3.2–3.7 total station 
ground survey 

October and 
November 

2005 

Longitudinal profile Reclamation ( Erlandson 
& Associates, contractor) 

RM 1.4 –6.9; 

RM 1.5–6.9; 
38 cross-

sections from 
500 to 750 feet 

apart 

GPS and total 
station ground 

survey 

March and 
April 2003 

Cross section and 
topographic data 

Reclamation (Ephrata 
Field survey office) 

RM 4.3–4.7 GPS and total 
station ground 

survey 

1970s Cross sections FEMA (2004) RM 4–14 Ground survey 
(station-elevation 
data only; NGVD 

1929 ft) 

Surveyed in 
1958 and 

1959 

20 ft contour on land; 5 ft 
contour on water surface; 

datum mean sea level 

USGS (1959) RM 13.7–24.1 Unknown 

Table F–4.  List of sediment data collected for geomorphic assessment. 

Date Collected Source River Coverage Type 

October and 
November 2005 

USFS RM 1.4–6.5 Bar surface and riverbed pebble counts 

July 2008 Reclamation RM 16–26 and 
RM 8.6 

Bar surface pebble counts 

Table F–5.  List of vegetation data available for Entiat Subbasin. 

Date Source River Coverage Type 

2006 Reclamation RM 0–26 Coarse-scale mapping of large woody debris 
presence from 2006 aerial photography 

1945 Erikson (2004 RM 0–10.4 Riparian vegetation presence 

1998 Erikson (2004) RM 0–25.7 Vegetation categories of riparian forest, 
riparian meadow, riparian forest burned, 

riparian meadow burned classified by 
relative height (small, medium, or large), and 

no riparian 

1949 to 2002 USFS Entiat Subbasin Vegetation species, timber harvest and 
management, fire areas 

1902 Plummer (1902) Entiat Subbasin Vegetation species, clear cut, timberless, 
and fire area mapping 

F–6 




 

 

 
 

   

 

 

 

 

 

 

  

 

   

  

  

 

 

 

 

 

 

 

Appendix F – Data Utilized for Tributary Assessment   

Table F–6.  Ground photographs collected during field visits. 

Date 

Mean Daily Flow (cfs) at 
USGS gage (average if 

multiple days) Source 
River 

Coverage 
Purpose 

Ardenvoir Entiat 

July 22–24, 
2008 

298 343 Reclamation RM 0–26 
Field validation 

and analysis 

July 21, 2008 309 361 Reclamation 
Entiat 

Subbasin 
Flight 

Reconnaissance 

November 17– 
19, 2008 

337 416 Reclamation RM 0–26 
Field validation 

and analysis 

October and 
November, 

2005 
69 101 USFS RM 0–6.5 Pebble Counts 

Table F–7.  Habitat data referenced in geomorphic assessment.  

Date Source River Coverage Type Spatial 
Representation 

1995 Chelan County 
Conservation District 

RM 0–20 Stream inventory Partial GIS data 

1994 Wenatchee National 
Forest (contract crew)  

RM 23.4–34 Hankin-Reeves No GIS data 

1972, 1992, 
1994 

Wenatchee National 
Forest 

RM 0–20 USFS Methods No GIS data 

1935-1936 BOF (1936) RM 0–43 Habitat survey Reach-averaged; 
no GIS data 

Table F–8.  Historical channel mapping available. 

Date Source River Coverage Spatial Representation 

1945, 1962, 1972, 1985, 
1989, 1992, 1994 

Hendrick 
(2004) 

RM 17.6–22.8 
(1989 only RM 21.3–21.9) 

Main channel centerlines in GIS 

1945, 1962, 1975, 2006 Reclamation RM 026 Main channel centerlines in GIS 

1945, 1962, 1975, 1989, 
1998, 2004 

Reclamation RM 0–6.5 Main and side channel bank lines 
in GIS 
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2. 	 HISTORICAL PHOTOGRAPH AND MAP 
RECTIFICATION 

Historical aerial photographs from 1945, 1962 and 1975 were acquired and scanned (Table 
F–1). The three historical scanned image sets were “rectified,” which means the images can 
be displayed and used for GIS mapping in a known set of coordinates.  The coordinate 
system used was Washington State Plane NAD 1983 feet.  Orthophotography from 2006 was 
used for the rectification; this is because it has been corrected to produce an accurate image 
of the Earth by removing tilt and relief displacements which occurred when the photo was 
taken. The rectification process involved identifying a series of ground control points that 
link locations on the scanned image with locations on the spatially referenced 
orthophotography. Control points are locations that can be accurately identified on the 
scanned images and in real-world coordinates.  Many different types of features were used to 
identify locations, including road and stream intersections, the mouth of a stream, rock 
outcrops, the corner of an established field, and street corners. The control points were used 
to build a first-order transformation that converted each scanned image into a spatially-
correct raster dataset.3/  More information on the photograph rectification process is 
contained in Attachment F–1.   

Historical maps from 1893 to 1917, 1959, and 1989 were also rectified to a known 
coordinate system (Table F–2).  The historical maps were rectified by matching control 
points along township and range boundaries from the historical maps with the most recent 
available USGS 7.5-minute quadrangles in digital form.  A “digital raster graphic” (DRG) is 
a scanned image of the standard series topographic maps, including all map collar 
information.4/  The image inside the map is georeferenced to the surface of the earth and fit to 
the Universal Transverse Mercator (UTM) projection (reprojected in this case to Washington 
State Plane NAD 1983).  The maps have varying degrees of errors depending on the scale of 
the map and the original methods, which are not well documented.  Most maps did not 
include detailed metadata on methods or presumed accuracy.  The 1893 to 1917 maps appear 
to have the most error, particularly near the mouth where the river alignment in places shows 
the river running through bedrock.  The historical maps also document settlement activities 
and, in some cases, historical logging and fire areas.   

3/ A “raster” is a commonly used GIS image made up of rows of pixels. A “raster image” is a data file or 
structure representing a generally rectangular grid of pixels, or points of color.  Each pixel has a single value.   

4/ The map collar is the area around the map that contains information such as projection, quadrangle location, 
latitude/longitude and UTM tick marks, map scale, etc.   
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3. LIDAR DATA PROCESSING 

The LiDAR data collected in 2006 can be used to produce color-coded maps that represent 
the change in elevation across the valley floor.  There is a wide range of LiDAR elevation 
values between the upstream and downstream ends of the assessment area, and between the 
valley walls and the valley floors. A typical color-coded image of the surface elevation 
produced in ArcGIS does not show the localized changes in elevation that are of interest for 
this assessment.  Of particular focus are having visual images that can be used to evaluate the 
elevation of historical channels and adjacent surfaces compared to the present main channel.  
The difference in elevation is in part used to distinguish between historical channels and 
floodplain surfaces, and also to evaluate whether the present river has signs of incision 
because it is lower or higher than historical channel areas.  This is of particular value in 
meandering sections where it is difficult to know how to draw a cross-section alignment that 
is a fair representation for elevation comparison between two channels of differing 
alignments and lengths.  Therefore, an image was produced from the LiDAR data that shows 
the elevation of historical channels and floodplain surfaces relative to the present main 
channel. The relative elevation surface model is a fairly quick process for which the methods 
are described below. 

LiDAR Bare Earth points were used to develop a three-dimensional river centerline 
representing the main channel of the Entiat River.  Main-channel elevation values were 
extended across the valley by creating evenly spaced, valley-wide cross sections 
perpendicular to the centerline, then populating the cross-section elevations with values 
extracted from the centerline to create a series of flat cross sections.  The elevation values of 
the cross sections were used to create an ESRI TIN surface and subsequently converted to an 
ESRI GRID that was used as the main channel elevation model in the calculation.  Relative 
elevation values were calculated by subtracting the main-channel-elevation model ESRI 
GRID from a valley-wide, LiDAR Bare Earth ESRI GRID.   

4. HYDRAULIC MODEL RESULTS 

Elevation values of the HEC-GeoRas cross sections were used to create 2-year and 100-year 
ESRI TIN surfaces which were subsequently converted to 1-foot resolution ESRI GRIDs.  
Depth values were calculated by subtracting the 2-year and 100-year surface values from a 
valley-wide, 1-foot resolution, LiDAR Bare Earth ESRI grid.   
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5. GIS DATABASE 

GIS databases were generated to document information utilized from external sources and to 
document information generated by Reclamation for this assessment (Table F–9).  For the 
Reclamation databases, metadata were generated for each file that documents the methods 
and pertinent information in developing the file.  For the non-Reclamation database, 
metadata were generated to represent the source and any known information about the 
methodology for the GIS files.  Most of the external data is publically available, but in some 
cases distribution may be limited and the original source will need to be contacted to get a 
copy of the data. The majority of Reclamation-developed GIS data is in the Washington 
State Plane NAD 1983 and NGVD 1988 coordinate system, feet.   

Table F–9.  List of GIS geodatabases generated for tributary assessment. 

Geodatabase Name General Description Period Entiat RM Source 

Entiat_BaseLayers General landmark files such as 
study area, river miles, tributary 

drainages, etc  

2006 to 
2008 

RM 0–26 Reclamation 

Entiat_Channels Historical channel centerline and 
banklines 

1945 to 
2006 

RM 0–26 Reclamation 

Entiat_Geomorphology Surficial geologic mapping 2006 to 
2008 

RM 0–26 Reclamation 

Entiat_HistoricalData 1902 USGS mapping of clear-
cuts, fires, and timberless areas; 

1971 ACOE LWD clearing; 
historical mill sites 

Early 
1900s 

to 1971 

RM 0–26 Generated by 
Reclamation;.  

Sources include 
Plummer (1902); 

ACOE (2001); 
Long (2001) 

Entiat_HumanFeatures Line and point features 
representing anthropogenic 

features along the Entiat River 
and floodplain 

1945 to 
2008 

RM 0–26 Reclamation 

Entiat_Vegetation Large woody debris presence 2006  RM 0 to 26 Reclamation 

Entiat_ExternalData USFS (subbasin scale 
vegetation, road density, timber 

harvest, and fires); 
Chelan County (parcel data); 

Erickson (riparian Vegetation). 

Varies RM 0–26 USFS; 
Chelan County; ; 
Erickson (2004) 

ModelResults  Potential inundation from 2- and 
100-year floods along Entiat 

River floodplain 

2006 RM 1.4–28 Reclamation 

EntiatGIS Relative elevation analysis and 
LiDAR contours, DEM, and 

hillshade 

2006 RM 0–26 Reclamation 

EntiatBasinProfile  Longitudinal 50-ft profile 
generated from 2006 LiDAR data 

along Entiat River centerline 

2006 RM 1.4–26 Reclamation 

Note: additional detail can be found in the embedded metadata for each geodatabase.   

F–10 




 

 

 
 

 

  

 

 

    

  

 

 

  

 
 

 

  
 

  

Appendix F – Data Utilized for Tributary Assessment   

6. REFERENCES 


In Text 	 Bibliographic Citation 

ACOE 2001 	 U.S. Army Corps of Engineers.  2001. Historic Flood Restoration in 
Entiat River Basin File Note. Obtained by Cascadia Conservation 
District via phone conversation and file retrieval by ACOE Seattle 
District, Emergency Management Branch Operations Division.   

BOF 1936 	 U.S. Bureau of Fisheries. 1936.  Entiat River Physical Stream Survey 
Reports 1934, 1935, and 1936. Mad River Physical Stream Survey 
Reports, 1934, 1935, and 1936. Scanned by Oregon State University 
Library Archives.  [BOF is a predecessor of the National Marine 
Fisheries Service] 

CCCD 2004 	 Chelan County Conservation District.  2004.  Entiat Water Resource 
Inventory Area (WRIA) 46 Management Plan: Prepared for the Entiat 
WRIA Planning Unit by the Chelan County Conservation District; 318 
pp. plus appendices.  Submitted pursuant to Washington Watershed 
Planning Act, Chapter 173-546. www.cascadiacd.org 

Dragovich et al. 2002 	 Dragovich, J.D.; Logan, R.L.; Schasse, H.W.; Walsh, T.J.; Lingley, W.S. 
Jr.; Norman, D.K.; Gerstel, W.J.; Lapen, T.J.; Schuster; J.E.; and Meyers, 
K.D. 2002. Geologic Map of Washington-Northwest quadrant, scale 
1:250,000.  Geologic Map GM-50, Washington Department of Natural 
Resources, Division of Geology and Earth Resources, Olympia, WA.   

Erickson 2004	 Erickson, J.M. 2004.  Historical changes in riparian vegetation and 
channel morphology along the lower Entiat River Valley, Washington: 
Implications for stream restoration and salmon recovery. Central 
Washington University, Geography and Land Studies Department, 
Ellensburg, WA.  Master of Science Thesis: 114 pp. 

FEMA 2004 	 Federal Emergency Management Agency.  2004. Flood Insurance Study: 
Chelan County, Washington Unincorporated Areas. Flood Insurance 
Study Number 530015V000B: 173 pp.; Flood Panel Maps 530015 0375 
(effective 05 February 1981) and 530014 0400 (effective 05 June 1989).   

Hendrick 2004 	 Hendrick, R.R. 2004.  Using GIS to model channel migration in the 
Entiat River, Washington. Central Washington University, Department 
of Geological Sciences, Ellensburg, WA.  10 pp. 

Lange 2005	 Lange, J. 2005. Written Communication.  USDA Natural Resources 
Conservation Service, Wenatchee, WA.  

Plummer 1902 	 Plummer, F.G. 1902.  Forest Condition in the Cascade Range, 
Washington between the Washington and Mount Rainier Forest Reserves. 
USGS Professional Paper 6. 42 pp.   

F–11 


http:www.cascadiacd.org


 

 

 
 

 

 

 

 

  
  

  

 
  

 

 

 
 
 

Appendix F – Data Utilized for Tributary Assessment   

In Text 	 Bibliographic Citation 

Reclamation 2009a 	 Bureau of Reclamation. 2009a.  Entiat Tributary Assessment.  January 
2009.  Prepared by Technical Service Center, Sedimentation and River 
Hydraulics Group (M/S 86-68240), Denver, CO in cooperation with 
Pacific Northwest Regional Office, Boise, ID and Wenatchee-Entiat Field 
Station, Wenatchee, WA. 

Reclamation 2009b 	 Bureau of Reclamation. 2009b.  Entiat Tributary Assessment, Technical 
Appendices.  January 2009.  Prepared by Technical Service Center, 
Sedimentation and River Hydraulics Group (M/S 86-68240), Denver, CO 
in cooperation with Pacific Northwest Regional Office, Boise, ID and 
Methow Field Station, Winthrop, WA.  
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Appendix F – Data Utilized for Tributary Assessment   

ATTACHMENT F–1. RECTIFICATION METHODS 
FOR HISTORICAL PHOTOGRAPHY FOR THE 
ENTIAT RIVER 

by David Salas, 

Remote Sensing and Geographic Information Team (86-28211) 

Technical Service Center, Bureau of Reclamation, Denver, CO 

August 19, 2008 


Three historic sets of photography along the Entiat River were received and rectified to 
ground coordinates (Attachment F–1 Table 1).  The three dates were 1945, 1962, and 1975.5/ 

The precise photographic scales are unknown but estimated.   

Attachment F–1, Table 1.  Estimated scales and number of photographs rectifed, along with RMS (root 
mean square) error.  

Year Estimated Scale # of photographs Mean Root Mean Square 

1945 1:20,000 11 30.76 

1962 1:14,000 33 27.95 

1975 1:22,000 11 37.05 

The reference image for rectification was a 2006 Color National Agriculture Imagery 
Program (NAIP) dataset with 1-meter resolution (USDA 2008).   

The general workflow process for rectification of all these images was as follows: 

 Add the raster dataset to be projected in ArcMap.  

 Add control points that link known raster dataset positions to known positions in map 
coordinates. 

 Save the georeferencing information once satisfied with the alignment (also referred 
to as registration). 

 Permanently transform the raster dataset.  

ALIGNING THE RASTER WITH CONTROL POINTS 

All datasets were georeferenced using existing spatial data (target data), that resides in the 
desired map coordinate system (NAD 83 State Plane Washington –– South FIPS 4602 [ft]).  
The process involved identifying a series of ground-control points — known x,y 
coordinates — that link locations on the raster dataset with locations in the spatially 
referenced data (target data).  These control points are locations that can be accurately 

5/ The original set of 1945 photographs was poorly scanned and replaced with a better set that improved the 
RMS by half. 
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Appendix F – Data Utilized for Tributary Assessment   

identified on the raster dataset. Many different types of features were used as identifiable 
locations, such as road or stream intersections, the mouth of a stream, rock outcrops, the end 
of a jetty of land, the corner of an established field, or street corners.   

The control points were used to build a polynomial transformation that converted the raster 
dataset from its existing location to the spatially correct location.  The connection between 
one control point on the raster dataset (the “from” point) and the corresponding control point 
on the aligned target data (the “to” point) is a link.   

The number of links used depended greatly on the ability to identify locations on both the 
source and target images.  In some cases numerous links were available.  However, adding 
more links did not necessarily yield a better registration.  If possible, one should spread out 
the links over the entire raster dataset rather than concentrating them in one area.  Typically, 
having at least one link near each corner of the raster dataset and a few throughout the 
interior produces the best results. In this particular case, the terrain was hilly and accurate 
and precise rectification without the use of orthorectification would have produced less than 
desirable results.  Because the project was primarily concerned with the drainage basin, 
selection of links was concentrated to this area if links to other areas produced a high root 
mean square error.  Links became harder to identify further up in the drainage basin.  The 
georeferenced data is only as accurate as the 2006 NAIP data to which it was aligned.   

TRANSFORMING THE RASTER 

Once enough links were created, the raster dataset was then transformed (or “warped”) to 
permanently match the map coordinates of the target data.  There are several choices of 
mathematical transformations such as polynomial, spline, or adjust transformation to 
determine the correct map coordinate location for each cell in the raster.   

The polynomial transformation uses a polynomial that is built upon control points and a 
“least-square-fitting” (LSF) algorithm.  The polynomial transformation yields two formulas:  
one for computing the output “x” coordinate for an input (x,y) location and one for 
computing the “y” coordinate for an input (x,y) location.  The goal of the least-square fit is to 
derive a general formula that can be applied to all points, usually at the expense of slight 
movement of the positions of the control points.  The number of the noncorrelated control 
points required for this method must be 3 for a first order, 6 for a second order, and 10 for a 
third order. The first-order polynomial transformation is commonly used to georeference an 
image and was used for these efforts. 

The use of a first order (or “affine”) transformation was used for all rectification.  This 
transformation will shift, scale, and rotate a raster dataset.  This generally results in straight 
lines on the raster dataset mapped as straight lines in the warped raster dataset.  Thus, squares 
and rectangles on the raster dataset are commonly changed into parallelograms of arbitrary 
scaling and angle orientation. With a minimum of three links, the mathematical equation 
used with a first-order transformation can exactly map each raster point to the target location.  
Any more than three links introduces errors, or residuals, that are distributed throughout all 
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Appendix F – Data Utilized for Tributary Assessment   

the links. However, one should add more than three links because if one link is positionally 
wrong, it has a much greater impact on the transformation.  Thus, even though the 
mathematical transformation error may increase as one creates more links, the overall 
accuracy of the transformation will increase as well.  A cell size of 3 feet was used for this 
transformation.   

INTERPRETING THE ROOT MEAN SQUARE ERROR 

When the general formula is derived and applied to the control point, a measure of the error, 
the “residual error,” is returned.  The error is the difference between where the “from point” 
ended up as opposed to the actual location that was specified, the “to point” position.  The 
total error is computed by taking the root mean square (RMS) sum of all the residuals to 
compute the RMS error.  This value describes how consistent the transformation is between 
the different control points (links). Adjustments were made when the error got particularly 
large by removing or adding control points to adjust the error.   
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Appendix F –  Data Utilized for Tributary Assessment   

ATTACHMENT F–2. LIST OF WASHINGTON 
DEPARTMENT OF ECOLOGY LITERATURE FOR 
WRIA 46 (ENTIAT SUBBASIN) 

(Accessed at Washington Department of Ecology website December, 2008 at 
http://www.ecy.wa.gov/biblio/wria46.html) 

TITLE (link to summary) Number 
Date 

(released or 
updated) 

Surface Water Monitoring Program for Pesticides in Salmonid-Bearing 
Streams, 2007 Data Summary 

08-03-009 April 2008 

Focus Sheet: Managing Water in the Entiat River Basin 04-11-022 July 2006 

Progress on Watershed Planning and Setting Instream Flows 05-11-038 December 
2005 

Water Resources Management Program--Entiat River Basin Water Resource 
Inventory Area - WRIA 46 

wac173-546 August 2005 

Implementation Plan For The Adoption of Chapter 173 - 546 WAC, Water 
Resources Management Program, Entiat River Basin, Water Resource 
Inventory Area (WRIA) 46 

05-11-019 July 2005 

Responsiveness Summary and Concise Explanatory Statement for Chapter 
173-546 WAC, Water Resources Management Program , Entiat River Basin 
Water Resource Inventory Area (WRIA) 46 

05-11-020 July 2005 

Maximum Net Benefit, Benefit/Cost, and Least Burdensome Analysis for 
Proposed Water Resources Management Program, Entiat River Basin Water 
Resources Inventory Area (WRIA) 46, Chapter 173-546 WAC 

05-11-017 July 2005 

Draft Preliminary Maximum Net Benefit & Benefit-Cost & Least Burdensome 
Analysis for Chapter 173-546 WAC, Water Resources Management Program, 
Entiat River Basin, Water Resources Inventory Area (WRIA) 46 

05-11-013 March 2005 

Small Business Economic Impact Statement For Amendment to Chapter 173-
546 WAC Instream Resources Protection Program Entiat River Basin Water 
Resources Inventory Area (WRIA 46) 

05-11-011 February 
2005 

Entiat and Mad Rivers Fish Habitat Analysis Using the Instream Flow 
Incremental Methodology 

95-166 February 
2004 

River and Stream Ambient Monitoring Report for Water Year 2000 01-03-042 December 
2001 

River and Stream Ambient Monitoring Report for Water Year 1997 99-332 August 1999 
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Appendix F – Data Utilized for Tributary Assessment   

TITLE (link to summary) Number 
Date 

(released or 
updated) 

River and Stream Ambient Monitoring Report for Wateryear 1996 98-317 June 1998 

Washington State Pesticide Monitoring Program: 1994 Fish Tissue and 
Sediment Sampling Report 

96-352 December 
1996 

River and Stream Ambient Monitoring Report for Wateryear 1995 96-355 December 
1996 

Watershed Briefing Paper for the Wenatchee Basin Water Resource 
Inventory Area 

95-348 September 
1995 

River and Stream Ambient Monitoring Report for Wateryear 1994 95-349 September 
1995 

Entiat Watershed Initial Assessment 95-002 1995 

Entiat River Watershed Assessment Summary 95-151 1995 

A Review of the Data from the Entiat River Basin Collected for the Ambient 
Monitoring Database 

94-e15 March 1994 

Freshwater Ambient Monitoring Report for Wateryear 1991 93-75 September 
1993 

Timber/Fish/Wildlife Ecoregion Bioassessment Pilot Project 92-63 1992 
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ENTIAT RIVER TRIBUTARY ASSESSMENT
 

APPENDIX G: VEGETATION SUMMARY
 

CHELAN COUNTY, WASHINGTON
 

FOR
 

US BUREAU OF RECLAMATION
 

INTRODUCTION 

As part of the Bureau of Reclamation’s (Reclamation) current Tributary Assessment (TA) of the Entiat 
Watershed, a vegetation analysis was needed, including interpretation of previous work.  The overarching 
goal of the TA is to meet the 2008 Biological Opinion for the Federal Columbia River Power System 
requirements for adding habitat complexity to the Entiat River to improve spawning and rearing habitat 
quantity and quality for native endangered fish species including spring Chinook and Steelhead Trout. 
The study area is located in the Entiat Subbasin on the Entiat River from river mile (RM) 0 (confluence 
with the Columbia River) to RM 26, and includes the riparian corridor along the river on both sides. 

This appendix documents the general approach used to accomplish the objectives of the vegetation 
assessment; describes data sources referenced for the assessment; presents a coarse-scale summary of 
historical and existing riparian vegetation conditions with respect to natural and human influences on 
riparian function; and, based on interpretation of available data, summarizes the departure of the existing 
condition from what is estimated to have been the natural condition prior to settlement.  The report 
concludes with a discussion of data needed to identify and prioritize potential habitat actions at a finer 
resolution, and presents results of previous work (completed in 2007) that developed prioritization 
matrices for both riparian restoration and protection. 

OBJECTIVES 

The primary objective of this study was to evaluate the present riparian vegetation setting and changes in 
terms of historical trends noting the influence on system dynamics, channel geomorphology, and habitat 
elements, particularly in relation to proposed restoration strategies. 

SCOPE OF SERVICES 

This scope of work was requested by Reclamation to be included as a technical appendix to what 
Reclamation has termed a Tributary Assessment (TA).  The level of work for this vegetation assessment 
for the Entiat TA was to provide a coarse-level investigation at a valley segment scale for the Entiat River 
between RM 0 to 26.  The following tasks outline the content of the scope: 

1.	 Respond to Team Member questions on vegetation generated on August 13-14 Workshop 
meeting. 

2.	 Help TA study team interpret vegetation GIS data done for Cascadia Conservation District into 
format applicable for this TA effort to use on map atlas with reference to original citation. 

3.	 Identify steps needed to develop vegetation components of Reach Ecosystem Indicators (REI) for 
Reach Assessment. 

4.	 Prepare brief memorandum on interpretation of vegetation in terms of structure, health, shade, 
and LWD potential between RM 0 to 26 based on existing mapping and reports and identify data 
gaps. Information would include notes on existing vegetation information available for the study 
and what each set of data covers (e.g., structure, health, fire history, shade, potential to be LWD 
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size for habitat in channel, and whether data describes historic vegetation conditions or only 
existing vegetation conditions, and data sources). 

The deliverables identified for this scope of services were to be written responses to submitted 
information requests as identified in Tasks 1-3, and a Memorandum as outlined in Task 4.  It was agreed 
that responses to Task 1 would be included within the Task 4 Memorandum.  Further, it was agreed that 
GeoEngineers would provide a stand-alone Report rather than a Memorandum. 

APPROACH 

STUDY AREA 

The study area is located in the Entiat Subbasin on the Entiat River from river mile (RM) 0 at its 
confluence with the Columbia River to RM 26, and includes the riparian corridor along the river on both 
sides (Figure 1). No tributaries to the Entiat River were included in this study. The Entiat River Water 
Resource Inventory Area (WRIA 46) is located in Chelan County, in north-central Washington State. 
The river flows approximately 43 miles from an elevation of over 9,000 feet at the summit of Mt. Fernow 
to an elevation of approximately 713 feet at its confluence with the Columbia River near the town of 
Entiat (CCCD 2004). 

ANALYTICAL FRAMEWORK 

Assessment of the present riparian vegetation setting and changes in terms of historical trends was 
approached through interpretation of available previous work.  Data sources used in the assessment are 
described later. The general sequence of activities was as follows: 

•	 Assemble available data and review for content; 

•	 Review and summarize documents and analyses for the historic and existing condition; 

•	 Partition the study reach by Valley Segment (defined by Reclamation) to organize apparent trends 
in vegetation reflected by coarse-scale geomorphic processes; 

•	 Use the GIS database to construct overlays and derive qualitative and quantitative relationships at 
the valley segment scale; 

•	 Identify and interpret trends in riparian vegetation distribution, structure, and function with 
respect to natural processes and human activities at the valley segment scale; 

•	 Summarize the departure of the existing condition from what is estimated to have been the natural 
condition prior to settlement; and, 

•	 Format, store and distribute shape files of the GIS data done for the Cascadia Conservation 
District, and make it available to the TA Study Team for use in constructing a map atlas. 

DATA SOURCES 

Data sources utilized for this assessment included analyses and mapping completed by others and by 
GeoEngineers (2007), as well as databases and mapping compiled by Reclamation and GeoEngineers. 
Data content from these various sources was sometimes redundant (e.g., duplicate sets of aerial photos 
from various years). 

GeoEngineers (2007) worked with the Chelan County Conservation District (CCCD) to develop a GIS 
database of existing spatial-based information, supplemented with new information (e.g. topographic 
shading) pertinent to the riparian protection and restoration prioritization process.  Available databases 
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and spatial information included analyses of: existing riparian vegetation (e.g. Lillquist and Erickson 
2002), soils and geologic features (e.g. WDNR 2002), surface and ground water interaction (e.g. CCCD 
2003), color air photography and thermal infra-red (TIR) imagery (Watershed Sciences 2001), saturated 
aquifer thickness (Dixon 2003), and stream morphology (e.g. CCCD 1998).  Also included in this 
database are mapped layers relating to timberless, clear-cut and burned areas in 1902 (USGS 1902), and 
mapped layers relating to fire severity and frequency (Davis et al. 2004). Collectively, this database is 
referenced in this report as CCCD 2007. 

Reclamation provided to GeoEngineers, via hard-drive, data sources in GIS-compatible format. 
Reference to this data within this report is cited as USBR 2008. The GIS database included the following: 

• Historical mill sites in GIS from Shorty Long’s book; 

• Human features mapping; 

• LiDAR hillshade; 

• LiDAR first return minus bare earth (difference grid); 

• LiDAR contours; 

• 2006 aerial photographs; 

• 1945, 1962, 1975 aerial photographs; 

• USFS fire history and timber harvest; 

• Historical ACOE wood clearing in GIS from 1971 maps; and, 

• Draft geomorphic reach boundaries and descriptions. 

One of the more complete sources of available information on historic riparian conditions was collected 
by Justin Erickson, who investigated historic changes in riparian vegetation and channel morphology 
along the lower Entiat River Valley (Erickson, 2004).  His research emphasized identifying changes in 
riparian vegetation composition and channel sinuosity that would serve as indicators of natural and 
human-induced modification.  His data sources included historical aerial and ground photographs, 
topographic maps, documents and newspaper articles, digital data sets, and fieldwork. 

RESULTS 

HISTORIC CONDITIONS 

Unless otherwise noted, the following historic descriptions are summarized from Erickson (2004). 

State of the Entiat River Pre-1945 

White settlers began to organize permanent settlement of the lower valley bottom sometime in the late 
1880’s.  Economic activities included sheep grazing, agriculture, and mining, although mining all but 
disappeared by 1910.  By the early 1900’s much of the lower valley forests and riparian zones had been 
converted to orchards, and timber harvest had removed trees from the streamside to the foothills.  Dams 
and sawmills were constructed adjacent to the river.  Gray’s Mill was constructed in 1888 at the mouth of 
the river and operated until 1917.  The Power Dam was constructed at Keystone Canyon (RM 2.2) and 
operated from about 1909 to the 1960’s. The Kellogg Mill at Mill’s Canyon (RM 3.7) operated from 
1913 to 1932, and the Harris Mill at the confluence of Mad River (RM 10.6) operated from 1930 until 
ravaged by the flood of 1948.  The Coleman Mill was located at RM 7.8 at the mouth of Crum Canyon 
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(USBR 2008). By 1937 there were 19 documented diversions in the lower valley, and at least several 
dams that were likely barriers to fish passage. 

Timber harvest and its associated activities likely had large impacts on riparian and channel processes. 
Much of the riparian removal can be linked by photographs to agriculture, timber harvest, and other 
human activities.  Logging of riparian vegetation – particularly within the active floodplain – could 
reduce shade, increase bank erosion, and reduce large woody debris recruitment (large woody debris are 
wood elements that typically remain in-channel at or below bank full flow, functionally in the range of 
two feet diameter and greater than 60 feet in length).  Loggers historically would drive timber downriver 
to the mill ponds which, based on historic photographs, filled the entire width of the valley.  Large woody 
debris (LWD) removed from the channel to enhance free passage of cut timber likely degraded habitat 
features, impaired habitat-forming processes, increased rates of erosion, and may have altered channel 
migration rates. 

A tremendous flood in 1894 is not thought to have significantly altered channel morphology.  However, 
while substantive documentation is lacking it is reasonable to speculate that the flood could have eroded 
land, uprooted some riparian vegetation, and impacted channel features such as distributions of sediment 
and woody debris.  Prior to the flood of 1948 there were about 2.6 miles of protective structures 
downstream of Ardenvoir (at the mouth of the Mad River, approximate RM 10.6).  It is reasonable to 
assume that most of the structures would have been constructed prior to 1945.  Many of those structures 
were constructed on the outside of meander bends, but many others were built adjacent to bridges on 
straight river sections and on the inside of meander bends to protect infrastructure from flood flows that 
might otherwise overtop high bars and flood-prone surfaces. 

State of the Entiat River Post-1945 

In 1948 a regionally large flood in the Columbia River Basin had devastating effects in the Entiat River 
valley, among other areas.  The Harris Mill at Ardenvoir was wiped out, along with its dam and mill 
pond. The bridge at Roaring Creek was destroyed and washed downstream; eight other bridges were also 
destroyed as were many irrigation systems.  Following the flood, works were undertaken by the US Army 
Corps of Engineers (USACE) and others to improve flood protection. 

Much later, as part of efforts to improve water conveyance, the USACE in 1971 performed clearing and 
snagging operations and removed about 10 miles of ‘debris’ from the Entiat River channel above RM 16. 
There is no evidence, however, that the USACE mechanically removed meanders or otherwise reshaped 
the channel. 

Land use in the valley has changed somewhat with the conversion of irrigated agriculture (orchard) 
production to residential development, particularly upstream of Ardenvoir.  The majority of orchards 
today are operating within the narrow river valley downstream of Ardenvoir to the mouth of the river. 
Grazing of sheep was reduced dramatically by the 1940’s due to poor range conditions.  The reduction 
was estimated from over 60,000 animals – mostly in the headwaters of the Mad River and other 
tributaries – to less than about 2,000 animals today and for only 2 months of the year.  There is no grazing 
permitted on public land in the lower valley or directly along the Entiat River. 

Comparing 1945 to 1998 aerial photographs reveals little change to the total riparian acreage.  However, 
the distribution of riparian coverage is more uniform at present as compared with 1945.  Some significant 
changes in riparian composition have been linked with human activity, including large increases of 
riparian vegetation in the lower mile with base level change and sediment deposition following the 
creation of Lake Entiat by construction of the Rocky Reach Dam on the Columbia River.  There were 
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large increases between RM 1 and RM 3, and at the Mad River confluence following the mill closures 
and removal of dams.  On the other hand, there have been decreases elsewhere as a result of levee 
construction and expanded agricultural and residential development. 

Interestingly, there does not appear to be much change to channel morphology between 1945 and 1998, as 
measured by channel sinuosity.  The key exceptions are between RM 3 and RM 4, where flood control 
and bank stabilization projects were constructed between 1945 and the 1950’s and sinuosity decreased by 
14 percent, and at RM 10 (near the Mad River confluence) where sinuosity decreased by about 5 percent 
following the loss of the Harris Mill.. 

In summary, geomorphic conditions between 1945 and present have not significantly changed from the 
pre-1945 condition. Overarching geomorphic processes have remained unchanged.  However, with 
timber harvest and management continuing past 1945, with sustained residential and agricultural 
landuses, and other ongoing human influences on riparian vegetation and LWD recruitment, the Entiat 
River channel-forming and habitat-forming processes continue to reflect a degraded condition. 

Timber Harvest and Fire: 1902-Present 

Timber harvest and fire can impact water runoff and soil erosion hazards.  Severe burns on steep slopes, 
for example, can increase surface erosion and accelerate overland runoff by removing vegetation that 
otherwise intercepts precipitation and runoff, enhances soil infiltration capacity, and whose roots help 
stabilize the soil.  The ERIA (CCCD 1998) identifies wildfires as having had significant direct and 
indirect effects on riparian vegetation; directly from burning and flooding, and indirectly from flood 
repair and control projects that followed.  The ERIA (CCCD 1998) noted that significant flood events 
followed every major fire in the subbasin since 1970. 

The GIS database (CCCD 2007; maps from Plummer (1902) rectified and digitized by Reclamation) 
shows that in 1902 about 5,600 acres of timberless area was mapped from the mouth of the Entiat River to 
about RM 4.7.  In the same year about 1,770 acres within the river valley from about RM 4.8 to RM 13.8 
is shown as having been clear-cut.  Burned areas in the Entiat River subbasin in 1902 were generally 
restricted to the upper reaches of the Mad River, Tommy Creek, and Burns Creek (about 20,000 acres), 
but about 500 acres of burned area were mapped on either side of the Entiat River near RM 26.  There 
was no reference to the severity of the burns. 

Davis et al. (2004, in CCCD 2007) does distinguish, at a coarse scale, fire severity and frequency on 
mapped polygons based on interpretation of historical fire regime disturbance.  Three general groupings 
are shown within the Entiat River valley study area floodplains and high terraces between RM 13.3 and 
RM 26. The first group is that having low severity, a recurrence frequency of 0-35 years, and low soil 
erosion hazard. The second group is similar, but has a high soil erosion hazard.  Both groups’ potential 
plant communities include ponderosa pine and pine-oak woodlands.  The first group generally is mapped 
from RM 13.3 to 14.0 and from RM 20.4 to RM 29. The second group is generally mapped along the left 
bank from RM 15.4 to 16.1, and along both banks from RM 17.4 to 20.4.  The third group is that having 
stand-replacing severity on non-forest (grasses, sagebrush, etc.) vegetation, a recurrence frequency of 
0-35 years, and moderate to high soil erosion hazard.  This group is generally mapped from RM 14 to 
15.4 on both sides of the river, and from RM 16.1 to 19 on the left bank.  For all three of these groups, 
Davis et al. (2004) caution that “large stand-replacing fire can occur under certain weather conditions, but 
are rare events (i.e., every 200+ years)”. 

A number of burns are documented throughout the Entiat River subbasin during the last century (CCCD 
2002), although information on severity is generally not available.  For example, in the first half of the 
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century the document identifies a ‘heavy’ fire season in 1904 and an ‘extreme’ fire season in 1929.  More 
recent larger fires (since 1970) include the Entiat Zone fire in 1970 (about 51,000 acres, both sides of the 
Entiat River between Preston Creek and Lake Creek); the Gold Ridge fire (1970, about 17,500 acres, 
generally in the lower Mad River drainage); the Dinkleman fire (1988, about 51,400 acres in the southern-
most portion of the subbasin to about RM 8.5); and the Tyee fire in 1994 (about 140,000 acres, the entire 
subbasin between about RM 8 and RM 23). 

EXISTING CONDITIONS 

A summary of existing vegetation is presented by Valley Segments.  Three segments, which were 
delineated by the Reclamation study team (USBR 2008), are defined by physical characteristics that 
reflect geomorphic controls on channel processes. The three segments are Valley Segment 1, which 
extends from RM 0 to RM 16.1; Valley Segment 2, which extends from RM 16.1 to 21.1; and Valley 
Segment 3, which extends from RM 21.1 to 26.0.  These are briefly described below along with their 
existing riparian vegetation conditions.  Unless otherwise noted, the following descriptions of existing 
conditions are summarized from analysis of mapping provided by Lillquist and Erickson (2002).  Figure 2 
(Existing Riparian Condition) shows a portion of riparian community type and relative height overlaid on 
2006 aerial photography near RM 16. 

Valley Segment 1, RM 0 to 16.1 
This segment is influenced by outwash terraces, alluvial fans, and bedrock.  It is dominantly characterized 
by steep slopes, a single channel, and bed armored with cobble and gravel. 

Overall, riparian vegetation is represented as a narrow band of less than 30 feet, although a few areas in 
the lower portions of the valley have widths of 400 feet or more.  As mapped by Lillquist and Erickson 
(2002), riparian vegetation width appears to be the width of vegetation from the channel edge and 
outward. In general, agricultural land use (orchards, some pasture) impinges on the riparian zone, 
especially in the valley downstream of the Mad River confluence (RM 10.6). Upstream of RM 10.6 the 
valley narrows and the riparian zone is impinged by pastured lands and the channel is more tightly 
confined by side slopes, outwash terraces, and bedrock. 

Riparian forest vegetation greater than about 70 feet in height dominates the total vegetation in Valley 
Segment 1.  About 77 percent of the total channel length is vegetated by about 207 acres of this 
community type size class, which is dominated by cottonwood.  Less than 10 acres of riparian forest 
community in the valley segment are represented by vegetation in the 26- to 70- foot height class. 
Riparian meadow, which consists of vegetation dominated by small trees (less than 25 feet in height) and 
herbaceous cover, represents about 6 acres of the riparian community.  A total of less than 15 acres of 
burned riparian forest or meadow are mapped in this segment; these are found in the upper extent of the 
segment and were likely casualties of the 1994 Tyee fire. 

The Entiat River Inventory and Analysis (ERIA) (1998) also reported that riparian vegetation associated 
with Valley Segment 1 was dominated by cottonwood.  Co-dominants were erect willow, redosier 
dogwood, and white alder. They inventoried dominant age class (Erickson reported relative height), and 
reported that small tree (8.0” to 20.9” dbh) was the dominant age class.  They reported that burned dead 
tree was dominant between about RM 13.2 and 15.4.  Canopy cover, a measure of the percentage of 
sunlight that is blocked from reaching the stream channel by woody vegetation and topographic features 
within the riparian zone, was reported to be mostly within the 0 to 10 percent range.  This was attributed 
to the relatively wide widths of the Entiat River channel. 
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Counts of LWD from 2006 (USBR 2008) reveals an average of 3 pieces per mile within Valley Segment 
1 (“pieces” represent unique locations; these were identified in the database as either single logs or jams; 
LWD diameters or lengths were not specifically defined).  However, there were no counts in the lower 
seven miles of channel. Six pieces were recorded between RM 7 and 10.6, and 41 pieces were identified 
in the upper 5.5 miles (~ 7.5 pieces per mile).  These statistics indicate a poor condition relative to a 
generic standard of 80 pieces or less per mile of channel length identified for unmanaged eastern 
Washington streams.  The standard applies to streams having a bankfull width of 20 to 100 feet, as 
defined in the Ponderosa Pine Ecoregion (see Bolton and Berman 2002).  The LWD in the upper 5.5 
miles were closely associated in proximity with the areas of burned riparian zones.  The 41 pieces were 
individual logs residing along the channel margins, and from the 2006 aerial photo set did not appear to 
provide much function related with sediment retention or creation of scour.  Many of these logs did not 
have root boles, further indication that they were victims of severe fire (Tyee fire of 1994). It is likely 
that they do create micro-habitat functions for forage and cover.  Four of the 6 locations between RM 7 
and RM 10.6 were anchoring sizable medial bars having mature forest vegetative communities.  These 
jams also appeared to provide macro-habitat in the form of cover and scour, promote bar growth and 
accumulation of gravel-sized substrate, and help create or maintain side-channel habitat. 

Valley Segment 2, RM 16.1 to 21.1 
This segment is influenced by a glacial moraine, alluvial fans, and bedrock. It is characterized as having a 
mild slope within a meandering channel with generally fine-grained sediment of sand and gravel, as well 
as side channel habitat, LWD complexes, and wetlands. 

On the whole, riparian characteristics in Valley Segment 2 differ markedly from those in Valley Segment 
1. The differences are reflected in their dimensions, proportions of community types, and relative heights. 
Additionally, LWD density and function is much greater.  

Mapped riparian vegetation widths range from less than 15 feet to about 500 feet, but overall appear to 
average around 150 feet. Residential and pastured land use is more prominent in the lower half of the 
segment, while open forest is dominant in the upper half.  Controls on riparian widths, however, appear to 
be more associated with valley widths and landform.  From upstream to downstream the valley has a short 
confined, long unconfined, short confined, and long unconfined plan form, with alluvial fans controlling 
the confined areas.  Generally, riparian widths reflect valley widths. 

Of the 144 acres of mapped riparian community types within this valley segment, about 77 percent are 
riparian forest and 23 percent are meadow.  Most of the riparian forest is concentrated in the upper 60 
percent of the segment.  In contrast with Valley Segment 1, the riparian forest community in Valley 
Segment 2 has a more varied distribution of relative sizes, with about 64 percent greater than 70 feet in 
height and the remainder with heights between 25 feet and 70 feet.  The community is likely dominated 
by deciduous species (cottonwood), but with a larger component of evergreens.  About 35 acres 
(25 percent) of the riparian forest and meadow communities are mapped as burned, likely also casualties 
of the 1994 Tyee fire. 

ERIA (1998) reported that river birch was dominant in the lower segment and cottonwood was dominant 
in the upper segment, but that conifers were a more important component of the plant community where 
the valley bottom was constricted.  They reported the dominant age class as shrub/seedling in the lower 
portion of the segment, and large tree and burned dead tree dominant in the upper portion of the segment. 
However, the 1994 Tyee fire was not as damaging to the large trees as it was in the upper extent of Valley 
Segment 1.  Percent canopy cover was in the 0 – 10 percent class in the lower portion of the valley 
segment, and 20 – 30 percent class in the upper portion of the segment. 

File No. 00528-012-00 Page G-7 
December 12, 2008 



 

  

 

  
   

  

 

 
   
  

 
 

 

   
 

 

 
  

 
 

 
  

  

  

LWD averages about 11 counts per mile overall (poor condition; see Bolton and Berman 2002), are 
concentrated in unconfined reaches of the valley, and are generally equally distributed in counts per mile 
between the two unconfined reaches.  Additionally, they are equally distributed between individual pieces 
and jams. Unlike the majority of individual LWD in Valley Segment 1, the individual LWD in this 
segment provide greater functionality. Those along the channel margins provide aquatic microhabitat in 
the form of refuge and cover.  Those that lay parallel with the bank appear to provide protection against 
erosive scour. Some pieces that hang at an angle from the bank appear to create scour at the bank toe, 
which also creates refuge and cover microhabitat.  Many of the LWD jams provide complex macrohabitat 
in the form of relatively deep pools, abundant cover, and refuge.  Some jams anchor the heads of 
vegetated bars, or appear to create insipient bars by trapping sediment that is retained in the downstream 
velocity shadow. In some cases, LWD jams along the channel margins appear to stabilize meanders if 
they are located in the upstream half of the meanders.  In other cases, if they are located more toward the 
tails of meanders, they appear to promote meander development or downstream meander migration.  In 
these cases, especially with concentrated groupings of LWD jams, the channel reflects greater small-scale 
sinuosity.  Recruitment potential in this segment is good over the long term based on the abundance of 
large evergreen species, as well as on the relatively broad widths within unconfined reaches of the 
apparent historic channel migration zones. 

Valley Segment 3, RM 21.1 to 26 
This segment is influenced by an alluvial fan and bedrock.  Its feature characteristics are alternating steep 
riffles and flat backwater, and an alternating single channel with large boulders.  Backwater areas feature 
wetlands and LWD. 

Mapped riparian vegetation widths vary from about 30 feet to over 400 feet, and overall appear to average 
about 75 feet.  Some residential and pasture land use is dispersed through the valley segment, but for a 
few exceptions land use activity in general does not impinge on the riparian zone.  Forested lands buffer 
the riparian zone for the most part. Some control on riparian widths appears to be associated with 
landform; as in Valley Segment 2, riparian widths through alluvial fan segments are generally narrower 
than in unconfined valley segments. 

About 105 acres of riparian vegetation are mapped in this segment, with over 99 percent represented by 
riparian forest community type and less than 1 percent by meadow.  About 87 percent of riparian forest is 
mapped as greater than 70 feet in height and the remainder is mapped in the 25- to 70-foot height range. 
No riparian areas in this valley segment are mapped as burned. 

LWD averages 5.7 counts per mile overall (poor condition; see Bolton and Berman 2002), about half the 
density computed in Valley Segment 2. As in Valley Segment 2, LWD in this valley segment is much less 
concentrated in confined reaches.  There is an equal distribution of counts between individual pieces and 
jams.  Functionally, LWD in this valley segment is very similar to functions described for individual 
pieces and jams in Valley Segment 2.  Recruitment potential in this segment is good over the long term 
based on the abundance of large evergreen species, as well as on the relatively broad widths within the 
floodplain. However, from the 2006 aerial photos there does not appear to be many snags, nor does there 
appear to be evidence of severe fire that would have made trees available for recruitment. 

DEGREE OF DEPARTURE 

Based on the forgoing summaries of historical and existing conditions, it is reasoned that cumulative 
impacts of early settlement and subsequent human activity within the subbasin have substantially altered 
riparian habitat conditions in the river. Records of early settlement document the reduction or elimination 
of riparian vegetation in the lower valley segment (including the removal of large cottonwood trees as a 

File No. 00528-012-00 Page G-8 
December 12, 2008 



 

  

 
 

 
 

 

 

 
 

  

  

  
 

 
  

 

   

 

 
  

 

 
 

commercial crop) due to intense conversion of forested land to orchards and pastured land, timber harvest 
within easy access of the river, lumber milling activities and log drives, and construction of mill pond 
dams and power dams.  Responses to flood impacts (including probable increased intensity floods 
resulting from flashier runoff caused by severe burns) on developed land and infrastructure likely 
promulgated in-channel works to reduce bank erosion and enhance flow conveyance.  Removal of in-
channel LWD throughout the assessed reach occurred as a result of early 19th-century log drives as well 
as post-1948 channel-clearing efforts. 

The existing literature suggests that the prevailing geomorphic processes have likely remained unchanged 
in the Entiat River watershed.  However, small-scale geomorphic processes were likely altered by 
anthropogenic influences resulting in loss of more robust riparian density, LWD recruitment potential, in-
channel LWD, and habitat diversity, especially in reaches having wide, unconfined active floodplains. 

DISCUSSION AND OPPORTUNITIES 

DATA GAPS 

“Data Gaps” refers to data needed for identification and prioritization of potential habitat actions at the 
reach and project scale.  Based on the assessment of data resources available for this study effort (much of 
which was done at a coarse scale or with limited field verification) the following bulleted items list data 
elements and field evaluation that may be necessary to further refine vegetation mapping to be completed 
at the reach or project site-specific scale (targeted for restoration opportunities at a specific site): 

•	 Identify and map composition and seral (successional) stage using USFS (2006) protocols within 
the mapped floodplain to more completely document existing (and expected) vegetation species 
along river segments and develop needed restoration components; 

•	 Inventory and map invasive species to determine if invasive species are limiting the presence or 
function of native vegetation; 

•	 Refine LWD counts of individual LWD size classes and LWD complexes interacting with the 
river in the active floodplain for both mainstem and side channels; map their positions; and assess 
their functionality with respect to channel processes and in-channel aquatic habitat; 

•	 Inventory the stability of LWD complexes using historical aerial photography, tagging of the 
complexes, and GPS to evaluate residence times of complexes interacting with channel migration 
and in-channel habitat; 

•	 Refine LWD recruitment potential of conifer species in floodplains of both mainstem and in side 
channels to link potential recruitment numbers and delivery mechanisms (i.e., windfall, debris 
flow, fire, bank undercutting) with channel processes (i.e., confined or meandering reaches); 

•	 Develop GIS-based data of the information collected to make it quantifiable for information 
sharing and long-term monitoring. 

A process for selection of candidate restoration opportunities within the Entiat River study reach is 
presented below. 

PRIORITIZATION OF OPPORTUNITIES 

Opportunities for restoration and preservation of riparian vegetation were identified for a portion of the 
Entiat River subbasin as part of an analysis conducted by GeoEngineers in 2007 for the Entiat Watershed 
Planning Unit (EWPU) and Chelan County Conservation District (CCCD).  The work included the area 
from RM 0 to 34, the full extent of anadromous fish use of the mainstem Entiat River.  The primary 
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objective of the study was to assist the CCCD and EWPU with the development of a riparian restoration 
plan to help reduce water temperature standard exceedences in the subbasin.  Secondary objectives 
included the identification of land for protection of existing riparian vegetation, and identification of 
riparian enhancement projects that would support ongoing watershed and salmon recovery efforts in the 
Entiat River subbasin (UCSRB 2006). The analysis conducted by GeoEngineers culminated in a report 
entitled Entiat River Watershed Riparian Areas Prioritization Project Chelan County, WA (GeoEngineers 
2007). 

The study utilized existing spatial information, taking into account unique local conditions and data from 
ongoing watershed restoration and salmon recovery efforts of the EWPU and partners.  GeoEngineers and 
the CCCD assembled a GIS database, including information on topographic shading, existing riparian 
vegetation, stream geomorphology, surface hydrology and groundwater data, locations of dikes and 
riprap, and other spatial information.  Prioritization criteria were selected for the analysis to reflect 
important attributes of a properly functioning riparian ecosystem, and to protect and restore habitat for 
priority species.  The study approach – including rationale, data sources, and prioritization criteria – are 
well documented in the report (GeoEngineers 2007).  Results culminated with two prioritization matrices: 
un-weighted and weighted. 

Un-weighted prioritization matrices are valuable in identifying areas that are priorities for both protection 
and restoration of riparian vegetation for riparian shade benefits to water temperature as well as other 
aquatic resource values, such as salmon and steelhead habitat. 

Weighted prioritization matrices are valuable for identifying areas that are important for either protection 
or restoration of shade benefits with respect to water temperature.  In addition, the weighted prioritization 
process also did a better job differentiating between areas that should be approached as riparian 
restoration projects versus those that should be approached primarily as riparian protection projects. 

The weighted prioritization matrices were developed based on unanimous recommendations of the EWPU 
habitat technical committee members, emphasizing the importance of eliminating redundant criteria. A 
site visit confirmed that un-weighted criteria used to sort parcels were well represented in the geospatial 
analysis.  The site visit also illustrated that the analyses completed by Lillquist and Erickson (2002) 
regarding the condition of riparian vegetation (presence, absence, height of vegetation, etc.) was 
representative of conditions at the site, and that this should be the most important criterion used in a 
prioritization process. The final weighted sort resulted from the following four criteria, in order of 
priority: 1) presence or absence of existing riparian vegetation, then 2) aspect, then 3) gaining reach of 
river, then 4) all remaining and non-redundant criteria. 

Prioritization matrices based on weighted criteria for restoration and protection of riparian vegetation 
were provided in Appendices D and E, respectively of the report (GeoEngineers 2007), and are available 
as database files.  These matrices are valuable as a primary tool in focusing riparian protection and 
restoration efforts on priority areas or groups of areas (e.g., top 10, top 10%) as time and funding permits. 

An example application of the weighted criteria used to identify priority riparian vegetation restoration or 
protection opportunities by valley segment is provided in Figure 3, which displays the top 100 parcels for 
each of restoration and protection opportunities. The results suggest that 
Valley Segment 3 would be best targeted for protection opportunities, Valley Segment 2 would be best 
targeted for restoration opportunities, and Valley Segment 1 has about equal representation of both 
protection and restoration opportunities. 
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The example application shown in Figure 3 presents a coarse-scale representation for preservation or 
restoration opportunities. As explained above, it directs attention to the dominant type of opportunity at 
the valley segment scale.  Within that scale, it may be used to further prioritize opportunities in specific 
reaches or channel segments.  However, the vegetation and LWD components of data needed to establish 
baseline conditions for a particular project are not necessarily inherent in the model.  Those data gaps are 
identified in the previous section.  The collection or verification of those data gaps would be valuable in 
determining specific project needs, expected benefits, and for establishing base-line conditions for long-
term adaptive monitoring.  In addition, the data may be necessary to satisfy permitting requirements that 
the coarse-level of detail provided in the TA may not have provided. 

LIMITATIONS 

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

Please refer to the appendix titled Report Limitations and Guidelines for Use for additional information 
pertaining to use of this report.   
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1. INTRODUCTION 

Appendix H describes historical and existing biological use of ESA-listed species within the 
assessment area.  A number of fish species inhabiting streams on the Okanogan-Wenatchee 
National Forest have been listed under the Endangered Species Act.  These include the Upper 
Columbia steelhead (Oncorhynchus mykiss) listed as Endangered on October 17, 1997 
(NMFS 1998) and the Upper Columbia spring Chinook salmon (O. tshawytscha) listed as 
Endangered on March 16, 1999 (NMFS 1999a). The Entiat River is within the range of both 
of these listed species. 

Proposed spring Chinook and steelhead critical habitat are present in the Entiat River.  
Spawning habitat for steelhead trout and Chinook salmon are known to occur within the 
Entiat River.  Entiat Falls (RM 34) acts as a natural barrier to upstream fish migrations since 
no anadromous fish have been found above the Falls. 

When discussing the populations of steelhead, spring Chinook, or summer Chinook in the 
Entiat watershed, it must be remembered that the Entiat River watershed is only part of the 
Entiat Subbasin population area. The Mad River, a major tributary to the Entiat River 
(RM 10) also functions as an integral part of the subbasin.  The Mad River watershed will be 
included in this analysis when population interactions cannot be completely separated.  For 
all species discussed in this document the Entiat River, Mad River and associated tributaries 
interact by providing refugia, connectivity, and habitat for different life stages.  
The Entiat River was surveyed in 1934–1936 by the U.S. Bureau of Fisheries (BOF 1936); it 
was surveyed in 1972, 1992, and 1994 by the Wenatchee National Forest. The Entiat 
between Preston Creek to Entiat Falls (RM 23.4–34) was surveyed in 1994 by a contracted 
crew (WNF 1994) using the Hankin and Reeves Methodology.  The lower 20 miles of the 
Entiat River were surveyed in 1995 by the Natural Resources Conservation Service (NRCS) 
Stream Team (CCCD 1998).  This appendix draws on the findings of watershed analysis, the 
Entiat Cooperative River Basin Study (USDA 1979); research specific to the mid-Columbia 
river system; stream surveys; Forest Plan standards; annual monitoring (temperature, 
sediment, and spawning) by Washington Department of Fish and Wildlife (WDFW), the U.S. 
Fish and Wildlife Service (FWS), and the Wenatchee National Forest (WNF); field surveys; 
and interviews with WNF and Entiat Ranger District biologists, soils specialists, and 
hydrologists. 
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2. SPECIES OVERVIEW 

2.1 STEELHEAD 

Steelhead exhibit one of the most complex suites of life history traits of any salmonid species 
(NMFS 1999a). Entiat/Mad River steelhead are “inland” steelhead (as opposed to “coastal”) 
of the “stream maturing” reproductive ecotype (NMFS 1999a). Steelhead enter and ascend 
the Columbia River in June and July, arriving near their spawning grounds 9 to 11 months 
prior to spawning. Recent research with 395 radio-tagged adult steelhead showed that the 
peak in upstream steelhead movements nearest the Entiat River (at Rocky Reach and Wells 
Dams) occurs in early September.  Most adult steelhead moved into tributary streams by 
November, however, some adults held in the mainstem Columbia River until February or 
March before moving into natal streams to spawn (English et al. 2001).  Spawning survey 
data from the Mad River during the 2000–2008 spawning seasons showed that spawning 
occurred between late March and early May with a peak observed in late April (Archibald 
et al. 2008). Unlike other anadromous salmonids that return from the ocean to spawn and 
subsequently die, steelhead have the ability to migrate back to the ocean after spawning 
(kelting) and to return and spawn again.  Juvenile rearing lasts approximately two to seven 
years prior to ocean emigration.  Mean smolt age is considered to be 2.65 years with 
migration generally occurring from April through June with peak migration in early May 
(LaVoy 1992). 

Table H–1.  Steelhead phenology within the Entiat River (CCCD 2004).   

Event Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Spawning 

Egg Incubation 

Emergence 

Fry  Colonization  

0-Age Active Rearing 

0-Age  Migrant  

0,1-Age Inactive (winter) 

1-Age Resident Rearing 

1-Age Transient Rearing 

2+-Age Transient Rearing 

Pre-spawning  Migrant  

Pre-spawning Holding 

Note: Numbers in left column represent Year Class for fish.   

Dark grey = period of heaviest use Light grey = period of moderate use White = period of little or no use 
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Appendix H – Biological Overview 

2.2 SPRING CHINOOK SALMON 

Adult spring (“early run”) Chinook salmon enter and ascend the Columbia River between 
March and June and reach the Entiat River (484 miles upriver) between May and August 
each year. Adult fish hold in deep pools within the Entiat River or Columbia River from 
May to August and then move upriver to spawn in the Entiat and Mad Rivers from late 
August to late September.  Spawning generally begins in August near RM 30, then 
progresses downriver as stream temperatures drop and is typically completed by the third 
week of September.  Adult Chinook salmon die within a short time after spawning and 
carcasses can often be observed in close proximity to newly constructed redds.  
Decomposition of carcasses contributes nutrients back into the stream where their eggs have 
just been deposited, thereby contributing nutrients back to the streams in which their young 
will rear.  Spring Chinook salmon eggs remain in the gravel until hatching in 
December/January and fry emergence occurs in January and/or February (LaVoy 1992).  
Juveniles spend approximately one year in fresh water before smolting and migrating to the 
Pacific Ocean between April and June. Adult spring Chinook salmon returning to the 
Wenatchee River system, had remained in the ocean from 2 to 3 years before they matured 
and returned to spawn (Mosey and Murphy 2000).   

Table H–2.  Spring Chinook salmon phenology within the Entiat River (CCCD 2004).   

Event Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Spawning  

Egg Incubation 

Emergence  

Fry Colonization 

0-Age Active Rearing 

0-Age Migrant 

0,1-Age Inactive (Winter) 

1-Age Transient Rearing 

Pre-spawning Migrant 

Pre-spawning Holding 

Note: Numbers in left column represent Year Class for fish.   

Dark grey = period of heaviest use Light grey = period of moderate use White = period of little or no use 

2.3 SUMMER CHINOOK SALMON 

Adult summer Chinook salmon begin entering and ascending the Columbia River in June 
with peak migrations observed in July and August at Rocky Reach Dam (Columbia River 
DART database, www.cbr.washington.edu/dart/). Adults hold in deep pools within the 
mainstem Columbia River and the Entiat River, then move upriver to spawn in October and 
November.  Timing of summer (“late-run”) Chinook migrations and spawning were 
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determined to be distinctly separate from the spring (early-run) Chinook salmon populations 
in this area in the early 1940’s (Craig and Suomela 1941) and remain as such today (Carie 
2000; Mosey and Murphy 2000). Summer Chinook spawning generally begins near Entiat 
RM 23 and progresses downstream as stream temperatures decline.  The final spawning 
activities observed each year often occur near the river mouth in mid-November.  Summer 
Chinook salmon eggs remain in the gravel until hatching and emerging, presumably in March 
or April when stream temperatures begin to warm.  Summer Chinook juveniles can migrate 
to sea during the first year of life, however recent data from adult carcass scale analysis 
(Wenatchee River) suggests that many (86%) actually rear in freshwater for one year prior to 
migrating to sea (Mosey and Murphy 2000).  Scale patterns also indicated that the year of 
fresh water rearing most likely occurred in the mainstem Columbia River.  Summer Chinook 
salmon that returned to the Wenatchee River had remained in the ocean 2–4 years before 
they matured and returned to spawn (Mosey and Murphy 2000).   
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3. 	 HISTORICAL OCCURRENCE/ABUNDANCE OF 
ESA FISH SPECIES 

3.1 	STEELHEAD 

As historical accounts suggest that the Mad River was the principal steelhead producer in the 
Entiat Subbasin, the lower Mad River has been identified as a “significant” watershed 
(Chapman et al. 1994).  In an attempt to mitigate the decline in numbers of steelhead 
returning to the Entiat and Mad Rivers, Entiat steelhead populations were supplemented by 
hatchery programs beginning with 15,000 hatchery reared steelhead smolts released into the 
Entiat Subbasin in 1964. In 1970, 58,000 steelhead smolts were released; from 1977–1999, 
an average of 40,000-42,000 smolts per year were released by the Washington Department of 
Fish and Wildlife (WDFW) at Entiat RM 10.  Beginning in 2000, hatchery steelhead releases 
by WDFW were discontinued in the Entiat River. 

3.2 	SPRING CHINOOK SALMON 

Historical accounts of fishing indicate that the Entiat River supported excellent spring 
Chinook salmon runs (Craig and Suomela 1941) prior to fish passage barriers.  Construction 
of dams without appropriate fish passage structures beginning in 1889 in the lower Entiat 
River blocked salmon from their spawning grounds, and by 1935 (BOF 1036) these runs 
were essentially non-existent. 

Grand Coulee Dam was built in 1939; as part of the Grand Coulee Fish Maintenance Project 
(FMP) mitigation efforts, all ascending adult salmonids were trapped at Rock Island Dam 
from 1939–1943 and relocated to upstream tributaries including the Entiat River and nearby 
fish hatcheries. The goal of these efforts was to relocate the Upper Columbia River salmon 
and steelhead runs to Mid-Columbia tributary streams to mitigate for lost production above 
Grand Coulee Dam (Carie 1999) as this dam was built without adult fish ladders.   

Initially, little effort was made to re-establish wild spring Chinook salmon runs in the Entiat 
River. Instead efforts focused on hatchery supplementation with approximately 1 million 
sub-yearlings and less than 50,000 yearling spring Chinook smolts released from the Entiat 
National Fish Hatchery (ENFH) from 1942–1944.  No further spring Chinook salmon smolts 
were released from the ENFH from 1945–1974 (Carie 1999).  In 1974, spring Chinook 
production resumed with production goals set at 400,000 sub-yearlings and 400,000 
yearlings per year (Cooper et al. 2002).  From 1974–1994, the Entiat National Fish Hatchery 
released an average of 787,282 fish per year into the Entiat River.  From 1996–2000, yearling 
spring Chinook releases averaged only 320,154 smolts, while sub-yearling releases declined 
to an average of 117,225 smolts.  Beginning in 2000, sub-yearling spring Chinook hatchery 
releases from the ENFH were discontinued (Cooper et al. 2002).  The final hatchery spring 
Chinook release from the ENFH occurred in 2006 with no plans to resume spring Chinook 
production in the foreseeable future. 
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3.3 SUMMER CHINOOK SALMON 

Summer Chinook salmon are not believed to be endemic to the Entiat River (Craig and 
Suomela 1941) but several efforts have been made to introduce them to the river.  As part of 
the Grand Coulee FMP mitigation 3,015 commingled upriver adults from the Rock Island 
trappings were placed in upper Entiat River spawning areas in 1939 and 1940.  Of these, 
1,300 were estimated to have survived and spawned (Fish and Hanavan 1948).  The ENFH 
reared and released juveniles into the Entiat River from 1941–1964 and in 1976 (Carie 2000) 
with egg sources that included commingled upriver stocks trapped at Rock Island Dam 
(1939–1943), Methow River stock (1944), Carson stock (1944), Entiat River stocks (1946– 
1964), Spring Creek stocks (1964) and Wells Dam stocks (1976).  Since the last hatchery 
release in 1976, the Entiat River subpopulation has persisted with wild spawners only.   
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4. PRESENT FISH USE IN ENTIAT 

4.1 STEELHEAD 

A native run of steelhead inhabits the Entiat Subbasin and is included in the Upper Columbia 
Evolutionarily Significant Unit (ESU).  Steelhead currently occupy about 41 percent of their 
historic range in the Interior Columbia Basin and although still fairly broadly distributed, 
very few strong populations exist (Lee et al. 1996).  Factors influencing the current depressed 
status of steelhead populations include; instream obstructions, passage mortality at dams, 
habitat degradation, overfishing, and interactions including genetic introgression with 
hatchery-reared and non-native fish (MacDonald et al. 1996).  All remaining populations and 
habitats are considered to be critical to the persistence of steelhead in the interior Columbia 
Basin (Lee et al. 1996). 

Steelhead spawn in the spring when snow conditions, poor visibility due to turbidity, and 
rising stream flows make spawning surveys difficult.  Spawning timing can also vary widely 
through the months of March and June depending on flow, temperature, and weather 
conditions. Because of these drawbacks, the first concerted spring spawning survey effort in 
the Entiat/Mad Subbasin did not occur until 1999, following the listing of Upper Columbia 
steelhead as endangered. Steelhead were thought to spawn primarily within the lower three 
miles of the Mad River (Carie 1998), however, recent (2000–2008) Wenatchee NF surveys 
located the majority of Mad River steelhead redds (76%) from RM 1.3–7.2 on the Mad River 
(where Trail #1409 begins to switchback), with the uppermost redd found below Camp Nine 
at RM 9.5 (Archibald and Johnson 2001; Archibald et al. 2008).  In 2003, the FWS FRO also 
began more intensive surveys of the Entiat River.  For all surveys, the FWS FRO reported 80 
redds in 2003, 69 redds in 2004, 223 redds in 2005, 110 redds in 2006, and 64 redds in 2007 
for a grand total of 546 steelhead redds for the survey period of record.  These redds were 
distributed as follows: 362 (66%), Entiat RM 0.8–16; 147 (27%), Entiat RM 16–26; and 
37 redds (about 7%), Entiat RM 26–27.5. 

Results from an adult steelhead radio telemetry study from 1999-2000 (English et al. 2001) 
showed locations for tagged adult steelhead in the Entiat River ranging from just above the 
historical Stormy Creek confluence, down to the mouth during the spawning and migration 
periods. Radio-tagged adults were located repeatedly in the mainstem Entiat River near 
Crum Canyon (RM 7.75), Mills Canyon (RM 3.2) and just above the historical Stormy Creek 
confluence on successive aerial surveys in the spring of 2000 and those areas have been 
found to be spawning areas. No anadromous fish have been found within the Transport Zone, 
indicating that Entiat Falls acts as a natural barrier to upstream fish migrations.   

The subpopulation size of steelhead within the Entiat and Mad Rivers is not known with 
certainty due to the inability to distinguish resident rainbow trout from steelhead juveniles 
and due to a short (2003–2008) period of record for spawning surveys.  Subpopulation size 
estimates based on escapement using Rocky Reach and Wells Dam counts appear to be 
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unreliable. Spawning survey data from USFS Mad River surveys (Archibald et al. 2008) and 
from recent Entiat River Steelhead spawning surveys by the FWS FRO (2003–2008) indicate 
that the Entiat/Mad steelhead population has ranged from 150 spawning adults (2007) to 
550 spawning adults (2008) using an expansion factor of 2 fish per redd. (Figure H–1).  The 
presently available information on subpopulation size indicates that numbers are low (>50 
and <500 returning adults) and should be considered “functioning at risk.”  

Mad River and Entiat River steelhead redd count 

comparisons (2003-2008) 
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Figure H–1.  Steelhead redd counts in the Mad and Entiat Rivers in 2000–2008. 

4.2 SPRING CHINOOK SALMON 

A run of wild stream-type (spring) Chinook salmon inhabits the Entiat/Mad River subbasin 
and is included in the Upper Columbia ESU.  Spring Chinook salmon are considered 
depressed throughout most of their current range and many stocks are in danger of extinction 
(Lee et al. 1996). Factors influencing the current depressed status of spring Chinook salmon 
populations include; low abundance, decreasing trends in abundance, widely dispersed 
spawning populations, fragmented habitats, degraded habitat, high risks of genetic 
introgression in most stocks from hatchery fish, low frequency of wild-indigenous stocks, 
increased competition and predation from nonnative fishes, overharvest and high risk of 
smolt and adult migration mortality in the mainstem Columbia and Snake Rivers due to 
hydroelectric projects. All remaining populations and habitats are considered to be vital to 
the continued persistence of spring Chinook salmon in the interior Columbia Basin (Lee et al. 
1996). Given the depressed status of the stocks and the critically low returns (only one redd 
was observed in the Entiat River index area in 1995) all known primary spawning areas are 
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considered to be significant.  The Depositional and lower Transitional Zones of the Entiat 
River are considered “significant” and contain the majority of the spawning and early rearing 
habitat. Spring Chinook rear throughout the Depositional and Transitional Zones of the 
Entiat River and are “known present” at very low numbers in the lower Mad River.  No 
anadromous fish have been found within the Transport Zone, indicating that Entiat Falls acts 
as a natural barrier to upstream fish migrations.   

Spring Chinook salmon presently spawn in the Entiat River between RM 16–28 (at Fox 
Creek). Previous spawning surveys indicated that the majority of redds were located in an 
Index area from RM 21 (near Dill Creek) up to Fox Creek (RM 28).  An index area is a 
logistically feasible sampling area that attempts to encompass the majority of known events 
and can be surveyed rigorously in multiple repetitions over a spawning season.  At present, 
there is considerable overlap between the spring Chinook and summer Chinook spawning 
areas from RM 16–23.  Spring Chinook are also known to spawn within the lower four miles 
of the Mad River. Trends over time indicate that numbers of returning adult spawners were 
relatively stable in the 1980s but then plummeted to very low numbers in the 1990s.   

The year 2000 counts of returning adult salmon ascending Rocky Reach Dam returning 
showed an increase and the year 2001 counts were greater than had been observed for the  
previous fifteen years (Mosey and Murphy 2000).  In 2001, 2,666 adult spring Chinook 
returned to the Entiat NFH. Of these, 304 were taken for brood stock; 2,350 adults were 
harvested as surplus; and 12 either died prior to spawning or were unsuitable for propagation.  
An estimated 485 adults spawned in the wild (based on 202 known redds and the estimator of 
2.4 fish/redd used by FWS for the Entiat River). No sport or tribal fishery occurred in the 
Entiat River. In 2002, counts of adult spawners decreased to an estimated 264 wild 
spawners, which is still much higher than the lows of the mid 1990’s.  Spring Chinook 
salmon populations in the Entiat and Mad Rivers are still at great risk for extinction due to 
the low wild subpopulation sizes observed in the 1990’s.  Juvenile spring Chinook are known 
to rear in the Entiat River from the mouth to Entiat Falls (RM 34) and in the Mad River from 
the mouth to Hornet Creek.   

Adult returns to the Index area (RM 21–28) of the Entiat system for spawning from 1994-
1999 were the lowest on record (Figure H–2).  Spring Chinook spawning was monitored in 
the Entiat River from 1962 to 1994 by WDFW.  Starting in 1994, FWS FRO began 
conducting ground surveys and has incorporated additional habitat above and below the 
index reach and within the Mad River in their surveys.  According to LaVoy (WDFW 1998) 
the declines from 1994-1999 in spawner-to-recruitment ratios for spring Chinook were below 
that necessary to perpetuate the run.  Diminishing returns within other portions of the 
Columbia Basin have occurred simultaneously, pointing to possible changes in mainstem 
and/or ocean conditions rather than the many other factors (habitat loss, habitat degradation, 
migration mortality) that can influence the runs in their natal subbasins.  Since 2000, adult 
salmon (sockeye, steelhead, spring and summer Chinook) returns throughout the Mid-
Columbia increased substantially lending further evidence that changes in ocean conditions 
have played a large part in the declines observed in the 1990’s.  Spring Chinook 
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subpopulations in the Entiat and Mad River watersheds are considered to be functioning at 
unacceptable risk due to depressed redd counts from 1994-1999 and overall low 
subpopulation numbers (>50 but < 500 based on redd count expansions).  

The dominant life history strategy for salmon is to “home” in on their natal streams for 
spawning, thus subpopulations are generally thought to be fairly isolated from other 
subpopulations despite occasional straying.  Recent data shows that straying into the Entiat 
River has occurred and may be more prevalent than previously realized.  Adult spring and 
summer Chinook salmon carcasses with coded wire tags have been recovered in the Entiat 
River during spawning surveys by FWS FRO personnel from 1997–2004.  Information from 
these CWT recoveries, show that Chinook salmon strays have been contributing to both the 
spring and summer subpopulation size of the Entiat River and that straying has increased 
with an increase in run size. However, the nearest source populations of spring Chinook 
salmon, the Wenatchee and Methow drainages, have also shown population declines to very 
low levels and would not likely contribute substantially to recolonization after a major 
disturbance. 
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Figure H–2. Annual spring Chinook redd counts in the Entiat River from 1962–2008.   


The Index Area is RM 21–28, from the Dill Creek confluence up to Fox Creek Campground  


4.3 SUMMER CHINOOK SALMON 

From 1957 to 1991, summer Chinook spawning was monitored from the mouth to RM 10.4 
with aerial surveys conducted by WDFW.  Redd counts averaged just under five per year 
from 1972–1991 with a maximum count of 55 redds observed in 1967.  From 1994 to 
present, surveys have been conducted by the FWS FRO from the mouth to RM 28 and results 
are summarized below in Figure H–3.  Using an estimator of 3.1 fish/redd (Mullan et al. 
1992), an average of 573 summer Chinook per year have spawned in the Entiat River (2000– 
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2007). Spawning survey data from 1994–2007 indicate the subpopulation has rebounded 
somewhat from the low numbers observed in 1994 but remains relatively small.  Due to the 
small subpopulation size, summer Chinook salmon are functioning at risk in the Entiat River.  

Redd counts from adult summer Chinook in the Entiat River nearly doubled in 2002 
compared to 2001 (Figure H–3).   Despite this large increase (redd count expansions indicate 
that greater than 600 adult summer Chinook returned to spawn in 2002), the most recent 10-
year redd count (1998–2008) averages 150 redds per year (465 adults).  The subpopulation is 
small but relatively stable and may be recovering.   

Summer Chinook salmon also exhibit the dominant life history strategy of “homing” to natal 
streams to spawn.  As noted for spring Chinook, straying does occur into the Entiat River and 
may be more prevalent than previously realized.  The Wenatchee River system currently 
sustains a much larger summer Chinook salmon subpopulation (estimated 2022 redds in 
2000, Mosey and Murphy 2000); based on numbers of adult summer/late-run Chinook 
salmon passing Rocky Reach Dam (that is, 19,234 adults counted migrating to upriver 
habitats in 2000), larger source populations currently exist in the nearby drainages upriver.  
Based on dominant life history strategies, the presence of nearby large source populations 
and an exhibited ability to stray, it seems likely that the Entiat summer Chinook salmon 
subpopulation would recover from a major disturbance within one generation, thus they are 
considered to be functioning at risk. 
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Figure H–3.  Annual Summer Chinook Redd Counts in Entiat River (1994–2008). 
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5. 	 BIOLOGICAL OVERVIEW BY GEOMORPHIC 
REACH 

Table H–3, Table H–4, and Table H–5 provide an outline of the fish usage by lifestage and 
limiting factors for Steelhead, spring Chinook salmon, and summer Chinook salmon.  There 
are multiple physical variables that control the lack of habitat availability.  For example, lack 
of juvenile rearing habitat can imply insufficient off-channel habitat, in-channel habitat 
complexity produced by LWD, pool-forming elements, protective cover, velocity refugia, or 
other variables. In general, spawning habitat in Valley Segment (VS) 1 is typically limited 
because of decreased gravel retention.  Juvenile rearing habitat is typically limited due to 
lack of in-channel complexity.  Adult holding habitat is limited because of a lack of slow, 
deep water. Reaches 1A, 3A, and 3C do not have limiting factors listed because they are 
either unknown (1A) or are used as migration corridors (3C and 3E).   

Table H–3.  Steelhead fish usage and limiting factors by geomorphic reach. 

Reach RM Life Stage Usage Limiting Factors 

1A 0–0.8 All unknown 

1B thru 1G 0.8–16.1 All Lack of spawning habitat; 

Lack of juvenile rearing habitat; 

Lack of adult holding habitat 

2A 16.1–17.9 All Lack of juvenile rearing habitat; 

Lack of adult holding habitat 

2B 17.9–18.1 All Lack of juvenile rearing habitat 

2C 18.1–20.9 All Lack of juvenile rearing habitat; 

Lack of adult holding habitat 

2D 20.9–21.1 All Lack of juvenile rearing habitat 

3A thru 3B 21.1–23.3 All Lack of juvenile rearing habitat; 
High percentage of fines in spawning gravel; 

High summer water temperatures 

3C 23.3–24 Migration not applicable because is migration corridor 

3D 24–25 All None 

3E 25–25.6 Migration not applicable because is migration corridor 

3F 25.6–26 All Low water temperatures during spawning season 
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Table H–4.  Spring Chinook fish usage and limiting factors by geomorphic reach. 

Reach RM Life Stage Usage Limiting Factors 

1A 0–0.8 All unknown 

1B thru 1G 0.8–16.1 All Lack of spawning habitat; 

Lack of juvenile rearing habitat; 

Lack of adult holding habitat 

2A 16.1–17.9 All Lack of juvenile rearing habitat; 

Lack of adult holding habitat 

2B 17.9–18.1 All Lack of juvenile rearing habitat 

2C 18.1–20.9 All Lack of juvenile rearing habitat; 

Lack of adult holding habitat 

2D 20.9–21.1 All Lack of juvenile rearing habitat 

3A thru 3B 21.1–23.3 All Lack of juvenile rearing habitat; 
High percentage of fines in spawning gravel; 

High summer water temperatures 

3C 23.3–24 Migration n/a 

3D 24–25 All None 

3E 25–25.6 Migration n/a 

3F 25.6–26 All Low water temperatures during spawning season 

Table H–5.  Summer Chinook fish usage and limiting factors by geomorphic reach.  

Reach RM Species Limiting Factors 

1A 0–0.8 All 

1B thru 1G 0.8–16.1 All Lack of spawning Habitat; 

Winter Water Temperatures; 

Lack of adult Holding Habitat 

2A thru 2C 16.1–20.9 All 

2D 20.9–21.1 All but Spawning 

3A 21.1–22.7 All High % of fines in spawning gravel 

3B 22.7–23.3 All High % of fines in spawning gravel 

3C thru 3F 23.3– to 24 NA 
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Appendix H – Biological Overview 

6. 	 LIMITING FACTORS OF PRESENT HABITAT 
CONDITIONS 

Physical barriers are “…[T]he dominant impact limiting anadromous fish production are the 
[eight] Columbia River dams.  Although not an in-basin feature, they remain as major 
obstacles on the 'habitat path' for basin fish and mortality at these projects substantially 
overshadows in-basin habitat limitations” (WDF et al. 1990).  There has also been a long 
history (since 1889) of migration barriers both within and outside the Entiat Subbasin that 
have affected fish passage to the Entiat and Mad Rivers (WNF 1996).  The last two 
remaining man-made passage barriers within the mainstem Entiat and Mad Rivers were an 
irrigation diversion dam at Mad River RM 0.2, and the McKenzie irrigation diversion dam at 
Entiat RM 16.0; both were operated in such a manner that they created low-flow partial 
passage barriers (WDF et al. 1990).  Both dams were reconstructed in late 1994 to be fully 
passable at all flows. After replacement of the County Road culvert with a bridge on Stormy 
Creek in late 2004, two barrier culverts remain in Stormy Creek, which are the only culverts 
documented in the Entiat River watershed as barriers (culverts) to fish passage (Andonaegui 
1999). Entiat Falls at river mile 34.0 is a natural barrier to upstream passage of anadromous 
fishes and bull trout. 

6.1 	STEELHEAD 

In VS-1 above the backwater from the Columbia River (RM 0.8–16.1), most habitat 
diagnostics for steelhead are functioning, but at risk due to elevated fine sediment, lack of 
spawning gravel, lack of LWD, poor quality and low quantity of pool habitat, and human-
caused perturbations such as localized channelization and riparian clearing.  Recent data 
(Archibald et al. 2008) suggests that the lower Entiat and Mad Rivers provide the principal 
habitat utilized by adult steelhead spawners. Improvement in degraded habitat conditions will 
likely require much more than 5 years.  In VS-2 and VS-3 (RM 16.1–26.0), habitat 
diagnostics for steelhead are in better condition than the lower River including; greater 
availability of spawning gravel although the proportion of fine sediment is greater than 15% 
(mid-point of At Risk range of % fines, NMFS 1999b), greater recruitment and retention of 
LWD although less than optimal in terms of  size and distribution, and greater quality and 
quantity of pool habitat although less than geomorphic potential.  Human-caused 
perturbations such as riparian clearing (mostly historic) have led to accelerated bank 
erosion/sloughing at some sites where natural recovery has been slow.  Channelization in the 
form of dikes is limited to two locations (RM 19.7 and RM 21.9–22.2).  

6.2 	SPRING CHINOOK 

The available spawning habitat is currently under-utilized and it does not appear that the wild 
component of the subpopulation is of sufficient size to recover even with habitat restoration 
efforts. In VS-1 above the backwater from the Columbia River (RM 0.8–16.1), most habitat 
diagnostics for spring Chinook are functioning, but at risk due to poor quality and quantity of 
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Appendix H – Biological Overview 

juvenile rearing habitat - lack of LWD, low quantity of pool habitat and off-channel habitat, 
and human-caused perturbations such as channelization and riparian clearing.  Improvement 
in degraded habitat conditions will likely require much more than 5 years.  In VS-2 and VS-3 
(RM 16.1–26.0), habitat diagnostics for spring Chinook are in better condition than the lower 
River including; greater availability of spawning gravel although the proportion of fine 
sediment is greater than 15%, greater recruitment and retention of LWD although less than 
optimal in terms of size and distribution, greater quality and quantity of pool habitat although 
less than geomorphic potential, and greater availability of off-channel rearing habitat.  
Human-caused perturbations such as riparian clearing (mostly historic) have led to 
accelerated bank erosion/sloughing at some sites where natural recovery has been slow.  
Channelization in the form of dikes is limited to two locations (RM 19.7 and RM 21.9–22.2).   

6.3 SUMMER CHINOOK SALMON  

Available spawning habitat is under-utilized at present and the status of Entiat summer 
Chinook is “extremely tenuous under current conditions” (EDT 2003).  In the lower Entiat 
River (RM 0.8–16.1), most habitat diagnostics for summer Chinook are functioning at risk 
due to poor quality and quantity of juvenile rearing habitat - temperature extremes (low 
overwinter and high summer rearing), lack of LWD, pool habitat, off-channel habitat, and 
human-caused perturbations such as channelization and riparian clearing.  Improvement in 
degraded habitat conditions will likely require much more than five years.  In the mid-Entiat 
River (RM 16.1–26.0), habitat diagnostics for summer Chinook are in better condition than 
the lower River including; greater availability of spawning gravel although the proportion of 
fine sediment is greater than 15%, greater recruitment and retention of LWD although less 
than optimal in terms of size and distribution,  greater quality and quantity of pool habitat 
although less than geomorphic potential, and greater availability of off-channel rearing 
habitat. Human-caused perturbations such as riparian clearing (mostly historic) have led to 
accelerated bank erosion/sloughing at some sites where natural recovery has been slow.  
Channelization in the form of dikes is limited to two locations (RM 19.7 and RM 21.9–22.2).   
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INTRODUCTION 

The Entiat Tributary Assessment Map Atlas provides GIS-based maps that illustrate key results from geologic and geomorphic 
mapping, hydraulic and sediment analysis, and habitat features accomplished for the Entiat Tributary Assessment, Chelan County, 
Washington (Reclamation, 2008).  The assessment area covers approximately 26 miles of the Entiat River upstream from the 
confluence of the Entiat and Columbia Rivers. This Atlas also includes several general maps that cover the entire subwatershed of the 
Entiat River based on ongoing mapping efforts by the U.S. Forest Service and information available from the U.S. Geological Survey 
(maps 1-7).  

Metadata for GIS-based mapping are provided in the related GIS files available for the Tributary Assessment report. The Entiat 
Tributary Assessment Map Atlas was generated by Kurt Wille in the Sedimentation and River Hydraulics Group at the Technical 
Service Center of the Bureau of Reclamation.   
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Vegetation mapping reproduced from Erikson and Lilquist 2002: Riparian vegetation 
polygons were delineated and categorized using 2001 true-color imagery in 
conjunction with 1998 digital orthophoto quadrangles and limited fieldwork to map the
dominant presumed vegetation type and lateral extent from the main river channel.
The relative height is based on an interpretation of the dominant presumed 
vegetation community. 
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Vegetation mapping reproduced from Erikson and Lilquist 2002: Riparian vegetation 
polygons were delineated and categorized using 2001 true-color imagery in 
conjunction with 1998 digital orthophoto quadrangles and limited fieldwork to map the
dominant presumed vegetation type and lateral extent from the main river channel.
The relative height is based on an interpretation of the dominant presumed 
vegetation community. 
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Vegetation mapping reproduced from Erikson and Lilquist 2002: Riparian vegetation 
polygons were delineated and categorized using 2001 true-color imagery in 
conjunction with 1998 digital orthophoto quadrangles and limited fieldwork to map the
dominant presumed vegetation type and lateral extent from the main river channel.
The relative height is based on an interpretation of the dominant presumed 
vegetation community. 
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Vegetation mapping reproduced from Erikson and Lilquist 2002: Riparian vegetation 
polygons were delineated and categorized using 2001 true-color imagery in 
conjunction with 1998 digital orthophoto quadrangles and limited fieldwork to map the
dominant presumed vegetation type and lateral extent from the main river channel.
The relative height is based on an interpretation of the dominant presumed 
vegetation community. 
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Vegetation mapping reproduced from Erikson and Lilquist 2002: Riparian vegetation 
polygons were delineated and categorized using 2001 true-color imagery in 
conjunction with 1998 digital orthophoto quadrangles and limited fieldwork to map the
dominant presumed vegetation type and lateral extent from the main river channel.
The relative height is based on an interpretation of the dominant presumed 
vegetation community. 
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Vegetation mapping reproduced from Erikson and Lilquist 2002: Riparian vegetation 
polygons were delineated and categorized using 2001 true-color imagery in 
conjunction with 1998 digital orthophoto quadrangles and limited fieldwork to map the
dominant presumed vegetation type and lateral extent from the main river channel.
The relative height is based on an interpretation of the dominant presumed 
vegetation community. 
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Vegetation mapping reproduced from Erikson and Lilquist 2002: Riparian vegetation 
polygons were delineated and categorized using 2001 true-color imagery in 
conjunction with 1998 digital orthophoto quadrangles and limited fieldwork to map the
dominant presumed vegetation type and lateral extent from the main river channel.
The relative height is based on an interpretation of the dominant presumed 
vegetation community. 
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Vegetation mapping reproduced from Erikson and Lilquist 2002: Riparian vegetation 
polygons were delineated and categorized using 2001 true-color imagery in 
conjunction with 1998 digital orthophoto quadrangles and limited fieldwork to map the
dominant presumed vegetation type and lateral extent from the main river channel.
The relative height is based on an interpretation of the dominant presumed 
vegetation community. 
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Vegetation mapping reproduced from Erikson and Lilquist 2002: Riparian vegetation 
polygons were delineated and categorized using 2001 true-color imagery in 
conjunction with 1998 digital orthophoto quadrangles and limited fieldwork to map the
dominant presumed vegetation type and lateral extent from the main river channel.
The relative height is based on an interpretation of the dominant presumed 
vegetation community. 
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Vegetation mapping reproduced from Erikson and Lilquist 2002: Riparian vegetation 
polygons were delineated and categorized using 2001 true-color imagery in 
conjunction with 1998 digital orthophoto quadrangles and limited fieldwork to map the
dominant presumed vegetation type and lateral extent from the main river channel.
The relative height is based on an interpretation of the dominant presumed 
vegetation community. 
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