


MISSION STATEMENTS

The mission of the Department of the Interior is to protect and
provide access to our Nation’s natural and cultural heritage and
honor our trust responsibilities to Indian Tribes and our
commitments to island communities.

The mission of the Bureau of Reclamation is to manage, develop,
and protect water and related resources in an environmentally and
economically sound manner in the interest of the American public.




RECLAMATION

Managing Water in the West

METHOW SUBBASIN
GEOMORPHIC ASSESSMENT,
OKANOGAN COUNTY, WASHINGTON

BUREAU OF RECLAMATION
TECHNICAL SERVICE CENTER, DENVER, CO,
PAciFic NORTHWEST REGIONAL OFFICE, BOISE, ID.
AND
MEeTHOW FIELD STATION, WINTHROP, WA. FEBRUARY 2008



MISSION STATEMENTS

The mission of the Department of the Interior is to protect and
provide access to our Nation’s natural and cultural heritage and
honor our trust responsibilities to Indian Tribes and our
commitments to island communities.

The mission of the Bureau of Reclamation is to manage, develop,
and protect water and related resources in an environmentally and
economically sound manner in the interest of the American public.




Methow Subbasin Geomorphic Assessment

REPORT AUTHORS AND REVIEWERS

REPORT AUTHORS (IN ALPHABETICAL ORDER)

Author

Heike Baesecke, Forest
Pathologist

Jennifer A. Bountry,
P.E.,M.S., Hydraulic
Engineer

James S. Hadfield, Forest
Pathologist

Dave Hopkins,
Fisheries Scientist

Edward W. Lyon, Jr., L.G.,
M.S., Geologist

Todd Maguire, Regional
ESA Coordinator

Robert McAffee, Geologist

Jennifer Molesworth,
Fisheries Biologist and
Methow Subbasin Liaison

Dave Mooney, P.E., PhD,
Hydraulic Engineer

Organization

Geosis Consulting

Sedimentation & River
Hydraulics Group, Technical
Service Center, Bureau of
Reclamation, Denver, CO

Okanogan-Wenatchee National
Forest, WA

USFS Methow Valley Ranger
District, Winthrop, WA

Geology, Exploration, &and
Instrumentation Group, Pacific
Northwest Regional Office,
Bureau of Reclamation, Boise,
ID

Resources and Technical
Services, Pacific Northwest
Regional Office, Bureau of
Reclamation, Boise, ID

Geology, Exploration, and
Instrumentation Group, Pacific
Northwest Regional Office,
Bureau of Reclamation, Boise,
ID

Methow Field Station, Bureau
of Reclamation; Twisp, WA,
formerly at USFS Methow
Valley Ranger District

Sedimentation & River
Hydraulics Group, Technical
Service Center, Bureau of
Reclamation

Report Contribution

Vegetation

Sediment and Hydraulic
Analysis, Reference
Conditions, Human Impacts,
Geomorphic Analysis,
Restoration Strategy

Vegetation field assessment

Water Temperature and flow
data; biology

Geology, Reference
Conditions, Human Impacts,
Geomorphic Analysis,
Restoration Strategy

Geomorphic Approach and
Restoration Strategy

Geology, Reference
Conditions, Human Impacts,
Geomorphic Analysis,
Restoration Strategy

Habitat Conditions,
Restoration Strategy, Biology

Sediment and Hydraulic
Analysis



Methow Subbasin Geomorphic Assessment

Lucille A. Piety,
Geomorphologist / Geologist

David Sutley, M.S.,
Hydraulic Engineer

Kurt Wille,
M.A., GIS Analyst

Geology, Geophysics, &
Seismotectonics Group,
Technical Service Center,
Bureau of Reclamation,
Denver, CO

Flood Hydrology and

Meteorology Group, Technical

Service Center, Bureau of
Reclamation, Denver, CO

Sedimentation & River
Hydraulics Group, Technical
Service Center, Bureau of
Reclamation, Denver, CO

Reclamation Peer Reviewers

Author

Richard A. Link, Regional
Geologist

Timothy J. Randle, M.S.,
P.E., D.WRE., Group
Manager

Robert E. Swain, Flood
Hydrology Technical
Specialist

Additional Reviewers
Reviewer

Greg Knott, Methow

Subbasin Liaison

Charlie Snow,

Fish and Wildlife Biologist

Andreas Kammereck, P.E.,

Associate Water Resources

Engineer

Toni Turner, P.E., Hydraulic

Organization

Geology, Exploration, &
Instrumentation Group,
Pacific Northwest Regional
Office, Bureau of
Reclamation, Boise, ID

Sedimentation & River
Hydraulics Group, Technical
Service Center, Bureau of
Reclamation, Denver, CO

Flood Hydrology and
Meteorology Group,
Technical Service Center,
Bureau of Reclamation,
Denver, CO

Organization
Methow Field Station,
Bureau of Reclamation,
Twisp, WA

Washington Department of
Fish and Wildlife

Golder Associates Inc.

Design Group, Pacific

Geology, Reference
Conditions, Human Impacts,
Geomorphic Analysis,
Restoration Strategy

Hydrology

Map Atlas

Report Section

Entire Report

Entire Report

Hydrology Appendix

Report Section

Report Findings

Biological Setting

Entire Report

Main Report



Methow Subbasin Geomorphic Assessment

Engineer

Joseph Spinazola, Habitat
Program Coordinator

Bob Hassmiller

Technical Report Editing

John C. Hecht, Natural
Resources Technical Editor

Vickie Barnes, Natural
Resources Writer/Technical
Editor

Northwest Regional Office,
Bureau of Reclamation,
Boise, ID

Columbia/Snake Salmon
Recovery Office, Pacific
Northwest Regional Office,
Bureau of Reclamation,
Boise, ID

Under contract to Methow
Field Station, Bureau or
Reclamation, Twisp, WA

Liaison and Coordination
Group, Pacific Northwest
Regional Office, Bureau of
Reclamation, Boise, ID

Liaison and Coordination
Group, Pacific Northwest
Regional Office, Bureau of
Reclamation, Boise, ID

Main Report

Main Report

Document editing and
production coordination

Document editing and
production coordination



Methow Subbasin Geomorphic Assessment

ACKNOWLEDGEMENTS

Reclamation was fortunate to have the support and cooperation of many agencies and
individuals in the long effort to produce this Geomorphic Assessment, the
accompanying Technical Appendices, and the companion Methow Atlas.

The U.S. Forest Service (USFS) provided a wealth of local knowledge, literature,
historic photographs, and technical expertise through a cooperative interagency
agreement with Reclamation; this assessment would not have been complete without
such valuable participation. In particular, we thank Dave Hopkins, Jim Hadfield,
Geosis Consulting, and Berent Culp for their assistance.

A number of individuals generously shared their knowledge and time to participate in
local field visits and brain-storming sessions on scope of work, assessment findings,
and prioritization of protection and restoration strategies. In particular, such
participation came from staff or members of the Washington Department of Fish and
Wildlife (WDFW), the U.S. Fish and Wildlife Service (USFWS), the Methow
Conservancy, and the Upper Columbia Regional Technical Team.

Ron Gross, in Reclamation’s Methow Field Station, provided valuable local
knowledge of the area, expertise in GIS, and access to historic information that
greatly improved this assessment. Okanogan County graciously allowed Reclamation
access to and use of its historical aerial photographs in this assessment. Andreas
Kammereck was the lead engineer on a channel hazard analysis for Okanogan
County, and we acknowledge his participation, technical review, and excellent ideas
during the course of this assessment. Thanks also to Michael Notaro for his ongoing
assistance with arranging access along the river for field investigations and for
communications with the public on this assessment. The Shafer Museum, located in
Winthrop, graciously allowed Reclamation to reproduce historical photographs taken
within the Methow Subbasin from its collection.



CONTENTS

INTRODUCTION ..ottt e e e e e e e eaa e e eanaeeee 5
1.1 BACKGROUND AND NEED ......uitiituiiiiiiieiiieeeiiee et e et e e eeieeeenaeees 5
1.2 PURPOSE AND SCOPE ....ciiiiiiiiiieiiaeeeeeii e eee e e e ea e e e e e e e ean s 8
1.3 AUTHORITY ¢ttt et ettt e et ettt e ettt e e e et e e e e et e e e e et e e e eaaa s 9
1.4 FCRPS (FEDERAL COLUMBIA RIVER POWER SYSTEM) BIOP ............. 9
1.5 REPORT ORGANIZATION AND METHODOLOGY ....uoieviviineeeeiinneeeenennns 10
LINKING TO IMPLEMENTATION AND MONITORING..................... 13
2.1 TRIBUTARY REACH-BASED APPROACH .....ccuuiiiiiiiiiiaaeeiiiaaeeeeiieaeeens 13
2.2 POTENTIAL FOR LINKING THE TRIBUTARY REACH-BASED APPROACH
WITH MONITORING AND ADAPTIVE MANAGEMENT .....cvvviiiiineennnnn. 15
REACH-BASED PROTECTION AND RESTORATION
OPPORTUNITIES ...t e e 17
3.1 SCIENTIFIC ASSESSMENT AND ADAPTATIVE MANAGEMENT NEXUS ....17
3.2 DELINEATION OF GEOMORPHIC REACHES.......coiiiiiiiiieeeiiieeeeeiiee 21
3.2.1 High Complexity with Wide, Unconfined Floodplain ................. 26
3.2.2 Medium Complexity, with Moderately Confined Floodplain...... 28
3.2.3 Low Complexity, with Narrow, Confined Floodplain ................. 30
3.3 HUMAN CAUSED IMPACTS TO PHYSICAL PROCESSES ........coeevvvvnnnne. 31
3.4 DESCRIPTION OF 23 GEOMORPHIC REACHES .....cccvuiiiiiiiiiieeeeeiiinee 34
3.5 REACH-BASED PROTECTION AND RESTORATION STRATEGY ............. 39
3.6 TECHNICAL PRIORITIZATION OF RESTORATION FOR 23 GEOMORPHIC
REACHES ...ttt e enn e e eees 45
3.7 BREAKOUT OF POTENTIAL PROTECTION AND RESTORATION PROJECT
AREAS ..t eee 51
3.8 RESTORATION SUCCESS AND SUSTAINABILITY ..ovvvvieeeeiiiieeeeeininne 61
GEOMORPHIC CONDITIONS ...ouiiiiiiieeee e 63
4.1 SUMMARY OF IMPACTS TO PHYSICAL PROCESSES.........ovveviviiaeeens 63
4.1.1  Stream ENergy.....ccccooouerimmmiiiiiiiiiiiiiininenae 64
4.1.2 Channel Planform .........c...oeeeiioiiiiiiee e 67
4.1.2 Channel and Floodplain Connectivity ............ccccevveeeeeriiiiiinnne. 68
4.1.3 Bank Erosion and Floodplain Reworking.............cccccvvvviiiiennnes 69
4.1.4 Channel Hydraulics and Sediment Transport.............cccvvveeenn.. 71
4.1.5 Riparian Vegetation ...........ceouoiiiiiiiiiieeee e 73
4.1.6 Large Woody Debris (LWD)..........uuuuuuummeemmiiniiiniiineiineiieneinneenenes 74

4.2 MIDDLE AND UPPER METHOW GEOMORPHIC CONDITIONS ................ 75




CONTENTS (continued)

4.2.1 Habitat ConditioNS ............cocvvviiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e 75

4.2.2 Geologic Controls and Channel SIope ........cccccccceeiieeieeeeeennnnnnn. 76

4.2.3 Floodplain Expansion and Reworking ............cccccccevvvvvvivveennnee. 78

4.2.4 Impacts to Floodplain Width ............ccccoiiiiiiiiiiiieeen 79

4.2.,5 Vegetation and Large Woody DebriS.........ccccevvvvvieiieeeveeeevvnnnnnn. 81

4.2.6 Location and Types of Human Features .............ccccccevvvvvveennnn. 81

4.3 TwISP RIVER GEOMORPHIC CONDITIONS.....utiieutineereriinaeeeeeeneaeeenes 83

4.3.1 Habitat ConditionS ............cccoiviiiiiiiiiiiiieeeeeeeeeeeeeeeeee 83

4.3.2 Geologic Controls and Channel Slope ..........ccccccvvvvvviiiviiinnnnnn, 84

4.3.3 Expansion and REWOIKING ..........cceuviieiiiiiiiiiiiiiieeee e 85

4.3.4 Impacts to Floodplain Width ............cccoeiiiiiiiiiieeeee, 86

4.3.5 Vegetation and Large Woody Debris...........ccccccvvvviiiiiiiininnnnnn, 87

4.3.6 Location and Type of Human Features ............cccccevvvvvvevveeennnn. 88

4.4 CHEWUCH GEOMORPHIC CONDITIONS....c.uuuiiiiiriieeeeniiaeeeeniaeeeennnns 90

4.4.1 Habitat CONAItIONS ......ceviiiiiiiiiiiiiieice e 90

4.4.2 Geologic Controls and Channel SIope ........ccccceeeviiiiiiiiiiiiennnn. 91

4.4.3 Floodplain Expansion and Reworking ............cccccccvveevievveeenneen. 92

4.4.4 Impacts to Floodplain Width .............cccccciiiiieee, 93

4.45 Vegetation and Large Woody Debris.........ccccccceeeiiiiiiiiiiieennnnn. 93

4.4.6 Location and Type of Human Features .........ccccceeeevveevveevivnnnnnn. 94

4.5 REMAINING DATA GAPS .ottt eas 96

S. CONCLUSIONS . ... e e e e 99
6. REFERENGCES. ... ... 103
7. ABBREVIATIONS ... 109
8. GLOSSARY i 111

APPENDICES

Appendices are contained in a separate volume.

Appendix A. Complexity Habitat Protection and Restoration Opportunities
Appendix B. Technical Ranking of Geomorphic Reaches

Appendix C. Geomorphic Reaches

Appendix D. Assessment Approach and Methods

Appendix E. Conceptual Model of Physical Processes Important to
Salmonid Habitat Formation




CONTENTS (continued)

Appendix F. Biological Setting

Appendix G. Geomorphic Mapping and Analysis

Appendix H. Vegetation

Appendix I. Methow River Water Temperature Measurements

Appendix J. Hydrology Analysis and GIS Data

Appendix K. Hydraulics and Sediment Analysis

Appendix L. Fire History

Appendix M. Geologic History and Mapping

Appendix N. Sediment Sources and Human Features for Subwatersheds

within the Assessment Area

Appendix O. Historical Human Activities and Flood Management

Appendix P. Documentation of Human Features in Present River Setting
Appendix Q. GIS Databases

Appendix R. Technical Ranking of Restoration Sites Based on Degree of

Departure from Natural Conditions

Appendix S. All References

Figure 1.

Figure 2.

Figure 3.
Figure 4.

Figure 6.
Figure 7.
Figure 8.

Figure 9.

LIST OF FIGURES

Location map of assessment area in the Methow Subbasin, located

in Okanogan County, Washington. (Map generated by Kurt Wille at
Reclamation for Methow AtIas) ........ccooviiiiiiiiiiiie e 7
Biophysical levels of spatial organization typical of a nested

hierarchical framework demonstrating in a cross-walk, the relationship

of biotic (left) and physical (center) scaling relationships with that of
relevant biotic and ecosystem indicators on the right. ..............cccceeee. 18
View of glacial bank along Methow River upstream of Winthrop. .......... 22
View of the Methow River between Carlton and Twisp River

confluence, where bedrock composes the boundary of the low

SUITACE. e 22
Geomorphic reach locations categorized by floodplain type.................. 25
Schematic cross section of a wide, unconfined floodplain, such as

the Methow River upstream of Wolf Creek. ..........coevvviviiiiiiii e, 27
Log jam formed at head of vegetated island at location of flow split in
Methow River upstream of confluence with Chewuch River. ................. 27

Schematic cross section of a narrower, moderately confined floodplain
within the assessment reach, such as portions of the Methow River
between Twisp and WINthrop. ......ccooov i 29




CONTENTS (continued)

Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

Figure 15.

Figure 16.
Figure 17.

Figure 18.
Figure 19.
Figure 20.

Figure 21.

Figure 22.
Figure 23.

Figure 24.

Figure 25.

Figure 26.

Figure 27.

Figure 28.

Looking downstream at beaver lodge on side channel of Methow

River downstream of confluence with Chewuch River...........cccccoeeee. 29
Schematic cross section of a narrow, confined floodplain within the
assessment reach, such as portions of the Methow River

downStream OF TWISP. ...ccoiiiiiiiiiiii e 30
Example of confined floodplain section on Methow River between
Winthrop (RM 51) and Wolf Creek (RM 55).......ccoooviiiiiiiiii 31

1948 aerial photograph of Middle Methow River during the 1948 flood.
Relative to the picture, the river is flowing from top to bottom.

Beige dots show the alignment along the 2006 main channel in

1/10 mile increments. Dashed lines represent historical channels

based on 1948 to 2004 aerial photography. The solid blue line
represents the boundary of the floodplain (low surface) as of 2004. ..... 32
Same location as previous figure showing levee that was placed
following the 1948 flood. Figure background is 2006 Light Detection

and Ranging (LIDAR) hillshade............ccccccceiiiiiiiiiieie e, 32
Same location as previous two figures with 2006 aerial photograph as
background showing clearing of vegetation and present development. 33

Distribution of potential project types in assessment area..................... 51
Location map for potential protection (green) and restoration (orange)
areas within the Upper Methow River (RM 5010 75) .......ccovvvviiceenenennn. 53
Location map for potential protection (green) and restoration (orange)
areas within the Middle Methow River (RM 28 t0 50). ......cccvvvvvvvvveeennenn. 55
Location map for potential protection (green) and restoration (orange)
areas within the Chewuch River (RM 010 14........ccovvvvvviviiieiiieiiieeeeeeee, 56
Location map for potential protection (green) and restoration (orange)
areas within the Twisp River (RM 010 18) .......ccovvvvviiiiiieiiiiiiiieiieeeeeeeeee, 57

Photograph of Chewuch River in the area of the 2001 Thirtymile Fire
area showing a large debris flow from hillslope where fine sediment

was stored on the alluvial fan as well as being delivered to the river.

(JUIY 2005) ...ttt a e e 66
Photograph during the 1948 flood............ccccoviiiiiiiiiiiie e 68
Photograph of “large woody debris” pile on the north side of the bridge
across the Twisp River following the 1948 flood. The bridge shown

is thought to have been located just upstream from a highway bridge. . 68
Ground photograph of log drive likely in the 1920s or 1930s on upper
MENOW RIVET. ....coiiiiiiiiiiieei ettt 69
Log jam in the Sheep Creek/Thirtymile Creek area in the upper

Chewuch drainage basin in 1962 that was subsequently removed

(by man) the SAME YEAL. .........cccevviiiiiiiiiieiiieeeeeeeeeeeeeeeeee e 69
Major slope breaks along Methow River. From RM 28 to 75,
elevation data is from a 2005 channel bottom survey.............ccccvveeeeeen. 77

Longitudinal profile of the Methow River channel showing relative
depth of Quaternary sediments and geomorphic reaches in the study

= LS PPN 77
Reduction in Upper Methow floodplain widths due to human
features (RM 50 10 75). ...ueiiiiieiiiiiiiiie et 80




CONTENTS (continued)

Figure 29.
Figure 30.

Figure 31.

Figure 32.
Figure 33.
Figure 34.

Figure 35.

Figure 36.

Figure 37.
Figure 38.

Figure 39.

Figure 40.

Table 1.
Table 2.
Table 3.

Table 4.
Table 5.

Reduction in Middle Methow floodplain widths due to human

features (RM 50 0 75). ..ot 80
Methow River — Types of human features within the flood prone

area (low surface) on the mainstem by reach. ...........c.ccccoiiiiiiiennnns 82
Methow River — Types of human features along the boundary of the

floodplain (low surface) on the mainstem. See Table 3 for river mile
boundaries of each reach. The floodplain is bound by a combination

of terrace deposits, alluvial fans, bedrock, and glacial outwash

(CSTSTSI Y o] o 1=] g o 57 q € T 82
Twisp River assessment area. Longitudinal profile of elevations and

View of Twisp River just upstream of Little Bridge Creek near RM 10
(AUGUSE 17, 2005)....0eeeeiiieeeeeeiiiiiiiiee e e e e e e s st e e e e e e s s e e e e e e e e s e nnneeeees 85
Reduction in Twisp River floodplain widths due to human features....... 87
Twisp River — Types of human features within the flood prone area

(low surface) by reach. See Table 3 for river mile boundaries of

BACKN TBACK. ... 89
Twisp River — Types of human features along the boundary of the
floodplain (low surface) by reach. The floodplain is bound by a
combination of terrace deposits, alluvial fans, be bedrock, and

glacial outwash (see Appendix G). See Table 3 for river mile

boundaries of each reach............cccccoiiiiiii 89
Chewuch River — Longitudinal profile of channel slope .from

Y O (o I L TSR PPSRR 91
Chewuch River — Reduction in floodplain widths due to human

FRALUIES. e 93

Chewuch River — Types of human features within the flood prone

area (low surface) by reach. See Table 5 for river mile boundaries

Of €@ACNH FrEACK. ...oi i 95
Chewuch River — Types of human features along the boundary of the
floodplain (low surface) by reach. The floodplain is bound by a
combination of terrace deposits, alluvial fans, bedrock, and glacial
outwash (see Appendix G). See Table 5 for river mile boundaries of

ACN FEACK. .. 95
LIST OF TABLES

Summary of protection and restoration areas identified for the four

VallEY SEOMENTS ..ottt ee e eneenneennee 4

Summary of restoration areas by process type for the four valley

SEOMENTS. ..t 4

Assessment area within Methow Subbasin.............cccccvievviiiiiiiiiieeieenne. 9

Summary of reach characteristiCs. ............oovviiiiiiiiieieeee e 37

Percent of functioning (protection) versus non-functioning

(restoration) floodplain area for the four river valley segments.............. 40




CONTENTS (continued)

Table 6.

Table 7.

Table 8.

Table 9.

Table 10.

Table 11.

Table 12.

Table 13.

Table 14.

Table 15.

Table 16.

Reach-based habitat action classes associated VSP parameters for
the study reaches and selected tributaries. An “X” represents a
proposed habitat action or VSP parameter based on direct findings
of this assessment. An “O” represents a possible action based on
local knowledge and qualitative observations during the course of

the 80-mile aSSESSMENT. ...ccoiiiiii e 43
Geomorphic ranking of 17 unconfined or moderately confined reaches
and biological fuNCtoNAIILY. ..........coveiiiiiiiiiiieee e 49
Species and life stage usage for ESA and non-ESA listed fish within

the @SSESSMENT Ar€a.......cooeeieeeeeeeeeee e 50
Technical ranking criteria of geomorphic based habitat potential and
occurrence by valley segment. ... 60
Range of discharges and channel slopes along each river within the
ASSESSIMENT AICA....eeuuuuii ettt e e e et e e e e b e e e 66
Comparison of channel bank erosion and migration within the

floodplain and along the floodplain boundaries.............cccccciieenineennnnnns 70
Average sediment size in bar and channel and maximum sediment

size mobilized by 2-year, 5-year, and 100-year floods. ........cccccceeeeee. 72
Minimum flood frequency at which typical bar and channel sediment
Sizes are MODINZEd. .......uuueiiii 72
Summary of geologic composition along boundary of Methow River
ASSESSIMENT AICA....eeeeiiii e ettt ettt e e e e e e 78
Summary of geologic composition along boundary of Twisp River
ASSESSIMENT AICA....eeeeiiii ettt et e e e 86
Chewuch River — Summary of geologic composition along boundary

Of ASSESSMENT @IBA. ...eeveiiiiiiiiiiiiititeiiteteieebeteebeeebeeebeeeaeeebeeebeeebeeebeeeneeeneee 92

CONTENTS OF CD INSIDE BACK COVER
(in PDF)

Bureau of Reclamation. 2008a. Methow Subbasin Geomorphic Assessment.
February 2008. 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.

Bureau of Reclamation. 2008b. Methow Subbasin Geomorphic Assessment,
Technical Appendices. February 2008. 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.

Bureau of Reclamation. 2008c. Methow Subbasin Geomorphic Assessment, Map
Atlas. February 20089. Prepared by Technical Service Center, Sedimentation and
River Hydraulics Group (M/S 86-68240), Denver, CO.

Vi



Methow Subbasin Geomorphic Assessment

SUMMARY

Reclamation completed a geomorphic assessment of physical river processes and
associated habitat for ESA-listed Upper Columbia River spring Chinook salmon and
steelhead for nearly 80 river miles (RM)" of the Methow Subbasin, located in
Okanogan County, Washington. U.S. Forest Service fishery scientists assisted
Reclamation with habitat evaluations. The assessment area includes a 46.9-mile-long
section of the Methow River (river miles 28.1 to 75), the downstream-most 18.1 river
miles of the Twisp River (tributary to Methow) and the downstream-most 14.3 river
miles of the Chewuch River (tributary to Methow).

The purpose of this report is to describe technical results from a geomorphic
assessment of part of the Methow River subbasin and describe a strategy that resource
managers can use to sequence and prioritize opportunities for protecting or restoring
channel and floodplain connectivity and complexity in the Methow subbasin.

This report describes a tributary reach-based approach to conduct geomorphic
assessments and how this approach provides a platform that can be integrated with
monitoring and adaptive management activities. The tributary reach-based approach
employs a sequence of steps to focus funding and technical resources at telescoping
geographic scales and to provide insight on the identification of project areas with
potential to implement projects with the greatest biological benefits. This systematic,
reproducible, and scientific approach includes stakeholder involvement to guide
progress. Definition of discrete geographic areas (reaches) and the use of the “Matrix
of Pathways and Indicators” (MPI) provides an objective basis to integrate project
implementation with implementation, status and trend, and effectiveness monitoring,
and adaptive management at comparable geographic scales. Connection between
project implementation, monitoring, and adaptive management can be potentially
“rolled up” from smaller to larger scales to measure progress toward Federal Columbia
River Power System (FCRPS) Biological Opinion (BiOp) and recovery plan goals.

Identification of potential habitat restoration actions is based on a geomorphic
assessment that evaluated trends in physical processes and habitat over the last
century. Prioritization of reaches is based on the current habitat quality, potential
habitat improvements, and how well proposed restoration actions meet established
objectives from the Upper Columbia Spring Chinook Salmon, Steelhead, and Bull
Trout Recovery Plan (Upper Columbia Salmon Recovery Board, 2007) and other
biological guidance documents.

The strategy described in this report also identifies spatial linkages within the
assessment area so that potential restoration activities can be conducted to expand and

! Actual stream distance based on 2004 aerial photography is 79.3 river miles; in most instances the
stream distance has been rounded up and is referred to as an 80-mile distance.
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reconnect areas that are already functioning. Attention to spatial linkage ensures
there are no other critical limiting factors that need to be addressed before newly
improved habitat can be accessed and utilized (e.g., barriers, flow limitations). In
addition, unanticipated impacts to presently functioning habitat, other potential
restoration projects, infrastructure, and property can be minimized, and effectiveness
and sustainability can be maximized by understanding the physical processes that
affect potential restoration projects.

Twenty-three reaches were delineated and characterized into three general types:
unconfined, moderately unconfined, and confined, based on differences in
geomorphic conditions and the potential to provide habitat features associated with
multiple life stages and species use, particularly complexity habitat for ESA-listed
spring Chinook salmon and steelhead. Because one of the primary habitat objectives
from the Upper Columbia Recovery Plan (UCSRB, 2007) is protecting and
improving connectivity between the channel and floodplain, reaches with measurable
off-channel and floodplain areas were separated from naturally confined, single-
thread channel reaches for purposes of discussing restoration opportunities.

The lengths of river reaches that have vegetated floodplain are listed below based on
2004 aerial photography:

e 15.2 miles of the middle Methow River (70 percent of main channel length)
e 21.4 miles of the upper Methow River (86 percent of main channel length)
e 15.5 mile of the Twisp River (85 percent of main channel length)

e 9.5 miles of the Chewuch River (60 percent of main channel length)

The primary limiting factors to habitat function in confined reaches is historical
conversion of the riparian buffer zone to riprap levees or embankments along the
boundary of the floodplain. By river segment, 32% (4 miles) of the floodplain
boundary in confined reaches of the Middle Methow are armored with riprap, 30% (2
miles) of the Upper Methow, 20% (about 1 mile) of the Twisp River, and 4% (about
0.4 mile) of the Chewuch River.

The primary limiting factor to habitat function in moderately confined and unconfined
reaches are human features and historical activities that have limited the connectivity of
the channel and floodplain, channel migration and reworking processes, and the
availability of habitat complexity features. Human features and activities most
commonly observed in this assessment are levees, roads, riprap, bridges, historic filling
of channels, and removal of riparian vegetation and large woody debris (LWD).

Despite impacts from human activities and features, the channel planform and bed
elevations appear consistent in most locations with no detectable trends of channel bed
incision or aggradation on a decadal scale. The river hydraulics and sediment sizes
present along the channel bed within the study area are most notably dominated by
geologic features that control the river bed slope and the lateral extent of the active
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channel and floodplain (width). The average sediment particle sizes measured in the
bar and channel surface are gravel to cobble (40 to 140 mm) for all three rivers, with
the larger sizes present in the reaches with steeper slopes. Except for a few steep,
confined reaches, the bars and channels can be reworked at the more frequent 2- and 5-
year flood peaks. This is one indicator that the energy in most reaches is not exceeding
sediment supply, which combined with findings from historical channel analysis and
field observations suggests there is limited tendency for continued incision.

LWD levels are highest in unconfined reaches, but are believed to be lower than
natural conditions due to historic removal of woody debris and log drives on the
mainstem Methow River. The total percent of floodplain area where vegetation has
been noticeably cleared is 19.9% for the Methow River (Middle and Upper), 14.8 %
for the Chewuch River, and 24.1% for the Twisp River.

The effects of human features and activities have not been detected on hydraulics and
sediment characteristics at the reach scale. At a more localized scale, human features
and activities have impacted hydraulics, availability of LWD and riparian vegetation,
and spawning-sized sediment availability that are critical to habitat quantity and
quality. Hydraulic conditions have been most impacted by reducing flow access to
off-channel areas at the entrance to side channels, and to some degree altering access
to overbank flooding.

Habitat action classes and their associated viable salmonid population (VSP) parameters
were identified for each reach as referenced from Table 5.9 in the Upper Columbia
Recovery Plan (UCSRB, 2007). A combination of geomorphic analysis tools including
trend analysis of channel planform, position, and elevation over time along with field
observations were used to determine the degree of departure from the natural setting, and
the potential to recover natural function with proposed restoration strategies. Removal or
modification of human features has a good chance of success for achieving long-term
restoration of floodplain access and complexity that is now absent in many locations
without risking impacting the baseline morphology of the channel. Short-term actions
such as LWD placement or riparian planting may be needed to supplement long-term
strategies that will take longer timeframes for physical processes and habitat features to
recover. Insome areas, restoration may not be fully achieved if impacts can only be
partially addressed (e.g., a partial breach in a levee versus a full removal) or if future
infrastructure development worsens the present setting.

Within the reaches with vegetated floodplain, 27% (1,446 acres) were identified for
protection and monitoring where there were limited or no human features and physical
processes were in a properly functioning condition. In the remaining 73% (3,827 acres),
56 potential floodplain restoration areas were identified on the mainstem Methow River,
49 areas on the Twisp River, and 27 on the Chewuch River. A combination of protection
and restoration strategies could cumulatively yield up to 3,600 acres on the Methow
River, 1,100 acres on the Twisp River, and 600 acres on the Chewuch River of
functioning habitat for spring Chinook and steelhead (Table 1). Within the restoration
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areas, various types of physical settings are present that offer potential to improve habitat
function for ESA-listed spring Chinook and steelhead (Table 2).

Table 1. Summary of protection and restoration areas identified for the four valley

segments.
Total Main Floodplain Protection Floodplain
CQ?““H '—,an)th Area Restoration Area
river miles
Valley Total Floodplain o (% of
Segment Area (acres) (acres) (% of total) (acres) total)
Upper RM 50 to 75 1391 126 9% 1265 91%
Methow
Middle RM 28 to 50 2196 748 34% 1447 66%
Methow
Twisp RMOto 18 1084 381 35% 703 65%
Chewuch RM 0 to 14 603 192 32% 411 68%
Total Area 5274 1446 27% 3827 73%

Table 2. Summary of restoration areas by process type for the four valley segments.

Complexity Overbank Areas with
Habitat Floodplain Heavy Complexity Overbank Heavy
Area Area Development | Habitat Area Floodplain Development

(acres) (acres)? (acres) (% of total) (% of total) (% of total)
Upper 1150 56 241 79% 4% 17%
Methow
Middle 1041 90 135 82% 7% 11%
Methow
Twisp 587 107 10 83% 15% 1%
Chewuch 354 30 26 86% 7% 6%

' contains off-channel areas and frequently inundated floodplain acres
%inundated at infrequent floods

Products available from this work were processed into a geographic information
system (GIS) database to allow the information to be spatially related and readily
transferred to other design engineers, cooperators, and stakeholders (Appendix Q).
The 23 geomorphic reaches identified in this assessment report will be prioritized by
a local Methow Subbasin coordination group. Once a reach is prioritized, a more
detailed technical analysis including a modified “Matrix of Diagnostics/Pathways and
Indicators” (NOAA, 1996; USFWS, 1998) and relevant data collection effort
(referred to as a “reach assessment”) may be conducted to refine restoration project
possibilities. This stage is a cooperative process with project sponsors, stakeholders,
regulatory and permitting entities, and technical groups involved in recovery planning
and implementation in the Upper Columbia Basin.
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1. INTRODUCTION

The Methow Subbasin is located on the east side of the Cascade Range in north-
central Washington (Figure 1). The watershed drains about 1,890 square miles, and
the Methow River flows about 86 river miles from the crest of the Cascades
(elevation 8950 feet) to its confluence with the Columbia River at river mile (RM)
524 (elevation 775 feet). It is part of the Upper Columbia River Basin, which
includes the Columbia River between the Yakima River (RM 335) and Chief Joseph
Dam (RM 545) and all its tributaries along this reach.

Over the years, there have been substantial changes in habitat due to human factors
and natural events, and several important fish species have been listed under the
Endangered Species Act (ESA). Protection of existing aquatic habitat and restoration
of altered habitat are generally accepted methods that benefit listed fish.

In order to make good decisions about where and how to implement projects aimed at
protecting and restoring physical processes that provide suitable aquatic habitat, a
strong scientific foundation is necessary. This Geomorphic Assessment includes
state-of-the-art science and introduces preliminary project implementation
opportunities.

This report contains terms from a number of technical disciplines, so it includes a
glossary. On first reference, such terms are emphasized in bold italic.

1.1 BACKGROUND AND NEED

In the Methow Subbasin, human activities have altered the natural environment
resulting in simplifying habitat complexity, loss of connectivity and riparian functions
in the channel corridor. Simplified habitat has included a reduction in the abundance
of large woody debris (LWD), limited side-channel access, and limited floodplain
connectivity. The simplified habitat and reduced floodplain connectivity have, in
turn, reduced rearing habitat for spring Chinook salmon, steelhead, and bull trout in
the Methow River and tributaries. Reduced function of these “limiting factors” have
affected the abundance, productivity, spatial structure, and diversity of Upper
Columbia River (UCR) spring Chinook salmon, UCR steelhead trout, and bull trout
populations to such a degree that they were listed under the ESA. The UCR spring
Chinook salmon was listed as endangered in 1999 (NOAA Fisheries Service, 1999).
The UCR steelhead trout was listed as endangered in 1997; its status was upgraded to
threatened in January 2006, and then it was reinstated to endangered in June 2007
(NOAA Fisheries Service, 2007b); this was in accordance with a U.S. District Court
decision. Bull trout was listed as threatened in 1999 (USFWS, 1998).

Recovery of the listed salmonid species to 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

5



Methow Subbasin Geomorphic Assessment

native ranges, and preserving genetic diversity and life-history characteristics.
Successful recovery of listed species means that populations have met certain
measurable criteria (i.e., abundance, productivity, spatial structure, and diversity),
referred to as viable salmonid population (VSP) parameters (ICBTRT, 2005; UCSRB,
2007h).

To achieve recovery, four sectors need to be addressed: harvest, hatchery,
hydropower, and habitat (ICBTRT, 2005; UCSRB, 2007b). The following biological
guidance documents include recommendations for the Methow Subbasin on
developing implementation frameworks, and types and prioritization of restoration
activities needed to achieve recovery in these four sectors:

e Viability Criteria for Application to Interior Columbia Basin Salmonid
evolutionarily significant units (ESUs) (Interior Columbia Basin Technical
Recovery Team (ICTRT), 2007)

e Upper Columbia Spring Chinook Salmon, Steelhead, and Bull Trout Recovery
Plan (Upper Columbia Salmon Recovery Board (UCSRB), 2007); referred to
as Upper Columbia Recovery Plan (UCSRB ,2007) in this document

e ABiological Strategy to Protect and Restore Salmonid Habitat in the Upper
Columbia Region (Draft) (Upper Columbia Regional Technical Team
(UCRTT), 2007); referred to as Upper Columbia Biological Strategy
(UCRTT, 2007) in this document

e Salmon, Steelhead and Bull Trout Habitat Limiting Factors (LFA), Water
Resource Inventory Area (WRIA) 48, Washington State Conservation
Commission Final Report (Andonaegui, 2000)

e Methow Subbasin Plan, prepared for the Northwest Power and Conservation
Council (NPCC) (KWA, et al., 2004)

The documents listed above identify potential protection and restoration strategies
that were based on available information and the professional judgment of a panel of
scientists. Further technical investigation was recommended to refine protection and
restoration strategies to the level of detail needed to implement projects, and to
determine if the recommendations are sustainable and compatible with the
geomorphic conditions in the river. Regarding physical processes associated with the
habitat sector, the Upper Columbia Recovery Plan (UCSRB, 2007) recommends
conducting additional assessments to identify priority locations for protection and
restoration actions, and to examine fluvial geomorphic processes in order to assess
how these processes affect habitat creation and loss. The Upper Columbia Recovery
Plan (UCSRB, 2007) was formally adopted by the National Oceanic and
Atmospheric Administration National Marine Fisheries Service (NOAA Fisheries
Service) (NOAA Fisheries Services, 2007b) as the Federal recovery plan for the
Methow Subbasin.
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Figure 1. Location map of assessment area in the Methow Subbasin, located in Okanogan
County, Washington. (Map generated by Kurt Wille at Reclamation for Methow Atlas)
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Biological Opinions (BiOps) on the operation and maintenance of the Federal
Columbia River Power System? (FCRPS) issued by NOAA Fisheries Service to the
Bonneville Power Administration (BPA), U.S. Army Corps of Engineers (Corps), and
Bureau of Reclamation (Reclamation), collectively referred to as the “Action
Agencies,” include measures to improve tributary habitat for salmon and steelhead
listed under the Endangered Species Act (ESA). These measures are addressed by the
Action Agencies consistent with subbasin plans developed through the NPCC and
State recovery plans approved by NOAA Fisheries Service.

1.2 PURPOSE AND SCOPE

The purpose of this report is to describe technical results from a geomorphic
assessment of nearly 80 river miles of the Methow River Subbasin and describe a
strategy that resource managers can use to sequence and prioritize opportunities for
protecting and restoring channel and floodplain connectivity and complexity in the
Methow Subbasin. The report addresses Category 2 river valley segments in the
Methow Subbasin, located in Okanogan County, Washington (see Figure 1 and Table
3). Category 2 watersheds support important aquatic resources, and are strongholds
for one or more listed fish species (UCRTT, 2007). Compared to Category 1
watersheds, Category 2 watersheds have a higher level of fragmentation resulting
from habitat disturbance or loss.

The Middle Methow, Upper Methow, Twisp, and Chewuch River valley segments
were investigated concurrently to compare and prioritize potential habitat protection
and restoration areas within the historic channel migration zone and floodplain of 23
delineated geomorphic reaches. Protection areas are sections of river and floodplain
that do not have any known human features or impacts that need to be addressed in
order to restore channel migration and floodplain connectivity processes. The
purpose of identifying protection areas is to assist in prioritization of restoration areas
if it is desired to build upon currently functioning areas, and also to help stakeholders
identify areas that could be protected from future development and impacts as seen in
other areas that now need restoration. Restoration areas have known human features
or impacts that could be addressed as part of a restoration project (e.g., removal of a
levee, placement of LWD, etc.). Note that in many report sections the middle and
upper Methow segments are combined for discussion purposes. The assessment was
carried out by Reclamation with the technical assistance on fish habitat from the
USFS through an interagency agreement funded by Reclamation.

% The FCRPS comprises 14 mainstem Federal hydroelectric dams in the Columbia River Basin. The
Army Corps of Engineers and Reclamation operate and maintain the dams, and the Bonneville Power
Administration markets the power.
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Table 3. Assessment area within Methow Subbasin.

Valley/Stream Downstream Boundary Upstream Boundary River Mile (RM)
Segment Length
Upper Methow RM 51.5 (confluence with RM 75 (Lost River
. - 235
River Chewuch River) confluence)
Mlddle'Methow RM 28.1 (near Carlton, WA) RM 51.5 (conflugnce with 23.4
River Chewuch River)
RM 18.1 (boundary of Forest
Twisp River RM 0 Service Land and confluence 18.1
with Eagle Creek)
RM 14.3 (boundary of Forest
Chewuch River RM 0 Service Land and confluence 14.3
with Falls Creek)
TOTAL LENGTH 79.3

1.3 AUTHORITY

Reclamation established a Tributary Habitat Program to address tributary habitat
improvement commitments for the FCRPS BiOps. Objectives of the Tributary
Habitat Program are to improve the survival of Columbia River Basin salmon and
steelhead listed under the ESA. This will be accomplished by helping ensure fish
screens that meet current criteria are in place, artificial fish passage barriers are
replaced or removed to provide access to spawning and rearing areas, and instream
flow and spawning and rearing habitat are improved in selected Columbia River
tributary subbasins including the Methow. Working closely with local partners and
willing private landowners, Reclamation provides engineering and related technical
assistance to meet mutual tributary habitat improvement 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.

1.4 FCRPSBIOP

Reclamation’s commitment to tributary habitat improvement for the draft FCRPS
BiOp (NOAA Fisheries Service 2004) began in 2000 and 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. Considering
the necessary interactions among partners for any given project—including local,
State, Federal, and tribal resources; oversight, regulating, and funding entities and
private landowners—this program is a challenging endeavor for Reclamation and the
many partners with whom it works. While there are scores of people with these
partners throughout the Columbia River Basin that see habitat projects through to
completion, there are also dozens of Reclamation people that participate in a wide
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assortment of technical, administrative, and management capacities needed to deliver
the services and products provided by Reclamation.

The “tributary reach-based approach” was piloted in this geomorphic assessment even
though the scope of the assessment covered several tributaries within one subbasin. It
is a mechanism that can improve the delivery of services and products within
schedule and budget for our partners and for Reclamation. In addition to features
described in more detail later in this report, this approach provides:

e A planning tool that can be used collectively by all partners within a subbasin
to focus their resources in a systematic and scientifically reproducible way to
identify and prioritize floodplain connectivity and channel complexity
restoration/protection projects.

e A method that will help Reclamation managers anticipate upcoming near-term
and long-term workloads, assign people and allocate funding for that
workload, and keep partners informed on the extent of available Reclamation
near- and long-term resources for their planning purposes.

1.5 REPORT ORGANIZATION AND METHODOLOGY

Section 2 of this report summarizes the generalized approach that developed as this
assessment took place. Section 3 documents the protection and restoration strategy
developed in this assessment. This section includes identification of reaches based on
processes and habitat function, and prioritization of these reaches in terms of potential
habitat recovery. Section 4 summarizes technical findings on the geomorphic
conditions of the 80 river miles analyzed in this assessment report consistent with the
strategies presented in Section 3. Section 5 describes conclusions followed by a list
of references for the main report only. All references are provided in Appendix S
along with contributing authors and reviewers, list of abbreviations, and glossary.

Existing and new information were synthesized into a GIS database, so that the
information can be viewed spatially and readily transferred to other design engineers,
cooperators, and stakeholders. Detailed methods and findings of the work described
are contained in nineteen appendices, which are provided on a DVD at the back of
this report. An atlas that includes a series of maps showing the spatial relationships
of the data compiled for this assessment accompanies this report, and is also provided
on the attached DVD.

Work described in this report was accomplished by a multidisciplinary team from
Reclamation consisting of expertise in hydraulic and sedimentation engineering,
geology, and geomorphology, and biological expertise from the USFS for the
Methow Subbasin.
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The scope, analyses, and protection and restoration strategies described in this
geomorphic assessment were guided by those developed by Upper Columbia Basin
fisheries scientists.®> Variations in channel and floodplain processes were used to
delineate and evaluate potential project areas in 23 Methow Subbasin reaches where
habitat for ESA-listed fish might be protected, enhanced, or restored. Prioritization of
project areas were made based on the current habitat quality, potential habitat
improvements, and how well proposed restoration actions meet established habitat
objectives from Upper Columbia recovery plan documents (see Section 1.1). At key
milestones in this geomorphic assessment, presentations of completed and ongoing
work were made to the technical staff of local Reclamation partners so they could
provide suggestions and other input to this process.

The information from this assessment report also provides a current description of
river processes operating within the 80 river miles in the assessment area, so that
subsequent, more detailed assessments for smaller river sections can build upon and
refine this information to successfully implement proposed actions. Restoration
projects implemented with a clear understanding of the associated physical processes
have a greater potential for sustainable short-term and long-term habitat benefits for
spring Chinook and steelhead.

Methodology used to produce this report and the accompanying map atlas is
described in detail in Appendix D. A brief summary of this methodology is presented
below.

e Delineate and characterize river valley segments and channel reaches on the
basis of their geomorphic characteristics (Appendix C) and biological
opportunities (Appendix F), and develop potential restoration strategies
organized by a reach-based approach (Appendix A)

e ldentify a technical sequencing of the reaches that can be used to prioritize the
potential habitat protection and restoration areas within the assessment area
based on linkage to primary limiting factors for salmon recovery (Appendix
B)

e ldentify the recurrence intervals of natural disturbances, identify human-
induced disturbances, and how they affect channel processes and planform
within the assessment area (Appendices E, G, H, K, O, P, R)

e |dentify the natural physical processes and disturbance regimes that affect
habitat at the subbasin and reach scales from both historical and contemporary
context (Appendices H, I, J, K, L, M)

® The Upper Columbia Spring Chinook Salmon, Steelhead, and Bull Trout Recovery Plan (UCSRB,
2007) and the A Biological Strategy to Protect and Restore Salmonid Habitat in the Upper Columbia
(UCRTT, 2007) serve as final guidance.
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For this assessment, methods included a mixture of quantitative and qualitative
analysis to provide an acceptable level of certainty consistent with assessment
objectives. Quantitative methods provide more certainty to results than qualitative
methods, but cannot be used in all areas because they are more costly and time
consuming to employ. Qualitative methods are faster and less costly, but can be
difficult to repeat in a scientific manner and therefore, have less certainty. The
approach taken was to meld several independent-analysis tools that could be overlaid
and compared to determine conclusions regarding channel processes within the scope
of the objectives of the broad assessment described in this report. Quantitative data
were collected to characterize and compare reach-level trends within the four valley
segments of the 80-mile assessment area. Refinement of this information with
additional data and analysis can then occur at a smaller scale of the channel reach
selected by stakeholders and project partners in which to implement restoration
actions.

12
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2. LINKING TO IMPLEMENTATION AND
MONITORING

The scope of this assessment originated in 2004 based on input from local
stakeholders and documents that provided both technical guidance on recovery
strategies and legal authority to accomplish this work. Many of the guidance
documents have been revised concurrent with this Methow Subbasin assessment. The
approach taken in the assessment, in particular the identification and preliminary
prioritization of restoration and protection opportunities, evolved to incorporate new
information as it became available. This report documents one stage of the tributary
reach-based approach, a scaled assessment approach being utilized by Reclamation.
The entire approach is described in a general sense in Section 2.1, to provide the
reader a background of how this report fits within a larger process. Section 2.2
proposes how the tributary reach-based approach sets up the potential for bridging
implementation and monitoring activities within an adaptive management setting.

2.1 TRIBUTARY REACH-BASED APPROACH

The tributary reach-based approach developed from discussions among participating
scientists, managers, and local recovery planners who recognized a process-based
geomorphic assessment would align well with the objectives and guidance expressed
in NPCC subbasin plans and recent recovery planning documents including the
Upper Columbia Recovery Plan (UCSRB, 2007), Upper Columbia Biological
Strategy (UCRTT, 2007), and the draft Upper Columbia Monitoring and Evaluation
Plan (October, 2007).*

The tributary reach-based approach includes the following stages:

e A “tributary assessment” of a valley segment is made at a relatively coarse
scale. A tributary assessment focuses on a length of river up to a few tens of
miles long. The purpose of the tributary assessment is to identify major
geologic and hydraulic processes active within the valley segment, explore
whether geomorphic and hydraulic conditions upstream and downstream from
the valley segment affect conditions, and identify “geomorphic reaches”
within the segment that share common geologic and hydraulic attributes.

e Near the conclusion of the tributary assessment: stakeholders review results
and include relevant social, political, and biological information; and
prioritize which of the geomorphic reaches possess the greatest potential to
implement projects that will obtain successful, sustainable, biological benefits

* The draft Upper Columbia Monitoring and Evaluation Plan is currently being developed for the
Upper Columbia salmon and steelhead ESA recovery plan (http://www.nwr.noaa.gov/Salmon-
Recovery-Planning/Recovery-Domains/Interior-Columbia/Upper-Columbia/Upper-Col-Plans.cfm)
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and warrant a more detailed “reach assessment.” A few project locations and
concepts may be identified at the tributary scale that do not require a reach
assessment, particularly when the processes associated with the project are
fairly localized and isolated.

e A reach assessment focuses on an individual reach identified in a tributary
assessment, which is preferably less than 10 miles in length. The purpose of
the reach assessment is to further refine understanding of the predominant
processes that affect the reach, to establish baseline environmental habitat
conditions, and provides technical recommendation of sequenced habitat
actions. Analysis obtained previously from the tributary assessment provides
information on upstream and downstream geomorphic and hydraulic
conditions that could affect those physical conditions within the assessed
reach. A reach assessment identifies “project areas” that are based on limiting
factors (i.e., the effects of human disturbances) and establishes a baseline of
environmental habitat conditions using a modified “Matrix of
Diagnostics/Pathways and Indicators” (NOAA Fisheries Service, 1996).
Relevance of the modified NOAA Matrix to monitoring and adaptive
management is discussed in the next section of this report.

e At the conclusion of a reach assessment: stakeholders review results, include
more detailed social, political, and biological information, and prioritize project
areas and specific projects with the greatest potential to obtain successful,
sustainable, biological benefits. After projects are identified and prioritized,
partners typically take the next steps to design and implement alternatives,
including landowner discussions, and secure funding for construction.

The tributary reach-based approach described above is used to identify potential
habitat protection and restoration opportunities. The purpose of nesting reach
assessments within a tributary assessment is to ensure the appropriate geomorphic
and hydraulic information is obtained at the appropriate scale and timeframe for
answering relevant questions or problems being investigated. In turn, this supports a
decision process with others to seek ways to prioritize funding and resources as
effectively as possible. The decision process further allows partners to systematically
identify and prioritize areas with the greatest potential to implement protection or
restoration projects that obtain successful, sustainable biological benefits, postpone
investment in areas with less potential, and avoid investing in areas with little
potential. This is a flexible approach and can be modified to accommodate smaller
areas or the availability of pre-existing information.

Use of the tributary reach-based approach could contribute to obtaining funds for
project implementation. Funding proposals that conform to a systematic
scientifically-based approach to identify and prioritize channel-complexity and
floodplain-reconnection protection and restoration projects potentially could be more
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open to consideration for grants from entities that require sound justification for the
proposals they choose to fund.

2.2 POTENTIAL FOR LINKING THE TRIBUTARY REACH-BASED
APPROACH WITH MONITORING AND ADAPTIVE MANAGEMENT

Within the Upper Columbia River Basin, many different organizations—including
Federal, state, tribal, local, and private entities—implement tributary actions and have
drafted integrated monitoring strategies that are intended to assess the effectiveness of
restoration projects and management actions on tributary habitat and fish populations
(Hillman, 2006). Because of all the activities occurring within the Upper Columbia
Basin, the Monitoring Strategy for the Upper Columbia Basin (Hillman, 2006)
recommends a monitoring plan that captures the needs of all entities, avoids
duplication of sampling efforts, increases monitoring efficiency, and reduces overall
monitoring costs.

The plan described in the Monitoring Strategy (Hillman, 2006) is aimed at answering
the following basic questions:

1. Status monitoring—What are the current habitat conditions and abundance,
distribution, life-stage survival, and age-composition of fish in the Upper
Columbia Basin?

2. Trend monitoring—How do these conditions change over time?

3. Effectiveness monitoring—What effects do tributary habitat actions have on
fish populations and habitat conditions?

In the Upper Columbia Biological Strategy (UCRTT, 2007), further guidance is
provided on implementing monitoring activities specific to habitat restoration actions.
Monitoring strategies are generally described in three categories:

1. Implementation monitoring,
2. Level 1 effectiveness monitoring, and
3. Levels 2 and 3 effectiveness monitoring.

Implementation monitoring simply provides proof that the action was carried out as
planned (UCRTT, 2007). Level 1 (extensive methods) is the next step up from
implementation monitoring; it involves fast and easy methods that can be completed at
multiple sites. Levels 2 and 3 (intensive methods) include additional methods beyond
Level 1 that increase accuracy and precision but require more sampling time (Hillman,
2006). Further descriptions of the monitoring categories are provided in Appendix A.

The tributary reach-based approach described above is designed to focus on the
geomorphic and hydraulic physical conditions that influence identification, prioritization,
and development of projects for implementation. This approach provides a systematic,
reproducible, and scientific platform that can be telescoped from relatively coarse to
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progressively finer scales at specifically defined geographic locations. Also, the
approach incorporates the modified “Matrix of Diagnostics/Pathways and Indicators”
(MPI). A modified MPI provides a common frame of reference from which to define
baseline environmental habitat conditions that can be used in the future to evaluate
changes in those conditions resulting from human disturbances (such as land
development or habitat project implementation) or natural events (such as landslides,
floods, or droughts). Consequently, this approach provides a viable platform with the
potential to link project implementation at a defined geographic scale with monitoring
and adaptive management activities at the same geographic scale.

A framework that links project implementation to the three types of monitoring at a
common geographic scale —implementation, status and trend, and effectiveness—
could conceivably support the role of adaptive management. Within this context,
adaptive management better serves the selection and implementation of habitat
actions with the greatest potential biological benefits. This kind of framework is
consistent with the “adaptive management framework” contained in the Upper
Columbia Recovery Plan (UCSRB, 2007) which, in turn, is based on guidance
provided in Adaptive Management for ESA-Listed Salmon and Steelhead Recovery:
Decision Framework and Monitoring Guidance (NOAA Fisheries Service, 2007a).

The modular nature of the tributary reach-based approach lends itself well to scaling up
and down depending on the nature of inquiry. Organizing implementation, monitoring,
and adaptive management at a common geographic scale, such as the reach, thus
provides a “building block” structure that could be explored for meeting concurrently
FCRPS BiOp and recovery goals at the population, Major Population Group (MPG), and
Evolutionarily Significant Unit (ESU), and Discrete Population Segment (DPS) levels.

Monitoring efforts are critical for scientists, managers, and stakeholders in order to
apply “lessons learned” and improve upon restoration activities and practices in the
future. Monitoring informs entities involved in restoration on how individual projects
are performing immediately after construction and over time. Additionally,
monitoring will help to determine changes compared to baseline conditions in project
areas and reaches. Information presented in this geomorphic assessment report is
intended to complement the monitoring protocols described above by providing
baseline information on channel and floodplain function. Subsequent reach
assessments (at more detailed spatial scales) will provide additional information on
present biological use and habitat conditions. Reclamation, their partners, and project
sponsors are conducting implementation monitoring to document restoration actions
accomplished in the Methow Subbasin. This information provides environmental
baseline conditions for future monitoring efforts that can be utilized by entities
working on status, trend, and effectiveness monitoring plans to test whether the river
and habitat function responded as anticipated to implemented projects. Additionally,
each restoration project implemented will have documented predictions based on
hypotheses as to how processes and complexity are to improve (restore) as an
outcome of the project(s).
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3. REACH-BASED PROTECTION AND
RESTORATION OPPORTUNITIES

Section 3.1 describes the overarching strategy for assessments as it relates to the
concept of adaptive management. Section 3.2 describes how the four river valley
segments were broken into 23 geomorphic reaches based on physical processes and
habitat complexity components. Section 3.3 provides a list of restoration actions that
could be considered to restore natural processes and available habitat complexity, and
identifies which actions are appropriate for each reach. Section 3.4 provides a
technical prioritization of the reaches based on strategies outlined by recovery plan
documents. Section 3.5 provides a preliminary identification of the opportunities for
restoration and protection throughout each reach

3.1 SCIENTIFIC ASSESSMENT AND ADAPTIVE MANAGEMENT NEXUS

The Upper Columbia Recovery Plan (UCSRB, 2007) recognizes that there are
inherent uncertainties in habitat restoration actions that are implemented on dynamic
river systems. Therefore, authors of the Upper Columbia Recovery Plan incorporated
an adaptive management framework into the plan’s implementation strategy. The
adaptive management framework recommended by the Upper Columbia Recovery
Plan is based on guidance provided in Adaptive Management for ESA-Listed Salmon
and Steelhead Recovery: Decision Framework and Monitoring Guidance (NOAA
Fisheries Service, 2007a). At the core of adaptive management is implementing to
monitor the effect of habitat restoration actions on recovering salmonid populations
based on VSP parameters.

Adaptive management is widely applied to natural resource restoration since it builds
a strong foundation through learning from the outcomes of implementation and new
science, while adjusting decisions and direction accordingly to maintain and improve
the certainty of achieving habitat action goals. Careful and continued monitoring of
these outcomes is essential to both advance scientific understanding and to
substantiate the purpose and need for further adjustments. However, groundwork
investigation is necessary to set up an adaptive management framework. Reclamation
telescopes its investigations in two stages, initially from a coarse resolution at the
watershed or tributary then to a finer resolution of the individual reach. The first
stage described in this report for the Methow Subbasin focuses on characterizing
geomorphic parameters and conditions of the ecosystem, delineating reaches, and
identifying preliminary project areas.

An adaptive management process offers a systematic and rigorous approach to habitat
restoration when tied into the scaling relationships of a nested hierarchical
framework. A hierarchy is a graded organizational structure and essentially adaptive
management is structured decision-making during implementation. The Upper
Columbia Biological Strategy recognizes the role that climatic, vegetation, and
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physiographic factors play in assessing and developing tributary habitat actions
within dynamic landscapes and riverscapes. Within river ecosystems, physical
processes and these controlling factors operate and interact simultaneously across a
range of spatial and temporal scales. Habitat restoration typically fails when physical
processes and corresponding controlling factors are not well understood or considered
(UCRTT, 2007). The recognition of the nested hierarchical nature of rivers is
essential in understanding the effects of human disturbances on physical processes.

The hierarchical nature of rivers was first introduced by Frissell et al. (1986), who
emphasized levels of nested connectivity between a watershed and its many
microhabitats. Frissell et al. (1986) and Montgomery and Buffington (1998)
proposed multiple spatial levels within the hierarchical structure of dynamic river
ecosystems, including the geomorphic province, watershed (also termed subbasin),
valley segment, reach, and habitat unit. O’Neill et al. (1986) established common
ground among the two schools of thought, biotic and physical/process, by recognizing
that ecosystems organize due from the differences in process rates among several
discrete levels. Ecosystems thrive as result of a dual hierarchical structure (Figure 2).
Hillman (2006) further recognizes the significance of how one level within a
hierarchical structure influences others and that this understanding is greatly informed
by the levels above and below it. Thus, hierarchy theory not only provides a useful
approach for interpreting the complex nature of rivers (Dollar et al., 2007), but
establishes a systematic framework through telescoped assessments for identifying
and prioritizing habitat protection and restoration actions.

Figure 2. Biophysical levels of spatial organization typical of a nested hierarchical framework
demonstrating in a cross-walk, the relationship of biotic (left) and physical (center) scaling
relationships with that of relevant biotic and ecosystem indicators on the right.
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Figure 2 represents a dual hierarchical structure of ecosystems illustrating that
processes and functions are capable of operating on multiple levels, ultimately
forming nested, interdependent systems (or adaptive cycles) where a lower level of
organization influences upper levels. Hence, many small habitat actions conceivably
have lasting cumulative effects and benefits to the river ecosystem. In the figure, bio-
physical attributes are shown empirically operating over multiple levels of
organization. For example, corresponding scaling relationships are represented on the
left by the biological realm (land cover and vegetation) and on the right by the
physiography realm (geology, geomorphology, and topography). The third realm,
climate is unrepresented. Habitat complexes and their corresponding
interrelationships within dynamic river systems are driven in two directions by both
ultimate and proximate controlling factors; habitat quality emerges at the reach scale
through time at the intersection represented by the third dimension.

Nested relationships are particularly affected by ultimate control factors such as
climate, vegetation, and physiography, which operate over large areas, provide
stability over long time frames, and enable a shaping of overall characteristics and
conditions of a geomorphic province (basin) and respective watersheds. In the
instance of this assessment, four valley segments (Upper and Middle Methow, Twisp,
and Chewuch) were examined and further delineated into 23 geomorphic reaches
within the focal area of the Methow Subbasin. At intermediate scales of the reach
hydrologic and geomorphic processes shape channel characteristics, which in turn
shape and constrain smaller-scale habitat features (Allen and Starr, 1982; Frissell et
al., 1986; Poff, 1997; Allan, 2004; Dollar et al., 2007).

The 23 reaches in the four Methow Subbasin segments were characterized based on
differences in geomorphic conditions and potential to provide habitat features
associated with multiple life stages and species use, particularly complex habitat for
ESA-listed spring Chinook and steelhead. One of the primary habitat objectives from
the Upper Columbia Recovery Plan (UCSRB, 2007) is protecting and improving
connectivity between the channel and floodplain and hence habitat units. Therefore,
for purposes of discussing preliminary restoration opportunities unconfined and
moderately confined reaches with wide floodplain areas were identified separately
from naturally confined, single-thread channel reaches.

Habitat-forming processes such as sediment, hydrologic, and wood regimes emerge
from functional landscape or watershed conditions, creating and re-creating habitat
complexes and individual habitat units such as pools, riffles, and bars. In turn,
biodiversity emerges in the form of species assemblages, reflected by the biological
indicators: recovery unit (ESU), population, sub-population, and local group, which
are affected by causal limiting factors and threats.

The geomorphic reach represents the organizational level of focal interplay between
ultimate and proximate controlling factors. Proximate factors are constrained by
ultimate controls and characterized by local conditions of geology, landscape, and

19



Methow Subbasin Geomorphic Assessment

biological processes operating at a smaller area over a shorter time frame typical of
active habitat units. The most common human features and activities observed in this
geomorphic assessment were levees, roads, riprap, bridges, historical filling of
channels, and removal of riparian vegetation and LWD.

The dueling relationship between ultimate and proximate controls unfolds everyday
as worldviews of differing scientific disciplines engage each other in attempting to
formulate multi- and inter-disciplinary approaches to implement and thereafter
monitor habitat actions. A spatial hierarchical structure was used to set the context
for process-based restoration and protection opportunities at the reach scale. Findings
described in the remainder of this report represent a scaled, systematic approach
intended to identify, develop, implement, and sustain successful habitat restoration
projects that can minimize risk of adverse impacts to existing property development
and currently functioning habitat.

Where the watershed or tributary assessment investigates the relevancy of ultimate
control factors, the reach assessment focuses on local proximate control factors. The
eventual goal of habitat restoration actions is to reestablish the ability of a river
ecosystem to maintain habitat function and connectivity without continued human
influence. Connectivity in this sense is viewed in three physical dimensions:
longitudinal, along the river channel critical for salmon migration; lateral, critical for
access and viability of off-channel habitat; and vertical, critical for water quality and
water quantity in habitat areas. Human features and historical activities can act as
primary and causal limiting factors to channel and floodplain connectivity, channel
migration and reworking processes, and the availability of habitat complexity
features.

The goal for habitat protection and restoration actions is to maximize habitat
complexity consisting of rearing areas, over-wintering areas, and spawning habitat by
addressing the impacts that have occurred. The greatest impacts to river and
floodplain processes along the Methow, Twisp, and Chewuch Rivers are generally
attributed to levees, roads, riprap, bridges, historical filling of channels, and removal
of riparian vegetation and LWD. The modification or removal of such features and
actions does offer opportunity to improve channel and floodplain connectivity,
channel migration and reworking processes, and the availability of habitat complexity
features. However, before this can be determined, establishing baseline
environmental conditions is a necessary prerequisite. The baseline is optimally
accomplished at the reach scale during a reach assessment through the use of a
modified “Matrix of Diagnostics/Pathways and Indicators” (NOAA Fisheries Service,
1996; USFWS, 1998) that includes an enhanced set of indicators for the pathways:
habitat elements, channel dynamics, and riparian vegetation conditions. The Matrix
or MPI serves not only as a basis for establishing baseline conditions, but also a
platform for identifying and refining project areas and in turn, providing a context for
recommending a technical prioritization of habitat actions.
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The most commonly associated ultimate controls at the regional level manifest
through the goals and objectives represented by the Upper Columbia Recovery Plan,
the FCRPS BiOp, monitoring protocols, and viability criteria. In contrast, tributary
habitat management actions manifest through implementation activities at the local
level through an operationalization of recovery planning efforts and “project-based”
strategies. Time is as critical as the three physical dimensions of river connectivity.
Regional recovery plans include recommendations that proposed habitat actions be
completed over the short- and long-term basis. A sequence of actions is
recommended in the Upper Columbia Recovery Plan because there are insufficient
resources available to implement all recovery actions. Therefore, the UCSRB
identified a tiering or priority-setting methodology organized by four types of tiers.
The UCSRB encourages work on the highest Tier | habitat actions with presumably
the greatest biological benefits. Tiering in this context is based on the consideration
and interrelationships of biological benefit, cost, and feasibility for implementation.

Where cumulative habitat actions can be linked at the reach through the intersection
of lower and higher order physical-habitat-forming processes, quality habitat structure
should emerge through the fourth dimension of time. Given that most restoration
occurs at the reach scale (Fausch et al., 2002; UCRTT, 2007), implementation and
hence a spectrum of monitoring strategies need to be geared accordingly within an
adaptive management framework. In this way, the cumulative effect of habitat
improvements on VVSP parameters at the reach level directly indicate benefits to
abundance and productivity; as several critical reaches are restored in several valley
segments through time, continued cumulative actions ultimately address the spatial
structure and diversity of the ESU.

3.2 DELINEATION OF GEOMORPHIC REACHES

Twenty-three geomorphic reaches were delineated primarily on the basis of changes
in physical characteristics that dominate channel function and the formation and
sustainability of habitat features. (See Appendix C for more detailed information of
each reach). Examples of physical characteristics include geologic controls, valley
slope, sediment input and transport capacity, riparian vegetation, role of LWD, and
water temperature. Geomorphic processes and habitat conditions that result from the
physical characteristics of the river were then evaluated to further define reach
characteristics. Examples of geomorphic processes used to evaluate reaches are
channel form and rate and extent of change in channel position.

The longitudinal (along the river length) boundaries of the 23 reaches are generally
located at natural constriction points — such as bedrock or large alluvial-fan deposits —
that provide lateral, and often vertical, limits to channel change (Appendices G and
M). The lateral boundary of the reaches is defined by the extent of the floodplain,
often referred to as the “low surface” in this assessment (Appendix M). The low
surface is composed of the active channel (unvegetated main channel and sediment
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bars), secondary or side channels, vegetated islands, and the adjacent floodplain,
which may include overflow channels and surfaces less frequently inundated
(Appendix G). The boundary of the floodplain consists of bedrock, alluvial fans, and
glacial deposits that are difficult to erode on a decadal time scale and limit (or at least
slow) lateral expansion (Figure 3 and Figure 4; also see Appendices E and G).
Glacial deposits are the most common geologic unit along the boundary of the low
surface in all four river valley segments (Appendix E). The second-most common
geologic unit (by percentage) is alluvial fans in the Methow and Twisp, and bedrock
in the Chewuch. Landslides compose less than 5% of the total boundary length on
either side of the river for all four river valley segments.

Figure 3. View of glacial bank along | Figure 4. View of the Methow River between Carlton
Methow River upstream of and Twisp River confluence, where bedrock composes
Winthrop. the boundary of the low surface.
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As a result of geologic influences, the floodplain within the assessment area ranges
from reaches that are naturally confined and relatively narrow to floodplain areas that
are unconfined with more dynamic lateral channel migration over a wider floodplain.
Because one of the primary habitat objectives is improving connectivity between the
channel and floodplain, reaches with measurable floodplain were separated from
reaches with very little floodplain for purposes of discussing restoration
opportunities. Three floodplain types were identified that help group the 23 reaches
based on the natural potential of channel habitat complexity:

e High complexity, with wide, unconfined floodplain
e Medium complexity, with narrower, moderately confined floodplain
e Low complexity, with narrow, confined floodplain

Although the level of complexity may vary, each of the three floodplain types has
valuable habitat components that are essential to sustaining the variety of aquatic life
stages and species within the Methow Subbasin ecosystem. Areas with higher rates
of floodplain reworking and interaction between the channel, side channels, and
riparian vegetation offer the most opportunity for providing habitat complexity.

Approximately 78% of the 80-mile assessment area is composed of moderately
confined and unconfined reaches. These reaches have measurable floodplain areas
adjacent to the main channel that consist of islands, overbank flooding areas, side,
and overflow channels. These floodplain areas contain opportunities for protecting
and restoring habitat complexity in unconfined and moderately confined reach types
(Figure 5 and Figure 6).

The lengths of river reaches that have vegetated floodplain are listed below based on
2004 aerial photography:

e 15.2 miles of the middle Methow River (70 percent of main channel length)
e 21.4 miles of the upper Methow River (86 percent of main channel length)
e 15.5 mile of the Twisp River (85 percent of main channel length)

e 9.5 miles of the Chewuch River (60 percent of main channel length)

The following three sub-sections provide more detailed explanations of each of the
floodplain types.
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Figure 5. Distribution of reach types and floodplain availability within assessment area.
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Figure 6. Geomorphic reach locations categorized by floodplain type.
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3.2.1 High Complexity with Wide, Unconfined Floodplain

The unconfined floodplain reaches typically have a high degree of channel and
floodplain interaction from year to year with a dynamic cycle of conversion from
river to floodplain and vice versa (Figure 7and Figure 8). In a natural system, this
dynamic process is what helps these reaches maintain a healthy riparian forest that
provides ample shade and complexity while still being dynamic enough to build new
habitat areas as others are eroded. Erosion and deposition are common as the channel
migrates across the floodplain. During a single flood, one channel may fill with
sediment. As this occurs, the channel can be abandoned and another channel
enlarged (eroded) to become the new main channel. However the average channel
bed elevations within the reach may not change over time, so that there is no temporal
trend change in the total volume of sediment stored in the reach beyond a natural
range of fluctuation.

The interaction between water in the river and the groundwater table is highly
dynamic and an important part of the aquatic habitat. Complex channels often have
smaller sediment sizes in bars and in the channel bed than steeper, single-thread
channel reaches. The smaller sediment, complexity of channels, and presence of
LWD creates and maintains more spawning and rearing habitat for spring Chinook
than other types of reaches. Steelhead is also successful in these reaches, and there is
ample holding and cover for migratory species passing through. This floodplain type
typically contains deep levels of alluvium that allow a dynamic interaction between
the river and groundwater. In areas that are subject to dewatering, local biologists
have observed in the field that scour holes are often created by LWD which can
potentially provide sustainable pools until river flows rise. Areas with cold water
recharge, such as springs, are typically associated with a high concentration of
spawning and rearing use.
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Figure 7. Schematic cross section of a wide, unconfined floodplain, such as the Methow River
upstream of Wolf Creek.

Figure 8. Log jam formed at head of vegetated island at location of flow split in Methow River
upstream of confluence with Chewuch River.
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3.2.2 Medium Complexity, with Moderately Confined Floodplain

This moderately confined floodplain type contains a more defined main channel than
the high-complexity reaches, and has only one or two well defined off-channel areas
(Figure 9). Side channels offer valuable habitat, particularly when groundwater helps
supply water to the channel during low-flow conditions (Figure 10). Older surfaces
are often present within the floodplain, and these higher surfaces are more stable than
the surfaces in the unconfined floodplain areas. The higher elevation surfaces are
inundated during floods, but typically only suspended sediments are deposited on
these surfaces. This results in less frequent lateral reworking of the floodplain.
Changes in channel position typically occur within a few defined channels that
transport the majority of coarse sediment rather than across the entire floodplain. The
main channel remains in one place for several years to decades. A dense riparian
buffer zone slows near-bank velocities, provides wood recruitment to the channel,
and reduces the rate of bank erosion. LWD is most common in the slower velocity
off-channel areas. Log jams often occur at the head of vegetated islands as in the
unconfined floodplain types. Wetlands are occasionally present in the off-channel
areas of these reaches, and beaver activity can be common.

Moderately confined reaches do not have as much complexity as the unconfined
floodplain type, but they still contained a wide variety of habitat components and
complexity, and support a range of fish species and life cycles. The off-channel areas
support mainly spawning and rearing of spring Chinook and steelhead. Off-channel
areas with cold springs commonly are inhabited by non-native brook trout. The main
channel can support steelhead, spring Chinook, and summer Chinook spawning. Off-
channel areas likely were heavily used by coho salmon before the extirpation of the
species from the Methow River. (If current coho reintroduction efforts are successful,
these areas would likely be dominated by them.) Fish usage in the natural setting is
dynamic in order to take advantage of varying hydrologic conditions. In lower flow
years, fish spawning in riffles and typically higher velocity areas are successful
because high freshets do not wash out the redds. However, redds placed at the edge
of the wetted channel may dry out and not be successful in dry years. In higher flow
years, the redds in the riffles are washed out, but redds at the edges of the channel are
successful. Local recharge areas also provide refuge during low-flow conditions in
these reaches.
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Figure 9. Schematic cross section of a narrower, moderately confined floodplain within the
assessment reach, such as portions of the Methow River between Twisp and Winthrop.

Figure 10. Looking downstream at beaver lodge on side channel of Methow River downstream
of confluence with Chewuch River.
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3.2.3 Low Complexity, with Narrow, Confined Floodplain

The third floodplain type is confined, straight channel reaches that have little to no
off-channel habitat (Figure 11). However, these reaches do have an important habitat
function. Some species are successful in spawning in these reaches, but within the
assessment area these reaches generally provide holding and migration corridors for
fish trying to access upstream or downstream reaches. Riparian vegetation is present
on narrow sediment bars and provides a limited recruitment source of LWD for
downstream reaches (Figure 12). Pockets of slower-velocity flows behind occasional
boulders provide resting areas. LWD in the channel is generally limited, but
occasionally occurs on bars or on the upstream sides of exposed boulders in the bed.
During floods, river stage increases faster than in other reaches, and the same area is
consistently reworked during each flood. However, riparian vegetation requires
fresh, bare soil to establish. Riparian vegetation cycles in these reaches as a function
of the hydrologic regime. During a period of dryer years, the riparian vegetation
establishes. Occasionally, a large flood erodes the vegetation and restarts the cycle
by providing a fresh surface on which new vegetation can become established.

Figure 11. Schematic cross section of a narrow, confined floodplain within the assessment reach,
such as portions of the Methow River downstream of Twisp.
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Figure 12. Example of confined floodplain section on Methow River between Winthrop (RM 51)
and Wolf Creek (RM 55).

3.3 HumAN CAUSED IMPACTS TO PHYSICAL PROCESSES

Within the floodplain (low surface), there are a range of human features present, but
generally these features are located sporadically throughout these sections rather than
continuously along the channel. The majority of these features were observed on
aerial photography as being constructed following the two largest documented floods
in 1948 and 1972. An example location is provided in Figure 13, Figure 14, and
Figure 15 where a levee was observed on the post-flood 1948 aerial photograph (post-
flood 1948 photo not shown). A list of all human features and activities documented
to noticeably impact river processes include the following:

e highway or road bridges
o footbridges
o levees (fill is generally stable and resistant to erosion)

e push-up levees (often formed using floodplain sediment and can be easily
eroded by the river during high flows)

e filling of historic channels (difficult to document with certainty, but
interpreted based on presumed setting of certain areas compared with current
condition)

e clearing of vegetation within the floodplain
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Figure 13. 1948 aerial photograph of Middle Methow River during the 1948 flood. Relative to
the picture, the river is flowing from top to bottom. Beige dots show the alignment along the
2006 main channel in 1/10 mile increments. Dashed lines represent historical channels based on
1948 to 2004 aerial photography. The solid blue line represents the boundary of the floodplain
(low surface) as of 2004.

Levee

Figure 14. Same location as previous figure showing levee that was placed following the 1948
flood. Figure background is 2006 Light Detection and Ranging (LiDAR) hillshade.
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Levee

Figure 15. Same location as previous two figures with 2006 aerial photograph as background
showing clearing of vegetation and present development.

removal of LWD pieces and log jams from the channel
roads

rock riprap

“Detroit” riprap (old vehicles placed on bank)

cabled logs (several logs placed along bank for protection against erosion) or
log structures (cabled log or log-jam-type structures)

diversion dams
diversion locations
headgates

water pipes

The shade and cover from the few log structures constructed actually provide some
fish habitat. Bank armoring, levees, bridges, and other features located within the
floodplain prevent channel migration and restrict access to overbank floodplain areas
and side and overflow channels. This in turn impacts access by fish and the
formation of habitat complexity features that depend on channel migration,
recruitment of LWD, and reworking of the streambed. Many of the features block off
only the upstream entrance of a side channel, or only a portion of the floodplain rather
than running parallel to the main channel for long distances (see Figure 14 and Figure
15). In many cases, the downstream entrance to a side channel is still accessible, and
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portions of the floodplain are still active due to lateral overtopping of flow from the
river downstream of a human feature.

Where bank protection is located along the main channel, the river may have formed
an adjacent deep scour hole due to higher velocities that sweep against the bank.
These deeper areas pull streamflow away from the opposite side of the river, reducing
habitat complexity and access to off-channel areas opposite the armored (protected)
area. As a benefit, this process may provide a pool for aquatic habitat. However,
such pools lack shade, hiding cover, and structure to capture nutrients and form
pockets of slower velocity flows (refugia) that would be created by vegetation and
roots present along a natural bank. In areas where the bank would naturally have had
vegetative cover, the adjacent sections of the river are devoid of shade and any
potential for LWD recruitment. The reduction in shade has the greatest impact on
smaller stream sections where the overhanging vegetation affects a significant portion
of the wetted channel width. Protection along banks that were naturally limited in
vegetation or that are fairly high above the channel has much less impact on channel
processes.

3.4 DESCRIPTION OF 23 GEOMORPHIC REACHES

Table 4 presents a summary of characteristics for the 23 geomorphic reaches,
including whether the reaches are confined, moderately confined, or unconfined as
defined in Section 3.2. Each reach is designated by a letter and number (M =
Methow; C = Chewuch; T = Twisp). Numbering starts at the downstream end of the
reach.

The “floodplain protection area” (column 5) documents the percent of the total
floodplain and off-channel area that has no human features so there is no restoration
action needed. These areas are for the most part presently functioning in terms of
physical processes and vegetation, but in some cases are indirectly impacted by
nearby human features in other floodplain restoration areas.

Columns 6 and 7 document the length of well-defined side channels (from 2004 aerial
photographs and 2006 LiDAR) that could provide off-channel habitat (see Methow
Atlas for channel mapping). The table is separated into channels with no human
features blocking them off (protection areas) and channels that are presently cut off at
either the upstream or downstream ends (or both) by levees, bridges, etc. (restoration
areas). In some unconfined and moderately confined reaches, historical channels may
have been filled or altered and this measurement does not capture the full length of
potential channels. Therefore, this number of channels represents a minimum number
of potential channels that could provide off-channel habitat. More refined mapping at
the reach analysis or project level stage with additional field verification should be
done to validate the channel mapping.
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Column 9 documents the boundary of the floodplain on terraces or high elevation
glacial banks. The ratio was computed by dividing the total length of human features
along the floodplain boundary (typically bank protection) by the total floodplain
boundary length for each reach (see map atlas for human feature mapping). The
higher the number computed, the greater the boundary length impacted. The amount
of floodplain boundaries protected ranges from none in some reaches to 61% in
Reach M3. Generally the confined reaches have more bank protection, which is
interesting because these are generally bound by glacial terraces that would be
expected to have minimal lateral bank erosion. It is believed that the majority of bank
protection went in after the 1948 and 1972 floods, during which accelerated bank
erosion may have occurred due to most of these areas being cleared of native
vegetation. Glacial banks in this system contain large cobbles that often line the toe
of the bank during erosion helping to protect from extensive lateral expansion due to
river erosion. Although the lateral extent of bank erosion that could occur during
floods is likely small, many houses and infrastructure are located in close proximity
to the edge of the bank and cannot tolerate even localized bank erosion without
incurring damage. This may explain the large amount of bank protection present on
glacial banks. Lateral bank erosion of these glacial banks has only been detected in a
few sections of the 80-mile assessment area where no bank protection has been
placed. The limited erosion measured from 1948 to 2004 also may result from the
fact that the majority of banks with the potential to be eroded have already been
armored with riprap.

As a rough indicator of disruption to channel migration and floodplain access
(column 8), a second ratio was computed by dividing the total length of human
features that disconnect the main channel from side channels or floodplain, or prevent
lateral migration by the reach length. Reaches with higher values have more
reduction in floodplain connectivity than reaches with lower values, which indicates
the reaches with higher values may have more opportunity for improving habitat
function.

The amount of floodplain area where vegetation has been cleared under the present
setting (2006) is also documented in column 10 (see map atlas for vegetation
mapping). Reaches with larger values of vegetation clearing generally have more
development potentially posing more challenging restoration strategies than areas
with limited or no development. Areas of historic vegetation clearing are not well
documented and were not incorporated into this computation. Therefore, this number
represents a minimum area of floodplain clearing and does not include areas that were
cleared in the past and currently in a regeneration stage.

Combining results from all columns in Table 4 gives a quick look at the current
condition of each reach and restoration opportunities. Reaches that are unconfined
and moderately confined generally have more disruption to channel and floodplain
connectivity and habitat access than confined reaches. Reaches with a high
percentage of protection areas (limited or no human impacts), good connectivity to
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side channels, healthy riparian buffer zones (little riprap), and limited vegetation
clearing are the least impacted and vice versa for the most impacted. Reaches M2,
M4, M7, M9, C2, and T2 have at least 1 mile of potential off-channel habitat that
could be reconnected. Of these reaches, M9, M10 and C2 have at least 30% of the
reach that is noted as a protection area that could be built upon to provide more
connectivity of habitat availability at a reach scale. T6 has the highest percentage of
functioning off-channel habitat presently available
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Table 4. Summary of reach characteristics.

Floodplain Length of Side Channels Indicator of Disruption to
Protection (miles) Processes
Areal Presently
f(P”:Per,y Accessible! % of
unctioning 0
th Presently Floodplain
with no Cut Off by , ,
Down- human Human Disruption to Boundary
stream Up- impacts) Features _Cha_nnel (terrace_s and Minimum Cleared
. ; P Migration and glacial .
Reach Floodplain River stream (% of total Floodplain banks) that Vegetation (% of total
Name Type Mile River Mile reach) Access? is Armored 3 reach)
M1 Confined 28.1 33.7 NA 0 0 0.13 27 11.1
M2 Unconfined 33.7 40.3 7% 0.9 8.2 0.66 23 24.4
M3 Confined 40.3 41.3 NA 0 0 0.06 61 5.3
M4 Unconfined 41.3 47 9% 1.2 7.0 0.80 17 37.0
Moderately 0
M5 confined 47 50 26% 02 11 0.38 14 26.6
M6 Confined 50 51.5 NA 0 0 0.00 12 0.0
Moderately o
M7 confined 51.5 52.9 0% 0 14 1.89 4 40.9
M8 Confined 52.9 55 NA 0 0 0.01 40 10.6
M9 Unconfined 55 65.5 34% 11.4 9.7 0.54 10 13.2
Moderately 0
M10 confined 65.5 69.6 56% 12 12 0.05 7 11.6
M11 Unconfined 69.6 75 38% 3.2 2.8 0.40 7.8
C1 Confined 0 2.2 NA 0.04 8.8
c2 Unconfined 2.2 7.3 32% 2.9 3.7 0.16 16.8
Moderately o
C3 confined 7.3 9.5 45% 09 06 0.45 0 24.6
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Floodplain Length of Side Channels Indicator of Disruption to
Protection (miles) Processes
Areal Presently
(properly Accessible!
functioning Presently % of
with no Cut Off b _ _ Floodplain
Down- human Humany Disruption to Boundary
stream Up- impacts) Features _Cha_nnel (terrace_s and Minimum Cleared
. ; P Migration and glacial .
Reach Floodplain River stream (% of total Floodplain banks) that Vegetation (% of total
Name Type Mile River Mile reach) Access? is Armored 3 reach)
c4 Confined 9.5 11.7 18% 0.12 6 12.7
C5 Unconfined 11.7 13.9 29% 0.2 0.6 0.14 0 21
Cc6 Confined 13.9 14.3 NA 0.00 0 0.0
T1 Confined 0 0.6 0% 0.2 0.64 33 87.2
T2 Unconfined 0.6 5 9% 0.7 4.9 0.98 3 38.9
Moderately o

T3 confined 5 7.8 45% 10 07 0.29 9 21.9
T4 Confined 7.8 9.8 18% 0.2 0.28 16 15.4
T5 Unconfined 9.8 135 14% 0.8 13 0.44 8 31.7
T6 Unconfined 135 18.1 61% 3.9 1.8 0.26 0 8.3

1/ Although presently accessible, the natural frequency of inundation may still be disrupted in some cases due to past human activities such as filling of channel
entrances or altering the land surface for housing, infrastructure, or agriculture.
2/ Computed by taking the total length of human features located within the floodplain (low surface) divided by the total reach length.
3/ Computed by taking the total length of riprap and bank armoring located along the floodplain (low surface) boundary divided by the total length of the boundary.
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3.5 REACH-BASED PROTECTION AND RESTORATION STRATEGY

The goal for habitat protection and restoration strategies is to maximize availability
and connectivity of complexity habitat consisting of rearing areas, over-wintering
areas, and spawning habitat. ldentification of floodplain protection areas as part of an
overall restoration strategy is important for enhancing the beneficial effects of
restoration projects in adjacent areas. If restoration is approached at the geomorphic
reach scale, protection areas within the reach can provide a connection among two
restoration areas being addressed and effectively increase the habitat area that is
restored.

The primary restoration concept recommended to recover long-term habitat function
and complexity based on this analysis would be setback or removal of features that
impact connectivity of the channel and floodplain, channel migration and reworking
processes, and the availability of off-channel and main-channel complexity features
such as side channels and LWD formed pools. This strategy is concentrated in
moderately confined and unconfined reaches.

In naturally confined reaches, the largest impact has been conversion of the natural
riparian zone along the high-elevation glacial banks to riprap. Modification or
removal of these features in conjunction with riparian planting offers the best
opportunity for improving long-term habitat viability in these reaches. However,
addressing riparian boundaries of confined reaches is considered a lower priority
because the banks are high in elevation and offer limited opportunity for cover and
LWD recruitment. In addition, the potential for terrace bank erosion would have to
be determined, and possibly mitigated, prior to the removal of any terrace bank
protection. Rapid rates of terrace bank erosion would not achieve river restoration
objectives.

A complete list of strategies that could be utilized to increase habitat function and
complexity is listed as follows:

e Protection of existing riparian zones and functioning channel and floodplain
areas that provide shade, large woody debris, and root mass to the river
system;

e Continued improvement of fish passage where not yet addressed,;

e Removal, setback, or modification of levees and roads, and lengthening of
bridge spans to restore access to the natural floodplain, thus increasing lateral
connectivity of river processes resulting in more productive off-channel
rearing and over-wintering habitat areas, and groundwater recharge to
maintain base flows in the river;

e Reconnection of off-channel ponds that could provide rearing habitat by
removing artificial blockages, by providing passage around dams, by
removing riprap, by modifying road embankments, and by enlarging culverts;
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e Protection and restoration of hyporheic function between the river and the
groundwater aquifer through reconnection of the floodplain where artificially

blocked off to improve water temperatures;

e Reforestation of cleared floodplains and river banks, along with placement of
LWD or engineered log jams, prioritizing areas with the most potential for
interaction with the river to improve water temperature and habitat quality;

e Reestablishment of beaver populations where feasible with adjacent land use;

and

e Reduction of the number and distribution of exotic plant and animal species
where they pose a threat to native species.

For each reach, floodplain areas were broken out based on whether they were

generally functioning from a process and riparian vegetation perspective, or whether
they were in need of some type of restoration action due to human features or past
activities. This is summarized by valley segment in Table 5 (amount of protection
area was documented by reach in Table 4). Restoration opportunities exist in all four
river valley segments, with the most need (or least amount of functioning area) in the
Middle Methow, and relatively equal need in Upper Methow, Twisp, and Chewuch.

Table 5. Percent of functioning (protection) versus non-functioning (restoration)
floodplain area for the four river valley segments.

Total Floodplain Restoration
Floodplain | Floodplain Protection Area Area
River Valley Area
Segment River Miles (acres) (acres) (% of total) (acres) (% of total)
Upper Methow | RM 50 to 75 2,196 748 34% 1,447 66%
Middle Methow | RM 28 to 50 1,391 126 9% 1,265 91%
Twisp RM 0 to 18 1,084 381 35% 703 65%
Chewuch RM 0 to 14 603 192 32% 411 68%
Total Area 5,274 1,446 27% 3,827 73%

The next step was to determine which restoration actions were needed to improve
habitat complexity and physical processes that have been disrupted from historical
human activities (such as logging, filling of channels, clearing of riparian vegetation
and LWD, etc.) and present human features (roads, bridges, levees, riprap, etc.).
Restoration concepts are documented in Appendix A (“Restoration Opportunities”) at
a reach scale and for individual potential floodplain areas within each reach.

The findings of the geomorphic assessment were then translated into habitat action
classes and the associated VVSP parameters that would be addressed as referenced
from Table 5.9 in the Upper Columbia Recovery Plan (Table 6). All of the habitat
action classes in the Upper Columbia Recovery Plan were considered except for
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water quality and quantity restoration, nutrient restoration, and in-stream structures
(rock weirs, boulder placement, etc.). Water quality and quantity and nutrient
restoration are being addressed as primary goals in separate efforts. However,
restoration of floodplain processes will serve to improve water quality and quantity in
some reaches. Currently there are ample opportunities for restoration of processes
without using in-stream structures so they were not considered at this scale. Although
tributaries were not assessed in detail, locations are listed where known issues exist
that have some interdependency with processes in the mainstem stream segment.
Additional assessment will be needed to validate and refine these potential actions in
tributary areas.

Only one obstruction to main channel passage was present on the mainstem Methow
River (at MVID East near RM 46), although passage is available along an adjacent
side channel. The approximately 3-foot-high portion of the diversion dam above the
river bed was recently removed to eliminate this barrier. Two other small diversion
dams on the Chewuch River are also in the process of being modified to eliminate
passage barriers that had existed at some, but not all, flows.

A generalized restoration strategy for each of the 23 reaches is provided in Appendix
A, along with a detailed list of floodplain protection areas and restoration concepts for
73 sites. These restoration concepts will need to be refined as additional analyses are
completed at more detailed scales. The study results described in this report are being
used to work with local stakeholders and biologists to help prioritize protection and
restoration strategies as discussed in the next section.
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Table 6. Reach-based habitat action classes associated VSP parameters for the study reaches and selected tributaries.

An “X” represents a proposed habitat action or VSP parameter based on direct findings of this assessment. An “O” represents a possible action based on
local knowledge and qualitative observations during the course of the 80-mile assessment.

. . T VSP Parameters
Habitat Action Class Addressed 2
Riparian Road
restoration Maintenance
Riparian along (e.q.,
restoration channels removal,
on terraces and setback, or
Floodplain (floodplain floodplain | Side-channel culvert Floodplain LWD
Reach Name Type boundary) surfaces reconnection | replacement) | Restoration | Restoration AP D/SS

M1 Confined (0] X X
M2 Unconfined (e} X X X X X X X
M3 Confined (0] X
M4 Unconfined (e} X X X X X X X

Moderately (0]
M5 confined X X X X X X X
M6 Confined (0] X

Moderately (0]
M7 confined X X X X X X X
M8 Confined (0] X
M9 Unconfined O X X X X X X X

Moderately (0]
M10 confined X X X X X X
M11 Unconfined (0] X X X X X X X
C1 Confined (0] X
Cc2 Unconfined X X X X X X

Moderately
C3 confined X X X X X X X
C4 Confined (@] X X X X X
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Table 6. Reach-based habitat action classes associated VSP parameters for the study reaches and selected tributaries.

An “X” represents a proposed habitat action or VSP parameter based on direct findings of this assessment. An “O” represents a possible action based on
local knowledge and qualitative observations during the course of the 80-mile assessment.

. . T VSP Parameters
Habitat Action Class Addressed 2
Riparian Road
restoration Maintenance
Riparian along (e.q.,
restoration channels removal,
on terraces and setback, or
Floodplain (floodplain floodplain | Side-channel culvert Floodplain LWD
Reach Name Type boundary) surfaces reconnection | replacement) | Restoration | Restoration AP D/SS

C5 Unconfined X X X X X X

C6 Confined

T1 Confined O X X X X X

T2 Unconfined (e} X X X X X X X

Moderately (0]

T3 confined X X X X X X

T4 Confined (0] X X

T5 Unconfined (0] X X X X X X

T6 Unconfined X X X X X X X
Early Winters; Methow RM 67.3 (e} (e} (@] (e} (@) X
Wolf Ck, Methow RM 52.8 (0] (0] (0] (0] (0] X X
Goat Ck, Methow RM 64 (0] (0] (0] (0] (0] X X
Eightmile Ck, Chewuch RM 11.7 (0] X (0] (0] (0] X X

Y Habitat action classes and associated VVSP parameters addressed referenced from Table 5.9 in Upper Columbia Spring Chinook Salmon, Steelhead, and Bull Trout
Recovery Plan (UCSRB, 2007)

' AIP = abundance and productivity; D/SS = diversity and spatial structure as described in Viability Criteria for Application to Interior Columbia Basin Salmonid
ESUs (ICTRT, 2007)
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3.6 TECHNICAL PRIORITIZATION OF RESTORATION FOR 23 GEOMORPHIC
REACHES

One question faced by resource managers looking at large potential project areas is
whether to fix areas that are least broken first or to start with areas where there is the
most opportunity for improvement. The Upper Columbia Recovery Plan recommends
prioritizing areas that are currently properly functioning (protect and monitor), looking
next at areas in which processes that benefit habitat can be restored (restoration or
rehabilitation), and finally investigating options such as in-stream structures where
present constraints do not allow restoration of channel and floodplain processes (not all
stream conditions are suitable for in-stream structures).

In following recommendations established by the Upper Columbia Recovery Plan,
geomorphic reaches were technically ranked with a method that gives more weight to
areas with a higher degree of functioning complexity habitat than to reaches with a lower
degree of functioning complexity habitat (a greater departure from the natural setting)
(see Appendix B for more details on ranking methods).

Step 1 of the ranking was to categorize the 23 geomorphic reaches by general floodplain
type (that is, confined, moderately confined, and unconfined) and the degree of human
feature impacts in each reach (see Table 4)All three floodplain types have some degree of
presently functioning habitat and potential for improvement of habitat quantity and
quality. However, the unconfined and moderately confined reaches generally offer the
most opportunity for providing channel and floodplain processes associated with habitat
“complexity.” In Step 2, general habitat actions were identified for each of the 23
reaches based on their geomorphic setting and historical impacts to physical processes
and habitat function (see Table 6).

In Step 3, six of the nine confined reaches were dropped from consideration for
developing a detailed restoration strategy. Confined reaches may offer restoration
opportunities along the floodplain (low surface) boundary through the possible removal
or modification of bank protection to incorporate riparian vegetation that promotes shade,
large wood recruitment, and a reduction in sediment delivery. Confined reaches pose
challenges for LWD and rock placement projects because they are naturally high energy
reaches where it would be difficult to maintain these features. There are generally greater
opportunities in the reaches with vegetated floodplain areas (moderately confined and
unconfined) to identify complexity projects that can help restore the long-term function
of the river. Therefore, project concepts were not developed in the confined reaches for
this assessment. Nonetheless, human features in confined reaches were identified and
could be further evaluated in future assessments.

The 17 remaining reaches were then ranked to allow relative comparison from the
perspective of the ability to provide habitat complexity and extent of presently
functioning areas (Table 7). The numeric ranking focuses on physical processes
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associated with lateral connectivity of the floodplain and channel, and with formation of
habitat features associated with complexity. For example, the higher the total score, the
better the opportunity for channel habitat complexity improvements. Score values should
not be used literally, but rather to group potential reaches into tiers for discussion
purposes (e.g., a value of 32 and 30 could be virtually the same for ranking purposes).
Ranking is only a starting point, and should be used concurrently with detailed
geomorphic mapping and analysis conclusions presented in the appendices of this report,
and proposed restoration concepts for the 73 areas listed in Appendix A. A combination
of these tools will hopefully provide local subbasin workgroups and resource managers
enough information to make decisions on where to focus more detailed efforts and begin
to develop more detailed implementation action plans. These plans may involve a
combination of conservation and restoration actions, along with biological benefit,
landowner and constructability considerations of proposed actions.

In Step 4, three additional parameters were included to provide additional decision
making criteria that may ultimately increase or decrease the restoration value of a reach
despite the process-based numeric ranking:

» Present spawning use
= Multiple life stage and species use
= Presence of cold water recharge sources

All reaches within the assessment area are used by spring Chinook and steelhead for
spawning (Methow Atlas; also see Appendix F, “Biological Setting™). However, certain
areas have been documented during historical redd surveys to be consistently used for
spring Chinook spawning and are noted in Table 7 because of their high functionality.
Steelhead spawn throughout the assessment area. River reaches with cold water recharge
provide refuge in areas affected by temperature and dewatering. These recharge areas
also are generally associated with high quality habitat in areas already properly
functioning.

All of the reaches provide important habitat for a variety of life stages for spring
Chinook, steelhead, and other species as noted in Appendix F. The need for protection
and restoration in any given reach depends upon the natural resiliency of the river reach
to human disturbance, the potential threats to natural function and processes in the reach,
the current level of impairment in a reach, and the presence of one or more life stages or
ESA-listed species. Reaches with multiple species and multiple life functions with a high
risk of threat are a high priority for protection. Reaches with multiple species and
multiple life functions that have some impairment of function should be a high priority
for restoration and protection. Reaches where function is substantially impaired should
be considered for restoration and protection once more functional areas have been
secured.

In Step 5, additional data regarding the existing life stages and species use within the
assessment area are presented for consideration when deciding between reaches with a
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similar ranking (Table 8; also see Appendix F). Presence of non-native species is also
listed in Table 7 and may need to be considered at the reach scale assessment.

Based on physical processes, river reaches C2, M4, M9, and T6 are the top-ranked
reaches for each of the four valley segments from a physical processes perspective. All
reaches but M2 presently have a high density of spring Chinook spawning use. While the
upper portions of the Chewuch did not score as high, they have been documented to have
high quality habitat due to cold water recharge areas, which could bump this area to a
higher priority to improve and build upon existing habitat. On the other hand, while M2
does not presently have high spawning use, there are two large off-channel areas in this
reach that would provide a great opportunity to create new habitat in an area that is
presently lacking.

With this in mind, the ranking results are meant to be only a starting point for discussion
by local technical teams, and they can be modified in the future by incorporating new
information as it becomes available. Once a reach has been prioritized for implementing
restoration activities, there are several combinations and sequencing of project
alternatives that may be undertaken. Reach assessments will develop an implementation
strategy from a technical perspective at a more detailed scale. Additional factors, such as
constructability of projects, cost, landowner willingness, funding availability, and
permitting acceptance, will provide additional guidance as to the types, localities, and
sequencing of projects within a given reach. An initial perspective on restoration
concepts and degree of departure (effort needed to restore) for project level areas within
each reach is provided in Appendix R (“Degree of Departure from Natural Setting”).
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Table 7. Geomorphic ranking of 17 unconfined or moderately confined reaches and biological functionality.

Relative Final Rank
Total Floodplain (geomorphic Spring High groundwater
Geomorphic | Floodplain Area (reach potential/ Chinook Multiple Life exchange and/or cold
Reach Potential Area area/total area | normalized Spawning Stages and water recharge

Designation ¥ River Mile Score ? (acres) of segment) area) Use ¥ Speciesy present
Middle Methow River

M2 33.7t0 40.3 27 553 0.4 10.7 YES

M4 41.3 to 47 26 768 0.6 14.4 Minor YES YES

M5 47 to 50 17 70 0.0 0.8 YES YES
Upper Methow River

M7 51.5t052.9 0 180 0.1 0.0 High YES

M9 55 to 65.5 88 1,318 0.6 52.8 High YES YES

M10 65.5 to 69.6 36 191 0.1 3.1 High YES

M11 69.6 to 75 25 508 0.2 5.8 High YES
Twisp River

T1 0to 0.6 0 6 0.0 0.0 YES

T2 0.6to5 37 300 0.3 10.3 Minor YES

T3 5t07.8 36 110 0.1 3.7 Moderate YES

T4 7.8t09.8 11 20 0.0 0.2 Moderate YES YES

T5 9.81t0 13.5 34 203 0.2 6.4 High YES

T6 13.5t018.1 76 444 0.4 311 High YES YES
Chewuch River

Cc2 22t07.3 32 380 0.6 20.2 High YES

C3 7.3t09.5 25 76 0.1 3.2 High YES YES

Cc4 9.5t0 11.7 32 50 0.1 2.7 High YES YES

C5 11.7 to 13.9 21 97 0.2 3.4 High YES YES

¥ Reach Name M = Methow; C = Chewuch; T = Twisp ; Z See Appendix Section B-3 and Tables B—4 and B-5 for criteria and terminology used to develop
geomorphic potential. 9 Steelhead spawning occurs throughout the assessment area. Note that in some cases the biological use listed occurs in only a portion
of the geomorphic reach boundary. YFor specific species and life stage use, see Table 5.
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Table 8. Species and life stage usage for ESA and non-ESA listed fish within the assessment area.
Explanation: F = Foraging; H = Holding; M = Migration; OW = Over-wintering; P = Present; R = Rearing; S = Spawning;
Letters in parentheses: (j) = juvenile; (a) = adult;

Bold letter (M, S, R) show types and location of high density or abundant use. Non-bold letters show general use.

Non-
Westslope native
Spring Chinook Steelhead Summer Pacific cutthroat brook
Biologic Reach (ESA listed) (ESA listed) Bull trout Chinook Coho lamprey trout Sockeye trout
Methow River
Carlton to Twisp (Twisp River) M (j, a), OW, R M,OW (j,a), R, | F,M, OW M, S M, S MR, S P M, S
(RM 27 to RM 41) S
Twisp River to Winthrop H M, R, OW, S M, OW (j,a),R, | F, M, OW M, S S M, R, S P
(Chewuch River) S
(RM 41 to RM 51)
Winthrop (Chewuch River) to H,M,0OW, R, S M, OW (j,a), R, | F, M, OW M, S P P
Weeman Bridge S
(RM 51 to RM 61)
Weeman Bridge to Mazama M, OW, M, S M, R, S F, M, OW P P
(RM 61 to RM 68)
Mazama to Lost River M, R, S (when flows M, R, S F, M, OW P
(RM 68 to RM 75) allow)
Chewuch River
Winthrop to Falls Creek M, S, R M, S, R F, M, OW MR, S P P
RM 0 to 14
Twisp River
Twisp to Buttermilk Creek M, S, R .S, R F, M, OW P P
RM 0 to 15
M

50




Methow Subbasin Geomorphic Assessment

3.7 BREAKOUT OF POTENTIAL PROTECTION AND RESTORATION
PROJECT AREAS

A total of 135 potential project areas were identified within the moderately confined or
unconfined reaches based on findings from the geomorphic assessment (Figure 16).
Project areas were broken into two categories: “Protection or Restoration.” The term
monitoring was also included in the protection areas name to recommend continued
observation to document how these areas are functioning in the future. If the condition of
these areas changed due to human impacts such as development, they would be switched
from a protection category to an area in need of restoration. Restoration sites will also
need monitoring to ensure actions taken meet both short-term and long-term project
objectives (see Section 2.2). Locations of the protection and restoration areas are shown
for each of the four valley segments in (Figures 17, 18, 19, and 20). Further evaluation to
determine project benefits, feasibility, sustainability, and potential sequencing within
each reach will be accomplished in subsequent assessments, and thus are not discussed in
this report.

Consideration

Existi
by others . xIsting
1 (in progress)
Restoration 7

areas with heavy
development
11

Tributary
2
Protection
and

monitoring
41

Restoration
73

Figure 16. Distribution of potential project types in assessment area.
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Figure 17. Location map for potential protection (green) and restoration (orange) areas within the Upper Methow River (RM 50 to 75) .
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Figure 18. Location map for potential protection (green) and restoration (orange) areas within the
Middle Methow River (RM 28 to 50).
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Figure 19. Location map for potential protection (green) and restoration (orange) areas within the
Chewuch River (RM 0 to 14
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Figure 20. Location map for potential protection (green) and restoration (orange) areas within the Twisp River (RM 0 to 18)
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The 41 sites within the protection and monitoring category are sites with no known
human features that impact floodplain connectivity or complexity. A full list of these
sites and accompanying map locations is provided in Appendix A. Additional field
verification could find human features in these areas that were not known or located at
the time of this assessment.

Each of the 73 potential restoration areas identified represents a section of floodplain that
has been disconnected from the active channel by human features or human activities.
Human features that disconnect the floodplain were not used as boundaries, but rather
make up the components of possible project concepts within each floodplain area.
Within this category, seven existing projects were included in the documentation to show
how new projects link to areas already being treated. Of the restoration sites identified,
11 areas were separated out because they have substantial development currently in place
that may require long-term planning to implement.

For the categories labeled as “tributary” and “consideration by others category,” three
sites were identified that are located adjacent to the boundaries of this assessment. These
sites were identified as potentially needing restoration based on local knowledge in the
subbasin, subject to findings of subsequent analysis. Detailed information for these areas
is not available from this report.

The protection and restoration sites were categorized and ranked based on their
geomorphic setting, and thus the type of limiting factor and habitat improvement they
would address (Table 9). Areas containing complex networks of channels and side
channels provide the most direct benefit to increasing available habitat area and channel
and floodplain connectivity. Terrace surfaces (higher elevations beyond the floodplain)
provide some relief during floods by allowing flow to spill out onto the floodplain
surface, thus reducing energy in the main channel. While these terrace surfaces are
important to include in a reach-based restoration strategy, they are generally small
relative to the entire reach, they do not contain any low elevation channels, and are
infrequently inundated. Further ranking of the restoration sites to determine the degree of
departure from the natural setting, and thus provide some indication of the level of
restoration effort was also accomplished and is provided in Appendix R.
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Table 9. Technical ranking criteria of geomorphic based habitat potential and occurrence by valley segment.

Area by Valley Segment (acres)

Biological | Project Upper Middle
Benefit Type Geomorphic Potential Percentage ¥ Methow Methow Twisp Chewuch
Functioning wetland or channel
High 8 (Best) network area 15 446 27 298 0
High Functioning primary side or
7 secondary side channel areas 8 112 98 80 136
Low Functioning overflow channel or
6 low surface (floodplain) 5 190 0 4 56
High Full restoration of wetland or
5 channel network area 10 305 0 187 15
High Partial restoration of wetland or
4 channel network area 23 627 321 234 16
High Primary side or secondary side
channel with floodplain
3 reconnection 11 64 214 69 251
High Primary side or secondary side
channel with partial or little
2 floodplain reconnection 16 155 505 97 73
Low Overflow channel or low surface
1 (floodplain) 5 56 90 107 30
NA 0 Project area has heavy 8
(Worst) development in present setting 241 135 10 26

1/ Percentage of 80-mile assessment area in which category occurs (does not include active channel)
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In comparing potential project types among the four valley segments evaluated (Middle
Methow, Upper Methow, Twisp, and Chewuch), most existing project work is presently
being accomplished on the Twisp River. The highest amount of potential protection and
restoration opportunities for future work is on the Methow River, because it is larger in
size than the Chewuch and Twisp.

On the Methow River, protection areas dominate in unconfined reach M9 (RM 55 to
65.5) and moderately confined reach M10 (RM 65.5 to 69.6), where channel networks
and wetlands are common (Figure 17). Some potential restoration areas also are
proposed for these two reaches, where channels or floodplain have been artificially
disconnected from the main channel. Potential restoration areas dominate in the
downstream unconfined reaches M2 and M4 (RM 33.7 to 40.3 and 41.3 to 47.0), where
primary side channels are common, but are often disconnected from the main channel by
levees or diversion structures (Figure 18).

On the Twisp River, most potential restoration areas involve the reconnection of channel
networks, primary side channels, and floodplain (Figure 19). Projects that would
reconnect channel networks are dominant in reaches T5 and T6 (RM 9.8 to 13.5 and 13.5
to 18.1). Projects that would reconnect primary side channels dominate in reaches T2
and T3 (RM 0to 0.6 and 0.6 to 5). Protection and monitoring areas are present along
most of the river, but are primarily located in the upstream unconfined reach, T6.

On the Chewuch River, potential projects are a mix of sites recommended for protection
and monitoring, and those recommended for restoration (Figure 20). Potential restoration
areas include reconnection of channel networks and wetlands or reconnection of a
primary side channel.

3.8 RESTORATION SUCCESS AND SUSTAINABILITY

It is important to consider whether proposed restoration actions will be successful and
sustainable. Actions with the most potential to create habitat are those that work to
restore river processes that generate complexity habitat, particularly in dynamic reaches
that naturally have channel migration and floodplain interaction. The Methow Subbasin
is fortunate in that natural geologic controls on the system have largely kept the
overarching river morphology intact, despite human activities. Therefore, there is
generally a good potential for recovering lateral connectivity between the river and
floodplain by removing human features (riprap, levees, bridges, roads, etc.) that
disconnect these areas. This connectivity is expected to be restored in a short timeframe
following project implementation. Full restoration of floodplain processes will take
longer periods of time, perhaps decades, dependent on the timing and magnitude of
floods and vegetation growth following project implementation. Consideration was
given as part of the assessment of the effects of removing all human features. If only a
portion of the human features currently in place are removed, additional analysis would
need to be done to understand the level of floodplain function that can be restored.
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Once lateral connectivity is re-established, side channels, riparian vegetation, and LWD
that provide off-channel habitat and habitat complexity will begin to re-establish.
Complexity features will form fairly quickly in areas where the human features have not
been in place for a long period of time, or where the human features are not in good
condition and have already been breached by the river. Formation of complexity habitat
is expected to take several years, or not occur at all in areas where the human features
have been in place for a longer time period and currently are reasonably intact. In these
areas, riparian planting and placement of LWD may be needed to jump start natural river
processes.

Many of the off-channel areas have been cleared of vegetation for agriculture or urban
development. Side and overflow channels are filled with sediment, in some cases due to
a lack of flushing from the river. In these areas, it may take a significant flood to erode
the surface and start the decadal-long process of building new surfaces and establishing
riparian vegetation. Cottonwood trees require a bare and moist deposit of sand or gravel,
ample exposure to the sun, and the absence of prolonged inundation or scour to become
established. The lack of floodplain reworking to create bare substrate has caused a
combination of limited cottonwood regeneration and a conversion of new growth to
species such as shrubs, aspen, and conifers.

Given the age of present riparian vegetation stands, initial LWD recruitment could be high
where floodplains are reconnected and older trees are accessed that have been unavailable
for recruitment during the last 50 years or so. Recruited trees may contain more Douglas
fir and aspen than cottonwoods in areas where these species have replaced cottonwood
galleries. Areas that have been cleared of vegetation may require manual planting to re-
establish riparian stands and bank stabilization until trees grow to maturity. Recruitment of
LWD from these areas would be a long-term process that could be allowed to occur after
the riparian vegetation has become established and matured. This could be 50 or more
years out into the future. Engineered log jams could be added to protect these areas while
trees are allowed to grow.

62



Methow Subbasin Geomorphic Assessment

4. GEOMORPHIC CONDITIONS

The geomorphic assessment focused on physical processes that drive creation and
sustainment of habitat features important to spring Chinook and steelhead. Evidence for
changes to channel planform, channel bed elevation, riparian condition, and channel and
floodplain connectivity were evaluated to infer potential changes to salmonid habitat
quantity and quality. Habitat features that were considered include development of pools,
quality of and access to side channel areas, LWD, spawning gravels, and refuge areas
during high- and low-flow periods. Of particular focus are trends over the last century as
a result of human activities and features which could impact the quantity and quality of
habitat.

To evaluate geomorphic processes, a conceptual model was developed of the natural
setting prior to disturbances, the present setting was documented, and predictions of river
trends in the future were accomplished (see Appendix D for details on methodology and
Appendix E for conceptual model). The natural setting is defined as the mid-to-late
1800s, the period just prior to significant human-induced disturbances to physical river
processes. Hypotheses of the natural setting provide a conceptual model of the process-
based opportunities for habitat improvement. Comparison of the present river setting to
the conceptual model of the natural setting helps determine which processes have been
altered and to what degree. Historical trends were evaluated to identify the rate and
extent of changes (Appendix G). Project concepts must incorporate not only the present
setting, but anticipate how river processes may or may not change in the future. Looking
at historical trends of river processes on a decadal scale provides an understanding of the
rate of change from the natural setting, how the changes relate to historical floods and
human activities, and whether the changes have had a trend that will continue in the
future.

Section 4.1 presents an overview of the present condition and impacts to physical
processes for the 80 river miles evaluated, which provided the framework for establishing
restoration strategies presented in the previous report Section 3. This is followed by a
description of geomorphic conditions for Methow (Section 4.2), Twisp (Section 4.3), and
Chewuch rivers (Section 4.4).

4.1 SUMMARY OF IMPACTS TO PHYSICAL PROCESSES

Based on the geomorphic conditions, a complete list of limiting factors that could be
addressed to improve the availability and quality of spring Chinook and steelhead habitat
are:

= Reduction in access to side channel and floodplain areas due to bridges, roads,
levees, and push-up dikes that disconnect the channel from the historical channel
migration zone and floodplain area
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41.1

In reaches confined by levees, flood depths and flow velocities are both greater
than under natural conditions; the increased flow depth and velocity mobilize
larger pieces of woody debris and larger bed-material particle sizes, resulting in
less wood and a coarser streambed than under natural conditions

Alteration of the composition of the riparian vegetation and changes in the rates
of regeneration of the riparian vegetation caused by a lack of lateral reworking of
the channel and floodplain

Reduction in habitat cover, shading, and hydraulic diversity within the channel
and floodplain caused by historical removal of large woody debris for flood
control, historical log drives, bridge clearance, fishing and boater safety, and
salvaging wood for domestic use

Reduction in the complexity along the boundaries of the channel and floodplain
caused by conversion of natural banks to man-made bank protection in the form
of rock and in many cases old vehicles dumped along the banks of the mainstem
Methow River

Reduction in large trees available for recruitment to the river due to timber
harvest and conversion of riparian forests to agricultural fields or residential
development

Reduction in populations of beaver, which create wetland riparian area;

Reduction in populations of anadromous fish and reduced delivery of marine-
derived nutrients to the river system in the form of post-spawning salmon
carcasses

Introduction of exotic species, such as brook trout, into previously barren streams
and lakes, and invasive weeds within or adjacent to riparian areas

Suppression of fires, possibly along with a changing climate, also plays a role in
impacting processes and appears to be creating larger wildfires than in the recent
past (Whitlock et al., 2003)

Stream Energy

Over time, streams attempt to move towards an equilibrium condition to balance energy
available with energy needed to convey and transport the incoming sediment. Human
features that alter the supply of water and sediment can change the ability of the stream to
transport sediment, and thus result in incision, aggradation, or a change in channel
planform (that is, meandering to straight or braided). Additionally, removal of LWD and
vegetation combined with constriction of the channel and floodplain can also impact the
balance in stream energy.
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There are no man-made dams and reservoirs in the assessment area or upstream
watershed that could have significantly reduced sediment loads or incoming water
discharge (peak floods) over the last century (Appendix O). The only dams present have
low heights (less than 10 feet) and likely filled in with sediment in the upstream reservoir
during the first large flood.

The majority of sediment supplied to the channel is from storage areas within the
floodplain (bars, islands, low-elevation surfaces, side channels, etc.). This can impact
local channel position and geometry, but reworking processes are natural and have not
been observed to have a detectable impact on channel planform (see Section 4.1.2).
Logging has occurred in the upstream USFS-managed portion of the Methow Subbasin,
but historically has been much less extensive than logging activities within the 80-mile
assessment area. The exception is the Beaver Creek drainage, located downstream of
Twisp, which has had extensive logging. Erosion along the floodplain (low surface)
boundary, which results in expansion of the floodplain and sediment recruitment, has
been minimal on all three drainages in the assessment reaches. Fires occur annually in
the Methow Subbasin, and major fires that burn large areas are frequent. The burned
areas have been documented since the 1700s (Appendix L). Recent fires in the Methow
Subbasin are larger than in the past according to tree core mapping studies (Schellhaus et
al., 2001). This could have a profound effect on sediment supply, wood supply, water
chemistry, and water temperature, all of which influence habitat conditions (Bisson et al.,
2003). However, fires at a natural frequency are part of the natural setting and contribute
to the long-term sediment supply and habitat conditions.
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Figure 21. Photograph of Chewuch River in the area of the 2001 Thirtymile Fire area showing a
large debris flow from hillslope where fine sediment was stored on the alluvial fan as well as being
delivered to the river. (July 2005)

No obvious trends in the occurrence or magnitude of peak floods were detected from the
U.S. Geological Survey (USGS) gaging station data that could imply a change to stream
energy over time. A more robust analysis may be needed to further validate this
conclusion in the future as a longer record of stream flow data become available. The
longest gage record at any one location in the Methow Subbasin is only 52 years
(Appendix J). Table 10 shows the range of discharge and slopes present in the Methow,
Chewuch, and Twisp river valley segments analyzed.

Table 10. Range of discharges and channel slopes along each river within the assessment
area.

River 2-Year Flood Peak 100-Year Flood Peak Slope
(cfs) (cfs) (%)
Methow 3,700-10,300 7,400-32,800 0.27-0.70
Chewuch 2,400-3,200 6,900-9,400 0.24-1.80
Twisp 1,100-2,300 3,200-6,800 0.16-1.40

There is a range of flow for each segment because of tributaries that enter along the river
segment. Additional streamflow from tributaries provides more potential energy to
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transport sediment and LWD if hydraulic conditions are otherwise comparable.
Increasing the slope can also increase the river’s ability to transport sediment and LWD,
while decreasing the slope can reduce the transport capacity. Overall, the bed material
grain size of all three rivers show a very tight correlation to slope, indicating the natural
geologic controls play the largest role in adjusting sediment transport capacity. On the
Methow River, the slope gradually decreases from Lost River to Winthrop, and then is
fairly steady downstream to Carlton. The decrease in slope tends to cause a reduction in
sediment transport capacity, but this is balanced by the increase in tributary discharge
with distance downstream (see Section 4.1). Significant increases in discharge to the
Methow River occur at the Twisp and Chewuch confluences. The large influx of
discharge at Winthrop from the Chewuch River appears to balance the reduced sediment
transport capacity that occurs due to the reduction in slope. The Twisp and Chewuch
rivers both have significant slope breaks that impact stream energy from one reach to the
next (Section 4.2 and 4.3; Appendix K). An increase in discharge with distance
downstream does not play a large role in stream energy on the Twisp or Chewuch rivers
because the tributaries within the assessment area add only a small amount of flow
relative to the mainstem river flow.

4.1.2 Channel Planform

Channel planform can be used as an indicator of the whether the sediment transport
capacity of a given reach equals, exceeds, or is less than the incoming sediment load as
discussed in the river dynamics section earlier in this chapter. Historical aerial
photographs within the assessment area indicate there is no evidence of change in
channel planform on a reach scale over a decadal time period. For example, reaches that
are single-threaded main channels have remained single-threaded channels, and reaches
with a complex network of multiple channels and vegetated floodplain also have
maintained the same planform.

Laterally, many sections of the Methow, Chewuch and Twisp river floodplains are
bounded by either glacial terraces, alluvial fans (deposited several hundreds to thousands
of years ago), or bedrock that is not easily eroded (Appendix E). These features establish
the boundary of the active floodplain and result in local pinch points where the floodplain
narrows relative to upstream and downstream sections. Generally these features limit the
rate of lateral erosion caused by river processes (see Appendix C for descriptions by
reach).

Channel changes were also observed by comparing historical maps and aerial
photography before and after large floods. The largest known floods were in 1894, 1948,
and 1972 and channel changes would be expected as a result of these flows (Appendix J).
The 1948 and 1894 floods are believed to be similar in magnitude, but the 1948 flood
may have been slightly larger. The 1948 flood exceeded the 100-year flood frequency
estimate and, based on historical photographs, this flood inundated the entire floodplain
(low surface) (Figure 22). This flood is noted by locals to have “reset” the river,
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mobilizing large portions of LWD and changing channel position and geometry in many
cases (Figure 23). When a flood of this magnitude occurs, the channel geometry often
changes but still may be within the bounds of natural variation expected in the system.
Aerial photographs of the Methow River before, during, and after the 1948 flood validate
that no change to the over-arching channel planform was observed for the mainstem
Methow River. Aerial photographs before and after the 1972 flood were examined to
validate this hypothesis on the Chewuch and Twisp Rivers, because the 1948
photographs were sporadically available from during the flood, but not before and after.

Figure 22. Photograph during the 1948 flood Figure 23. Photograph of “large woody debris” pile
on the north side of the bridge across the Twisp
River following the 1948 flood. The bridge shown is
thought to have been located just upstream from a
highway bridge.

Courtesy of the Shafer Museum, Winthrop, WA.

4.1.2 Channel and Floodplain Connectivity

The largest departure from the natural channel processes results from roads, bridges, levees
and push-up dikes that disrupt the lateral connectivity between the active floodplain areas
and the main channel, and historic removal of large woody debris (Figure 24 and Figure
25). Many of these features and large woody debris removal activities occurred following
the large floods in 1948 and 1972 to limit bank erosion and property damage from future
floods. In most cases, the majority of floodplain levees, push-up dikes, and roads and
bridges cut off the floodplain at unique locations, but do not confine the river for a very
great longitudinal distance as in some systems. This allows the river to still have some
connectivity during flood flows when river water gets high enough to overtop banks
laterally (downstream of the human feature) and result in inundation. More detectable
impacts would be expected in the side and overflow channels downstream of where the
levees or dikes are located. These channels are not flushed with water and replenished with
new sediment and LWD as frequently as would occur in the natural setting where there is a
connection with the river at the upstream entrance.
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Figure 24. Ground photograph of log drive likely in

the 1920s or 1930s on upper Methow River. Figure 25. Log jam in the Sheep
o ] ] Creek/Thirtymile Creek area in the upper
Location is believed to be above Winthrop (RM 55) | chewuch drainage basin in 1962 that was

because the most commonly referenced log mills subsequently removed (by man) the same year.
during this period were between 4 to 6 miles
upstream of Winthrop. Photograph copy courtesy | Photograph copy courtesy USFS.
of the Shafer Museum Collection, Winthrop,
Washington.

4.1.3 Bank Erosion and Floodplain Reworking

To get an indication of which reaches are experiencing channel migration and floodplain
reworking, the position of the main channel was tracked over time using historical aerial
photography (Appendix G). Unconfined reaches had the largest amount of channel bank
erosion, and thus migration of the channel position (Table 11). Channel reworking
within the existing floodplain was much more common than erosion along the low
surface boundary. As would be expected, the bank erosion in confined reaches was
minimal.

Erosion along the floodplain boundary into glacial deposits or alluvial fans, which results
in expansion (widening) of the floodplain, has been minimal on all three drainages in the
assessment area (Table 11). For the Methow River, about 3% of the low-surface
boundary length eroded between 1948 and 2004 (14,100 feet eroded out of a total
measured length of 485,300 feet). For the Chewuch River, about 0.5% of the low-surface
boundary has eroded between 1954 and 2004 (340 feet eroded out of a total length of
68,400 feet). For the Twisp River, about 4% of the measured length of the low-surface
boundary has eroded between 1954 and 2004 (3,200 feet eroded out of a total length of
86,100 feet). Note that not all river reaches in the Twisp and Chewuch rivers could be
compared due to a lack of historical aerial photography (Appendix G).
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Table 11. Comparison of channel bank erosion and migration within the floodplain and
along the floodplain boundaries.

Percent of Bank

Percent of Bank
Erosion Within

Percent of 2004 Channel| Erosion Along Low Floodplain
Banks that Eroded due | Surface Boundary Sediments
Reach Reach Type to Channel Migration (Expansion) (Floodplain Reworking)
M1 Confined 23.1 2.6 20.5
M2 Unconfined 62.5 175 45.0
M3 Confined 15.1 0.0 15.1
M4 Unconfined 60.0 25 57.5
Moderately
M5 confined 51.9 9.1 42.8
M6 Confined 13.2 6.6 6.6
Moderately
M7 confined 63.4 5.9 57.5
M8 Confined 18.8 0.0 18.8
M9 Unconfined 52.6 5.1 47.5
Moderately
M10 confined 34.9 4.0 30.9
M11 Unconfined 30.9 0.0 30.9
C1 Confined 7.9 0.0 7.9
c2 Unconfined 65.8 1.3 64.5
Moderately
C3 confined 12.7 0.0 12.7
C4 Confined 11.4 0.0 11.4
C5 Unconfined NA NA NA
C6 Confined NA NA NA
T1 Confined 46.4 0.0 46.4
T2 Unconfined 100.0 7.1 92.9
Moderately
T3 confined 54.3 8.5 45.8
T4 Confined NA NA NA
T5 Unconfined NA NA NA
T6 Unconfined NA NA NA
Methow 44 6 38
Chewuch 29 0.5 28
Twisp 34 3 31
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4.1.4 Channel Hydraulics and Sediment Transport

As a result of floodplain confinement, water is restricted to a smaller area during floods.
When this occurs, velocities in the main channel are higher than if the water is allowed to
spill off into the floodplain. Because of the higher energy in the main channel, the
channel could be expected to become more sinuous, incise, or widen. However, geologic
controls in both the channel bed and along the channel margins limit the ability of the
river to significantly adjust its geometry. Based on observations and hydraulic
computations, the sediment transport capacity of the system appears to generally exceed
the sediment supply available. Therefore, sediment delivered from the upstream
watershed and tributaries is transported through the four river valley segments without
significant deposition that would alter the channel planform, bed elevation, or
longitudinal slope. Although locally bed elevations may change in response to a change
in channel position, reach-scale trends in aggradation or incision were not detected.

Consequently, little change has occurred in the channel form or main channel bed
elevation as a result of features that cut off the floodplain. As discussed earlier, the
channel planform has not had any detectable changes. However, the presence of LWD in
many areas is thought to be reduced as a result of historical clearing of large wood from
the system (Appendix O).

To validate that only minimal, if any, change has occurred to the channel bed elevation,
information on channel geometry and bed elevation changes was compared where
historical survey data is available. Historical profile data were available for a large
portion of the Methow River within the assessment reach and for a portion of the
Chewuch River (see Appendix K for more details). Both data sets detected only minimal
vertical change on a reach scale, which would indicate no aggradation or incision of the
river bed of has occurred on a decadal timeframe.

Another indicator of whether the river’s channel has been altered is sediment transport
capacity. It would be expected that if the river’s sediment transport capacity is in balance
with the incoming supply, the river should be able to rework the bed and sediment bars
on a frequent basis. Although 184 cross-sections were collected within the
approximately 80-mile assessment reach, they were spaced too far apart to perform
hydraulic modeling and sediment transport capacity computations. As an alternative,
normal depth was assumed and incipient motion computations were used to look at the
ability of the present river to mobilize the channel bed and bar features along the active
channel (Appendix K). If the sizes of sediment that can be mobilized far exceed the sizes
of sediment present along the channel bed, then the river may be tending toward incision.
Because the sediment on the surface of the sediment bars must be mobilized first to get
reworking along the bar, pebble count measurements of the surface sediment sizes can be
compared to the incipient motion computations for this purpose.
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The average sediment particle sizes measured in the bar and channel surface are gravel to
cobble for all three rivers (Table 12; Appendix K). In most locations, the bars and
channels can be reworked at the more frequent 2- and 5-year floods (Table 13). The
frequent presence of alluvial bars along the river channel indicates that the channel is not
degrading, which matches conclusions from historical channel analysis.

Table 12. Average sediment size in bar and channel and maximum sediment size mobilized
by 2-year, 5-year, and 100-year floods.

Location Measured sediment size | Sediment particle si;e (mm) mobilized
by a certain flood.

Rver | Reacn | SO | SRS | Tead | s | rioea
Chewuch RMO0-5.5 66 106 68 94 150
RM55-95 182 141 180 241 380
RM9.5-14 43 45 41 55 88
Twisp RMOto 1.5 54 64 41 48 80
RM1.5-9.8 127 136 109 136 220
RM 9.8 - 17 48 61 57 73 122
Methow RM 28 — 50 80 85 70 93 152
RM 50-70 78 80 75 93 128
RM 70 - 76 93 83 92 114 160

Table 13. Minimum flood frequency at which typical bar and channel sediment sizes are
mobilized.

River Reach Bar Dsg (mm) Chan. Dsg (mm)
Chewuch RM0-5.5 2-year 10-year
RM55-95 2-year 2-year
RM95-14 2-year 2-year
Twisp RMO0-15 10-year 25-year
RM15-9.8 5-year 5-year
RM 9.8 - 17 2-year 2-year
Methow RM 28 — 50 5-year 5-year
RM 50 - 70 2-year 2-year
RM 70 - 76 2-year 2-year
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4.1.5 Riparian Vegetation

Riparian vegetation is a crucial component of the aquatic ecosystem and can be used as
an indicator as to whether river and floodplain processes are functioning as would be
expected in the natural setting. Cottonwoods are associated mainly with riparian areas
that are frequently reworked, and thus are a good species to use to evaluate whether the
floodplain is being accessed. Previous studies hypothesized that riparian processes are
not properly functioning in the assessment area due to a combination of historical
clearing, lack of access to water due to either river incision and/or drought, lack of
floodplain reworking, disease, and wildlife browsing. This assessment found that
historical clearing and the lack of floodplain reworking has had the largest impact on
establishment of cottonwoods (Appendix H). Areas that traditionally would have
supported cottonwood galleries have now converted to shrubs, aspen, and/or Douglas-fir
(Appendix H). The total percent of floodplain area where vegetation has been noticeably
cleared is 19.9% for the Methow River (Middle and Upper), 14.8% for the Chewuch
River, and 24.1% for the Twisp River.

The cottonwood stands that are present are generally 50 to 100 years old with little
evidence of regeneration in the last 50 years. It is hypothesized, from historical
investigations in this assessment, that 50 to 100 years ago, cottonwoods were able to
successfully regenerate when the river was allowed to more frequently inundate and
rework the floodplain. Given this timing, it is plausible that the majority of human flood
protection structures were established in the active floodplain after the 1948 flood and
1972 flood causing a subsequent decline in the ability of cottonwoods to regenerate. This
is supported by the historical aerial photographs and historical accounts of flood
protection structures. EXxisting cottonwood stand are generally healthy but vitality could
be improved by increasing water connection to stand areas; in some areas tops of trees
are dying off indicating lack of sufficient water. Trees do not appear to reach maturity in
many places and die back at around 50 to 60 years of age.

The regeneration of black cottonwood throughout the riparian area is compromised and
often non-existent, or is restricted to areas that receive periodic inundation (instream bars,
active side channels, low banks). Cottonwood regeneration is believed to be unsuccessful
in recent decades because seedlings cannot establish due to a lack of lateral channel
migration and/or reworking of side and overflow channels during floods. This process is
needed to expose mineral soil beds and to provide the baseline conditions for seed
establishment. The groundwater connection still appears to be functioning in some areas,
as indicated by the presence of wetlands and aspens or other vegetation growing in
ditches and side channels. This suggests that main channel incision is not a significant
cause of the decline in cottonwoods, but that the decline is more likely due to human
features that cut off the floodplain (surface water connection) during spring runoff and
subsequent growing months during flow recession. Because cottonwoods failed to re-
establish, other more drought-tolerant species, such as ponderosa pine or Douglas-fir,
appear to be thriving. Once these species establish they drain the gravelly areas, which

73



Methow Subbasin Geomorphic Assessment

results in even less water to be available to cottonwood regeneration, and also create a
forest canopy (shade) that is too dense for cottonwood seeds to establish. It is not known
how evapo-transpiration rates influence this relationship.

4.1.6 Large Woody Debris (LWD)

A properly functioning riparian corridor is essential for providing large trees for shade,
LWD recruitment, bank stability, floodplain structure, and roughness. Leaf litter and
insects falling into the river from riparian areas provide nutrients for aquatic food chains.
Larger pieces of wood are important because they trap smaller pieces of wood, organic
debris and fine sediment, creating bars, log complexes, deep pools, complex aquatic
habitat, and a growing medium for riparian vegetation.

Accumulations of large wood also facilitate channel migration, forming new channels
that often excavate new gravel for spawning and provide extremely productive habitat for
salmonids (USFS, 2002). LWD helps to form nutrient reservoirs by creating slow water
areas where organic litter can accumulate and by providing a medium for algae,
zooplankton, and insects to grow on. LWD provides shade and can provide refuge in
areas where water temperatures would otherwise be considered too warm.

Primary pieces of large wood are those that influence channel forming processes because
they are not easily moved by the river. Based on local observations by biologists within
the Methow Subbasin, very large logs (greater than 40 inch diameter at the large end),
especially with attached root masses, form the foundation of large wood complexes that
are more stable than complexes made of smaller wood. These large pieces of wood and
resulting log jams help promote bar formation, influence channel migration, bedload
sorting, and pool scour. These characteristics combine to define quality habitat for all life
stages of native salmonids. The collection of organic debris and fine sediment around
primary wood pieces helps vegetation establish and these areas can become future
riparian forested areas.

The MPI (NOAA Fisheries Service, 1996) recommends that “a stream has at least 20
pieces per mile of wood greater than 35 feet long with a diameter greater than 12 inches,
and that the stream has good potential for future recruitment.” These criteria were
developed in general terms at a watershed scale. Comparison to local streams of similar
size and characteristics was used by local biologists to validate where this criteria is
appropriate. Quantitative evaluation of LWD has only been done in a portion of the 80-
mile assessment area.

Instream wood levels are increasing dramatically in the Big Valley Reach of the Methow
River (RM 55 to 65) due to recruitment from stream banks and channel migration into
forested areas. Stream habitat assessments for the Chewuch, Twisp, and portions of the
Upper Methow upstream of RM 75 (boundary for this Reclamation assessment) show
that the large wood standard is not met in any of the downstream reaches of these streams
except for the lower mile of the Twisp River. The upper, less-managed reaches of these
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rivers that are within the range of spring Chinook and steelhead spawning generally
exceed the MPI wood standard. All of these reaches have had major wood removal
projects in the past, as well as stream side selective logging; this indicates that although
the MPI standard is exceeded, the wood levels were still probably below natural potential
at the time of the surveys. Inthe Chewuch and West Fork Methow rivers, the in-channel
wood levels are presently very high due to recruitment following the 2001 Thirtymile
Fire and the 2003 Farewell and Needles fires. Future recruitment of conifer trees in these
areas will not be available until the forests mature, at least 50 years or longer for more
substantial sized wood.

Within the 80-mile assessment area, the areas with the most potential for LWD
recruitment and sustainability are those with complex channel networks and areas that
have had less forest clearing in recent decades. LWD would be expected to deposit
within channel eddies, entrances to side channels, and at the heads of islands where it
creates stable hard points that slow the rate of river migration and allow formation of
vegetated islands. Extensive LWD would not be expected to occur in the main channel in
confined sections (no vegetated floodplain) unless the wood became hung up on a
boulder or other local obstruction. The presence of LWD has been documented by other
studies and the available documentation is summarized below. Updated, local site
conditions should be reassessed at the reach-assessment level in the future.

4.2 MIDDLE AND UPPER METHOW GEOMORPHIC CONDITIONS

This report section summarizes the physical processes specifically operating in the
Middle and Upper Methow sections from RM 28 to 75, and the types of human feature
impacts. The Upper Methow subwatershed contains 322,385 acres from its confluence
with the Chewuch River (RM 50.1) to the Cascade crest near elevation 8500 feet. The
Middle Methow River subwatershed extends between Winthrop (RM 50.1) downstream
to Carlton (RM 26.8), covering about 15,600 acres.

Over 80% of all of the lands in the Methow Subbasin are owned by the Federal
Government and managed by the USFS (according to the Methow Valley Water Pilot
Planning Project Planning Committee, as cited in KWA, 2004). Most of the land along
the mainstem Methow River downstream of the Lost River confluence is privately owned
with some Washington Department of Fish and Wildlife (WDFW) and USFS holdings.
Most of the land above the valley floor and in the tributaries is managed by the WDFW
or the USFS. Precipitation in the upper Methow subwatershed is about 80 inches at the
Cascade crest and about 10 inches near the mouth (Richardson, 1976).

4.2.1 Habitat Conditions

Both spring Chinook and steelhead utilize the mainstem Methow for migration, holding,
foraging, spawning, rearing, and over-wintering (Appendix F). From 1987 to 1999,
approximately 40% of spring Chinook spawning occurred in the upper Methow River
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subwatershed between the Lost River confluence (RM 75) and the Winthrop Bridge (RM
50) (USFS, 1998). Bull trout also utilize this reach for migration, foraging, and over-
wintering.

Occasionally, portions of the river dewater between Robinson Creek (RM 74.0) and
Weeman Bridge (RM 59.7), which impact habitat availability (Appendix F). Overall, the
Methow River has a trend of increasing temperature in the downstream direction, with a
large range of temperature fluctuation measured throughout the day (Appendix ).
Natural spring locations tend to correlate with a localized decrease in temperature in the
main channel.

4.2.2 Geologic Controls and Channel Slope

The longitudinal profile of the Methow River has a trend of decreasing slope in the
downstream direction (Figure 26). Ice from the continental ice sheet and alpine (valley)
glaciers periodically filled the Methow River valley along the entire length of the
assessment area (RM 28 to 75). Glacial ice and melt water eroded into the sedimentary
and volcanic rocks and deposited a relatively thick sequence of unconsolidated gravel and
sand. The Methow River now flows through these unconsolidated deposits. The loose
deposits within the floodplain can be reworked by the river, as opposed to the more
consolidated glacial deposits that form the boundary of the floodplain. From Lost River
(RM 75) to Weeman Bridge (RM 61) coalescing alpine glaciers from Early Winters
Creek (confluence at RM 67.3) and the West Fork Methow River (confluence at RM 75)
are believed to have carved a glacial trough (Figure 27). The trough was subsequently
filled-in with glacial and fluvial deposits during the retreat of the alpine glaciers followed
by the advance and deposits of the continental glacier. The thickness of the
unconsolidated sediments along the trough is greater than 1,000 feet in some locations
(Waitt, 1972). From Weeman Bridge downstream to Carlton, the thickness of
unconsolidated sediments overlying bedrock varies considerably. In some areas, the
thickness of the unconsolidated sediments is believed to be over 200 feet. However,
there are several areas where bedrock is exposed along the riverbank and in the river
channel, such as in the channel bed at RM 48.1 and at 48.8.
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Figure 26. Major slope breaks along Methow River. From RM 28 to 75, elevation data is from a
2005 channel bottom survey.

Figure 27. Longitudinal profile of the Methow River channel showing relative depth of Quaternary

sediments and geomorphic reaches in the study area.

77



Methow Subbasin Geomorphic Assessment

The active floodplain along the Methow River between RM 28 and 75 is bound by
geologic features that limit lateral erosion consisting of bedrock, glacial deposits, alluvial
fans, and landslides or debris flows. The dominant feature is glacial deposits, which
composes 73 to 80% of the floodplain boundary (Table 14).

Table 14. Summary of geologic composition along boundary of Methow River assessment
area.

Percentage of Bank in
Bank Length (miles) Each Type
Geologic surface description Right Left Right Left
1 = Bedrock 29 2.7 7% 6%
2 = Glacial deposits of varying age and
heights above the river bed 32.7 36.1 73% 81%
3 = Alluvial-fan deposit 7.8 4.6 17% 10%
4 = Landslide/debris flow 13 15 3% 3%
Total 44.7 44.9 100% 100%

4.2.3 Floodplain Expansion and Reworking

Erosion of river banks can occur within the floodplain (low surface), indicating channel
migration and lateral reworking is occurring. Bank erosion can also occur along the
boundary of the floodplain, indicating expansion (enlarging) of the floodplain area.
Along the Methow River low surface boundary, 22 areas of expansion were noted
between 1948 and 2004. The total bank length of expanded areas along the boundary of
the low surface is about 14,000 feet. This is about 6% of the entire bank line in the
assessment section.

Amounts and rates of erosion were calculated for the floodplain boundary of the Methow
River from 1945 — 1948, 1948 — 1954, 1954 — 1964, 1964 — 1974, and 1974 — 2004
(Appendix G). Few places along the low surface boundary in the assessment section
have experienced measurable lateral expansion since the earliest aerial photograph
available (1948 or 1954). Where expansion has occurred, the area eroded has been
relatively small. Two areas have experienced relatively large areas of recurrent
expansion of the low surface boundary: 1) near RM 36 on river left immediately
upstream of the Beaver Creek confluence, and 2) near RM 60.5 on river right about 1,500
feet downstream of Weeman Bridge (Appendix G). Golder Associates accomplished a
channel hazard analysis that provides extensive information on potential erosion areas
along the boundary of the low surface (Golder, 2005).

Within the floodplain, the largest amount of reworking from channel migration has
occurred in the upstream geomorphic reaches M9 through M11. In these reaches,
changes have occurred in all of the years, often in the same locations (Appendix G and
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the Methow Atlas). Some changes have occurred in the downstream reaches, but M4 is
the only other reach that has had significant historical change. Most of the erosion
occurred along the low-surface banks of the unvegetated channel between 1948 and
2004. Glacial deposits are the next most eroded geologic unit along the banks of the
unvegetated channel, which correspond to erosion along the boundary of the floodplain
(low surface).

4.2.4 Impacts to Floodplain Width

The Methow River natural floodplain width ranges from a little less than 100 to 4,500
feet (Appendix E). The widest floodplain areas are between RM 55 and RM 65 and RM
34 and RM 46. The narrowest floodplain areas are between RM 28 and RM 34 and RM
65 and RM 70. The active channel in 2004 made up about 52% of the floodplain (low
surface) and channel area in the confined reaches, about 16% of the floodplain and
channel area in the unconfined reaches, and about 23% of the floodplain and channel area
in the moderately confined reaches (Appendix C).

Human features have decreased the width of the natural floodplain (low surface) to some
degree in all reaches, with more notable impacts in the following river reaches (Figure 28
and Figure 29):

e RM34to38
e RM 42 to 47
e RM51to53
e RM 60 to 64
e RM71to75

Two of the five existing bridges present significantly constrict the natural floodplain
width.
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Figure 28. Reduction in Upper Methow floodplain widths due to human features (RM 50 to 75).
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Figure 29. Reduction in Middle Methow floodplain widths due to human features (RM 50 to 75).
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4.2.5 Vegetation and Large Woody Debris

The largest and most diverse riparian vegetation areas are located between Wolf Creek
confluence (RM 55) to the Lost River confluence (RM 75). From RM 55 downstream to
RM 28 (Carlton), there is increasingly less riparian extension and diversity with a few
exceptions. The riparian corridor is naturally more confined by geologic surfaces so
there is a narrower zone of riparian vegetation. The vegetation in this section of the river
is described by Baesecke (2005) in Appendix H. “Often the riparian zone is merely a line
of trees along the river; sometimes those trees are Ponderosa pine, or other species that
are often non-native. A few instream bars support mostly shrubs and non-native forbs.

In places black cottonwood trees are found along the sides of the river bank.”

LWD mapping by Golder Associates on 2001 aerial photographs documents that most
log jams presently occur upstream of RM 55 (near Wolf Creek) to RM 75 (Lost River)
(Appendix E; Golder, 2005). This is due to the more extensive riparian vegetation zone
and complex channel networks that persist in this reach and lower stream power of the
channel.

4.2.6 Location and Types of Human Features

The types of human features present in the Methow were subdivided into features within
the floodplain and features along the floodplain boundary (Figure 30 and Figure 31).
Features within the floodplain generally consist of levees, riprap, roads, and bridges that
limit lateral migration of the channel, access to side and overflow channels, and have had
the largest impact in unconfined and moderately confined reaches. Additionally, historic
clearing of vegetation and LWD in the channel has reduced the quality and density of
habitat components formed by riparian vegetation and large woody debris.

Less than 30% of the boundary of the low surface has human features along it. The
greatest length of human features occurs between RM 34 and RM 46, and the shortest
length occurs between RM 70 and RM 75. The largest component along the low surface
boundary is riprap that has been placed for bank protection. Five bridges are also
present. Along the boundary of the low surface, there is more bank protection in the
downstream half of the Methow River assessment area.

Reaches M2, M4, M5, M7, M9, and M11 have a greater length of human features within
the low surface than along the boundary (Appendix P). Reaches M1, M3, M6, M8, and
M10 have a greater length of human features along the boundary than within the low
surface area. The reach with the longest length of human features within the low surface
is M9 with nearly 6 miles of cumulative length. Reaches M4 and M2 also have long
lengths of human features within the low surface with between about 4 and 4.5 miles of
cumulative length (Figure 28). The longest lengths of human features along the low
surface boundary, about 3 miles each, are in reach M2 and M1 (Figure 29).
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Figure 30. Methow River — Types of human features within the flood prone area (low surface) on the
mainstem by reach.
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Figure 31. Methow River — Types of human features along the boundary of the floodplain (low
surface) on the mainstem. See Table 3 for river mile boundaries of each reach. The floodplain is
bound by a combination of terrace deposits, alluvial fans, bedrock, and glacial outwash (see
Appendix G).
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4.3 TwisP RIVER GEOMORPHIC CONDITIONS

The Twisp River subbasin is generally a west-to-east drainage containing about 157,000
acres. The stream is about 30 miles long and enters the Methow River at RM 40.2.
Elevations range from 8500 feet in the headwaters to 1600 feet at the confluence. Annual
precipitation ranges from 90 inches along the Cascade crest to 20 inches in Twisp
(Andonaegui, 2000). About 90% of the land (about 145,000 acres) in the Twisp River
subbasin is managed by the USFS, including nearly all of the land above the valley floor
upstream of the confluence with Little Bridge Creek (RM 10) (USFS, 2001). About half
of the USFS land (about 72,000 acres) lies within the Chelan-Sawtooth Wilderness and is
administratively withdrawn from most management activities, including timber harvest
and road construction. Most of the Twisp River valley bottom from the mouth to the
confluence with Eagle Creek (at about RM 17) is privately owned. The USFS manages
several small areas of land along the river or in the floodplain in the lower 17 miles of the
river; these include parcels at Elbow Coulee (RM 6), Little Bridge Creek (RM 10), at the
Gary Brown irrigation diversion (RM 12), and above the south shore in the Scaffold
Creek area (RM 16) (USFS, 2001). All of the land along the river bottom upstream of
the confluence with Eagle Creek is managed by the USFS. The State of Washington
owns land near Elbow Coulee and near the Twisp Power and Light irrigation diversion at
RM 7.5.

4.3.1 Habitat Conditions

Spring Chinook and steelhead utilize the Twisp River from RM 0 to 15 for migration,
spawning, and juvenile rearing; bull trout utilize this reach for foraging, migration, and
over-wintering (Appendix F). Most of the spring Chinook spawning and all of the bull
trout spawning in the Twisp River presently takes place above RM 12 up to RM 27
(Appendix F).

The Twisp River shows an overall warming trend of temperature in the downstream
direction within RM 18 to 0 (PWI, 2003; Appendix F). Water temperatures in the lower
Twisp River have been documented to exceed minimum state and NOAA Fisheries
Service standards during low flow periods in late summer (PWI, 2003; USFS, 2001). A
few coldwater sources provide local refuge such as between RM 18 and 16 likely due to
springs. There is a localized cooling trend between RM 9.6 to 7 but there is not a clear
explanation on the cause at this time.

83



Methow Subbasin Geomorphic Assessment

4.3.2 Geologic Controls and Channel Slope

The longitudinal profile on the Twisp River shows a sharp break at RM 10 near the Little
Bridge Creek confluence (Figure 32 and Figure 33). Although minor variations in
bedrock are present, the rock types are primarily the same longitudinally. The maximum

extent of the alpine (valley) glacier that came down the Twisp River valley coincides

with the approximate location of the slope change. Glacial erosion occurred upstream of
this point resulting in deepening and widening of the valley and a flatter valley slope
(trough). Fluvial erosion occurred downstream of the retreating glacier and the sediment-
rich discharges incised through the glacial deposits and bedrock leaving a narrower and

steeper valley slope. Exposed bedrock was noted in the channel bed at RM 5.1 t0 5.3,
9.9,11.1,13.2, and at 16.2.
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Figure 33. View of Twisp River just upstream of Little Bridge Creek near RM 10 (August 17, 2005).

4.3.3 Expansion and Reworking

The active floodplain along the Twisp River between RM 0 and 18 is bound by geologic
features that limit lateral erosion consisting of bedrock, glacial deposits, alluvial fans, and
landslides or debris flows. The dominant feature is glacial deposits, comprising 59 to
70% of the floodplain boundary, although alluvial fans are fairly common. Along the
6.7-mile-long assessment section of the Twisp River, six areas of expansion of the low
surface boundary were noted between 1954 and 2004. The total length of expanded areas
is about 2,900 feet. This is about 7% of the entire assessment section that was evaluated.
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Table 15. Summary of geologic composition along boundary of Twisp River assessment
area.

Percentage of Bank in
Bank Length (miles) Each Type
Geologic surface description Right Left Right Left

1 = Bedrock 0.4 1.6 3% 11%

2 = Glacial deposits of varying age and

heights above the river bed 9.3 9.9 59% 70%

3 = Alluvial-fan deposit 5.2 2.3 33% 17%

4 = Landslide/debris flow 0.8 0.3 5% 2%
Total 15.7 14.1 100% 100%

The time intervals for which amounts and rates of erosion were calculated on the low
surface boundary for the Twisp River are 1954 to 1964, 1964 to 1974, and 1974 to 2004.
Of the 18.1-mile-long river section evaluated on the Twisp, only the downstream-most
6.7-miles had historical aerial photography available in a GIS rectified format. Bank
erosion rates within the low surface are generally considered part of the natural process of
lateral migration in this segment of river, unless locally exacerbated by human features
that result in directing the river into a bank. Of the 6.7-mile-long channel of the Twisp
River compared, 6 areas of expansion of the low surface boundary were noted between
1954 and 2004 (Appendix E). The total length of expanded areas is about 2,900 feet.
This is about 7% of the low surface banks in the Twisp River section evaluated (RM 0 to
6.7). Low-flow channel changes have occurred historically along the Twisp River
primarily in geomorphic reaches T2, T3, and T6 (Appendix G).

4.3.4 Impacts to Floodplain Width

The Twisp River natural (geologic) floodplain widths range from 100 to just under 1,900
feet (Figure 34). The widest floodplain area occurs between RM 11 and 12 and RM 14 to
18. The narrowest floodplain areas occur between RM 0 and 1, RM 5 and 6, RM 8 to 10,
and RM 13 and 14. The floodplain widths have been reduced in several locations. There
are presently 10 bridges, most of which result in constrictions to the floodplain.
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Figure 34. Reduction in Twisp River floodplain widths due to human features.

4.3.5 Vegetation and Large Woody Debris

During the riparian surveys in the Twisp River and its tributaries (PWI, 2003), the

following observations were made. (Note that RM is from PWI assessment, and may be

slightly different than the Reclamation RM used in this report.)

Upper watershed (RM 22.65 and upstream) generally has healthier stands that are
able to ward off pests, show vertical diversity (multiple canopy layers), and
Populus species regeneration

The mid-section (RM 13.7 to 22.65 at Reynolds Creek) has more diseased trees
and mortality, smaller stands, only 1 or 2 canopies and less regeneration

The Populus stands in the lower part of the watershed (RM 0 to 13.7 at Buttermilk
Creek Road Crossing) are in very poor condition if at all present. Several stands
that are located in this portion of the Twisp River have died out, witnessed by
large remaining black cottonwood snags and LWD.

Large wood is scarce in the lower 13.7 miles of Twisp River due partly to past clearing of
the channel and harvesting along the banks (USFS, 2001). Less than 8 pieces of wood

per mil

e greater than 35 feet long and 12 inches in diameter were counted in the lower

13.7 river miles (USFS, 2001). Large wood in the channel was much more abundant in
many stream reaches in the upper 16.7 miles of the Twisp River. An average of 42
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pieces per mile greater than 35 feet long and 12 inches in diameter were counted along
this upstream reach (USFS, 2001). About 30% of the wood counted in the channel had a
diameter greater than 20 inches (about 12 pieces per mile). Fifty-three log jams, many
creating deep pools, were found in the upper 16.7 miles of the Twisp River.

Woody debris jams were counted from the 1955, 1964, 1970 and 1973 aerial photographs
between RM 0 to 20.5 at Cook Creek confluence (PWI, 2003); of the 17 woody debris
jams that were mapped, only the jam above War Creek was found after the 1972 flood.
No woody debris jams were observed downstream of RM 13.8 at Buttermilk Creek
confluence. It is hypothesized that this is because LWD was removed by humans
following the 1948 and 1972 floods.

4.3.6 Location and Type of Human Features

The types of human features present in the Twisp were subdivided into features within
the floodplain and features along the floodplain boundary (Figure 35 and Figure 36).
Features within the floodplain generally consist of levees, riprap, roads, and bridges that
limit lateral migration of the channel, and limit access to side and overflow channels and
have had the largest impact in unconfined and moderately confined reaches.
Additionally, historical clearing of vegetation and large woody debris in the channel has
reduced the quality and density of habitat components formed by riparian vegetation and
large woody debris.

The most common feature along the boundary of the floodplain is riprap. Eight bridges
were constructed across the channel and most of these significantly constrict the
floodplain width. The highest percentage of the low surface boundary that is protected
by human features on the Twisp River is 19%, which occurs in reaches T3b and T4. Ten
percent of the low-surface boundary in Reach T1 is protected by human features. For
other reaches where human features have been mapped along the low surface boundary,
the human features compose only a few percent of the low surface length: 3% for Reach
T5, 2% for Reach T2b, and 1% for Reach T3c.

88



Methow Subbasin Geomorphic Assessment

12,000 —
Human features within low surface [ECabled logs ODetroit riprap
OFilled channel OLevee
MLog structure OPush-up levee
ORiprap OEmbankment (road/bridge)
10,000 +
8,000 +
E 6,000 -
4,000 +
2,000 A
0
1 2 3 4 5 6
Reach

Figure 35. Twisp River — Types of human features within the flood prone area (low surface) by
reach. See Table 3 for river mile boundaries of each reach.
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Figure 36. Twisp River — Types of human features along the boundary of the floodplain (low
surface) by reach. The floodplain is bound by a combination of terrace deposits, alluvial fans, be
bedrock, and glacial outwash (see Appendix G). See Table 3 for river mile boundaries of each reach.
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4.4 CHEWUCH GEOMORPHIC CONDITIONS

The Chewuch River is generally a north-to-south drainage containing about 340,000
acres. The downstream-most 14 river miles were evaluated in this assessment. Elevation
range in the drainage is about 8700 feet down to 1700 feet at the confluence with the
Methow River at RM 44.8 (Andonaegui, 2000). Annual precipitation is approximately
35 inches in the upper subwatershed to about 15 inches at the mouth (Richardson, 1976,
as referenced in Andonaegui, 2000). The USFS manage about 95% of the drainage
(above RM 7) of which the 34% is located in the Pasayten Wilderness. Along the
Chewuch River, the USFS boundary begins at RM 7.0 and includes a mixture of private
and federal lands between RM 7.0 and 8.0. Lands downstream of RM 7.0 along the
Chewuch River are all privately owned (Andonaegui, 2000). The majority of human-
related impacts have occurred outside of the wilderness area and along the mainstem
Chewuch River and its tributaries downstream of RM 25.0 (Andonaegui, 2000). The
Chewuch River water temperature tends to warm in the downstream direction based on
data collected by Pacific Watershed Institute (PWI1, 2003; Appendix F). Cold-springs and
subsurface processes appear to play a larger role than surface water in defining stream
temperature patterns.

4.4.1 Habitat Conditions

The Chewuch River provides roughly a third of the spring Chinook production in the
Methow Subbasin and is heavily used for both steelhead and spring Chinook for
spawning, rearing, and migration (Appendix F). Spring Chinook and steelhead spawn
from RM 0 up to Chewuch Falls at about RM 35 with the bulk of spawning occurring
between RM 2 to RM 20. High-density spring Chinook spawning habitat can be found
between the confluence of Boulder Creek and Eightmile Creek (RM 10 to 12). This area
is upstream of all major irrigation diversions and has the greatest late summer
streamflows and the coldest water. The lower Chewuch River is an important migration
corridor for large migratory bull trout and for spawning and rearing lamprey. Bull trout
also use the reach for foraging, especially in the cold water areas near Eightmile Creek.

The Chewuch River has a decreasing trend of water temperature from RM 14
downstream to Eightmile Creek (USFS, 2002; Appendix F). Cold-springs and sub-
surface processes appear to play a larger role than surface water in defining stream
temperature patterns. Within RM 0 to 14, the most substantial cold water source is
Eightmile Creek. Downstream of Eight-mile Creek, water temperatures gradually
increase, except for a slight decrease in the lower one to two miles of river (USFS, 2002).
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4.4.2 Geologic Controls and Channel Slope

The longitudinal profile along the Chewuch River steepens between RM 9 and RM 10
relative to the upstream and downstream river reaches (Figure 37; Appendix K). One of
the graben-bounding faults crosses the valley at an oblique angle near RM 9, and is
relatively easy for the river to erode the bedrock (Appendix M). Upstream of RM 10, the
bedrock is crystalline, and is relatively resistant to erosion. Downstream of RM 9 the
bedrock is sedimentary and volcanic, which are generally more susceptible to erosion.
The differences in rock types, which are juxtaposed (put side by side) by the graben-
bounding fault, create a resistant “step” in the longitudinal profile of the Chewuch River.
Very large boulders that have been deposited by glacial or debris-flow processes at the
mouth of Boulder Creek, which is in this same area, enhance the resistant character of the
near-surface crystalline rocks. Exposed bedrock was observed in the bed at RM 1.5
(Smith et al., 2000).
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Figure 37. Chewuch River — Longitudinal profile of channel slope .from RM 0 to 15.
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4.4.3 Floodplain Expansion and Reworking

The active floodplain along the Chewuch River between RM 0 and 14.3 is bound by
geologic features that limit lateral erosion consisting of bedrock, glacial deposits, alluvial
fans, and landslides or debris flows. The dominant feature is glacial deposits, composing
66% of the floodplain boundary, with bedrock being the second most common (Appendix
G). Along the 11.7-mile-long assessment section of the Chewuch River with historical
aerial photographs available, the unconfined reach C2 is the only area where expansion of
the low surface boundary was noted between 1974 and 2004 (Appendices E and G). The
total length of expanded area is about 1.3% of the low surface boundary in Reach C2
where expansion occurred, and about 0.6% of the entire assessment section that was
evaluated (Appendix G).

The greatest number and longest length of reworked areas in the Chewuch River (RM 0
to 11.7) are in the unconfined Reach C2 (Appendix G). This reach has 24 areas of
reworking along a length of about 18,000 feet. This is the only unconfined reach
evaluated.

Table 16. Chewuch River — Summary of geologic composition along boundary of
assessment area.

Bank Length Percentage of Bank
(miles) in Each Type Geologic surface descriptions

Right Left Right Left

3.0 2.8 23% 22% 1=Bedrock

2=Glacial deposits of varying age and heights above

8.6 8.7 66% 66% the river bed

1.2 1.6 9% 12% 3=Alluvial-fan deposit

0.2 0.0 1% 0% 4=Landslide/debris flow

13.0 131 99% 100% Total Length
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4.4.4 Impacts to Floodplain Width

The Chewuch River floodplain ranges in width from just under 100 feet to just under
2,000 feet (Figure 38). The widest floodplain area occurs between RM 2 and RM 4, and
between RM 5.5 and RM 9.5. The narrowest floodplain occurs between RM 0 and RM 2,
and between RM 9.5 and RM 11.5. Human features have decreased the width of the
floodplain throughout the assessment area. One of the two bridges in place causes a
reduction in floodplain width.
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Figure 38. Chewuch River — Reduction in floodplain widths due to human features.

4.45 Vegetation and Large Woody Debris

The largest and most diverse riparian vegetation areas on the Chewuch River within the
assessment area are located between RM 2.6 (near Pearrygin Creek) upstream to
approximately RM 7 (near Cub Creek) (Appendix H). Several areas with ample ground
moisture or backwaters support mixed riparian shrub stands but do not appear to allow
the regeneration of cottonwoods. The vegetation along the Chewuch River was not field-
checked and will need to have this step done at the reach-assessment level to better
understand and validate these observations from aerial photography.
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The Pacific Watershed Institute completed a stream survey from the mouth of the
Chewuch River to Boulder Creek (RM 9.5) that included documentation of LWD (Smith
etal. 2000). The survey found LWD greater than 35 feet long and 1 foot in diameter
ranged from 8 to 18 per mile depending on the reach. The river length with the most
LWD was from RM 2 to 5.4.

4.4.6 Location and Type of Human Features

The types of human features present in the Chewuch were subdivided into features within
the floodplain and features along the floodplain boundary (Figure 39 and Figure 40).
Features within the floodplain generally consist of levees, riprap, roads, and bridges that
limit lateral migration of the channel, access to side and overflow channels, and have had
the largest impact in unconfined and moderately confined reaches. Additionally, historic
clearing of vegetation and large woody debris in the channel has reduced the quality and
density of habitat components formed by riparian vegetation and LWD. The most
common feature along the boundary of the floodplain is riprap.

Less than 5% of the boundary of the low surface has human features along it (Appendix
P). Within the low surface, the largest component of human features is road embankment
and riprap (Appendix P). The largest component along the low surface boundary is
riprap that has been placed for bank protection. Two bridges are also present.

The total length of human features within the low surface is greater than the total length
of human features along the boundary of the low surface in reaches C2, C3, and C5, but
the values for both of these lengths are nearly the same in reaches C1 and C4 (Appendix
P). In the reaches C2 and C3, all of the human features are within the low surface. The
reach with the longest length of human features within the low surface is Reach C3
(nearly 1 mile). The reach with the longest length of human features along the low
surface boundary is Reach C4 (about 0.3 mile).
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Figure 39. Chewuch River — Types of human features within the flood prone area (low surface) by
reach. See Table 5 for river mile boundaries of each reach.
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Figure 40. Chewuch River — Types of human features along the boundary of the floodplain (low
surface) by reach. The floodplain is bound by a combination of terrace deposits, alluvial fans,
bedrock, and glacial outwash (see Appendix G). See Table 5 for river mile boundaries of each reach.
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4.5 REMAINING DATA GAPS

Processes were considered in this assessment at a valley segment and reach scale with
available information from past studies. The exception is hydrologic analysis which was
generated at the subbasin scale. The types, locations, and timing of human impacts to
upland vegetation, sediment and water supply were investigated and qualitatively linked
to processes evaluated within the assessment area. The upstream areas in the Methow
Subbasin are largely administered by the USFS. These areas have limited human
development, but are believed to have had significant impacts on the timing and severity
of fires, which do affect sediment and LWD delivery to the rivers (Molesworth, 2007).
Other cooperators may want to consider expanding the more detailed analysis done at a
reach level farther upstream into the watershed beyond Reclamation’s assessment area
boundaries.

This report provides an important level of technical information for resource decision
makers to evaluate where to begin potential restoration actions within the 80-mile-long
Methow Subbasin assessment area. Broad-scale conclusions presented in this report
provide generalized characteristics and physical river processes on a reach-scale level.
On a project scale, characteristics and processes may have localized features that differ
from the broad-scale descriptions. Additional data and analysis will be needed in most
cases for the subsequent reach assessments (0.5 to 10.5 river miles in length) and project-
scale evaluations prior to project implementation. The level of analysis needed will vary
depending upon the complexity of the proposed project and adjacent land use and
infrastructure. During this assessment, several ideas for additional assessment were
developed. Answering some of these questions may be more in a research category,
while others are more crucial to accomplishing future reach assessments or project
designs:

= Habitat survey of baseline conditions and limiting factors to provide a more
detailed diagnosis within the reach of biological conditions to guide treatment
sequencing and prioritization.

= Linkage of biological conditions with an understanding of channel and floodplain
function using the MPI (NOAA Fisheries Service, 1996).

= Photo documentation of human features within the reach to validate previous
mapping and to look for new features that may have been missed or constructed
since the completion of the assessment of the 80-mile-long assessment area.

= Refinement of geologic surface mapping in GIS using 2006 LiDAR data and field
verification to validate the active floodplain and off-channel areas.

= Hydraulic model to validate the present and potential connectivity between the
active floodplain and main channel, and identify any potential concerns for
protection of infrastructure and property that will need to be addressed.
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= Refinement of GIS mapping of present side and overflow channels using 2006
LiDAR data and field verification of the presence and definition (well defined,
partially blocked at upstream or downstream entrance, filled in) of side and
overflow channels, particularly in vegetated floodplain areas that could not be
easily accessed in the 80-mile assessment stage.

= Assessment of the present connectivity (or lack there of) between side channels
and the mainstem channel during a range of flows using a hydraulic model,
ground photo documentation, helicopter video and/or survey of water elevations
during high water, and evidence of high water marks following floods.

= Bed-material samples in the main or side channels to determine sediment
transport capacity if there are questions about the ability of the river system to
sustain off-channel areas once they are reconnected to the river.

= Collection of new temperature or flow data during critical, low flow, late-summer
periods if there is concern about water quality as a limiting factor for success of
proposed habitat actions.

= Refinement of or additional mapping of vegetation by classification, age, density,
and health in order to determine if there are any riparian vegetation efforts needed
to increase the likelihood success or to reduce the timeframe of when benefits are
detectable to fish.

= Rectification of additional historical aerial photographs or maps if new
information is found that will help provide refinement to the historical trend
analysis.

= Integration of any monitoring information available to apply any lessons learned
to restoration strategies being developed or implemented.

During the alternatives evaluation and construction design phases, additional ground
survey data may be needed to refine numerical modeling used to evaluate alternatives and
develop designs of project features.
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5. CONCLUSIONS

This report provides results from a geomorphic assessment and reach-based restoration
strategy for nearly 80 miles of Category 2 river segments in the Methow Subbasin,
located in Okanogan County, Washington. These 80 miles represent four valley
segments consisting of the Upper Methow (RM 50 to 75), Middle Methow (RM 28 to
50), Twisp (RM 0 to 18) and Chewuch Rivers (RM 0 to 14). The four river valley
segments were evaluated concurrently to compare and prioritize potential protection and
habitat restoration areas.

Variations in channel and floodplain conditions and the occurrence of natural floodplain
constriction points were used to delineate 23 reaches where habitat for ESA-listed spring
Chinook and steelhead might be protected, enhanced, or restored. The objective of this
assessment was to provide resource managers with a way to identify, sequence, and
prioritize opportunities for protecting or restoring channel and floodplain connectivity
and channel complexity in the 23 reaches identified. Technical prioritization of reaches
was made based on the current habitat quality, potential habitat improvements, and how
well the proposed restoration actions meet established habitat objectives from local
biologists, the Upper Columbia Recovery Plan (UCSRB, 2007), and other available
documents that provide biological strategies for the Methow Subbasin. Additional steps
will be needed by local groups to complete the reach prioritization of process.

The 23 reaches were characterized into three general types based on differences in
geomorphic conditions and the potential to provide habitat features associated with
multiple life stages and species use, particularly complexity habitat for ESA-listed spring
Chinook and steelhead. One of the primary habitat objectives from the Upper Columbia
Recovery Plan is protecting and improving connectivity between the channel and
floodplain. Therefore, for purposes of discussing restoration opportunities, unconfined
and moderately confined reaches with wide floodplain areas were identified separately
from naturally confined, single-thread channel reaches. Three floodplain types were
identified that help group the 23 reaches based on the natural potential of channel habitat
complexity:

= High complexity, with wide, unconfined floodplain (61% of total area)

= Medium complexity, with narrower, moderately confined floodplain (17% of total
area)

= Low complexity, with narrow, confined floodplain (23% of total area)

The primary human impact in naturally confined reaches is large amounts of riprap
located along the boundary of the floodplain. The occurrence of channel migration and
bank erosion would naturally be fairly small in these reaches, so the riprap has a minimal
impact on physical river processes. The man-made bank protection also does not
generally impact salmon migration access or spawning habitat that may occur in these
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reaches. Therefore, removal of the riprap along glacial terraces has limited benefits for
improving habitat complexity relative to other channel and floodplain reconnection
actions that could be done in reaches with active channel migration and substantial
vegetated floodplain. If the riprap repeatedly fails and contributes non-native material to
the river, it could impact bed-material composition but this type of historic
documentation was not available.

The primary limiting factor to habitat function in moderately confined and unconfined
reaches are human features and historical activities that have limited the connectivity of
the channel and floodplain, channel migration and reworking processes, and the
availability of habitat complexity features. Human features and activities most
commonly observed in this assessment are levees, roads, riprap, bridges, historical filling
of channels, and removal of riparian vegetation and large woody debris.

Historical accounts, maps from the early 1900s, aerial photographs from 1948 to 2004,
survey data, and geomorphic observations and mapping were used to look for evidence of
changes in geomorphic conditions over a decadal time period as a result of floodplain
confinement and removal of riparian vegetation and large woody debris. The channel
planform and bed elevations appear stable in most locations with no trends of channel
bed incision or aggradation on a decadal scale. The percentage of floodplain area where
vegetation is presently cleared is 19.9% for the Methow River (Middle and Upper),
14.8% for the Chewuch River, and 24.1% for the Twisp River. LWD levels are presently
highest in unconfined reaches, but are believed to be lower than natural conditions due to
historical removal of woody debris and log drives on the Methow River.

The river hydraulics and sediment sizes present along the channel bed are most notably
dominated by geologic features that control the river bed slope and the lateral extent of
the active channel and floodplain (width). Human features and historical human
activities that have disrupted floodplain connectivity and altered the riparian zone do not
appear to have altered channel slopes and bed sediment characteristics on a reach scale.
Even though human impacts cannot be detected on reach-based hydraulics and sediment
characteristics, they have impacted localized hydraulics, habitat features formed by LWD
and riparian vegetation, and spawning-sized sediment availability that are critical to
habitat quantity and quality. Hydraulic conditions have been most impacted by reducing
flow access to off-channel areas at the entrance to side channels, and to some degree
altering access to overbank flooding.

Habitat action classes and the associated VSP parameters that would be addressed were
identified for each reach as referenced from Table 5.9 in the Upper Columbia Recovery
Plan. Removal or modification of human features has a good chance of success for
achieving long-term restoration of floodplain access and complexity that is now absent in
many locations without risking impacting the baseline morphology of the channel. Short-
term actions such as LWD placement or riparian planting may be needed to supplement
long-term strategies that will take longer timeframes for physical processes and habitat
features to recover.
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This assessment report builds on the previous work of many others to help fill large
information voids needed to establish a cohesive reference point to establish protection
and restoration opportunities within the nearly 80-mile assessment area. Reclamation and
local partners learned a great deal about physical river conditions in the Methow, Twisp,
and Chewuch Rivers as this assessment effort unfolded. They also obtained insight about
the assessment process, itself. During this process, Reclamation and local partners
needed firm justification to advance candidate projects sooner than the scheduled report
completion date. Reclamation responded by providing interim informational products
that partners used to focus on areas that needed the most attention to produce the greatest
biological benefits possible.

In summary, project partners and Reclamation learned that both river valley segment
(tributary) and reach assessments are valuable to identify, develop, and implement
instream habitat projects. Reclamation will continue to work with partners to scale,
scope, and sequence the preparation of tributary and reach assessments they conduct
within acceptable reporting times and available budgets, as guided by local priorities and
needs. Evaluating the nearly 80 river miles concurrently allowed for prioritization of
protection and restoration projects in terms of which areas provided the most habitat
potential. However, taking on a large-scale assessment of nearly 80-miles is resource and
budget intensive. Consequently, Reclamation plans to focus future tributary assessments
for this program at an individual river-valley-segment scale rather than include multiple
segments in a single assessment report. A tributary assessment conducted for an
individual river segment is intended to advance local protection and restoration objectives
at a scale that is more amenable for all involved parties to execute and manage.
Boundaries of the river valley segments should consider whether there are any linkages
of physical processes or human features (such as an upstream dam or significant logging)
between reaches that need to be considered to fully understand restoration opportunities.

From the findings presented in this assessment, more detailed diagnostic evaluation of
localized processes and habitat features can be conducted for the reaches with the greatest
prospects for biological benefits based on interests among landowners, project sponsors,
and other public and private stakeholders. The product from the reach assessment phase
includes a technical implementation strategy of protection and restoration opportunities
identified (sequencing), and further information on project habitat benefit, feasibility and
sustainability based on refined analysis of habitat features and channel and floodplain
connectivity. Project sites can then be prioritized and selected by local entities based on
the technical findings and additional criteria developed such as biological benefit, public
acceptance, and constructability. Assessments at the project site scale can then be
conducted to implement individual projects that have landowner and local support. This
nested process focuses objective discussions about project development and selection
among local partners so that technical and oversight resources are directed where they
will have the greatest benefit, and costly, extraneous efforts that do not conform to local
objectives are eliminated or deferred.
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/. ABBREVIATIONS

Abbreviation

BiOp
BLM

cfs
Corps
D50

DS
ESA
ESUs
FCRPS

FEMA
GIS
GLO

GPS
HBET
ICBTRT
IFIM
LFA
LiDAR

LWD
MSFH
MSRF
NAD 1983

NAVD 1988

NED
NMFS

Definition

biological opinion (under the ESA)

Bureau of Land Management of the U.S. Department of the
Interior

cubic feet per second, a measure of flow volume

U.S. Army Corps of Engineers

The median particle-size diameter for a sediment sample, such
that 50 percent of the sample is larger than this value.
downstream

Endangered Species Act

evolutionarily significant units

The FCRPS comprises the Bonneville Power, the Army Corps of
Engineers, and the Bureau of Reclamation. ACOE and
Reclamation operate Federal hydroelectric dams in the Columbia
River Basin and BPA markets the power.

Federal Emergency Management Agency
Geographic Information System

Government Land Office, the predecessor of the Bureau of Land
Management

global positioning system

Haub Brothers Enterprises Trust

Interior Columbia Basin Technical Recovery Team

Instream Flow Incremental Methodology

Limiting Factors Analysis

Light Detection and Ranging (LiDAR) is a remote sensing system
used to collect topographic data.

large woody debris

Methow State Fish Hatchery

Methow Salmon Recovery Foundation

The North American Datum of 1983 (NAD 83) is the horizontal
control datum for the United States, Canada, Mexico, and Central

America, based on a geocentric origin and the Geodetic Reference
System 1980.

The North American Vertical Datum of 1988 (NAVD 88) is the
vertical control datum established in 1991 by the minimum-
constraint adjustment of the Canadian-Mexican-U.S. leveling
observations

National Elevation Data
National Marine Fisheries Service of NOAA
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Abbreviation

NOAA

NOAA Fisheries
Service

PUD

PWI
Reclamation
RM

RTK GPS
system

RTT
SIAM
TIR
TRT
UCRTT
UCSRB

Upper Columbia
Biological
Strategy

Upper Columbia
Recovery Plan

us
USDA
USFS
USFWS
USGS
VS
VSP
WCRD
WDFW
WNFH
WRIA
ZCAHZ
ZCEHZ

Definition

National Oceanic and Atmospheric Administration of the U.S.
Department of Commerce

NOAA National Marine Fisheries Service (aka NMFS)

public utility district

Pacific Watershed Institute

Bureau of Reclamation of the U.S. Department of the Interior
river mile

real-time kinematic global positioning equipment utilizes a
process where GPS signal corrections are transmitted in real time
from a reference receiver at a known location to one or more
remote rover receivers.

regional technical team

Sediment Impact Analysis Methods; co-stars of “101 Dalmatians”
thermal-infrared photography

Technical Recovery Team

Upper Columbia Regional Technical Team

Upper Columbia Salmon Recovery Board

A Biological Strategy to Protect and Restore Salmonid Habitat in
the Upper Columbia Region, A report to the Upper Columbia
Salmon Recovery Board (UCRT 2007)

Upper Columbia Spring Chinook Salmon, Steelhead, and Bull
Trout Recovery Plan (UCSRB, 2007)

upstream

U.S. Department of Agriculture

U.S. Forest Service of the Department of Agriculture
U.S. Fish and Wildlife Service of the Department of the Interior
U.S. Geological Survey of the Department of the Interior
unit stream power

viable salmonid populations

Wolf Creek Reclamation District

Washington Department of Fish and Wildlife

Winthrop National Fish Hatchery,

Water Resource Inventory Area

avulsion hazard zone

extreme hazard zone
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8. GLOSSARY

Some terms in this glossary appear in this Technical Assessment, many are in the various

appendices.

Term

adaptive
management

aggrading stream

alluvial fan

alluvium

anadromous (fish)

bar (in a river
channel)

bedload

bed-material

Definition

A management process that applies the concept of experimentation to
design and implementation of natural resource plans and policies.

A stream that is actively building up its channel or floodplain by
being supplied with more bedload than it is capable of transporting.

A low, outspread, relatively flat to gently sloping mass of loose rock
material, shaped like an open fan or a segment of a cone, deposited by
a stream at the place where it issues from a narrow mountain valley
upon a plain or broad valley, or where a tributary stream is near or at
its junction with the main stream, or wherever a constriction in a
valley abruptly ceases or the gradient of the stream suddenly
decreases; it is steepest near the mouth of the valley where its apex
points upstream, and it slopes gently and convexly outward with a
gradually decreasing gradient (Neuendorf et al., 2005).

A general term for clay, silt, sand, gravel, or similar unconsolidated
detrital material, deposited during comparatively recent geologic time
by a stream, as a sorted or semi-sorted sediment on the river bed and
floodplain (Neuendorf et al., 2005).

A fish, such as the Pacific salmon, that spawns and spends its early
life in freshwater but moves into the ocean where it attains sexual
maturity and spends most of its life span (Owen and Chiras, 1995).

Accumulations of bed load (sand, gravel, and cobble) that are
deposited along or adjacent to a river as flow velocity decreases. If
the sediment is reworked frequently, the deposits will remain free of
vegetation. If the surface of the bar becomes higher than the largest
flows, vegetation stabilizes the surface making further movement of
the sediment in the bar difficult.

The sediment that is transported intermittently along the bed of the
river channel by creeping, rolling, sliding, or bouncing along the bed.
Typically includes sizes of sediment ranging between coarse sand to
boulders (the larger or heavier sediment).

Sediment that is preserved along the channel bottom and in adjacent
bars; it may originally have been material in the suspended load or in
the bed load.
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Term

bedrock

canopy cover (of a
stream)

Category 2

centerline
channel morphology

channel planform
channel remnant
(wet)

channel sinuosity

channel stability

channelization

Definition

A general term for the rock, usually solid, that underlies soil or other
unconsolidated, superficial material (Neuendorf et al., 2005). The
bedrock is generally resistant to fluvial erosion over a span of several
decades, but may erode over longer time periods.

Vegetation projecting over a stream, including crown cover (generally
more than 1 meter (3.3 feet) above the water surface) and overhang
cover (less than 1 meter (.3 feet) above the water).

Category 2 watersheds support important aquatic resources, and are
strongholds for one or more listed fish species. Compared to
Category 1 watersheds, Category 2 watersheds have a higher level of
fragmentation resulting from habitat disturbance or loss. These
watersheds have a substantial number of subwatersheds where native
populations have been lost or are at risk for a variety of reasons.
Connectivity among subwatersheds may still exist or could be
restored within the watershed so that it is possible to maintain or
rehabilitate life history patterns and dispersal. Restoring and
protecting ecosystem functions and connectivity within these
watersheds are priorities. Adapted from UCRTT (2007).

A line drawn along the center of the active or unvegetated channel;
visually placed to be at the center of all channel paths.

The physical dimension, shape, form, pattern, profile, and structure of
a stream channel.

Characteristics of the river channel that determine its two-
dimensional pattern as viewed on the ground surface, aerial
photograph, or map.

Same as an old channel (wet) for channels on the USGS topographic
maps from the middle 1980s. Mapped as a channel remnant (wet),
because this is how they appear on the topographic maps.

The ratio of length of the channel or thalweg to down-valley distance.
Channel with a sinuosity value of 1.5 or more are typically referenced
as meandering channels (Neuendorf et al., 2005).

The ability of a stream, over time and under the present climatic
conditions, to transport the sediment and flows produced by its
watershed in such a manner that the stream maintains its dimension,
pattern, and profile without either aggrading or degrading.

The straightening and deepening of a stream channel to permit the
water to move faster, to reduce flooding, or to drain wetlands.
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Term

core habitat

Cretaceous
depositional areas
(stream)

Detroit riprap

discharge (stream)

diversity

ecosystem

embeddedness

fine sediment
(fines)

floodplain

flow regime
fluvial bull trout

fluviolacustrine

Definition

Habitat that encompasses spawning and rearing habitat (resident
populations), with the addition of foraging, migrating, and
overwintering habitat if the population includes migratory fish. Core
habitat is defined as habitat that contains, or if restored would contain,
all of the essential physical elements to provide for the security of
allow for the full expression of life history forms of one or more local
populations of salmonids.

The final period of the Mesozoic era that covered the span of time
between 135 and 65 million years ago.

Local zones within a stream where the energy of flowing water is
reduced and sediment settles out, accumulating on the streambed.

Consists of car bodies along a river bank historically placed in many
river systems to armor the bank in an attempt to limit future erosion.

With reference to stream flow, the quantity of water that passes a
given point in a measured unit of time, such as cubic meters per
second or, often, cubic feet per second (cfs).

All the genetic and phenotypic (life history traits, behavior, and
morphology) variation within a population.

A unit in ecology consisting of the environment with its living
elements, plus the non-living factors, which exist in and affect it
(Neuendorf et al., 2005).

The degree to which large particles (boulders, gravel) are surrounded
or covered by fine sediment, usually measured in classes according to
percentage covered.

Sediment with particle sizes of 2.0 mm (0.08 inch) or less, including
medium to fine sand, silt, and clay.

The surface or strip of relatively smooth land adjacent to a river
channel constructed by the present river in its existing regimen and
covered with water when the river overflows its banks. It is built on
alluvium, carried by the river during floods and deposited in the
sluggish water beyond the influence of the swiftest current. A river
has one floodplain and may have one or more terraces representing
abandoned floodplains (Neuendorf et al., 2005).

The quantity, frequency, and seasonal nature of water flow.

Bull trout that migrate from tributary streams to larger rivers to
mature (one of three bull trout life histories). Fluvial bull trout
migrate to tributaries to spawn.

Pertaining to sedimentation, partly in lake water and partly in streams,
and to sediment deposited in alternating and overlapping lacustrine
and fluvial conditions (Neuendorf et al., 2005).
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Term

Fraser glaciation

geometric mean

geomorphic
province

geomorphic reach

geomorphology

GIS

glacial deposits
(undifferentiated)

glaciofluvial

Definition

Equivalent to the Late Wisconsin Glaciation from about 30,000 to
9,500 years B.P.

A measure of central tendency that is applied to multiplicative
processes (e.g., population growth). It is calculated as the
antilogarithm of the arithmetic mean of the logarithms of the data.

A geomorphic province is comprised of similar land forms that
exhibit comparable hydrologic, erosional, and tectonic processes
(Montgomery and Bolton, 2003); any large area or region
considered as a whole, all parts of which are characterized by
similar features or by a history differing significantly from that
of adjacent areas (Neuendorf et al., 2005); also referred to as a
basin. An example would be the Upper Columbia Basin.

A geomorphic reach, represents an area containing the active channel
and its floodplain bounded by vertical and/or lateral geologic
controls, such as alluvial fans or bedrock outcrops, and frequently
separated from other reaches by abrupt changes in channel slope and
valley confinement. Within a geomorphic reach, similar fluvial
processes govern channel planform and geometry through driving
variables of flow and sediment. A geomorphic reach is comprised of
a relatively consistent floodplain type and degree of valley
confinement. Geomorphic reaches may vary in length from 100
meters in small, headwater streams to several miles in larger systems
(Frissell et al.., 1986). An example in this assessment would be
geomorphic reach M10 (river miles 55 to 65) on the Upper Methow
River valley segment, locally known as the Big Valley reach.

The study of the classification, description, nature, origin, and
development of present landforms and their relationships to
underlying structures, and of the history of geologic changes caused
by the actions of flowing water.

Geographical information system. An organized collection of
computer hardware, software, and geographic data designed to
capture, store, update, manipulate, analyze, and display all forms of
geographically referenced information.

Consists primarily of glaciofluvial deposits of sand, gravel, cobbles
and boulders deposited by retreat and melting of the Okanogan Lobe
of the Cordilleran Ice Sheet and most likely glacial deposits from
alpine glacial advances post-dating and/or contemporaneous with the
retreat of the Okanogan Ice Sheet. Unit also includes glacial outburst
flood, lacustrine, delta, till and moraine deposits. The materials are
generally unconsolidated and susceptible to fluvial erosion.

Pertaining to the melt water streams flowing from wasting glacier ice
and especially to the deposits produced by such streams; relating to
the combined actions of glaciers and streams (Neuendorf et al.,
2005).
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Term

glaciolacustrine

habitat action

habitat connectivity
(stream)

habitat unit

headwaters

Holocene

human features

hydrologic response

hyporheic zone

ICBTRT

Definition

Pertaining to, derived from, or deposited in glacial lakes, especially a
set of deposits and land forms composed of suspended material
brought by melt water streams flowing into lakes bordering the
glacier (Neuendorf et al., 2005)

Proposed restoration or protection strategy to improve the potential
for sustainable habitat upon which endangered species act (ESA)
listed salmonids depend on. Examples of habitat actions include the
removal or alteration of project features to restore floodplain
connectivity to the channel, reconnection of historic side channels,
placement of large woody debris, reforestation of the low surface, or
implementation of management techniques.

Suitable stream conditions that allow fish and other aquatic organisms
to access habitat areas needed to fulfill all life stages.

A habitat unit is defined as a morphologically distinct area within a
geomorphic reach comprising floodplain and channel areas; typically
less than several channel widths in length (Montgomery and Bolton,
2003). Individual habitat units may include pools, riffles, bars, steps,
cascades, rapids, floodplain features, and transitional zones
characterized by relatively homogeneous substrate, water depth, and
cross-sectional averaged velocities.

The source of a river. Headwaters are typically the upland areas
where there are small swales, creeks, and streams that are the origin
of most rivers. These small streams join together to form larger
streams and rivers or run directly into larger streams and lakes.

The geologic time interval between about 10,000 years ago and the
present.

Man-made features that are constructed in the river and/or floodplain
areas (e.g., levees, bridges, riprap).

The response of a watershed to precipitation; usually refers to stream
flow resulting from precipitation.

In streams, the region adjacent to and below the active channel where
water movement is primarily in the downstream direction and the
interstitial water is exchanged with the water in the main channel.
The boundary of this zone is where 10% of the water has recently
been in the stream (Neuendorf et al., 2005).

Interior Columbia Basin Technical Recovery Team. Expert panel
formed by NMFS (NOAA Fisheries) to work with local interests and
experts and ensure that ICBTRT recommendations for delisting
criteria are based on the most current and accurate technical
information available.
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Term

igneous rocks

incipient motion

incision

intermediate surface

kame terrace

kettle

landslide

large woody debris
(LWD)

levee

Definition

Rocks that form from the cooling and solidification of molten or
partly molten material (magma) either below the surface as an
intrusive (plutonic) rock or on the surface as an extrusive (volcanic)
rock.

The initiation of mobilizing a single sediment particle on the stream
bed once threshold conditions are met.

The process where by a downward-eroding stream deepens its
channel or produces a relatively narrow, steep-walled valley
(Neuendorf et al., 2005).

Comprised of glaciofluvial deposits that form a series of terrace risers
and terrace treads that are elevated between 3 to 10 meters above
normal water surface in the active channel. These surfaces are
intermittent throughout the major drainages, but were only locally
mapped where they have an influence on the morphology of the
rivers. This surface is rarely flooded by the river under the current
climatic regime. The intermediate surface is considered stable on a
decadal time scale. These materials are unconsolidated and
susceptible to fluvial erosion.

A terrace-like ridge consisting of stratified sand and gravel formed by
a glaciofluvial or glaciolacustrine deposit between a melting glacier
or a stagnant ice lobe and a higher valley wall or lateral moraine, and
left standing after the disappearance of the ice (Neuendorf et al.,
2005).

A depression in glacial drift formed by the melting of a detached
block of stagnant ice that was buried in the drift.

Consists of a heterogeneous mixture of silt, sand, gravel, cobbles and
boulders. Occur predominantly along glacial terrace deposits and
valley walls. Mass wasting along the active river channels typically
result in a “self-armoring” bank in that the finer materials are
transported by the fluvial system and the larger materials are retained
along the toe of the slope protecting the slope except during flood
events.

Large downed trees that are transported by the river during high flows
and are often deposited on gravel bars or at the heads of side channels
as flow velocity decreases. The trees can be downed through river
erosion, wind, fire, or human-induced activities. Generally refers to
the woody material in the river channel and floodplain whose smallest
diameter is at least 12 in and has a length greater than 35 ft in eastern
Cascade streams.

A natural or artificial embankment that is built along a river channel
margin; often a man-made structure constructed to protect an area
from flooding or confine water to a channel. Also referred to as a
dike.
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Term

limiting factor

low surface

low-flow channel

mass wasting

Mesozoic

metamorphic rocks

moraine

nonnative species

Oligocene

orthorectified
photograph

overbank deposits

overflow channel

peak flow

Definition

Alternate definition: Any factor in the environment of an organism,
such as radiation, excessive heat, floods, drought, disease, or lack of
micronutrients, that tends to reduce the population of that organism
(Owen and Chiras, 1995).

Generally represents an area encompassing historic channel migration
and floodplain. Consists of a mixture of reworked glacial deposits
and fluviolacustrine deposits comprised of silt- to boulder-size
material, but is predominantly sand, gravel, and cobbles. These
deposits occur along stream channels and their active floodplains.
These materials are unconsolidated and highly susceptible to fluvial
erosion.

A channel that carries flow during base flow conditions.

General term for the dislodgement and downslope transport of soil
and rock under the influence of gravitational stress (mass movement).
Often referred to as shallow-rapid landslide, deep-seated failure, or
debris flow.

An era of geologic time from about 225 to about 65 million years ago
that includes the Triassic, Jurassic and Cretaceous periods.

Rocks derived from pre-existing rocks (sedimentary or igneous) in
response to marked changes in temperature, pressure, shearing stress
and chemical environment.

A mound or ridge of unstratified glacial drift deposited by direct
action of glacial ice.

Species not indigenous to an area, such as brook trout in the western
United States. Sometimes referred to as an exotic species.

An epoch of the Tertiary period than began about 34 million years
ago and extended to about 23 million years ago.

An aerial photograph that has been corrected for the geometries and
tilt angles of the camera when the image was taken and for
topographic relief using a digital elevation model, flight information,
and surveyed control points on the ground.

Fine sediment (medium to fine sand, silt, and clay) that is deposited
outside of the channel on the floodplain or terrace by floods.

A channel that is expressed by no or little vegetation through a
vegetated area. There is no evidence for water at low stream
discharges. The channel appears to have carried water recently
during flood event. The upstream and/or downstream ends of the
overflow channel usually connect to the main channel.

Greatest stream discharge recorded over a specified period of time,
usually a year, but often a season.
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Term

planform

Pleistocene

project area

project feature

Quaternary

redd

riparian area

riprap

salmonid

scour

side channel

slough

Definition

The shape of a feature, such as a channel alignment, as seen in two
dimensions, horizontally, as on an aerial photograph or map.

The geologic time interval between 1.6 million years ago and 10,000
years ago.

A project area is a distinct geographic location with potential
implementation opportunities for habitat restoration and protection
actions. Project areas are at a comparable level of organization as a
habitat unit within a geomorphic reach and typically bounded by
geomorphic features (e.g. river channel, floodplain, or terrace).

A project feature is an individual structure or component of an active
floodplain of a project area; examples include levees, roadway
embankments, bridges, or culverts.

The geologic time interval between 1.6 million years ago and the
present. It includes both the Pleistocene and the Holocene.

A nest constructed by salmonid species in the streambed where eggs
are deposited and fertilized. Redds can usually be distinguished in
the streambed by a cleared depression and associated mound of gravel
directly downstream.

An area with distinctive soils and vegetation community/composition
adjacent to a stream, wetland, or other body of water.

Large angular rocks that are placed along a river bank to prevent or
slow erosion.

Fish of the family salmonidae, including trout, salmon, chars,
grayling, and whitefish. In general usage, the term most often refers
to salmon, trout, and chars.

Concentrated erosive action by flowing water, as on the outside curve
of a bend in a stream; also, a place in a streambed swept clear by a
swift current.

A channel that is not part of the main channel, but appears to have
water during low-flow conditions and has evidence for recent higher
flow (e.g., may include unvegetated areas (bars) adjacent to the
channel). At least the upstream end of the channel connects to, or
nearly connects to, the main channel. The downstream end may
connect to the main channel or to an overflow channel. Can also be
referred to as a secondary channel.

A sluggish channel of water, such as a side channel of a river, in
which water flows slowly through, swampy ground, such as along the
Columbia River, or a section of an abandoned river channel,
containing stagnant water and occurring in a floodplain (Neuendorf
et al., 2005).
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Term

smolt

spawning and
rearing habitat

stade

subbasin

suspended load

suspended sediment

terrace

terrane

Tertiary

tributary

Definition

A juvenile salmon or steelhead migrating to the ocean and undergoing
physiological and behavioral changes to adapt its body from a
freshwater environment to a saltwater environment.

Stream reaches and the associated watershed areas that provide all
habitat components necessary for adult spawning and juvenile rearing
for a local salmonid population. Spawning and rearing habitat
generally supports multiple year classes of juveniles of resident and
migratory fish, and may also support subadults and adults from local
populations.

A substage of a glacial stage marked by a glacial readvance.

A subbasin represents the drainage area upslope of any point along a
channel network (Montgomery and Bolton, 2003). Downstream
boundaries of subbasins are typically defined in this assessment at the
location of a confluence between a tributary and mainstem channel.
An example would be the Twisp River Subbasin.

The part of the total stream load that is carried for a considerable
period of time in suspension, free from contact with the streambed, it
consists mainly of silt, clay, and fine sand (Neuendorf et al., 2005).

Solids, either organic or inorganic, found in the water column of a
stream or lake. Sources of suspended sediment may be either human
induced, natural, or both.

A relatively stable, planar surface formed when the river abandons the
floodplain that it had previously deposited. It often parallels the river
channel, but is high enough above the channel that it rarely, if ever, is
covered by water and sediment. The deposits underlying the terrace
surface are alluvial, either channel or overbank deposits, or both.
Because a terrace represents a former floodplain, it can be used to
interpret the history of the river.

A crustal block or fragment that preserves a distinctive geologic
history that is different from the surrounding areas and that is usually
bounded by faults.

The first period of the Cenozoic era thought to have covered the span
of time between about 65 million and 2 million years ago. Itis
divided into five epochs: the Paleocene, Eocene, Oligocene, Miocene
and Pliocene.

A stream feeding, joining, or flowing into a larger stream or lake
(Neuendorf et al., 2005).
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Term

valley segment

watershed

Definition

A valley segment is a section of river within a subbasin. Within a
valley segment, multiple floodplain types exist and may range
between wide, highly complex floodplains with frequently accessed
side channels to narrow and minimally complex floodplains with no
side channels. Typical scales of a valley segment are on the order of a
few to tens of miles in longitudinal length. An example in this
assessment would be the Middle and Upper Methow River valley
segments.

The area of land from which rainfall (and/or snow melt) drains into a
stream or other water body. Watersheds are also sometimes referred
to as drainage basins. Ridges of higher ground form the boundaries
between watersheds. At these boundaries, rain falling on one side
flows toward the low point of one watershed, while rain falling on the
other side of the boundary flows toward the low point of a different
watershed.
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APPENDIX A —

COMPLEXITY HABITAT PROTECTION
AND RESTORATION OPPORTUNITIES

This appendix documents objectives, strategies, and opportunities for habitat
protection and restoration for the 80 river miles of the Methow Subbasin addressed in
this geomorphic assessment. Sections 1, 2 and 3 provide general objectives,
strategies, and spatial approaches to complexity habitat protection and restoration
based on available habitat recovery guideline documents and this geomorphic
assessment. Section 4 provides an overall restoration concept for each of the 23
geomorphic reaches identified in this assessment, with supporting text in Attachment
1. Section 5 provides a list of 41 potential floodplain protection areas (1,446 acres)
where no human features were identified, and a list of 91 potential floodplain
restoration areas (3,287 acres) where human features are present that impact channel
and floodplain processes. These 132 areas represent individual floodplain areas
located within the 23 reaches. Attachment 2 contains a table of initial concepts for
each of the floodplain restoration areas that would improve availability and quality of
complexity habitat.
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1. HABITAT PROTECTION AND
RESTORATION OBJECTIVES

This section describes habitat protection and restoration objectives for the Upper
Columbia Subbasins as documented in the Upper Columbia Spring Chinook Salmon,
Steelhead, and Bull Trout Recovery Plan (UCSRB, 2007) (for short, the Upper
Columbia Recovery Plan), the Upper Columbia Biological Strategy (UCRTR, 2006),
V'SP guidelines (ICBTRT, 2005, McElhany et al., 2000) and this geomorphic
assessment in terms of components specific to habitat complexity.

Human activities acting in concert with “limiting factors” —natural occurrences such
as drought, floods, landslides, fires, debris flows, and ocean cycles — have adversely
affected the abundance, productivity, spatial structure, and diversity of Upper
Columbia spring Chinook salmon, steelhead and bull trout populations, resulting in
these species being listed under the ESA. The Upper Columbia spring Chinook
salmon were listed as endangered on March 24, 1999), the Upper Columbia steelhead
were listed as endangered on August 18, 1997 and reclassified as threatened on
January 5, 2006, and bull trout were listed as threatened on June 10, 1998. In the
Methow Subbasin spring Chinook salmon and steelhead populations are currently not
viable and have a greater than 25% chance of extinction in 100 years (UCSRB, 2007).

In the Upper Columbia Recovery Plan (UCSRB, 2007), the terms protection and
restoration are utilized to describe habitat objectives and strategies for ESA listed
species in the Upper Columbia River, including the Methow Subbasin. Habitat
restoration strategies are defined as a process that involves management decisions and
actions that enhance the rate of recovery of habitat conditions (referenced in UCSRB,
2007 as after Davis et al. 26 1984).

1.1 UpPER COLUMBIA RECOVERY PLAN

The Upper Columbia Recovery Plan (UCSRB, 2007) considered two forms of
protection: no-net-impact and passive restoration, defined as follows:

“No-net impact protection means that (1) activities that can harm stream and
riparian structure and function will not occur, or (2) activities that harm
stream and riparian habitat are mitigated by restoring and protecting an
“equal or greater” amount of habitat. This type of protection is generally
applied to areas where increased development is likely to occur. The second
type of protection, passive restoration, addresses areas that are already
protected under state and federal ownership. This also includes landowners
that voluntarily protect stream and riparian conditions on their properties.
Under this form of protection, habitat conditions improve as management
actions are designed to maintain or improve habitat forming processes.”
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The Upper Columbia Recovery Plan states that the goal of habitat restoration
activities is *...to reestablish the ability of an ecosystem to maintain its function and
organization without continued human intervention.” The plan does not mandate or
even suggest returning to the historic condition (often identified as some arbitrary
prior state) and said, “Restoration to a previous condition often is impossible.”

Specific habitat restoration objectives by Subbasin are provided in the Upper
Columbia Recovery Plan and are noted as being consistent with local watershed
plans, the Biological Strategy to Protect and Restore Salmonid Habitat in the Upper
Columbia Region, A report to the Upper Columbia Salmon Recovery Board (UCRTT,
2007) (for short, the Upper Columbia Biological Strategy), Habitat Conservation
Plans, and re-licensing agreements. The Upper Columbia Recovery Plan notes that
habitat objectives are intended to accomplish reduction of threats to the habitat needs
of the listed species, and may be modified in response to monitoring, research, and
adaptive management.

As discussed in the next two sections, the Upper Columbia Recovery Plan habitat
objectives are structured into short-term and long-term timeframes, and alternatives
are provided for situations when land use or other constraints make full restoration of
processes impossible.

1.1.1 SHORT-TERM OBJECTIVES

Eleven short-term habitat objectives have been identified by the Upper Columbia
Recovery Plan (2007):

= Protect existing areas where high ecological integrity and natural ecosystem
processes persist.

= Restore connectivity (access) throughout the historic range where feasible and
practical for each listed species.

= Where appropriate, establish, restore, and protect stream flows (within the
natural hydrologic regime and existing water rights) suitable for spawning,
rearing, and migration (based on current research and modeling).

= Protect and restore water quality where feasible and practical within natural
constraints.

= Increase habitat diversity in the short term by adding instream structures (such
as LWD [large woody debris], rocks, etc.) where appropriate. These
structures can be used while other actions are implemented to restore proper
channel and riparian function (that is, natural watershed processes).

= Protect and restore riparian habitat along spawning and rearing streams and
identify long-term opportunities for riparian habitat enhancement.
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1.1.2

Protect and restore floodplain function and reconnection, off-channel habitat,
and channel migration processes where appropriate and identify long-term
opportunities for enhancing these conditions.

Restore natural sediment delivery processes by improving road network,
restoring natural floodplain connectivity, riparian health, natural bank erosion,
and wood recruitment.

Replace nutrients in tributaries that formerly were provided by salmon
returning from the sea.

Reduce the abundance and distribution of exotic species that compete and
interbreed with or prey on listed species in spawning, rearing, and migration
areas.

Protect and restore habitat that will maintain connectivity between populations
within the mainstem Methow River and the upper Twisp River, upper
Chewuch River, Lost River, Early Winters Creek, Goat Creek, Wolf Creek,
and Beaver Creek.

LONG-TERM OBJECTIVES

Eight long-term habitat objectives have been identified by the Upper Columbia
Recovery Plan (2007):

Protect areas with high ecological integrity and natural ecosystem processes.

Maintain connectivity through the range of the listed species where feasible
and practical.

Maintain suitable stream flows (within natural hydrologic regimes and
existing water rights) for spawning, rearing, and migration.

Protect and restore water quality where feasible and practical within natural
constraints.

Protect and restore off-channel and riparian habitat.

Increase habitat diversity by rebuilding, maintaining, and adding instream
structures (such as LWD, rocks, etc.) where long-term channel form and
function efforts are not feasible.

Reduce sediment recruitment where feasible and practical within natural
constraints.

Reduce the abundance and distribution of exotic species that compete and
interbreed with or prey on listed species in spawning, rearing, and migration
areas.
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1.2 VIABLE SALMONID POPULATION GUIDELINES

Recovery of the listed salmonid species to 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 of their
native ranges, and preserving genetic diversity and life-history characteristics. To
achieve recovery there are four sectors (harvest, hatchery, hydropower and habitat)
that must be addressed. Implementation of actions within a single sector (such as
habitat) will not achieve recovery. Successful recovery of listed species means that
populations have met certain measurable criteria (abundance, productivity, spatial
structure, and diversity) known as the “viable salmonid population” (VSP) parameters
(ICBTRT, 2005; UCSRB, 2007).

As explained in the Viability Criteria for Application to Interior Columbia Basin
Salmonid ESUs [“current draft”] (ICBTRT, 2007), the risk of extinction at the
population level can be directly related to the combination of abundance and
productivity of a particular population. The VVSP guidelines for abundance has
several recommendations for a viable population (McElhany et al., 2000):

e Be large enough to have a high probability of surviving environmental
variation observed in the past and expected in the future;

e Beresilient to environmental and anthropogenic disturbances; maintain
genetic diversity; and support/provide ecosystem functions;

e Demonstrate sufficient productivity to support a net replacement of 1:1 or
higher at abundance levels established as long-term targets;

e Demonstrate productivity rates at relatively low numbers of spawners that, on
the average, are sufficiently greater than 1.0 to allow the population to rapidly
return to abundance target levels after perturbations. (ICBTRT, 2007, p. 22)

McElhany et al. (2000) provided a number of additional guidelines for the spatial
structure and diversity of viable salmonid populations that consider these principles.
Specifically, their guidelines suggest that for spatial structure:

e Habitat patches should not be destroyed faster than they are naturally created,;

e Natural rates of straying among subpopulations should not be substantially
increased or decreased by human actions;

e Some habitat patches should be maintained that appear to be suitable or
marginally suitable, but currently contain no fish;

e Source populations should be maintained. (ICBTRT, 2007, p. 46)

For diversity, they indicate that the important principles include:

e Human-caused factors such as habitat changes, harvest pressures, artificial
propagation, and exotic species introduction should not substantially alter
variation in traits such as run timing, age structure, size, fecundity,
morphology, behavior, and molecular genetic characteristics;

e Natural processes of dispersal should be maintained;
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e Natural processes that cause ecological variation should be maintained.
(ICBTRT, 2007, p. 46-47)

1.3 BIOLOGICAL STRATEGY

The Upper Columbia Biological Strategy (UCRTR, 2006) provides general habitat
restoration concepts for four biological (valley) segments discussed in this
Reclamation geomorphic assessment: (1) Middle Methow, (2) Upper Methow, (3)
Chewuch River, and (4) Twisp River. These restoration concepts were based on
available information and professional judgment of local biologists. Recommended
habitat actions (in priority) from the Upper Columbia Biological Strategy are shown
in the following four tables for all four of these valley segments (Table A-1, Table A-
2, Table A-3, and Table A-4). Tier 1 are the highest priority actions recommended.
The four tables include restoration of not only habitat complexity opportunities within
and adjacent to the 80-mile assessment area discussed in this Reclamation report, but
also water quality and quantity actions.
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Table A-1. Middle Methow Notes from Biological Strategy.

Reach Description

= mainstem Methow from Texas Creek confluence upstream to Chewuch River Confluence
= Native species: Spring and summer Chinook salmon, steelhead, bull trout.

= Drainage area: 15,600 acres

Status
= Category 2, major spawning area for steelhead and spring Chinook (based on historic intrinsic
potential)

= The mainstem Methow River is an important migration corridor for spring Chinook salmon,
steelhead and bull trout. Spawning and rearing habitat for summer Chinook salmon and steelhead.

Significant Subwatersheds:

Tributaries within this reach: Alder Creek, Bear Creek, Beaver Creek and Benson Creek

(see separate assessment and strategy summary for Beaver Creek)

Factors Affecting Habitat Conditions

= Residential development is affecting riparian and floodplain condition.

= The Methow Valley Irrigation District fish screens and diversion structures do not meet state and
federal standards.

= Low flows in late summer and winter may affect juvenile survival.

= Structures in tributaries are passage barriers for adult and juvenile salmonids.

= The mainstem Methow is on the state 303(d) list for temperatures.

Level of Certainty / Data Gaps

= Habitat in the Middle Mainstem Methow River and lower reaches of its tributaries has not been
surveyed. Some recommendations are based on professional judgment. Habitat in upper reaches
of the tributaries has been assessed by USFS.

= The effects of irrigation water withdrawal on stream flows are not fully understood.

= Passage barriers have been inventoried, but not fully assessed.

Habitat Action Recommendations

Tier 1

Protect functioning floodplain, riparian habitat, and side channels in the middle Methow River.

Floodplain and Side Channel Restoration

= Restore access by the mainstem channel to floodplains and side channels disconnected by
dikes.

Obstructions
=  Correct and maintain the MVID screens and diversion.
Tier 2
Large Woody Debris Restoration
= Increase recruitment and retention of LWD within the mainstem Methow River.
Tier 3
Ecological Interaction
= Reduce or eliminate brook trout
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Table A-2. Upper Methow River Notes from Biological Strategy.

Reach Description — confluence with Chewuch River upstream to headwaters
Native species: spring Chinook salmon, steelhead, bull trout.
Drainage area: 322,385 acres
Status: Category 2; Major spawning area for spring Chinook and steelhead, core area for bull trout.
Significant Subwatersheds
Upper Methow, Mainstem West Fork Methow, Upper Goat Creek, Lower Goat Creek, Little Boulder
Creek, Hancock Creek
Tributaries within this reach Brush Creek, Trout Creek, Rattlesnake Creek, Robinson Creek, Gate
Creek, Goat Creek, Little Boulder Creek, Fawn Creek, Hancock Creek, Little Falls Creek, and Wolf
Creek.
Factors affecting habitat conditions:
»  The mainstem Methow River between RM 59 and 74 goes dry in low flow years.
= All reaches of the mainstem upper Methow River have LWD levels below USFS standards.
Timber harvest and stream cleaning have reduced LWD recruitment in Goat Creek.
= Several small dikes cut off important side channel habitats.
Residential construction in flood prone areas has resulted in clearing of riparian habitat.
Level of Certainty / Data Gaps
Watershed and stream analyses by USFS and USGS provide high level of certainty on habitat
conditions. The effect of surface water and groundwater withdrawal on the dewatered reach is not fully
understood. The role of riparian condition and channel morphology on stream flows in this reach is
not understood.
=  The contribution of tributaries and mainstem bank erosion to sediment levels in the mainstem
Methow River is not understood.
= There is concern about the effect of snowmobiles in the main channel Methow River on habitat
and water quality.
Habitat Actions Recommendations
Tier 1
Protect remaining floodplain and riparian habitat.
Water Quantity Restoration (Tier 2 in Goat Creek)
e Restore drained wetlands
e See floodplain restoration
e Increase stream flows
Floodplain Restoration (in combination with side channel connection, riparian restoration, and LWD
recruitment/retention).
e Restore natural channel form and function (remove constrictions and constraints within the
channel migration zone)
Habitat Diversity
Goat Creek strategies are combined and rated as Tier 1. If each strategy is implemented individually
then they will have a lower biological benefit.
= Reactivate historic channel to split flow on alluvial fan and improve function
= Add LWD complexes to channel to match natural wood loads in functioning reaches of Goat
Creek
= Riparian Restoration, 2-3 miles replanting and restoration
= LWD enhancement
= Re-establish alluvial fan function - bridge reconstruction
Tier 2
Ecological Interaction
= Add nutrients using hatchery carcasses and/or carcass analogs
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(continued on next page)
Upper Methow Notes (continued)

Sediment
= Reduce stream bank erosion on mainstem Methow River from Goat Creek to Mazama.
=  Roads analysis and reconstruction / obliterations on USFS lands in Upper Goat Creek
= Other tributaries that supply unnatural levels of sediment to the mainstem spawning reaches
Riparian Restoration
e Wolf and Hancock Creeks
e LWD restoration
Tier 3
Habitat Diversity
e Instream structures in Hancock Creek
o  Off-channel livestock water facility in Hancock Creek
Obstructions
e Diversion in Goat Creek
Tier 4
Riparian Restoration
= Manage dispersed recreation use in riparian areas throughout the watershed.
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Table A-3. Twisp River Notes from Biological Strategy.

Reach Description — from confluence with Methow River upstream to headwaters

Native species: Spring Chinook salmon, steelhead, bull trout, Westslope cutthroat trout.

Drainage area: 157,000 acres

Status Category 2, Major spawning area for spring Chinook and steelhead and a core area for bull

trout.

= Designated as a key watershed in NWFP.

Significant Subwatersheds

Middle Twisp, Lower Twisp, North Creek, Buttermilk Creek

Factors Affecting Habitat Conditions:

= Low instream flows in the lower Twisp River affect several species at several life history stages.

= The Twisp River (from Buttermilk Creek to the mouth) has been cut off from its floodplain and
side channels through dikes and riprap in places, resulting in a highly simplified channel.

= In the lower Twisp River (RM 0.0 — 16.5) LWD levels and recruitment potential are well below
amounts expected.

=  The MVID East Canal diversion on the Twisp River at RM 3.9 is a rock levee dam that must be
pushed up each year, disturbing salmonid rearing and spawning habitat.

= The lower Twisp River is listed on the Washington State 303(d) list for inadequate instream flow
and for temperature exceedence.

= Beaver activity is very limited in the lower Twisp River where the large cottonwood galleries and
low gradients would once have supported beaver colonies.

= The road in Little Bridge Creek affects stream channel function.

Level of Certainty / Data Gaps:

= Field habitat analyses have been conducted on public lands, allowing a high confidence in
assessment.

= Field analyses are incomplete on private lands, yet reviews of aerial photographs in combination
with field reviews have allowed strong inferences on habitat needs.

= Some uncertainty exists on relation of instream flows and fish habitat.

= Increasing recreational demand in key salmonid production areas in the Upper Twisp River is a
concern.

Habitat Action Recommendations

Tier 1

Protect remaining floodplain and riparian habitat.

Water Quantity (Lower Twisp)
e Improve irrigation efficiency and reduce withdrawals.

Floodplain Restoration

e Remove or modify levees and dike were appropriate
e Replace undersized culverts to restore alluvial fan function and delivery of LWD and gravel
to Twisp River.
e Side channel reconnection and restoration
e Reestablish beaver populations (some additional benefits to water quantity and winter
temperatures).
Sediment
e Road maintenance, road reconstruction, heavy maintenance and obliteration where
appropriate
Riparian Restoration
e Fence wetlands and riparian areas on USFS to allow recovery from livestock grazing and
beaver recolonization.
e Increase LWD recruitment and retention in the lower 11 miles of Twisp River.
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(continued on next page)
Twisp River Notes (continued)

Tier 2
Ecological Interaction
= Add nutrients using hatchery carcasses and/or carcass analogs
Tier 3
Obstructions
= Improve passage (any mainstem Twisp passage impediments would be Tier 1)
= Remove War Creek Weirs
= Replace any culverts that impede anadromous fish passage (tributaries)
Riparian Restoration
e Manage recreation site impacts to floodplain (North Creek/Gilbert area, Reynolds Creek)
Ecological Interaction
= Reduce or eliminate brook trout
Tier 4
Riparian Restoration
= Continue to implement Respect the River program

A-10
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Table A-4 Chewuch River Notes from Biological Strategy.

Reach Description — from confluence with Methow River upstream to headwaters

Native species: Spring Chinook salmon, steelhead, bull trout, Westslope cutthroat trout.

Drainage area: 340,000 acres

Status: Category 2; Designated as a Key Watershed in NWFP.

Significant Subwatersheds — Perrygin Creek, Lake Creek, Lower Chewuch River

Factors Affecting Habitat Condition:

=  Channel clearing and LWD removal reduced channel complexity in the Chewuch River from RM
0 to 20.

» Road placement and bank hardening have isolated sections of the main channel from its floodplain
and side channels in a few places from the mouth to Boulder Creek.

= Skid roads in riparian areas upstream of Boulder Creek increase dispersed recreation use impacts
to the stream.

= Low flows in late summer through winter reduce quantity of rearing habitat in the lower Chewuch
River.

= High water temperatures in the lower river may at times cause a migration barrier.

= Livestock grazing may have potential impacts on riparian areas of mainstem Chewuch and
tributaries.

= High road densities in Cub, Eightmile, and Boulder creeks combined with highly erosive soils
create sediment and bank erosion problems.

Level of Certainty / Data Gaps:

= Field habitat analyses have been conducted on both private and public lands, allowing a high
confidence in assessment.

= The relation of instream flows and fish habitat in the lower Chewuch River are not fully
understood, yet some studies provide a strong level of inference.

= Bull trout use of the Chewuch is not fully understood.

Habitat Action Recommendations:

Tier 1

Protect existing intact and functioning habitats

Water Quantity Restoration
e Improve natural water storage by allowing beaver recolonization
e Increase stream flow

Habitat Diversity
e Restore habitat-forming processes and channel complexity of the Chewuch River from RM 0
to 28.

e LWD restoration and recruitment
e Side-channel reconnection
Sediment

e Transportation planning, road reconstruction, road maintenance, undersized culvert
replacement

¢ Reduce road densities
Tier 2
Riparian Restoration
e  Fence riparian areas and wetlands; maintain existing fences
Ecological Interaction
¢ Reduce or eliminate brook trout
e Add nutrients using hatchery carcasses and/or carcass analogs
Tier 3 — Obstructions — Improve fish passage at Eight Mile Creek
Tier 4 — Riparian Restoration — Continue Respect the River and expand to Eightmile
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1.4 HABITAT COMPLEXITY OBJECTIVES

This Reclamation assessment is focused on developing strategies for implementing
Upper Columbia Recovery Plan habitat objectives associated with complexity in the
Methow Subbasin assessment area. According to the FCRPS BiOp Remand (NMFS,
2005) channel complexity projects include actions that would improve stream
connectivity with floodplains and side channels. This could encompass side channel
connectivity, floodplain connectivity, channel reconfiguration, placement of in-stream
structures, and LWD replacement to create off-channel habitat and deep pools formed
by LWD or boulders.

For the purpose of this assessment, objectives are categorized in terms of a spatial
component, a desired timeframe, and a desired response. Spatially, projects should
improve the vertical and lateral connectivity of the river and floodplain in the location
where an action is being done. Additionally, projects should benefit downstream and
upstream reaches and tributaries by creating connectivity of processes between river
reaches (longitudinally), which should provide biological refugia and connectivity
within the assessment area and between tributary or upstream populations. For
example, restoration of riparian vegetation in one reach could provide LWD
recruitment such that the LWD may be transported into a downstream reach and form
essential habitat. Projects may also benefit habitat upstream reaches by improving
habitat function and availability for fish migrating to or from upstream areas. From a
timing perspective, projects should re-establish geomorphic processes and function
that provide both short- and long-term benefits. The response should be to maximize
aquatic habitat diversity and use, specifically features associated with habitat
complexity through increasing diversity in hydraulic processes.
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2. HABITAT PROTECTION AND
RESTORATION STRATEGY

The consensus of the Upper Columbia Regional Technical Team (UCRTT) is that
protection and restoration strategies should focus first on maintaining the best
remaining examples of biological integrity, connectivity, and diversity; this strategy
will contribute to the improvement in abundance, productivity, spatial structure, and
diversity over the long term (UCRTT, 2007). Therefore, the goal of protection and
restoration concepts proposed by Reclamation in this appendix is to sustain and,
where possible, improve habitat-forming physical processes. However, the river may
never resemble the exact conditions that it had prior to documented human
disturbance (defined as mid to late 1800s). Restoration activities must consider
present land use within a subbasin, and the possibility that natural controls on the
river may be changing, such as the hydrologic regime.

2.1 APPLICATION OF CONCEPTUAL MODEL OF PHYSICAL PROCESSES
AND HABITAT CONDITIONS

A conceptual model of pre-disturbance conditions is essential for guiding
development of protection and restoration concepts and an implementation strategy.
Using the conceptual model of pre-disturbance conditions, the aquatic habitat
“opportunity” for a given reach can be estimated. Opportunity refers to the types of
processes that would be expected to be in place if human disturbances had not
occurred. Using natural processes that would be in place as a guideline for habitat
concepts is needed to ensure project objectives are sustainable in that they work with
natural river processes rather than against them. This provides biologists and
resource managers with a reasonable expectation of how a project will meet
complexity objectives. In cases where projects are not designed with natural
processes in mind, project objectives may not be achieved. Further, unanticipated
risks to land use or even negative impacts to habitat can occur.

The conceptual model combined with geomorphic analysis also provides a framework
for identifying where processes are currently functioning, where and how they have
departed as a result of man-made activities and features, and whether processes can
be returned to a functioning state that will benefit listed species in a sustainable
manner. The Upper Columbia Recovery Plan notes that “... human activities have
reduced habitat complexity, connectivity, water quantity and quality, and riparian
function in many stream reaches in the Upper Columbia Basin; loss of large woody
debris (LWD) and floodplain connectivity have reduced rearing habitat for Chinook,
steelhead, and bull trout in larger rivers (such as the Wenatchee, Entiat, Methow, and
Okanogan Rivers).”

A-13



APPENDIX A — HABITAT PROTECTION AND RESTORATION OPPORTUNITIES

2.2 RECOVERY OF HABITAT COMPLEXITY FOLLOWING
IMPLEMENTATION OF RESTORATION CONCEPTS

This assessment found that the largest departures from the natural setting in terms of
physical channel processes associated with habitat complexity features are the
disruption to channel and floodplain connectivity, largely due to levees, riprap,
bridges, road embankments, and removal of riparian vegetation and large woody
debris. Many human features are located intermittently throughout the Methow
Subbasin, which results in localized influences to processes. Additionally, natural
geologic controls on the system (alluvial fans, bedrock, glacial terraces, cobbles in
channel bed, etc) have largely kept the overarching river morphology intact at a reach
scale, despite human activities. This has limited incision in areas where the channel
has been confined and limited lateral expansion of the floodplain boundaries where
banks are more susceptible to erosion. As a result, there is generally a good potential
for recovering lateral connectivity and channel migration of the river and floodplain
by removing human features that limit or prevent these processes from occurring.

2.2.1 SIDE CHANNEL DEVELOPMENT

Once lateral connectivity is re-established, side channels and channel migration will
begin to re-establish, particularly during high flows. Many of the off-channel areas
have been cleared of vegetation for agriculture or development. Side and overflow
channels have been artificially filled with sediment in some cases or have filled with
fine sediment due to a lack of flushing from the river. In these areas it may take a
significant flood to erode the surface and start the decadal-long process of building
new surfaces and establishing riparian vegetation.

2.2.2 RIPARIAN VEGETATION AND LWD

The lack of floodplain reworking has caused a combination of limited cottonwood
regeneration and a conversion of new growth to vegetation such as shrubs, aspen and
conifers. Because cottonwoods require a fresh soil and ample exposure to sun to
establish, these areas will need to be completely reworked with a fresh and bare
surface formed before cottonwoods can re-establish. On the positive side, these areas
do contain fairly old trees that will provide a short-term source of LWD as the river is
allowed to rework these sections. This will help jump start the replenishment of
LWD in the system to compensate for the past removal of wood, which has resulted
in a lack of recruitment areas.

One strategy could be to remove existing stands of vegetation and replace them with
cottonwoods, but this may result in increased bank erosion rates until the
cottonwoods are established that may not be acceptable depending on nearby land
use. Other opportunities exist to establish cottonwood galleries, such as along
ditches, edges of wetlands where shrubs now grow, along side channels, or where
vegetation has been completely cleared and nothing has grown back. Sites prone to
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wildlife browsing may need fencing for a few years to enable cottonwoods to re-
establish.

Not all surfaces within the assessment area naturally had cottonwoods and, therefore,
may not be good candidates for replanting cottonwoods, but could benefit from
planting other vegetation species. Unconfined and moderately confined river reaches
would be expected to have the most extensive riparian vegetation (including
cottonwood galleries) present along wetted channels, in off-channel habitat areas such
as wetlands, and in other areas frequently reworked by the river. Riparian vegetation
relies on vertical connectivity of the floodplain to the water table, and also lateral
connectivity within the floodplain to allow reworking of the lower surfaces. Some
floodplain areas are higher in elevation than others and are likely older in age.
Although these higher surfaces are still overtopped in floods and are considered part
of the active floodplain (low surface), they do not get reworked as frequently as the
lower channels, bars, and floodplain areas and are farther from the water table. These
higher elevation surfaces may require planting different vegetation species than lower
elevation areas closer to the river.

In areas where LWD would have been expected to persist and form local pools and
roughness components in the channel, LWD or log jams could be placed to provide
short-term changes. This would help provide habitat in the near term until the lateral
reworking processes have a chance to re-establish an ample supply of LWD.

2.2.3 BANK PROTECTION ON TERRACES ALONG BOUNDARY OF
FLOODPLAIN

Bank protection on terraces along the boundaries of the floodplain impacts the natural
function of these boundary areas, particularly where the river runs adjacent to them.
However, many of these areas have infrastructure located near the top of bank that
could be at risk from erosion if the riprap is removed. These represent hazard zones
even though they are not actually located within the floodplain. On the Methow
River, an analysis was accomplished by Golder Associates that helps identify terrace
surfaces at risk for future erosion. There has not been an analysis of this type on the
Chewuch and Twisp Rivers.

One restoration concept in riprapped terrace locations could be to modify the bank
protection to incorporate LWD if it could be done without risking infrastructure
damage. This would be of particular advantage for habitat features where the river
runs against the bank in moderately confined and unconfined reach types. Another
concept could be to create an intermediate floodplain surface (between the river and
top of bank) that allows for riparian vegetation growth and provides a buffer between
the riprapped terrace bank and the river. If the bank protection is located on the main
channel, the river may have formed a deep scour hole adjacent to the bank protection
due to higher velocities sweeping against the rock. On the positive side, this process
may provide a pool for aquatic habitat. However, the pool lacks nutrients or pockets
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of slow velocity created by vegetation and root features that would be present on a
natural bank. In areas where the bank would naturally have had vegetation cover, the
river is devoid of shade and potential for LWD recruitment. The reduction in shade
has the greatest impact on smaller stream sections where the overhanging vegetation
affects a significant portion of the wetted channel width. Protected bank areas that
were naturally limited in vegetation or that are fairly high above the channel would
have less impact on channel processes.

2.3 SPATIAL BREAKDOWN OF RESTORATION STRATEGY FOR 80-MILE
ASSESSMENT AREA

Because the key concept of complexity-based restoration is to allow lateral, vertical,
and longitudinal connection of floodplain processes, it makes sense to think of a
restoration strategy from a process-based spatial perspective. The strategy should
incorporate enough detail at a project level to accommodate planning and
prioritization of future restoration efforts, but also to allow users to step back and see
how a given project fits within the subbasin habitat availability and function. In the
long run, perhaps a decade or two from now, stakeholders and biologists need a way
to document whether restoration efforts met the goal of protecting and improving
habitat complexity within the Methow Subbasin. The strategy proposed in this
appendix is aimed at meeting that need by showing how processes interact among
different spatial scales to provide a cumulative, sustainable benefit to habitat Because
channel and floodplain processes are highly interdependent at the reach scale, it is
anticipated that more detailed analysis and restoration efforts may occur at the reach
scale through a prioritized strategy as discussed in Appendix B.

The scales evaluated are a subbasin level (see Section 3 of this appendix), the 23
geomorphic reaches within four valley segments of the 80-mile assessment area (see
Section 4 of this appendix), and from individual potential project areas within each
geomorphic reach (see Section 5 of this appendix) (Figure A-1). Because channel
and floodplain processes are highly interdependent at the reach scale, it is anticipated
that more detailed analysis and restoration efforts may occur at the reach scale
through a prioritized strategy as discussed in Appendix B.
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Geomorphic Reach Potential Project Area
Example Example

\ 4

v

Blue Line:
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Assessment
Area

Figure A-1. Conceptual example of working from a subbasin scale downward to a project area
scale when implementing habitat restoration concepts discussed in this assessment.

2.4 RESEARCH AND MONITORING GUIDANCE

The Upper Columbia Biological Strategy (UCRTT, 2007) and Upper Columbia
Recovery Plan (UCSRB, 2007) say that there are critical uncertainties that need
further research to better understand the fluvial processes. Critical uncertainty
research targets specific issues that constrain effective recovery plan implementation.
The Recovery Plan identifies research needs (monitoring objectives) for the four
sectors (harvest, habitat, hydro, and hatcheries) affecting salmon, steelhead, and bull
trout viability. Research needs in the habitat sector as identified in the Recovery Plan
are as follows:

e Implement selected restoration projects as experiments.

e Increase understanding of estuarine ecology of Upper Columbia stocks.

e Increase genetic research to identify genotypic variations in habitat use.

e Increase understanding of linkages between physical and biological processes
so managers can predict changes in survival and productivity in response to
selected recovery actions.

e Examine relationships between habitat indicators and landscape variables.

e Examine fluvial geomorphic processes to better understand their effects on
habitat creation and restoration.

e Examine water balance and surface/groundwater relations (in the sense of
Konrad et al. 22 2003), especially the benefits of aquifer recharge during
periods of high runoff in appropriate areas. Using the results inferred from
these studies, evaluate the effects of aquifer recharge on late summer and
winter instream flows and resultant habitat use. Implement and document an
aquifer recharge demonstration project in the Methow Basin by diverting
excess water during times of high spring runoff through selected unlined
irrigation ditches. Evaluate the effect of this action (with selected irrigation
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ditches to be designated as control) to enhance stream flows at critical times
on spring Chinook salmon and steelhead habitat use.

e Test assumptions and sensitivity of EDT model runs.

e Evaluate nutrient enrichment benefits and risks using fish from hatcheries or
suitable analogs.

e Assess population structure and size of bull trout in the Upper Columbia
Basin.

e Assess the presence of bull trout in the Lake Chelan and Okanogan subbasins
and upstream of Entiat Falls in the Entiat subbasin.

e Assess the effectiveness and feasibility of using fish transfers, range
expansion, and artificial propagation in bull trout recovery.

e Examine migratory characteristics and reproductive success of bull trout.

e Describe the genetic makeup of bull trout in the Upper Columbia Basin.

In the Upper Columbia Recovery Plan, the UCRTT documents that it is planning to
implement a detailed monitoring and evaluation program. The UCRTT plans to
design and incorporate the plan into an adaptive management framework based on the
principles and concepts laid out in Adaptive Management for Salmon Recovery:
Evaluation Framework and Monitoring Guidance (the NMFS. 2007a). .

In the Upper Columbia Biological Strategy, further guidance is provided by the
UCRTT on implementing monitoring activities specific to habitat restoration actions.
Monitoring strategies are generally described in three categories:

1. Implementation monitoring
2. Level 1 effectiveness monitoring
3. Level 2 and 3 effectiveness monitoring

Implementation monitoring simply provides proof that the action was carried out as
planned (UCRTT, 2007). Level 1 (extensive methods) involves fast and easy
methods that can be completed at multiple sites, while Level 2 and 3 (intensive
methods) includes methods that increase accuracy and precision but require more
sampling time (Hillman 2006). Further descriptions of the monitoring categories are
provided below.

Implementation monitoring is important to allow monitoring teams to go back and
evaluate the effectiveness or longevity of a project implemented by project sponsors.
To accomplish implementation monitoring, the Upper Columbia Biological Strategy
recommends the following in addition to referencing Hillman (2006, formerly 2005)
for examples of objectives for each project type:

e photo points with position descriptions that include both physical description
and GPS coordinates

e written documentation describing if the objectives were met such as date of
project completion and the quantity of each objective that was completed.

A-18



APPENDIX A — HABITAT PROTECTION AND RESTORATION OPPORTUNITIES

Level 1 effectiveness monitoring is used to demonstrate that the restoration action has
at least affected the environmental parameters that were the target of restoration
(Hillman 2006 as documented in UCRTT, 2007). To accomplish Level 1
effectiveness monitoring the Upper Columbia Biological Strategy recommends
conducting photographs, counts, and presence/absence surveys at set intervals in
order to evaluate effectiveness of the action. Level 1 effectiveness monitoring seeks
to answer questions such as:

1) What was the survival of trees planted in a riparian project?

2) Is the restoration structure (i.e. fence, rock weir, culvert, etc.) still in place?

3) Is the restoration target (i.e. pools, wood, spawning gravel, side channel
connection, etc.) still there after multiple high water events?

4) Are the terms of the easement being upheld through time?

5) Will target fish species / life stage be present in the side channel?

The Upper Columbia Biological Strategy recommends the following steps be
included in a Level 1 effectiveness monitoring program:

= Define goals and objectives

= Define key questions and/or hypotheses

= Select appropriate monitoring design

= Select monitoring parameters

= |dentify number of sites and years to monitor

= Determine sampling scheme (i.e. snorkeling surveys)
= Prepare appropriate reports

Level 2 and Level 3 effectiveness monitoring are generally beyond the scope and
purview of most project sponsors. These levels of effectiveness monitoring require a
much higher degree of monitoring expertise, in depth planning, experimental design,
statistical design, data management, data analysis, and reporting (UCRTT, 2007).
Level 2 and 3 effectiveness monitoring are extremely important and should be carried
out on select projects and sub-watersheds in each of the Upper Columbia Subbasins,
as funding allows (UCRTT, 2007).
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3. RESTORATION NEEDS OUTSIDE OF 80-
MILE ASSESSMENT AREA

Subbasin-level conditions were qualitatively evaluated to identify whether there were
any critical issues that needed to be addressed that could impact restoration strategies
proposed for the 80-mile assessment area. The 80-mile assessment area consists of
four valley segments— Middle Methow (RM 28.1 to 51.5), Upper Methow (RM 51.5
to 75), Chewuch River (RM 0 to 14.3), and Twisp River (RM 0 to 18.1). Methods
included field reconnaissance by the assessment team and literature review of
available technical documents. There were no critical habitat complexity restoration
needs identified outside of the 80-mile area, but restoration opportunities do exist as
described below. Evaluating hatchery and harvest related components of salmonid
migration into the Methow Subbasin was beyond the scope of this report.

3.1 DOWNSTREAM OF 80-MILE ASSESSMENT AREA (METHOW RM 28
TO0)

Presently, no human or natural barriers exist downstream of the 80-mile assessment
area (RM 28 on the mainstem Methow) that would prevent spring Chinook, steelhead,
and bull trout from migrating into and accessing the assessment area. A dam did exist
historically near the mouth of the Methow River and is noted in certain documents to
have blocked fish passage into the Methow Subbasin (see Appendix O). However,
based on photographs of the site it appears some fish, particularly spring and early
summer migrating fish, may have been able to pass the dam but additional historical
information on the dam is needed to validate this.

In terms of morphology, the downstream-most 28 river miles of the Methow
Subbasin are fairly naturally confined by high elevation glacial terraces and bedrock.
In a few localized places roads and bridges do constrict the floodplain, but human
impacts are minimal relative to more developed areas in other sections of the
subbasin. The downstream 28 miles functions as a migratory corridor for ESA-listed
fish into the assessment area (see Appendix F “Biological Setting”). Steelhead and
summer Chinook spawn in some places within this reach where water wells-up
through the river bed through gravel accumulations to provide suitable habitat.
Certain fish also use this section for spawning and rearing habitat, and ongoing work
to further understand the habitat function in this area is being accomplished by
Washington Department of Fish and Wildlife (WDFW).

3.2 TRIBUTARIES WITHIN ASSESSMENT AREA

Within the assessment area, several tributaries enter the Methow, Chewuch and
Twisp Rivers. Many of these tributaries provide additional spawning, rearing, and
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holding habitat for ESA-listed fish. Extensive recent fish passage projects on Beaver
Creek, Twisp River tributaries, Chewuch River and Libby and Gold Creek have
restored connectivity of the assessment reach to most tributary habitats where man-
made obstructions historically existed. Early winters, Goat Creek, and Wolf Creek on
the Upper Methow, and Eight-mile Creek on the Twisp River were identified as
having substantial man-made obstructions to channel migration and floodplain
connectivity, particularly in the downstream-most sections near the confluence with
the Methow or Twisp Rivers. Restoration strategies for these areas could be
developed as part of a separate effort to build upon concepts presented in this report.
Additional concepts are presented in Section 1.3 of this appendix.

3.3 UPSTREAM OF 80-MILE ASSESSMENT AREA

Upstream of the assessment area, additional spawning and rearing usage occurs in the
Lost River, West Fork of the Methow, and upstream portions of the Chewuch and
Twisp watersheds. The U.S. Forest Service manages many of these areas and
separate restoration strategies could be developed to address localized areas of roads,
camp sites, and development. No large-scale logging or water diversions occur that
need to be addressed prior to implementing actions within the 80-mile assessment
area. Improvement to habitat function within the assessment area will allow better
longitudinal connectivity to fish migration into or out of tributaries and upstream river
reaches. It will also increase the spatial and temporal variability of habitat available
within the subbasin. Some tributaries and upstream areas also have human features
that offer opportunities for restoration activities that could be further assessed if the
assessment area is expanded in the future by Reclamation or another agency.
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4. RESTORATION CONCEPTS AT REACH
SCALE FOR 4 VALLEY SEGMENTS

The four valley segments were subdivided into 23 geomorphic reaches with similar
floodplain and channel interaction processes that define unique opportunities for habitat
restoration (see Appendix C). This resulted in five geomorphic reaches on the Middle
Methow River, six on the Upper Methow River, six on the Chewuch River, and six on
the Twisp River. Based on the geomorphic assessment findings, a summary of
restoration strategies for each geomorphic reach is provided in Table A-5 and in more
detail in Attachment 1 of this appendix.

Table A-5summarizes primary and secondary restoration concepts for each reach. The
primary concepts represent key actions that would have the most benefit to restoring
off-channel, complexity habitat for ESA-listed salmonids. Secondary concepts are
actions that also restore natural conditions and improve habitat, but either need to be
done in conjunction with primary concepts or provide a lesser, more indirect benefit.

The table also documents a floodplain type for each reach. Three general floodplain
types were established to categorize the 23 reaches based on their natural
morphological setting and potential for preserving or restoring complexity habitat: high
complexity (unconfined), medium complexity (moderately confined), and low
complexity (confined) floodplains (see Appendix C for detailed descriptions).
Unconfined and moderately confined reaches have measurable off-channel habitat and
floodplain that can be easily discerned from the active channel area. The majority of
habitat complexity restoration concepts are focused in these two reach types. In
confined reaches, the active channel and floodplain are nearly the same and there is
limited potential for off-channel habitat restoration areas, but spawning and migration
habitat can be present.

Approximately 61 river miles of the 80-mile assessment reach are composed of
“moderately confined” or “unconfined” floodplain (Figure A-2). Approximately one-
tenth of the Methow River assessment area, one-third of the Chewuch River assessment
area, and one-sixth of the Twisp River assessment area are classified as “confined”
reaches.
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Floodplain Type Distribution B Confined .
E Moderately Confined
O Unconfined
100%
17%
90% 22% 23%
34%
80%
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N .
50% -
40%
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30% - 60% 61%
51%
20% +
10% ~
0%
Methow Chewuch Twisp Study Area

Figure A-2. Percentage of floodplain complexity type for Methow, Chewuch, and Twisp Rivers.

Within unconfined and moderately confined reaches with measurable floodplain areas
beyond the active channel, potential protection (green polygons) and restoration
floodplain areas (orange polygons) were delineated and labeled as shown in the
location maps in Figure A-3, Figure A-4, Figure A-5, and Figure A-6. Protection areas
represent sections with no known human features or vegetation clearing that impact
channel and floodplain connectivity. Restoration areas have identified human features
that could be addressed to restore channel and floodplain processes (see Appendix P).
Consideration of the location of protection areas relative to non-functioning restoration
areas offers an opportunity to provide cumulative benefits at a reach scale rather than
piece-mealed sections of functioning habitat areas within the 80-mile assessment area.
More discussion on protection and restoration concepts at the scale of individual
floodplain areas within each reach is provided in Section 5. In discussing potential
project areas, the nomenclature lists two letters of MR = Methow River, TR = Twisp
River, or CR = Chewuch River followed by Prj which stands for project, and the river
mile associated with the upstream most point of the polygon defining the boundary of
the potential project area (e.g. MR_Prj-41 = Potential project on Methow River starting
at river mile 41).
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Figure A-3. Upper Methow River — Potential protection and restoration floodplain area locations, RM 50-75.
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Figure A-4. Middle Methow River — Potential protection and restoration floodplain area locations, RM 28.1-50.
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Figure A-5. Twisp River — Potential protection and restoration floodplain area locations, RM 0-18.
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Figure A-6. Chewuch River — Potential protection and restoration floodplain area locations, RM 0-14.
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Table A-5. Summary of restoration concepts at geomorphic reach scale for 23 reaches (see Attachment 1 for supplemental information).

Down- | Up- 1) ooth
Reach | stream | stream 9 Primary Restoration Concepts Secondary Restoration Concepts
(mile) Type
RM RM
M1 28.1 33.7 5.6 Confined None identified None identified
Restore access to 6.6 miles of off-channel
habitat by removing or setting back levees, Further evaluate need for restoration strategies
. that block the side channels, and removing along 23% of terrace banks that have been
M2 337 403 6.6 Hnicontined riprap that prevents lateral channel migration. | riprapped; add LWD and possibly riparian planting
An additional 1 mile of side channel possibly | to side channels if reconnected
could be reconnected in the City of Twisp.
M3 40.3 41.3 1.0 Confined None identified None identified
Restore access to 5.3 miles of off-channel
habitat by removing levees that block the
side-channel entrances, removing riprap that Further evaluate need for restoration strategies
prevents lateral migration, and improving along 17% of terrace banks that have been
M4 41.3 47.0 5.7 Unconfined | road crossings that have no or undersized 1ong . L
RO . - riprapped; monitor river response from removal of
culverts; additional 1 mile of side channel MVID East diversion dam
could be reconnected that is blocked off by a
highway; coldwater springs are present that
may improve restoration benefit
Enhance existing diversion channel (about 0.3
miles long) to provide complexity with LWD
placement anq riparian plantlng,'and better Further evaluate need for restoration strategies
Moderately | connect to adjacent side channel; remove
M5 47.0 50.0 3.0 . . S along 14% of terrace banks that have been
confined riprap at 2 other locations in reach that block fiorapoed
off entrances to 0.6 miles of side channels; prapp
possibly address fill placed in historic
channels once reaccessed
M6 50.0 51.5 15 Confined None identified None identified
Opportunity to reconnect 1.8 miles of side Further evaluate need for restoration strategies
Moderately | channel, but this reach poses a challenge to along 4% of terrace banks that have been riprapped,;
M7 51.5 52.9 14 - ) : . !
confined restoring natural processes because of heavy possible LWD placement along side channels if

development in the town of Winthrop; field

reconnected; look for opportunities to protect any
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Table A-5. Summary of restoration concepts at geomorphic reach scale for 23 reaches (see Attachment 1 for supplemental information).

Down- | Up- Length
Reach | stream | stream . Primary Restoration Concepts Secondary Restoration Concepts
rRM | rm | (M) Type
assessment needed to evaluate current existing eroding banks that are threatening
Winthrop hatchery to see if any opportunities | infrastructure with methods that incorporate habitat
for side channel enhancement; features
Additional geomorphic and habitat assessment
work could be done to determine potential
M8 52.9 55.0 2.1 Confined None identified restoration opportunities by evaluating impacts of
development post-1974 on Wolf Creek drainage
that has confined the alluvial fan channels
Enhance and reconnect more than 9 miles of
side channels present in the floodplain by
widening Weeman Bridge and addressing Further evaluate need for restoration strategies
other small roads, riprap areas, levees, etc along 10% of terrace banks that have been
located along and in the channels; some riprapped; possible LWD placement in side
M9 55.0 65.5 105 Unconfined channel_ excavation may be ngeded in areas channels bging r(_eaccessed or enhanced; LWD
where fill has been placed to improve placement in main channel upstream of Weeman
inundation frequency and ability of channel to | Bridge to evaluate if effective in creating refuge
migrate; high density existing habitat use, scour pools during low flow periods when
springs, and healthy riparian zones offers dewatering sometimes occurs;
good opportunity to build upon and focus in
areas currently being utilized by salmonids;
Restore access to floodplain area in Prj-65.8 by
. removing a levee; further evaluate need for
Address artificial pond near RM 66.25 to restoration strategies along 7% of terrace banks that
M10 655 69.6 a1 Moderately | Improve function of the side channel presently | have been riprapped; consider evaluation of Early
' ' ' confined being used as a road; Winters and Goat Creek drainages for restoration
possibilities where the alluvial fan channels have
been artificially confined by human features near
the confluence with the Methow River
Lower half of reach is highly functioning . .
M11 69.6 75.0 54 Unconfined | habitat area identified for protection Further evaluate need for restoration strategies

strategies; upper half has several small levees,

along 7% of terrace banks that have been riprapped
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Table A-5. Summary of restoration concepts at geomorphic reach scale for 23 reaches (see Attachment 1 for supplemental information).

Reach

Down-
stream
RM

Up-
stream
RM

Length
(mile)

Type

Primary Restoration Concepts

Secondary Restoration Concepts

roads and housing built in recent years that is
cutting off access to historic channels and
limiting channel migration; growing housing
developments in this areas poses challenges to
restoration efforts; housing areas within the
floodplain should be evaluated to look for
restoration opportunities but to also ensure the
safety of residents and evacuation routes
during floods

T1

0.6

0.6

Confined

None identified

None identified

T2

0.6

4.4

Unconfined

Continue to evaluate MVID West diversion
and TR_Prj-4.1 for restoration opportunities;
remove or set back levees, riprap and roads
that parallel long sections of river and block
off 2.3 miles of side channels and floodplain
access in TR_Prj-3.3 and 3.15

Restore access to additional floodplain areas and
secondary/overflow channels; LWD and riparian
planting may be needed in conjunction with side
channel reconnections; further evaluate need for
restoration strategies along 3% of terrace banks that
have been riprapped;

T3

7.8

2.8

Moderately
confined

Complete TR_Prj-6.65 (Elbow Coulee) where
possibly up to 0.3 miles of side channel will
be reconnected; evaluate potential to work
with heavy development in TR_Prj-7.25 to
reconnect a 0.2 mile side channel that would
provide off-channel habitat across from a
protection and high density spawning are with
springs; remove riprap and levees that block
upstream and downstream ends of channels in
smaller areas

Remove levees to reconnect floodplain areas;
further evaluate need for restoration strategies
along 9% of terrace banks that have been riprapped

T4

7.8

9.8

2.0

Confined

Evaluate if potential to reconnect 0.2 miles of
channel in TR_Prj-8.6 where development
exists

Reconnect small floodplain areas cut off by riprap;

T5

9.8

13.5

3.7

Unconfined

Remove, breach or setback small levees and
riprap that block upstream and lateral

Further evaluate need for restoration strategies
along 8% of terrace banks that have been riprapped,
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Table A-5. Summary of restoration concepts at geomorphic reach scale for 23 reaches (see Attachment 1 for supplemental information).

Down-

Up-

Reach | stream | stream Ler!gth Primary Restoration Concepts Secondary Restoration Concepts
rRM | rm | (MI®) | Type

connectivity with the main channel at two particularly near RM 12.5 and 10.5 on the outside
concurrent floodplain areas, which combined | of meander bends along the road; small amounts of
with a protection area would provide nearly 2 | side channel excavation and LWD placement may
miles of functioning off-channel habitat; This | be needed to jump start connectivity with the main
reach would naturally have extensive channel | channel; remove riprap to restore floodplain access
migration and LWD recruitment, and in small sections in the upstream portion of reach,
additionally adding LWD could restore a where riparian planting may also be needed to slow
large section of functioning habitat that has bank erosion rates.
the potential to support a wide range of life
stages. Nearly a third of the area of the
floodplain vegetation has been cleared, mostly
in the upstream end of the reach.
Remove or set back levees and riprap between
RM 15 to 17 to restore access to channel . . .

. ; Remove small levees and riprap disconnecting
networks and wetlands, increasing off-channel . - ; )
habitat by at | iles b . d floodplain areas that do not include side channels;

T6 135 18.1 46 Unconfined | Nabitat by at least 0.7 miles but estimated at rinarian planti 4 LWD ol i b
. ) parian planting an placement may be
many more; restoration would connect .
. . needed to enhance reconnected areas if levees and
protection areas located just upstream and .
s . S riprap are removed
downstream; increasing development in this
reach may pose challenges to restoring habitat
c1 0 29 29 Confined None identified There are no restoration areas propoged in this
reach, except for very minor areas with houses.
Remove or set back small levees and riprap to
reconnect at least 4.2 miles of off-channel
c2 29 73 51 Unconfined habitat areas; this would extend existing Possible riparian planting and LWD placement in
' ' ' protection areas additional 3 miles upstream; conjunction with reconnection projects
reconnection area at downstream end (below
protection area) has heavy development
. Remove riprap or incorporate LWD features along
Moderatel : L . .
C3 7.3 9.5 2.2 . y Remove_small area of riprap to restore access main channel banks within floodplain to improve
confined to 0.1 miles of side channel

hydraulics in mainstem channel and add complexity
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Table A-5. Summary of restoration concepts at geomorphic reach scale for 23 reaches (see Attachment 1 for supplemental information).

Reach

Down-
stream
RM

Up-
stream
RM

Length
(mile)

Type

Primary Restoration Concepts

Secondary Restoration Concepts

C4

9.5

11.7

2.2

Confined

Small amounts of riprap could be removed
near RM 10.4 to 10.5 with a possible need for
excavating where fill has been placed; there is
a small amount of clearing with possible fill
placed, but remaining wetland and side
channel area may be able to be a protection
area if subsequent field work does not find
any human features; some of the most heavily
used spring Chinook spawning habitat can be
found in the Chewuch River between the
confluence of Boulder Creek and Eightmile
Creek.

None identified

C5

11.7

13.9

2.2

Unconfined

Removal or enhancement with LWD of
riprapped banks between RM 12.8 and 13 that
block off at least 0.5 miles of side channels,
and likely more once LiDAR is used to update
channel mapping;

Possible LWD placement in conjunction with
reconnection projects

C6

13.9

14.3

0.4

Confined

None identified

None identified
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The types of human features located within the floodplain and along the boundary of
the floodplain terrace banks are summarized by reach for the Methow (Figure A-7
and Figure A-8), Twisp (Figure A-9 and Figure A-10), and Chewuch Rivers (Figure
A-11 and Figure A-12). The majority of human features along the boundary of the
floodplain (terrace banks) consist of bank protection. The majority of human features
within the floodplain area consist of a combination of levees, roads, bridges, and
riprap that may be considered for setback, breaching, or removal to restore lateral
migration, improve riparian areas and large woody debris recruitment, and restore
access to side channels and floodplain areas.
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Figure A-7. Methow River — Types of human features within the low surface by reach.
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Figure A-8. Methow River — Types of human features along the boundary of the low surface by
reach.
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Figure A-9. Twisp River — Types of human features within the low surface by reach.
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Figure A-10. Twisp River — Types of human features along the boundary of the low surface by
reach.
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Figure A-11. Chewuch River — Types of human features within the low surface by reach.
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Figure A-12. Chewuch River — Types of human features along the boundary of the low surface
by reach.
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5. POTENTIAL PROTECTION AND
RESTORATION PROJECT AREAS

Within the 61-miles of the assessment area with moderately confined to unconfined
reach types, 132 individual floodplain areas were defined where there is opportunity
to preserve or restore channel and floodplain processes. The boundary of each
floodplain area was defined based on morphological features including terraces,
alluvial fans, bedrock, and the main channel position in 2004 that separates one
floodplain area from the next. Additional restoration may be needed in the main
channel along the floodplain areas as part of a restoration strategy. For example,
LWD may be added to the main channel. However, no obstructions or other features
specifically in the main channel were identified that need to be addressed. The
majority of restoration concepts involve addressing levees, riprap, bridges, and road
embankments that prevent connectivity between the main channel and the floodplain.

The 132 floodplain areas were broken into 41 protection areas and 91 restoration
areas (Figure A-13). Within the restoration category, 7 existing projects were
included in the documentation to show how new projects link to areas already being
treated. An additional 11 areas were separated out because they have substantial
development currently in place that may require more long-term planning to
implement. The tributary and consideration by others category includes 3 sites
located adjacent to the boundaries of this assessment that were identified for potential
restoration, subject to findings of subsequent analysis.

onsideration by Others

Tributary

2 Existing

Preservation
and
Monitoring

Restoration
73

Restoration
with Development

Potential Projects by Type
(Number of Projects)

Figure A-13. Distribution of potential project types in assessment area.
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5.1 LIST OF POTENTIAL PROTECTION AREA LOCATIONS AND TYPE

The 41 floodplain areas within the protection category are sites with no known human
features or vegetation and LWD clearing that impact floodplain connectivity or
complexity. These areas serve as opportunities for protection by local partners to
prevent further development and vegetation clearing that would further impact habitat
or cause a departure of channel and floodplain connectivity. These areas should be
monitored in the future to ensure there are no human impacts that would transition
this to a potential restoration area. Floodplain areas can vary in terms of benefit to
restoring habitat and floodplain processes. Therefore, protection areas were
categorized in terms of providing functioning wetland and/or channel network areas,
providing a few well defined side channels, or providing an overbank flooding
surface but no channels (Table A-6). The first two categories are considered to have
a higher biological benefit in general terms of complexity habitat because they
directly provide channels for off-channel habitat and channel migration. Overflow
surfaces and channels are also important to reduce energy during floods in the main
channel, but have a lower direct benefit for habitat compared to the other two types of
floodplain areas. A full list of potential protection sites is provided in Table A-7,
Table A-8, Table A-9, and Table A-10 and locations are shown in Figure A-3, Figure
A-4, Figure A-5, and Figure A-6.

Table A-6. Classification of protection floodplain areas by geomorphic type.

Category
Biological Percent of 80-mile
Benefit Type Description assessment area ¥
High 8 Functioning wetland or channel network area 15
High 7 Functioning side channels 8
Low 6 Functioning overflow channel or low surface (floodplain) 5

1/ does not include active channel

Note: Type 8 is “highest or best”; Numerical “type” value was also utilized in ranking of reaches (see Appx. B).
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Table A-7. List of Middle Methow protection areas sorted by size of area.

Cumulative
Area
Protection Area Floodplain Floodplain
River Segment Reach Designation ¥ Type? | Area (acres) (acres)
Middle Methow M4 MR_Prj-42.3 7 48 48
Middle Methow M2 MR_Prj-34.6 6 27 75
Middle Methow M4 MR_Prj-45.7 7 23 98
Middle Methow M5 MR_Prj-48.5 7 18 116
Middle Methow M2 MR_Prj-39.45 7 9 126

floodplain area;

2/ See Table A-6 for definitions of type.

1/ MR = Methow River; Number represents upstream river mile of mainstem river channel adjacent to

Table A-8. List of Upper Methow protection areas sorted by size of area.

Cumulative
Area

Protection Area Floodplain Floodplain

River Segment Reach Designation ¥ Type? | Area (acres) (acres)

Upper Methow M9 MR_Prj-58.6 8 263 263
Upper Methow M11 MR_Prj-72.6 6 137 400
Upper Methow M9 MR_Prj-58.9 8 79 479
Upper Methow M9 MR_Prj-56.0 8 53 531
Upper Methow M10 MR_Prj-68.6 7 40 571
Upper Methow M11 MR_Prj-70.2 7 31 602
Upper Methow M11 MR_Prj-70.25 7 26 628
Upper Methow M10 MR_Prj-69.0 6 25 653
Upper Methow M9 MR_Prj-64.1 8 23 676
Upper Methow M10 MR_Prj-69.3 6 19 695
Upper Methow M9 MR_Prj-60.5 8 15 710
Upper Methow M10 MR_Prj-67.7 7 15 724
Upper Methow M9 MR_Prj-59.6 8 14 739
Upper Methow M10 MR_Prj-66.2 6 10 748

floodplain area;

2/ See Table A-6 for definitions of type.

1/ MR = Methow River; Number represents upstream river mile of mainstem river channel adjacent to
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Table A-9. List of Twisp protection areas sorted by size of area.

Cumulative
Floodplain Area
River Protection Area Area Floodplain
Segment Reach Designation v Type Z (acres) (acres)
Twisp River T6 TR_Prj-17.95 8 102 102
Twisp River T6 TR_Prj-14.5 8 54 156
Twisp River T6 TR_Prj-15.1 8 51 207
Twisp River T6 TR_Prj-16.8 8 31 238
Twisp River T5 TR_Prj-10.9 8 29 267
Twisp River T3 TR_Prj-7.65 7 28 295
Twisp River T2 TR_Prj-3.9 7 26 321
Twisp River T6 TR_Prj-17.9 7 25 347
Twisp River T3 TR_Prj-5.8 8 13 359
Twisp River T6 TR_Prj-14.3 8 10 369
Twisp River T3 TR_Prj-5.7 8 8 377
Twisp River T4 TR _Prj-9.31 6 4 381

floodplain area;

2/ See Table A-6 for definitions of type.

1/ TR = Twisp River; Number represents upstream river mile of mainstem river channel adjacent to

Table A-10. List of Chewuch protection areas sorted by size of area.

Cumulative
Area
Protection Area Floodplain Floodplain
River Segment Reach Designation ¥ Type? | Area (acres) (acres)
Chewuch River C2 CR_Prj-3.85 7 85 85
Chewuch River C2 CR_Prj-3.65 7 24 109
Chewuch River C5 CR_Prj-13.7 6 16 125
Chewuch River C3 CR_Prj-8.05 7 16 140
Chewuch River C5 CR_Prj-13.9 6 12 153
Chewuch River C2 CR_Prj-4.8 7 12 164
Chewuch River C3 CR_Prj-9.2 6 10 174
Chewuch River C3 CR_Prj-9.8 6 8 183
Chewuch River C4 CR_Prj-11.5 6 6 189
Chewuch River C4 CR_Prj-10.95 6 3 192

to floodplain area;

2/ See Table A-6 for definitions of type.

1/ CR = Chewuch River; Number represents upstream river mile of mainstem river channel adjacent
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5.2 LIST OF POTENTIAL RESTORATION AREAS AND CONCEPTS

Each of the 84 restoration areas represents a section of floodplain that has been
disconnected from the active channel by human features or human activities. Human
features that disconnect the floodplain were not used as boundaries of the restoration
areas, but rather help define the potential restoration concepts within each floodplain
restoration area. A list of 73 potential new restoration areas and initial restoration
concepts for each area are provided in Attachment 2 to this appendix, with locations
shown on Figure A-3, Figure A-4, Figure A-5, and Figure A-6.

Restoration concepts presented are only initial ideas based solely on the human
features present and information available from this geomorphic assessment.
Restoration areas should be viewed cumulatively with other potential project areas in
a given reach to fully understand the potential benefits and issues that need to be
addressed. For example, opening the floodplain on one side of the river will alter the
energy and hydraulics on the opposite side. Additionally, opening up one section of
floodplain may allow the river to be more fully connected with currently function
areas (protection areas), creating a larger reach of viable habitat. These concepts also
need to consider upstream and downstream processes, and integrated with biological
evaluation of habitat complexity benefits and sustainability at each site.

Restoration areas with a type of “existing restoration site” have planning efforts
already in place (not necessarily through the efforts of this assessment). Areas with a
type of “restoration with development” have substantial infrastructure and restoration
concepts were not identified at this scale of assessment, but could be further evaluated
in future efforts.

5.3 SPATIAL DISTRIBUTION OF POTENTIAL PROJECT TYPES BY VALLEY
SEGMENT

The distribution of protection and restoration sites by valley segment was compared,
with the Middle and Upper Methow segments combined (Figure A-14). In
comparing potential project types amongst the river segments (Middle and Upper
Methow, Twisp, and Chewuch), most existing project work is presently being
accomplished on the Twisp River. The highest amount of potential protection and
restoration opportunities for future work are on the Methow River, because it is larger
in size than the Chewuch and Twisp.
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Types of Projects by Drainage (Percent of each project type)
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Figure A-14. Distribution of project type totals shown in previous figure by valley segment.

In Figure A-15, Figure A-16, and Figure A-17, symbols indicate the location and
types of restoration and protection areas by river mile for each valley segment
(Middle and Upper Methow are combined). For the restoration areas, where multiple
symbols are shown, orange squares indicate potential projects that would reconnect
channel networks and wetlands, blue squares indicate potential projects that would
reconnect a primary side channel and adjacent floodplain, yellow squares indicate
projects that would reconnect a primary side channel but not the adjacent floodplain,
and green squares indicate projects that would reconnect overbank floodplain surfaces
with no off-channel habitat.

On the Middle Methow and Upper Methow (Figure A-15), protection projects
dominate in the upstream unconfined reach M9 and moderately confined reach M10,
where channel networks and wetlands are common. Some restoration projects also
are proposed for these two reaches, where channels or floodplain have been
artificially cut off from the main channel. Restoration projects dominate in the
downstream unconfined reaches M2 and M4, where primary side channels are
common, and are often cut off from the main channel by a levee or diversion.
Because of the higher surfaces that are present within the low surface in these two
reaches, total floodplain reconnection may not be possible.
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On the Twisp River (Figure A-16), most projects involve the reconnection of channel
networks, primarily side channels, and floodplain. Projects that would reconnect
channel networks are dominant in reaches T5 and T6. Projects that would reconnect
primary side channels dominate in reaches T2 and T3. Protection and monitoring
projects are present along most of the river, but are primarily located in the upstream
unconfined reach, T6.

On the Chewuch River (Figure A-17), potential projects are a mix of sites
recommended for protection and monitoring and those recommended for restoration.
Restoration projects include reconnection of channel networks and wetlands or
reconnection of a primary side channel.

M7
M1 M2 M3 M4 M5 M6 M8 M9 M10 M11
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Figure A-15. Methow River — Types of proposed projects plotted by river mile, RM 28.1-75.
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Figure A-16. Twisp River — Types of proposed projects plotted by river mile, RM 0-18.
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Figure A-17. Chewuch River — Types of proposed projects plotted by river mile, RM 0-14.
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ATTACHMENT 1 - LIST OF REACH-BASED
RESTORATION STRATEGIES

Summary descriptions of restoration concepts for each of the 23 geomorphic reaches are
provided below by valley segment (e.g. middle Methow, Upper Methow, Twisp, and
Chewuch) for the 80-mile assessment area based on the findings of this geomorphic
report.

MIDDLE METHOW REACHES (M1 to M6, RM 28 to 51.5)

Reach M1 is 5.6 miles long and located between RM 28.1 (near Carlton) and RM 33.7.
The reach is a naturally confined with a single-thread channel located between glacial
deposits, alluvial-fan deposits, or bedrock up to 200 ft high. Minimal channel migration
has occurred between 1948 and 2004, and human activities are limited to riprap along the
boundary of the floodplain on glacial terraces that have been cleared of vegetation. A few
houses and associated roads also exist between RM 30 and RM 30.2. Only about 11% of
the floodplain (low surface) has been cleared of vegetation, concentrated around RM 29
and 30. The need for restoring the 27% of terrace banks that have been riprapped could be
further evaluated, but no channel or floodplain reconnection projects are proposed.
However, the benefit of such activities to fish is expected to be small because these banks
are generally high in elevation above the river and thus provide minimal potential LWD
recruitment or shade and cover benefits relative to other reaches.

Reach M2 is 6.6 miles long and located between RM 33.7 and RM 40.3. This reach is the
first unconfined floodplain with off-channel habitat encountered by fish migrating up the
Methow. The majority of area downstream of M2 is naturally confined with single thread
channels. Several sections in M2 contain well defined side and overflow channels and
evidence of historic channel migration, but only 7% of the floodplain has not been
affected by human features. The reach may have cold water recharge areas from
groundwater seepage and a few ponded areas are present. Levee removal or setback at
RM 35.5 would restore access to the upstream end of side channels providing off-channel
habitat. Removal of riprap at RM 35.5, 35.8, and 37 would allowing for more natural
rates of channel migration (assuming natural vegetation) and more river access to the
floodplain.. Combined with two other smaller areas, levee and riprap setback could yield
up to 7 miles of off-channel habitat, compared to about 1 mile currently available. The
vegetation has been cleared in 24% of the floodplain. This limits the recruitment
potential for LWD if side channels are re-accessed, suggesting additional LWD
placement or riparian tree planting could be done to speed recovery in conjunction with
off-channel reconnection projects. Other smaller opportunities also exist to restore access
to overflow channels accessed during large floods, and to restore native vegetation along
23% of the terrace banks that have been riprapped. One project area MR_Prj-40.0 has
substantial development that is part of the town of Twisp, but if restored could yield
another 1 mile of side channel.
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Reach M3 is a 1-mile long naturally confined reach through the town of Twisp that is
bounded between RM 40.3 and RM 41.3. The Twisp River enters the Methow River at
RM 41.1. The reach consists of a single main channel with limited floodplain bound by
bedrock or high-elevation surfaces composed of glacial deposits. Only about 5% of the
floodplain has been cleared of vegetation, but riprap has been placed along 61% of the
terrace banks that border the floodplain. Potential restoration activities are limited to
replacing the riprap on the terrace banks with native vegetation. Effects to water quality
or runoff from the town of Twisp were not evaluated.

Reach M4 is 5.7 miles long and is located between RM 41.3, just upstream of the
confluence with the Twisp River, and RM 47. The channel system in this reach is
composed of side channels along with a network of secondary and overflow channels in
some areas. Backwater ponding and beaver activity are present at the downstream ends of
the side channels. At least 7 miles of side channels have been disconnected by levees,
roads, and development, with only slightly more than 1 mile presently connected.
Restoration of access to off-channel habitat could occur at MR_Prj-42.6, MR_Prj-44.4,
MR _Prj-45.4, and MR_Prj-46.75. In the two project areas Prj-44.4 and Prj-45.5, levees
block the upstream entrances to the channels and road crossings have been placed
throughout the channels. An additional mile of well defined side channel in MR_Prj-42.95
is cut off by the highway and could possibly be reconnected with improved culverts or a
highway setback could occur. Several springs enter the river in this reach, which appeared
to have a cooling effect on water temperatures during base flow conditions that may boost
habitat use if off-channel areas are restored (Appendix ). Nearly 40% of the floodplain
vegetation has been cleared that could be replanted to improve roughness function of the
floodplain during floods, and allow better recruitment potential for LWD if the channel is
allowed to access the floodplain. About 17% of terrace banks along the boundary of the
floodplain have been riprapped along the outside of meander bends. The Methow Valley
Irrigation District (MVID) had a 3 ft diversion dam (MVID East) near RM 46 that was
lowered in 2007 to eliminate any portion of the dam protruding above the river bed that
could interfere with fish passage at low flows. Additional design work is being
accomplished by Reclamation to improve the head works and flood protection of a recently
added MVID East diversion structure that utilizes a small constructed channel on river left,
parallel to the existing main channel.

Reach M5, which is 3 miles long, is located between RM 47 and RM 50. This reach is
moderately confined by mostly glacial deposits and in some areas by bedrock. Side
channels have been disconnected by levees, roads, and development. Only 0.2 miles of
side channel are presently accessible. In MR_Prj-49.65 an existing diversion channel is
present. Just adjacent to this diversion channel is a well developed side channel with
good riparian vegetation and beaver activity. The diversion channel could be enhanced to
provide more complexity and connectivity with the existing side channel using LWD and
riparian planting if it does not impact diversion capabilities or is considered for
replacement with wells. In MR_Prj-49.1 and 49.2 there are two 0.3-mile long side
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channels that could be reconnected by removing riprap that blocks the upstream entrance.
Some excavation may be needed in Prj-49.1 to remove fill material. About 14% of the
floodplain boundary has been riprapped, and 27% of the floodplain vegetation has been
cleared that could also be addressed as a secondary effort.

Reach M6, which is 1.5 miles long, is located between RM 50 and RM 51.5, where the
Chewuch River enters the Methow River and the town of Winthrop is located. This reach
is naturally confined by high surfaces composed of glacial deposits, or bedrock, such as
near RM 50 and just upstream of RM 51. The Chewuch River contributes almost as
much flow as the Methow River at its confluence (Appendix J). In 2006, the Chewuch
River caused a nearly 1° C rise in temperature in the mainstem Methow, possibly due to
large fires occurring in the upper Chewuch watershed. Prior to the fires, temperature
measurements did not show a warming effect. Because the floodplain is naturally
confined, the impacts of human activities are limited to armoring along 12% of the glacial
banks on river left at the upstream end. Less than 5% of the floodplain has been cleared
of vegetation. There is one bridge, but it is located at a natural constriction. Effects to
water quality or runoff from development at the town of Winthrop were not evaluated.

UPPER METHOW REACHES (M7 to M11, RM 51.5 to 75)

Reach M7, which is 1.4 miles long, is located between RM 51.5 (confluence of the
Chewuch River), and RM 52.9 and includes part of the town of Winthrop. The reach is
moderately confined, with a floodplain more than three times wider than the naturally
confined reaches just downstream (M6) and upstream (M8). The floodplain is bounded
by high surfaces composed of glacial deposits or bedrock. Channel migration has
historically occurred, and side channels are evident. The reach has been documented to
gain river flow from groundwater during low-flow periods (Konrad, 2003). There are no
functioning floodplain areas in this reach due to houses, roads, and development that have
decreased the floodplain width by nearly 900 ft and cut off 1.4 miles of side channels.

MR _Prj-52.6 has significant development including houses and roads that pose a
challenge to reconnection opportunities. The Winthrop hatchery is present in MR_Prj-
52.15 and more detailed analysis is needed to see if there are any opportunities for
enhancement to the connectivity and function of the side channel in this area. About 41%
of the floodplain has been cleared of natural vegetation, but only 4% of the terrace banks
have been riprapped. Due to the heavy development, it may be worth looking for
opportunities to protect any banks that are currently eroding and threatening infrastructure
with methods that incorporate habitat features such as LWD, rather than waiting until the
next large flood occurs.

Reach M8, which is 2.1 miles long, is a naturally confined reach located between RM
52.9 and RM 55. The floodplain is bounded by high surfaces composed of glacial
deposits and a large alluvial-fan deposit from Wolf Creek on river right near RM 54.
Wolf Creek is the largest tributary in this reach, and was observed to have debris flows on
the 1948 and 1974 aerial photographs. Since 1974, several areas of Wolf Creek have
been developed and the alluvial fan has been channelized that could be evaluated in a
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separate effort for habitat restoration opportunities. A few LWD and pool formation
restoration efforts were done in 2000 in lower 1.5 miles according to KWA, 2004).
Water temperature measurements indicate Wolf Creek presently causes a warming effect
on Methow River flows (Appendix I). About 11% of the floodplain has been cleared of
vegetation and 40% of glacial banks have been riprapped. There are no off-channel
habitat areas, so restoration opportunities in this reach are limited to evaluating if
floodplain boundaries that have been riprapped could be improved to provide better
habitat features and looking more closely at the Wolf Creek drainage.

Reach M9 is 10.5 miles long and is located between RM 55 and RM 65.5, near the mouth
of Goat Creek. This is an unconfined reach, which has a wide and forested floodplain,
extensive channel networks, and water-filled abandoned channels. Historically, channel
migration has actively occurred in this reach creating a channel network of active,
recently active, and abandoned main channels, secondary channels, and overflow
channels. The mainstem flow gains groundwater during base-flow periods in late
summer, and two seeps (Hancock Springs and Suspension Creek) provide cooling effects
at RM 60 and RM 60.3. There are presently at least 11.4 miles of side channels not cut
off by levees, roads, or other features and more than 9.7 miles of potential additional
channels that could be reconnected and/or enhanced. The largest man-made confinement
to the floodplain is from Weeman Bridge at RM 61.2, which if widened could increase
channel migration and off-channel habitat availability both upstream and downstream of
the bridge. Other smaller roads, embankment dams, and fill have occurred sporadically
throughout the reach and impact the connectivity and inundation frequency of smaller
channels within the floodplain. Notable constrictions are embankment dams near RM 56,
a pedestrian tramway that contains bank armoring at RM 57, a suspension bridge near
RM 65, and several small levees. About 13% of the floodplain vegetation has been
cleared, which occurs mostly near Weeman Bridge. Historically, log drives and log mills
were present in this reach which reduced LWD levels. The 1948 flood also notably
washed out LWD in many areas and remaining LWD was removed following the flood.
Although several small features disconnect the floodplain, this area also has diverse,
healthy riparian vegetation with 34% of the reach identified for protection (Appendix H).
Additionally, high density spawning use occurs in the vicinity of the spring outlets. This
reach offers a great opportunity to enhance and expand existing habitat by fixing several
smaller features that presently impact channel migration and floodplain connectivity.
Upstream of Weeman Bridge, dewatering has been observed to occur in dry years during
late fall and early winter periods. The longitudinal extent and duration of dewatering
varies from year to year depending on flow conditions (wet or dry year). A spring at
Suspension Creek at RM 64.5 helps mitigate for the dewatering and can keep pools
wetted between the spring and the Weeman Bridge. Past studies suggest the dewatering
is a natural occurrence, but local wells and diversions may cause dewatering to occur
earlier than in natural conditions. If information is available, further research could be
done to better evaluate this issue. Reach M9 is a naturally gaining reach, and downstream
of Weeman Bridge flows were documented to gradually increase from groundwater
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sources (Appendix F). A pilot project could be placing additional LWD in the channel to
form scour pools deep enough to hold water during the low-flow summer period and
provide some localized refuge when the flow reduces.

Reach M10, which is 4.1 miles long, is located between RM 65.5 and RM 69.6, just upstream
of Early Winters Creek. This reach is moderately confined with 1.2 miles of small side
channels presently accessible and about 52% of the reach presently functioning. The large
alluvial-fan deposits from Goat Creek, Little Boulder Creek, and Early Winters Creek
naturally constrict the floodplain and naturally limit channel migration. The channel
occasionally dewaters during the late summer and fall in very dry years (Konrad and others,
2003). An additional 1.2 miles of channels have been disconnected that would increase off-
channel habitat availability. The main restoration effort in this section could be to modify an
artificial pond near RM 66.25 to improve function of the side channel presently being used as
aroad. A smaller floodplain area in Prj-65.8 could also be restored by breaching, setting
back, or removing a levee. Log drives also occurred historically in this reach, and some
LWD placement may be appropriate to restore natural levels, although a fair amount of LWD
is present in the channel as of 2006. About 12% of the floodplain vegetation has been cleared
and 7% of the banks along the floodplain boundary are riprapped near the town of Mazama.
The lower 2 miles of Early Winters has been channelized to accommodate Highway 20
(KWA, 2004) and could be evaluated in a separate effort for restoration opportunities. The
Goat Creek drainage has 150 miles of roads (KWA, 2004) that may need to be further
evaluated to determine if there is any impact on restoration projects proposed in this reach.

Reach M11, which is 5.4 miles long, is located between RM 69.6, at the Early Winters
alluvial-fan deposit, and the confluence of Lost Creek and the West Fork Methow River
near RM 75. This is an important spawning and rearing area for salmonids, and is also an
important migration corridor for fish utilizing additional key habitat areas in the upstream
West Fork and Lost River sections. This is an unconfined reach bounded by high banks
composed of glacial deposits, alluvial-fan deposits, and bedrock. The large alluvial-fan
deposit from Early Winters Creek at RM 69.6 naturally limits channel migration and the
floodplain width. This reach naturally loses river flow to the groundwater aquifer and
commonly dewaters during the late summer and fall (Konrad et al. 2003). Ponded areas,
especially in abandoned channel paths, are common. The floodplain has extensive forest,
channel networks, and LWD present, and the lower half (38%) of the floodplain is
identified for protection strategies. About 3.2 miles of off-channel habitat are presently
available, mostly in the lower half of the reach, but at least 2.8 miles are directly cut off
by human features in the upper half of the reach (MR_Prj-74.15 is less developed and
MR_Prj-75.01 is more developed). The floodplain has been narrowed significantly by
roads, levees, houses, and development appears to be expanding in the upper half of the
reach. Because many of these developments are in the floodplain, the long-term potential
for impacting channel and floodplain processes is likely high assuming many of these
areas will be protected following the next large flood. Overall floodplain vegetation has
been cleared in only 8% of the reach, but in localized areas of development clearing is
becoming more prevalent. About 7% of the terrace banks have been armored with riprap.
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Due to the residential development, restoration strategies will need careful consideration
to determine if there are opportunities to work with existing land use to reconnect off-
channel habitat without endangering residents.

TWISP REACHES (T1to T6, RM 0 to 18.1)

Reach T1 is naturally confined reach 0.6 miles long and located between RM 0
(confluence with Methow) and RM 0.6. The town of Twisp is on surfaces bounding both
sides of the reach. The floodplain is bounded by bedrock or high banks that are
composed of glacial deposits and only a few high flow channels are naturally present.
Although the floodplain is naturally confined, it has been further narrowed by levees,
roads, and houses. About 33% of the terrace banks that bounded the floodplain are
riprapped. Restoration opportunities may be limited due to land use and no channel or
floodplain reconnections are proposed.

Reach T2, which is 4.4 miles long, is an unconfined reach located between RM 0.6 and
RM 5, near the mouth of Poorman Creek. The floodplain is naturally narrower
downstream of RM 1.7 than in the upstream part of the reach. Downstream of RM 1.7,
the floodplain is bounded by bedrock and high surfaces that are composed of glacial
deposits. Upstream of RM 1.7, the floodplain is bounded by mostly glacial deposits, and
small alluvial-fan deposits and landslide/debris flow deposits. There is one seep
identified in this reach, near RM 2.8, and ponded areas, mostly in abandoned channels,
are present near RM 1.5 and between RM 3.5 and RM 4. Only 9% of the reach is
functioning with less than 1 mile of side channels presently accessible. Unlike other
areas where levees and riprap mainly block off entrances to side channels, reach T2 has
long distances of riprap and levees that run parallel to the main channel. These human
features cut off access to nearly 5 miles of side channels and floodplain areas and prevent
channel migration, particularly between RM 1.7 and RM 5. Irrigation withdrawals occur
at two locations: MVID West at RM 3.9, and Brown/Gillihan Ditch at RM 4.6. MVID
West is located in TR_Prj-4.1 where a series of ponds were constructed between 1954
and 1964 based on historical aerial photography from these years. It is unclear based on
aerial photography if the ponds were dug along the path of a historic side channel or in a
higher elevation floodplain surface. The MVID West diversion and ponds and side
channels in TR_Prj-4.1 are presently being evaluated by Reclamation and local partners
to update the diversion infrastructure and identify floodplain restoration opportunities.
Restoration projects TR_Prj-4.9, TR_Prj-3.3, TR_Prj-3.15, and TR_Prj-1.8 offers an
opportunity to restore nearly 4 miles of side channel habitat by addressing riprap, levees,
and push-up levees that prevent channel migration and block access to the floodplain.
TR_Prj-1.8 appears to have more disturbances to the historic channels including a series
of man-made ponds that may require additional steps to identify restoration opportunities.
Remaining project areas offer opportunities to restore access to secondary and overflow
channels (less frequently inundated), and floodplain areas. About 39% of the floodplain
has been cleared of vegetation, but only 3 % of the floodplain boundary has been
riprapped. Historically, LWD removal occurred in the 1960s and 1970s along several
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sections of Twisp River including Reach T2, which may justify adding LWD back in the
channel in appropriate locations.

Reach T3 is 2.8 miles long and located between RM 5, near the mouth of Poorman Creek,
and RM 7.8, where Myer and Newby creeks join the Twisp River and their alluvial-fan
deposits create a confined section. Reach T3 is a moderately confined reach bounded by
mostly glacial deposits and a few small alluvial-fan deposits, with a narrow section
naturally confined by bedrock at the downstream end (RM 5 to 5.4). One seepage area is
present near RM 7.4 that may offer cold water recharge and a high density of spawning
has been noted to occur at this location. About 45% of this reach is functioning and 1
mile of channels are presently accessible, but many key areas are disconnected by levees,
roads, and other features. TR_Prj-6.65 (Elbow Coulee) is an existing project site where
possibly up to 0.3 miles of side channel reconnections are being considered. There is an
additional 0.4 miles of side and overflow channels that could be reconnected. TR_Prj-
7.25 has a 0.2-mile long side channel that would provide off-channel habitat across from
a protection area where a lot of spawning presently occurs. However, roads, bridges and
development are present in addition to riprap along most of the channel length where
floodplain side channel are blocked. The remaining potential project areas contain small
amounts of riprap and levees that block upstream and downstream ends of channels.
About 22% of the floodplain vegetation has been cleared, and 9% of the floodplain
boundary has been riprapped. Irrigation withdrawals occur at two locations: Hottel
Diversion at RM 6 and Twisp River Power and Irrigation Ditch at RM 6.9.

Reach T4 is a naturally confined 2-mile long reach located between RM 7.8, at the
confluence of Newby and Myer creeks, and RM 9.8, near the confluence of Little Bridge
Creek. This reach has a fairly steep slope relative to a flatter channel slope that occurs
upstream of this reach. Although mostly confined by glacial surfaces and bedrock, there
are a few floodplain areas that offer opportunities to restore floodplain access by
addressing bridges, roads, and riprap located in the floodplain. However, development
and infrastructure are present in 2 of the 3 potential areas. About 16% of the floodplain
boundary has been riprapped that could be addressed. About 15% of the floodplain
vegetation has been cleared for agriculture, grazing, and development.

Reach T5, which is 3.7 miles long, is located between RM 9.8, near the confluence of
Little Bridge Creek, and RM 13.5. It is an unconfined reach with several wetland and
channel networks areas, except for a 0.2-mile-long section between RM 13.3 and RM
13.5 confined by opposing alluvial-fan deposits from Buttermilk and Canyon creeks. The
floodplain is bounded by bedrock, glacial deposits, alluvial-fan deposits (especially the
large one from Buttermilk Creek), and short sections of landslide/debris-flow deposits.
Only 14% of the reach is presently functioning that is composed of a fairly large
floodplain area containing a 0.5-mile long side channel. Two additional large floodplain
areas (TR_Prj-11.25 and 12.25) upstream of the protection site (TR_Prj-10.9) could be
restored by removing small levees that block upstream and lateral connectivity with the
main channel, and riprap that prevents channel migration. These three areas would
provide a large cumulative area of functioning habitat. Both areas have good riparian
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vegetation and evidence of numerous side channels that would provide good off-channel
habitat. Small amounts of side channel excavation at the upstream ends may be needed to
jump start connectivity with the main channel. This reach would naturally have extensive
channel migration and LWD recruitment, and additionally adding LWD could restore a
large section of functioning habitat that has the potential to support a wide range of life
stages. Nearly one-third of the floodplain vegetation has been cleared, mostly in the
upstream end of the reach. Smaller floodplain areas at the upstream end where vegetation
has been cleared could also be restored by removing riprap along the main channel and
replanting vegetation. Because riparian vegetation may take decades to establish, riprap
or other temporary stabilization measures may be needed to prevent accelerated rates of
bank erosion until vegetation re-establishes. One diversion occurs at RM 11.1 (Elmer
Johnson/ Libby/Culbertson Ditch) but there is no known need for rehabilitation of this
infrastructure. About 8% of floodplain banks have been armored with riprap along the
outside of meander bends, which could be evaluated to see if there is a need for
addressing the riprap in terms of habitat function.

Reach T6 is 4.6 miles long and located between RM 13.5, near the confluence of
Buttermilk and Canyon creeks, and RM 18.1, just upstream of the confluences of Eagle and
War creeks. It is an unconfined reach with multiple channel networks, springs, and
wetlands. The floodplain is bounded by primarily alluvial-fan deposits and some glacial
deposits with no riprap. About 60% of this reach has functioning floodplain areas with at
least 1.8 miles of side channels and a generally healthy riparian vegetation zone. However,
in the middle of the reach between RM 15 and the USFS boundary at RM 17 development
has recently increased. This area poses opportunities to reconnect at least 0.7 mile of side
channels, with several more not detected on 2004 aerial photography, but visible on 2006
LiDAR. This would provide a cumulative benefit of a large functioning habitat area since
there are protection areas just downstream and upstream. There are several levees and a
few areas of riprap that prevent connectivity with the main channel, and about 8% of the
floodplain vegetation has been cleared mostly near RM 16.2.

CHEWUCH REACHES (C1 to C6, RM 0 to 14.3)

Reach C1 is a 2.2-miles long naturally confined reach located between the confluence
with the Methow River at Winthrop (RM 0) and RM 2.2. The floodplain is bound by
glacial deposits and bedrock at the downstream end. Two landslide/debris flow deposits
are present along the low surface (near RM 0.4 and near RM 0.95). A few houses are
present within the floodplain, but only 9% of floodplain vegetation has been cleared. Due
to the large amount of bedrock, only 2% of the floodplain banks are riprapped. There are
no restoration areas proposed in this reach, except for very minor areas with houses or
riprap. The Fulton diversion dam is located at RM 0.9 and has been recently updated to
improve fish passage.

Reach C2, which is 5.1 miles long, is located between RM 2.2 and RM 7.3, near the
confluence of Cub Creek. This is an unconfined reach with 2.5 miles of existing side
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channels. About one-third of the reach that is presently functioning and identified for
protection between RM 2.8 and 3.9. A fair amount of spawning presently occurs
throughout this reach. Between RM 3.9 and 7.3 there are at least 3.4 miles of channels
that could be reconnected to create off-channel habitat areas. The cumulative length of
all channels mapped is the longest of the six Chewuch River reaches evaluated. There
appears to be only a few small levees, dikes, and roads that need to be addressed to
reconnect side channels and floodplain areas. These human features limit the present
width of the low surface to between 130 ft and 230 ft less than the geologic width of the
low surface. About 17% of the floodplain vegetation has been cleared, particularly
between RM 3 and 4. No riprap was noted on terrace banks (floodplain boundary).
Diversion of water by the Chewuch diversion dam and irrigation withdrawals decreases
the flows in this reach, especially in late summer.

Reach C3, which is 2.2 miles long, is located between RM 7.3, near Cub Creek, and RM
9.5, near the middle of the large alluvial-fan deposit from Boulder Creek. Thisis a
moderately confined reach bound by bedrock and glacial deposits, mostly, and by a large
alluvial-fan deposit from Boulder Creek at the upstream reach boundary. In this reach,
the slope progressively steepens to the confluence with Boulder Creek, and large boulders
originating from Boulder Creek line the Chewuch River bed. There are 0.7 miles of side
channels currently accessible, and only 0.1 miles that could be reconnected. The main
human features are a few small areas of riprap, which could be removed to restore access
to the side channel. In several areas the riprap is placed along the edge of a floodplain
surface which does not limit access to the floodplain, but does alter channel hydraulics in
the main river. These areas could be replaced with protection that incorporates LWD to
break up the hydraulics along these banks, or remove the protection if no longer needed.
The Chewuch diversion dam is located at RM 9.3, and has been recently updated to
improve fish passage.

Reach C4, which is 2.2 miles long, is located between RM 9.5, where Boulder Creek
joins the Chewuch River, and RM 11.7, where Eightmile Creek joins the Chewuch River.
This reach is composed of two confined sections between RM 9.5 and RM 9.8 and RM
10.4 to 11.7, and a moderately confined section between RM 9.8 and RM 10.4. CR_Prj-
10.1 and 10.4L are the main opportunities in this reach to restore access to side channel
and wetland areas. Small amounts of riprap could be removed near RM 10.4 to 10.5 with
a possible need for excavating fill material from side channels. In CR_Prj-10.1 there isa
small amount of clearing with possible fill placed in side channels, but this reach may be
a protection area if subsequent field work does not find any human features. Some of the
most heavily used spring Chinook spawning habitat can be found in the Chewuch River
between the confluence of Boulder Creek and Eightmile Creek. This reach is upstream of
all major irrigation diversions and has the greatest late summer stream flows and the
coldest water according to local USFS biologists. This is because of spring-fed water
from Eightmile Creek (Appendix I). Bull trout also use the reach for foraging, especially
in the cold water areas near Eightmile Creek. Eightmile Creek contributes finer-sized
sediment to the Chewuch River, believed to originate from timber harvesting activities
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that may need to be considered as part of a separate analysis (Appendix N). A small
amount of floodplain vegetation has been cleared in 13 % of the reach. In 1961, the
USFS funded the removal of debris and logjams in portions of both the Chewuch River
and Boulder Creek (Andonaegui, 2000). The Chewuch watershed analysis reports that
large-scale, channel-clean-out efforts removed additional LWD and log jams following
the 1948 and 1972 floods (Smith et al, 2000). LWD placement may be beneficial as part
of a restoration strategy, particularly between RM 9.8 and 10.4

Reach C5, which is 2.2 miles long, is located between RM 11.7 (Eightmile Creek) and
RM 13.9. This is an unconfined reach with several wetland and channel network areas on
either side of the river. This area is also a high spawning use area. The main human
features are a series of riprapped banks between RM 12.8 and 13 that block off at least
0.5 miles of side channels, and likely more once LiDAR is used to update channel
mapping. Riparian vegetation is generally in good condition, but development does exist
that will need to be considered in restoration plans. Only a small area of the floodplain
vegetation has been cleared and there is no riprap on terrace banks.

Reach C6 is a 0.4-mile long, naturally confined reach located between RM 13.9 and RM
14.3, where Falls and Butte Creek join the Chewuch River at the USFS boundary. The
floodplain, which is only about 300 ft wide, is confined by alluvial-fan deposits from Falls
Creek on river right and from Butte Creek on river left. There are no known human features
that need to be addressed. Springs are present at Falls Creek, near the upstream reach
boundary. Upstream of this reach, the land is managed by the USFS. Major wildfires have
burned with varying intensities in 70% of the upper Chewuch watershed in 2001, 2003, and
again in 2006 (Methow Valley Ranger District, 2007). In the summer of 2004 major
landslides and debris torrents (Andrews Creek and Lake Creek drainages) occurred in the
upper watershed and had a dramatic effect on the watershed. There was concern at the time
that ESA-listed fish species would be negatively affected by the 2001 and 2003 fires.
However, bull trout and spring Chinook redd counts show that populations have been
maintained at pre-disturbance levels and the distribution of redds has slightly expanded to
take advantage of new habitat created by the landslides.
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ATTACHMENT 2 - LIST OF POTENTIAL

FLOODPLAIN RESTORATION PROJECTS AND
CONCEPTS

Tables of initial restoration concepts are provided below for the Middle Methow, Upper
Methow, Twisp River, and Chewuch River.
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Attachment Table A- 1. List of Middle Methow floodplain areas in need of restoration and initial concepts for consideration in scoping the next phase of

assessment.
Drainage Reach Area Designation Type Primary Goal Initial Concepts
Remove levee and riprap at the upstream end of
Reconnect primar the site between RM 35.5 and RM 35.35, remove
Middle Methow M2 MR_Prj-35.5 Restoration side channepl y push-up levee at the downstream end of the site
between RM 34.25 and RM 34.1, and remove
riprap between RM 35.3 and RM 34.8
. - . Reconnect low Remove riprap along river between RM 35.8 and
Middle Methow M2 MR_Prj-35.8 Restoration surface (floodplain) RM 35.65
Middle Methow M2 MR_Prj-37.1 Restoration Reconnect Remove riprap and cabled logs between RM 37.1
- secondary channels and RM 36.9
Reconnect primary Redesign levee along the upstream end of the
Middle Methow M2 MR_Prj-38.4 Restoration side channel with prOJeqt area between RM 38.4 and RM 38.1,
redesign or remove small dams and roads across
wetland .
channel in several places
. . . Reconnect overflow Remove riprap along the project site between RM
Middle Methow M2 MR_Prj-38.9 Restoration channels 38.9 and RM 38.1
Reconnect Remove riprap between RM 39.9 and near RM
Middle Methow M2 MR_Prj-39.9 Restoration secondary channels 39.7, and add culverts at road (Twisp-Carlton
with wetland highway)
Middle Methow M2 MR_Prj-40.0 Restoration with
Development
Middle Methow M4 MR_Prj-42.25 Restoration Reconnect low Remove riprap between RM 42.25 and RM 41.9
surface (floodplain)
Remove or redesign one or both levees between
Middle Methow M4 MR_Prj-42.6 Restoration Reconnect overflow RM 42.6 and RM 42.3; could co_n5|der connecting
- channels the upstream end only and leaving the levee farther
from the river
Middle Methow M4 MR_Prj-42.95 Restoration with
- Development
Middle Methow M4 MR_Prj-43.4 Restoration Reconnect low . Restore cleared areas; buildings
surface (floodplain)
Excavate entrances to channels and improve
Reconnect connectivity, remove riprap between RM 43.2 and
Middle Methow M4 MR_Prj-44.4 Restoration secondary and y: prap |

overflow channels

RM 43.4, remove push-up levee between RM 44.3
and RM 44.1; restore cleared areas
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Drainage Reach Area Designation Type Primary Goal Initial Concepts
Reconnect primary
side channel (located | Remove or setback levee, remove push-up levee,
Middle Methow M4 MR_Prj-45.4 Restoration fa_rther from river) and remove riprap between RM 45.4 and RM 45,
with wetlands and redesign or remove roads and small dams or
secondary channel footbridges at several locations
(closer to river)
MVID diversion dam is being considered for
replacement with an upstream diversion structure;
Reconnect remove levee on right bank and push-up levee on
Middle Methow M4 MR_Prj-46.75 Restoration secondary and rlggt side clhannel kl)etwefen RM ‘BG-Z%?UthM 46.0,
overflow channels add (or replace) cu vgrt or a road (old highway)
that cuts across the site between RM 46.1 and RM
45.6, provide backwater connection to downstream
secondary channel, restore cleared areas
Middle Methow M5 MR_Prj-47.3 Restoration Reconnect low . Redesign or remove road, or add culverts
surface (floodplain)
Remove or redesign fill at the upstream end of the
. . . Reconnect primary primary side channel near RM 49, redesign or
Middle Methow M5 MR_Prj-49.1 Restoration side channel remove road and riprap between RM 48.7 and RM
48.5
Middle Methow M5 MR_Prj-49.2 Restoration Reconnect primary Remove riprap between RM 49.2 and RM 49.0
side channel
Diversion channel could be enhanced with LWD
Reconnect primar and riparian vegetation, possible conversion of
Middle Methow M5 MR_Prj-49.65 Restoration P y water users to another source, remove riprap

side channel

between RM 49.25 and RM 49; beaver activity
present at site
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Attachment Table A- 2. List of Upper Methow River floodplain areas in need of restoration and initial concepts for consideration in scoping the next phase of

assessment.
Drainage Reach | Area Designation Type Primary Goal Initial Concepts
Upper Methow M6 MR_Prj-52.15 Restoration with
Development
Upper Methow M6 MR_Prj-52.6 Restoration with
Development
Upper Methow M6 MR_Prj-52.9 Restoration with
Development
Upper Methow M9 MR_Prj-56.35 Restoration with
Development
Upper Methow M9 MR_Prj-56.5 Restoration Restore wetland and Remove three small dams near RM 56.25, RM 55.75, and RM
channel network with 55.5, restore areas with minor roads, restore cleared areas;
springs would provide continuous connection with upstream protection
site
Upper Methow M9 MR_Prj-56.8 Restoration Reconnect low surface Remove riprap at upstream end near RM 56.9, remove roads
(floodplain) near RM 56.75 and near RM 56.6, restore cleared areas
Upper Methow M9 MR_Prj-60.25 Restoration Reconnect channel Restore flow to primary and secondary channels upstream (in
network Fender Mill project site), remove riprap between RM 60.3 and
RM 60.25, restore cleared areas
Upper Methow M9 MR_Prj-60.85 Existing
Restoration Site
Upper Methow M9 MR_Prj-61.0 Existing
Restoration Site
Upper Methow M9 MR_Prj-62.4 Restoration Reconnect secondary Remove riprap between RM 62.5 and RM 62.1, possible culvert
and overflow channels opening through Weeman bridge near RM 61.2 to allow
channel connectivity with controlled flow at upstream entrance,
redesign roads and levees (and riprap) that cut across low
surface between RM 61.5 and RM 61.2, remove riprap between
RM 61.8 and RM 61.7, and restore cleared areas
Upper Methow M9 MR_Prj-62.9 Restoration Reconnect primary side | Remove push-up levee between RM 62.5 and RM 62.25
channel and secondary | (downstream end), may need to address amount of flow and
channels WDFW diversion structure in main channel near RM 62.65
Upper Methow M9 MR_Prj-63.7 Restoration Reconnect secondary Remove riprap between RM 63.6 and RM 63.25, remove levee

channels

between RM 63.75 and RM 63.6, redesign or remove bridges
and road across former secondary channel
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Drainage Reach | Area Designation Type Primary Goal Initial Concepts
Upper Methow M9 MR_Prj-64.4 Restoration Reconnect primary side | Assess whether Suspension Bridge impacts channel
and secondary connectivity near RM 64.35, remove riprap between RM 64.4
channels and RM 64.35 and between RM 63.2 and RM 63.1; area
currently used by winter skiers
Upper Methow M9 MR_Prj-65.2 Restoration Reconnect primary side | Assess whether Suspension Bridge impacts channel
and overflow channels connectivity near RM 64.35, remove or redesign levee between
with springs RM 64.25 and RM 64.1, remove small bridge (footbridge?) near
RM 64.4, restore cleared areas; area currently used by winter
skiers; contains Suspension Creek and springs, which are used
intensively for spawning
Upper Methow M10 MR_Prj-65.8 Restoration Reconnect low surface Remove push-up levees between RM 65.5 and RM 65.1,
(floodplain) restore cleared areas
Upper Methow M10 MR_Prj-66.75 Restoration Reconnect primary and | Modify artificial pond near RM 66.25 to allow flow, eliminate use
overflow channels of channel path as a road, restore cleared areas
Upper Methow M11 MR_Prj-74.15 Restoration Reconnect channel Remove or redesign roads and other development throughout
network project area to provide more channel connectivity, remove
push-up levee between RM 73.55 and RM 73.3, restore cleared
areas;
Upper Methow M11 MR_Prj-75.0R Restoration Reconnect low surface Remove roads, restore cleared areas; would need to assess
(floodplain) connectivity with confluence of Lost River
Upper Methow M11 MR_Prj-75.0L Restoration with

Development
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Attachment Table A-3. List of Twisp River floodplain areas in need of restoration and initial concepts for consideration in scoping the next phase of

assessment.
Drainage | Reach Area Type Primary Goal Initial Concepts
Designation
Twisp River | T1 TR_Prj-0.35 Restoration with Development
Twisp River | T1 TR_Prj-0.58 Restoration with Development
Twisp River | T2 TR_Prj-1.3 Restoration Reconnect Remove push-up levee between RM 1.3 and RM 1.2, and
secondary restore developed areas
channels
Twisp River | T2 TR_Prj-1.8 Existing Restoration Site
Twisp River | T2 TR_Prj-1.9 Restoration Reconnect low Remove riprap between RM 1.85 and RM 1.7; assess need to
surface redesign road and bridge near RM 1.85 (Are they acting as a
(floodplain) levee?)
Twisp River | T2 TR_Prj-2.95 Restoration Reconnect Remove riprap between RM 2.65 and RM 2.55
overflow channels
Twisp River | T2 TR_Prj-3.15 Restoration Reconnect Remove riprap between RM 3.03 to 3.08
primary side
channel
Twisp River | T2 TR_Prj-3.3 Restoration Restore channel Remove levee between RM 3.2 and RM 3.05, remove road and
network with riprap between RM 2.35 and RM 2.2 and between RM 2.1 and
springs RM 1.95, remove riprap between RM 2.75 and RM 2.58,
redesign or remove roads between RM 2.75 and RM 1.95,
restore cleared areas; buildings; project could be subdivided so
that only restore the upstream portion is restored and roads are
left in place
Twisp River | T2 TR_Prj-4.1 Existing Restoration Site
Twisp River | T2 TR_Prj-4.55 Restoration Reconnect Remove levee between RM 4.55 and RM 4.4; need to assess
secondary MVID west diversion redesign project located at this site and
channels connectivity with downstream Chain of Lakes project
Twisp River | T2 TR_Prj-4.9 Restoration Restore channel Excavate entrance of north channel, redesign bridge, riprap, and

network

road near RM 5.0, remove push-up levee and riprap between
RM 4.15 and RM 4, and remove riprap between RM 4.4 and RM
4.25
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Drainage | Reach Area Type Primary Goal Initial Concepts
Designation

Twisp River | T2 TR_Prj-4.95 Restoration Reconnect Channel excavation will be needed where fill has been placed
overflow and
possible
secondary
channels

Twisp River | T3 TR_Prj-5.95 Restoration Reconnect Remove riprap between RM 6.0 and RM 5.95 and near RM 5.7
secondary and
overflow channels

Twisp River | T3 TR_Prj-6.4 Restoration Reconnect Remove levee between RM 6.35 and RM 6.3, remove push-up
overflow channels | levee between RM 6.15 and RM 6.1, restore cleared areas;

assess heed to redesign bridge near RM 6.08 in main channel
(Bridge may have little impact)

Twisp River | T3 TR_Prj-6.65 Existing Restoration Site

Twisp River | T3 TR_Prj-7.0 Restoration Reconnect low Restore cleared areas; buildings
surface
(floodplain)

Twisp River | T3 TR_Prj-7.25 Restoration Reconnect Multiple human features at this site impact channel connectivity;
primary side assess need to redesign road between RM 7.25 and RM 7.15
channel and to redesign bridge near RM 7.15, remove riprap between

RM 7.2 and 7.05, will need to address diversion near RM 7.25

Twisp River | T3 TR_Prj-7.64 Restoration Reconnect Remove riprap at downstream end of channel between RM 7.6
secondary and RM 7.55, may need to excavate channel entrance
channel

Twisp River | T4 TR_Prj-8.2 Restoration with Development

Twisp River | T4 TR_Prj-8.43 Restoration Reconnect low Assess need to redesign or remove bridge near RM 8.4, remove
surface riprap between RM 8.43 and RM 8.25
(floodplain)

Twisp River | T4 TR_Prj-8.6 Restoration Reconnect Assess need to redesign bridge and road near RM 8.4 to allow
secondary flow into secondary channel, remove riprap between RM 8.55
channel and RM 8.4, restore cleared areas; buildings

Twisp River | T4 TR_Prj-9.05 Restoration Reconnect low Remove riprap between RM 8.8 and RM 8.75, restore cleared

surface
(floodplain)

areas; buildings
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Drainage | Reach Area Type Primary Goal Initial Concepts
Designation

Twisp River | T5 TR_Prj-10.28 | Restoration Reconnect low Restore cleared areas
surface
(floodplain)

Twisp River | T5 TR_Prj-10.63 | Restoration Reconnect low Assess the presence of any old channel paths that could be
surface restored; assess need to redesign or remove road between RM
(floodplain) 10.5 and RM 10.35, remove riprap between RM 10.65 and RM

10.58, restore cleared areas; buildings

Twisp River | T5 TR_Prj-11.25 | Restoration Restore wetland Remove riprap between RM 11.25 and RM 11.15, assess need
and channel to redesign or remove road near RM 10.95, restore cleared
network areas; buildings

Twisp River | T5 TR_Prj-12.25 | Existing Restoration Site

Twisp River | T5 TR_Prj-12.6 Restoration Reconnect low Possible wetland or channels at downstream end, assess need
surface to redesign or remove bridge near RM 12.45, restore cleared
(floodplain) and areas
possible
secondary
channel

Twisp River | T5 TR_Prj-13.1 Restoration Reconnect low Remove push-up levee between RM 13.1 and 12.8, restore
surface cleared areas; no historical aerial photographs to determine if old
(floodplain) channels or wetlands were present

Twisp River | TS TR_Prj-13.5 Restoration Reconnect Assess need to redesign or remove bridge and riprap near RM
secondary 13.5, remove push-up levee between RM 13.5 and RM 13.45
channels

Twisp River | T6 TR_Prj-13.85 | Restoration Reconnect Remove riprap and cabled logs between RM 13.87 and RM
secondary 13.85, restore cleared artificial paths
channels

Twisp River | T6 TR_Prj-15.2 Restoration Restore wetland Remove riprap near RM 15.2, assess need to improve channel
and channel definition and connectivity
network

Twisp River | T6 TR_Prj-15.9 Restoration Reconnect Remove push-up levees between RM 15.6 and RM 15.5 and
secondary near RM 15.4, restore cleared areas, improve channel definition

channels and
possible wetland
area

and connectivity
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Drainage | Reach Area Type Primary Goal Initial Concepts
Designation

Twisp River | T6 TR_Prj-16.1 Restoration Restore channel Remove push-up levee and levee between RM 16.1 and RM
network and 15.65, restore cleared areas; buildings, improve channel
possible wetland definition and connectivity
area

Twisp River | T6 TR_Prj-16.35 | Restoration Restore channel Remove riprap between RM 16.05 and RM 16, restore cleared
network and areas; improve channel definition and connectivity
possible wetland
area

Twisp River | T6 TR_Prj-17.1 Restoration Restore channel Remove push-up levee between RM 16.95 and RM 16.85
network and
wetland area

Twisp River | T6 TR_Prj-18.2 Restoration Reconnect Improve channel definition and connectivity, assess need to
secondary redesign or remove bridge near RM 18.1 and roads
channels and low
surface
(floodplain)

Twisp River | T6 TR_Prj-18.35 | Restoration Reconnect Improve channel definition and connectivity, redesign or remove
secondary bridge near RM 18.1 and roads between RM 18.1 and RM 17.95

channels and low
surface
(floodplain)
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Attachment Table A-4. List of Chewuch River floodplain areas in need of restoration and initial concepts for consideration in scoping the next phase of

assessment.
Drainage Reach Area Designation Type Primary Goal Initial Concepts
Chewuch River Cc2 CR_Prj-2.8 Restoration with Development
Chewuch River C2 CR_Prj-4.9 Restoration Reconnect primary side | Remove roads or provide openings across primary channel
and secondary near RM 4.15 and RM 4.4; possibly restore cleared areas
channels with wetlands | along channels, but may not be needed over entire golf
course area to make channels functional
Chewuch River Cc2 CR_Prj-6.45 Restoration Reconnect primary side | Remove push-up levee between RM 6.45 and RM 6.2,
channel restore cleared areas
Chewuch River Cc2 CR_Prj-7.2 Restoration Reconnect primary side | Excavate channel entrances and improve connectivity
and overflow channels
Chewuch River C2 CR_Prj-7.3 Restoration Reconnect primary side | Redesign or remove road between RM 7.15 and RM 7.0,
channel with wetland remove push-up levee and riprap between RM 7.12 and RM
area 7.0, excavate upstream and downstream ends of channel
Chewuch River C3 CR_Prj-8.5 Restoration Reconnect low surface Redesign or remove bridge and associated riprap between
(floodplain) RM 8.35 and RM 8.23, redesign or remove roads between
RM 8.4 and RM 8.2, restore cleared areas; buildings
Chewuch River C3 CR_Prj-8.55 Restoration Reconnect overflow Remove riprap between RM 8.52 and RM 8.5, restore
channel cleared areas
Chewuch River C3 CR_Prj-9.0 Existing
Restoration Site
Chewuch River C4 CR_Prj-10.1 Restoration Restore wetland or Restore cleared areas, need to assess if any human impacts
network affect channel connectivity
Chewuch River Cc4 CR_Prj-10.2 Restoration Restore wetland or Restore cleared areas, need to assess if any human impacts
network affect channel connectivity
Chewuch River C4 CR_Prj-10.4L Restoration Restore primary side Excavate channel entrance, remove riprap between RM 10.5
channel and wetland and RM 10.4, lack historical aerial photographs here, but
believe this channel is an old path of the main channel
Chewuch River C4 CR_Prj-10.4R Restoration Reconnect low surface Restore cleared areas; buildings

(floodplain)
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Drainage Reach Area Designation Type Primary Goal Initial Concepts

Chewuch River Cc4 CR_Prj-10.6 Restoration Reconnect low surface Remove riprap between RM 10.5 and RM 10.45
(floodplain)

Chewuch River C4 CR_Prj-11.0 Restoration Reconnect low surface Remove riprap between RM 10.85 and RM 10.8, between
(floodplain) RM 10.5 and RM 10.4, and near RM 10.7, restore cleared

areas; buildings

Chewuch River C5 CR_Prj-12.15 Restoration Reconnect low surface Remove riprap between RM 11.8 and RM 11.7
(floodplain)

Chewuch River C5 CR_Prj-12.8 Restoration Reconnect primary side | Remove riprap between RM 13.1 and RM 12.9, excavate
channel channel entrances and improve connectivity

Chewuch River C5 CR_Prj-13.3 Restoration Reconnect low surface Remove riprap between RM 13.1 and RM 12.9
(floodplain)
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APPENDIX B —

TECHNICAL RANKING OF
GEOMORPHIC REACHES

This appendix provides a potential strategy for technically comparing the 23 reaches
identified in this assessment based on geomorphic characteristics and habitat
function, and the extent of functioning floodplain area. This ranking may be of
assistance to resource managers and biologists determining which areas should be
further evaluated to develop a more refined restoration and implementation strategy.
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1. INTRODUCTION

One question faced by resource managers looking at large areas for potential projects
is whether to fix what is least broken first or to start where there is the most
opportunity for improvement. The Upper Columbia Spring Chinook Salmon,
Steelhead, and Bull Trout Recovery Plan (UCSRP, 2007) and the Biological Strategy
to Project and Restore Salmonid Habitat in the Upper Columbia Region (UCRTT,
2007) recommend prioritizing areas that are currently functioning (protection),
followed by areas in which processes can be restored that improve habitat.

The 23 geomorphic reaches were characterized and ranked so they can be relatively
compared to help resource managers sequence restoration efforts at a reach scale. To
utilize the Upper Columbia Recovery Plan and Biological Strategy recommendation,
the ranking method gives more weight to areas with a high degree of functioning
complexity habitat than to reaches with a greater departure from the natural setting.
The ranking focuses on those physical processes associated with lateral connectivity
of the floodplain and channel that are directly linked to forming habitat features
associated with complexity (Appendix C, “Geomorphic Reaches”).

The known areas of presently high biological benefit were then overlaid with the
rankings to document habitat functionality (Appendix F, “Biological Setting”). These
areas may result in a higher priority over other reaches that are functioning from a
physical process perspective, but do not have as much abundance and productivity.
Biological parameters that do not affect channel morphology, but do affect habitat
availability and quality, were then noted in order to provide additional decision
making criteria that may ultimately increase or decrease the restoration value of a
reach (e.g. cold water recharge areas).

The resulting information is provided in Table B-1 (*Summary findings of reach
characteristics™), Table B-2 (“Reach-based habitat action classes to address and
associated VSP parameters™), and Table B-3 (“Reach-based habitat action classes to
address and associated VVSP parameters”) with the supporting methodology described
in subsequent sections of these technical appendices. Table B-4 (“Species and life
stage usage for ESA and non-ESA listed fish within the assessment area”) is
reproduced from the biological overview for further consideration by resource
managers.

The ranking results are meant to be only a starting point for discussion that can be
modified in the future by incorporating new information as it becomes available.
Once a reach has been prioritized for implementing restoration activities, there are
several combinations and sequencing of project alternatives that may be undertaken.
Additional factors, such as constructability of projects, cost, landowner willingness,
funding availability, and permitting acceptance, will provide additional guidance as to
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the types, localities, and sequencing of projects within a given reach. Appendix A
(“Complexity habitat preservation and restoration opportunities™) provides an initial
perspective on restoration concepts. Appendix R (“Technical ranking of restoration
sites based on degree of departure from Natural Conditions™) discusses the effort
needed to restore areas within each reach. This information will likely be refined
during subsequent reach assessments at more detailed spatial scales.
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Table B-1. Summary findings of reach characteristics.

Length of Side Channels (miles) Indicator of Disruption to
. . Processes Cleared
Reach ' Down- Up- Protection area with P Tof vegetation
Floodplain Type stream stream no Human features Connectivity ercent o
Name o Presently Presently cut off by L floodplain (percent of
RM RM (% of total reach) Y within
accessible * human features T} boundary total reach)
floodplain 2/
armored
M1 Confined 28.1 33.7 NA 0 0 0.13 27 111
M2 Unconfined 337 40.3 7% 0.9 8.2 0.66 23 24.4
M3 Confined 40.3 41.3 NA 0 0 0.06 61 5.3
M4 Unconfined 41.3 47 9% 1.2 7.0 0.80 17 37.0
M5 Moderately confined 47 50 26% 0.2 1.1 0.38 14 26.6
M6 Confined 50 51.5 NA 0 0 0.00 12 0.0
M7 Moderately confined 51.5 52.9 0% 0 1.4 1.89 04 40.9
M8 Confined 52.9 55 NA 0 0 0.01 40 10.6
M9 Unconfined 55 65.5 34% 11.4 9.7 0.54 10 13.2
M10 Moderately confined 65.5 69.6 56% 1.2 1.2 0.05 7 11.6
M11 Unconfined 69.6 75 38% 3.2 28 0.40 7 7.8
T1 Confined 0 0.6 0% 0.64 33 87.2
T2 Unconfined 0.6 5 9% 0.7 4.9 0.98 3 38.9
T3 Moderately confined 5 7.8 45% 1.0 0.7 0.29 9 21.9
T4 Confined 7.8 9.8 18% — 0.2 0.28 16 15.4
T5 Unconfined 9.8 135 14% 0.8 1.3 0.44 8 31.7
T6 Unconfined 135 18.1 61% 3062 1.8 0.26 0 8.3
C1 Confined 0 22 NA — — 0.04 2 8.8
Cc2 Unconfined 2.2 7.3 32% 2.9 3.7 0.16 0 16.8
C3 Moderately confined 7.3 9.5 45% 0.9 0.6 0.45 0 24.6
c4 Confined 9.5 11.7 18% — — 0.12 6 12.7
C5 Unconfined 11.7 13.9 29% 0.2 0.6 0.14 0 2.1
C6 Confined 13.9 143 NA _ — 0.00 0 0.0

Note: Table 2 and Appendix Table B-1 are the same. 1/ Computed by taking the total length of human features located within the floodplain (low surface) divided by the total reach length.
2/ Computed by taking the total length of riprap and bank armoring located along the floodplain (low surface) boundary divided by the total length of the boundary.
3/ Although presently accessible, the natural frequency of inundation may still be disrupted in some cases due to channel incision from human activities or other human induced factors.
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Table B-2. Reach-based habitat action classes to address and associated VSP parameters.

An “X” represents a proposed habitat action or VSP parameter based on direct findings of this assessment. An “O” represents a possible action based on local knowledge
and qualitative observations during the course of the 80-mile assessment.

VSP Parameters Addressed Z

Riparian
restoration
on terraces

Riparian
restoration
along channels

Floodplain (floodplain and floodplain Side-channel Road Floodplain LWD
Type Reach Name boundary) surfaces reconnection Maintenance Restoration Restoration AP D/SS

Confined M1 (0] X X
Unconfined M2 @) X X X X X X X
Confined M3 (0] X
Unconfined M4 (0] X X X X X X X
Moderately (0]
confined M5 X X X X X X X
Confined M6 (0] X
Moderately (0]
confined M7 X X X X X X X
Confined M8 0] X
Unconfined M9 (0] X X X X X X X
Moderately (0]
confined M10 X X X X X X
Unconfined M11 (0] X X X X X X X
Confined C1l (0] X
Unconfined c2 X X X X X X
Moderately
confined C3 X X X X X X X
Confined C4 O X X X X X
Unconfined C5 X X X X X X
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VSP Parameters Addressed 2

Riparian
restoration
on terraces

Riparian
restoration
along channels

Floodplain (floodplain and floodplain Side-channel Road Floodplain LWD
Type Reach Name boundary) surfaces reconnection Maintenance Restoration Restoration AP D/SS

Confined C6
Confined T1 (0] X X X
Unconfined T2 (0] X X X X X
Moderately (0]
confined T3 X X X X X
Confined T4 O X X

Unconfined T5 O X X X X X
Unconfined T6 X X X X X
Early Winters; Methow RM 67.3 (0] (0] 0] @) (0] X X
Wolf Ck, Methow RM 52.8 (0] (0] (@) O O X X
Goat Ck, Methow RM 64 O (0] 0] @) (0] X X
Eightmile Ck, Chewuch RM 11.7 | O X o 0] X X
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Table B-3. Geomorphic ranking of unconfined or moderately confined reaches and biological functionality.

Relative Final Rank
Total Floodplain (geomorphic Spring
Geomorphic | Floodplain Area (reach potential/ Chinook Multiple Life High groundwater
Potential Area area/total area normalized Spawning Stages and exchange and/or cold
Reach ¥ River Mile Score Z (acres) of segment) area) Use ¥ Speciesy water recharge present

Middle Methow River

M2 33.7t040.3 27 553 0.4 10.7 YES

M4 41.3 to 47 26 768 0.6 14.4 Minor YES YES

M5 47 to 50 17 70 0.0 0.8 YES YES
Upper Methow River

M7 51.5t052.9 0 180 0.1 0.0 High YES

M9 55 to 65.5 88 1,318 0.6 52.8 High YES YES

M10 65.5 to0 69.6 36 191 0.1 3.1 High YES

M11 69.6 to 75 25 508 0.2 5.8 High YES
Twisp River

T1 0to 0.6 0 6 0.0 0.0 YES

T2 0.6t05 37 300 0.3 10.3 Minor YES

T3 5t07.8 36 110 0.1 3.7 Moderate YES

T4 7.8t09.8 11 20 0.0 0.2 Moderate YES YES

T5 9.810 13.5 34 203 0.2 6.4 High YES

T6 13.5t0 18.1 76 444 0.4 311 High YES YES
Chewuch River

Cc2 22t07.3 32 380 0.6 20.2 High YES

C3 7.3t09.5 25 76 0.1 3.2 High YES YES

C4 9.5t0 11.7 32 50 0.1 2.7 High YES YES

C5 11.7 to 13.9 21 97 0.2 3.4 High YES YES

Note: Table 5 and Appendix Table B-3 are the same.
2/ See Tables B—4 and B-5 for criteria and terminology used to develop geomorphic potential.
3/ Steelhead spawning occurs throughout the assessment area. Note that in some cases the biological use listed occurs in only a portion of the geomorphic

1/ Notations — M = Methow; C = Chewuch; T = Twisp;

reach boundary.
4/For specific species and life stage use, see Appendix Table B-4.
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Table B-4. Species and life stage usage for ESA and non-ESA listed fish within the assessment area.

Non-
Spring Chinook Summer Westslope native
salmon Steelhead Chinook Coho Pacific cutthroat | Sockeye brook
Biologic Reach (ESA listed) (ESA listed) Bull trout salmon salmon lamprey trout salmon trout
Methow River
Carlton (RM 27) to M (j, a), OW, R M, OW (j, a), F, M, OW M, S M, S M, R, S P M, S
Twisp (at Twisp R., RM 41) R,S
Twisp River (RM 41) to H, M, R, OW, S M, OW (j, a), F, M, OW M, S S M, R, S P
Winthrop (at Chewuch R., RM 51) R, S
Winthrop (at Chewuch R., RM 51) to H,M,OW, R, S M, OW (j, a), F, M, OW M, S P P
Weeman Bridge (RM 61) R, S
Weeman Bridge (RM 61) to M, OW, M, S M, R, S F, M, OW P P
Mazama (RM 68)
Mazama (RM 68) to M, R, S M, R, S F, M, OW P
Lost River (RM 75) (when flows allow)
Twisp River
Twisp (RM 0) to M, S, R M, S, R F, M, OW P P
Buttermilk Creek (RM 15)
Chewuch River
Winthrop (RM 0) to M, S, R M, S,R F, M, OW M, R, S P P
Falls Creek (RM 14)
Note: Table 6 and Appendix Table B-4 are the same.
F = Foraging; H = Holding; M = Migration; OW = Over-wintering; P = Present; R = Rearing; S = Spawning;
Letters in parentheses: (j) = juvenile; (a) = adult;
When bold, the abbreviations M, S, and R show types and location of high density or abundant use; non-bold letters show general use.
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2. REACH CATEGORIZATION

The first step of the ranking was to categorize the 23 geomorphic reaches on the basis
of the general floodplain type (“confined,” “moderately confined,” and
“unconfined”), amount of functioning floodplain area (“protection area”), and the
degree of disruption to floodplain connectivity and riparian buffer zones (see

Table B-1).

All three floodplain types have some degree of presently functioning habitat and the
potential for improvement of habitat quantity and quality. However, the unconfined
and moderately confined reaches generally offer the most opportunity for providing
channel and floodplain processes associated with habitat “complexity”.

More detailed information on the definitions for reach types, specific types of human
features, locations, and impacts to processes in each reach can be found in Appendix
C and Appendix E (*Conceptual Model of River Settings™).

There is a total floodplain area of 1,447 acres that does not have any known human
features (protection category); this comprises 874 acres for the Middle Methow and
Upper Methow; 192 acres for the Chewuch River, and 381 acres for the Twisp River.

The degree of impact to channel and floodplain connectivity within the floodplain
area (low surface) has been most affected by levees, roads, riprap, and bridges within
the unconfined and moderately confined reaches. These reaches also offer the
greatest opportunity for restoration of off-channel habitat and habitat features such as
LWD formed pools that create “complexity habitat”. The total percent of floodplain
area where vegetation has been noticeably cleared is 19.9% for the Methow River
(Middle and Upper), 14.8% for the Chewuch River, and 24.1 for the Twisp River.
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3. PROPOSED HABITAT ACTIONS AND
LINKAGE TO VSP PARAMETERS

The second step was to determine which restoration actions were needed to improve
habitat complexity and physical processes that have been disrupted from historical
human activities (such as logging, roads, clearing of LWD, etc.) and present human
features (such as roads, bridges, levees, riprap, etc). Restoration concepts are
documented in Appendix A (“Restoration Opportunities”) and reach levels in
Appendix C (“Geomorphic Reaches).

The findings of the geomorphic assessment were then translated into habitat action
classes and associated “viable salmonid population” (VSP) parameters (ICBTRT,
2005; UCSRB, 2007) that would be addressed as referenced from Table 5.9 in the
Upper Columbia Recovery Plan (UCSRB, 2007) (see Table B-2). All of the habitat
actions from the recovery plan were considered except for water quality and quantity
restoration, nutrient restoration, and in-stream structures. Water quality and quantity
and nutrient restoration are being addressed in separate efforts and were not
considered as a primary habitat action in this assessment. However, restoration of
floodplain processes will serve to also restore water quality and quantity where
impacted from levees, roads, and bridges. Currently there are ample opportunities for
restoration of processes without using in-stream structures so they were not
considered at this time. Although tributaries were not assessed in detail, locations
where known restoration needs exist that are closely linked to processes in the
assessment area are also listed in Table B-2. Additional assessment will be needed to
validate and refine these potential actions in tributary areas.
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4. GEOMORPHIC RANKING OF REACHES
WITH VEGETATED FLOODPLAIN

In Step 3, six of the confined reaches were separated out where there is generally a
single thread main channel and a minimal amount of vegetated floodplain. The
remaining reaches that are wide enough to have some floodplain connectivity
opportunities were further compared for prioritization of implementing restoration
actions. The six confined reaches still have opportunity for improvement to existing
processes, but the amount of complexity habitat that could be gained from such
efforts would not be as great as in the other areas due to their geomorphic setting.
The seventeen remaining reaches were ranked to allow relative comparison from the
perspective of the ability to provide habitat complexity and extent of presently
functioning areas (see Table B-3).

To give each reach a rank, 73 floodplain areas within the reaches were delineated and
individually ranked based on geomorphic potential and other indicators of the degree
of departure from the “natural” (undisturbed) setting (see Appendix R, “Degree of
Departure from Natural Setting”). The floodplain area rankings for geomorphic
potential only were then summed to get a total “score” for each reach. The reach
scores were weighted based on the restoration area available. This step gives higher
weight to larger reaches that would have more continuous (longitudinal and/or lateral)
connectivity of processes and habitat availability within one area.

For the geomorphic potential (Table B-5), floodplain areas could receive a rank of 8
(best potential) to 0 (worst). The ranking was structured such that the highest-ranked
areas (6 to 8) are protection areas that have no known human features or past
activities that have significantly altered processes. Within the category of a
protection area (6 to 8) or a restoration area (0 to 5), the ranking gives more points to
areas that provide habitat features associated with complexity. Areas that serve
mainly as an overflow surface and are only inundated during higher magnitude flows
were ranked lower than areas that could provide off-channel habitat. Overflow areas
could still be beneficial in providing refuge and restoring floodplain function, but
when compared to other sites they seem to fall into a noticeably lower category of
habitat complexity potential.

For a given floodplain type (geomorphic potential), restoration areas that had
significant development (such as houses and infrastructure) within the floodplain
received one point lower than areas that only had features that disconnected or
impacted the reworking ability of the floodplain (Appendix R). This step helps
indicate the short-term feasibility of restoring the area given present land use. Eleven
floodplain areas were noted as having extremely heavy development and received a
ranking of 0 because it is unlikely restoration could be done in the near-term without
significant effort (such as housing developments, towns, hatcheries, etc.).
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Table B-5. Criteria used to rank the moderately confined and unconfined floodplain reaches.

Percent of
80-mile
Biological assessment
Rank Y|  Benefit Geomorphic Potential Z area?
8 High Functioning wetland or channel network area 15
7 High Functioning primary side or secondary side channel areas 8
6 Low Functioning overflow channel or low surface (floodplain) 5
5 High Full restoration of wetland or channel network area 10
4 High Partial restoration of wetland or channel network area 23
3 High Primary side or secondary side channel with floodplain 11
reconnection
2 High Primary side or secondary side channel with partial or little 16
floodplain reconnection
1 Low Overflow channel or low surface (floodplain) 5
0 N/A Project area has heavy development in present setting 8

i1/ Rank: 8 = “(Highest or Best)”; 0 = Lowest or Worst

2/ See Table B-6 for definitions of terms used in geomorphic potential column. Note the geomorphic
potential ranking values are opposite of that presented in Appendix R; this is in order to include the
\value of Protection areas.

3/ . Does not include active channel
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Table B-6. Description of channel definitions used in geomorphic potential category.

TERM BRIEF DESCRIPTION

Channel A branching, complex network of channels, including primary side, secondary, and

network overflow channels; some of the channels may be connected to the present main
channel; some are not connected; some may still convey flow, especially at higher
flows; some may contain water, even at low flows, and the source of the water could
be groundwater or tributary flow

Wetland A channel or channel network that has standing water, even at low flows; beaver
activity or small, human-constructed dams may enhance the ponding of water

Primary side | Well defined, relatively wide channel that is readily visible on aerial photographs;

channel channel is or appears to have been naturally connected to the main channel; channel
usually incised; it may contain water even at low flows; unvegetated bars may be
present along the channel; channel usually was a historical main channel, which
carried most of the flow at that time, but was later abandoned naturally or has been
cut off artificially

Secondary Channel that is less defined and narrower than a primary side channel, but is still

channel visible on aerial photographs; channel may or may not be naturally connected to the
main channel; it may contain water at low flows, but the source is likely groundwater or
tributary flow; channel usually was a historical secondary channel, which carried only
a portion of the total flow; may have been abandoned naturally or cut off artificially

Overflow Channel that is poorly defined, except in areas where the vegetation has been

channel removed; channel is usually visible on aerial photographs as darker (wetter) path

across a surface with minimal vegetation; no or very little incision; channel is usually
higher than primary or secondary channels, or on a higher surface than the presently
active channel; channel usually was a historical overflow channel, which carried only a
small portion of the total flow during the highest (flood) flows; channel dry most of the
year, and may be dry for several years

Low surface
(floodplain)

Low surface is the area adjacent to the main channel and includes side and overflow
channels; it includes historical channels, and the area where future channels are likely
to migrate; it also includes areas between channels that have been and are most likely
to experience flood flow, although water may extend beyond the low surface during
very high flows; low surface includes surfaces of several relative heights (and probably
several different ages), where the channel has not been in quite some time
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5. BIOLOGICAL PARAMETERS

The goal of the proposed restoration concepts is to improve habitat complexity
associated with channel and floodplain processes. Sediment transport and channel
migration generally occur during bankfull and higher flows. However, additional
processes that occur during critical low flow periods can increase or decrease the
habitat viability of a reach. The following biological parameters could be
additionally considered by resource managers in developing a restoration
implementation strategy for the Methow:

= Existing use by species and life stage

=  Presence of non-native species

= Water temperature (potential limiting factor in late summer and early fall)

= Spawning gravel embeddedness (potential limiting factor downstream of
burned areas or high road density areas)

= Dewatering (potential limiting factor in late summer through winter in areas
where stream flow goes subsurface)

= Recharge areas (potential natural mitigation to areas affected by temperature
and/or dewatering; also provides high quality habitat (hot spots) in areas
already functioning properly)

= Large wood levels and future recruitment

The existing use within the assessment area by species and life stage is presented in
Table B-4 and in Appendix F (“Biological Setting”). All reaches within the
assessment area are used by spring Chinook and steelhead for migration, rearing, and
spawning according to fish distribution maps (see Methow Atlas). However, certain
areas have been documented during historical redd surveys to be consistent “hot
spots” for spring Chinook salmon spawning and are noted in Table B-3 because of
their high functionality. Presence of non-native species is also listed in Table B-4 and
may need to be considered at the reach scale assessment. Reaches with high levels of
spring Chinook spawning based on 2003 and 2004 WDFW (Washington Department
of Fish and Wildlife) spawning data are:

=  Chewuch River: from Perrygin Creek (~ RM 2.0) upstream to Buck Creek
(~RM 22)

Twisp River: from Little Bridge Creek (RM 9.8) upstream to Cook Creek
(RM 20.6)

Methow River: from Winthrop (RM 51.5) to Goat Creek (RM 65); from
Mazama (RM 67.25) to Goat Wall Creek (RM 71.25);

Early Winters Creek: from mouth to Cedar creek (RM 1.9)
Lost River: from mouth to Weenan Creek (RM 2.4)
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From a biological perspective, reaches with multiple species and multiple life
functions are a high priority for protection and perhaps restoration if function is
impaired. Areas where this is known by local biologists to occur are noted in Table
B-3 and listed below:

= Methow River from Wolf Creek (RM 55) to RM 65 (just downstream of Goat
Creek),
= Twisp River from Little Bridge Creek (RM 9) upstream to RM 17 and
= Chewuch River from RM 2.0 to RM 7.0 and between Boulder Creek (RM 10)
and Eightmile Creek (RM 12).
Development of individual restoration projects in the Chewuch, Twisp, and mainstem
Methow rivers should consider if the observed temperatures are functioning at natural
capability and, if appropriate, what types of restoration activities may possibly
improve temperature conditions. Areas strongly influenced by groundwater tend to
have more favorable temperatures and higher fish usage, and could provide the core
area from which restoration projects proceed. Recharge areas from cold water
tributaries or springs are located throughout the assessment area (see Appendix F for
full list of documented sites and references). Locations with a notable influence on
temperature and/or high salmon productivity within the assessment reach are:

= Eightmile Creek on the Chewuch River at RM 12

= Falls Creek on the Chewuch River at RM 14.2

= Springs and side channel input at RM 7 to 9.6 on Twisp River

= Springs input at RM 14.5 on Twisp River

= Suspension Creek at RM 64.5 on the Methow River

= Hancock Springs at RM 60 on the Methow River

= Two locations on the Methow River between the confluence with the

Chewuch River and the Twisp River (RM 44.5 and 50.1)

Projects that improve groundwater exchange and surface-water exchange, stream
shade, and access to thermal refuge areas could be extremely beneficial in any of the
areas where high temperatures are observed. Projects that provide shade to unshaded
off-channel areas or tributaries could be beneficial to help maintain or improve
thermal refuge areas in the Methow River and lower reaches of the Twisp and
Chewuch Rivers.

Excessive amounts of fine sediment in spawning gravels can cause problems to fish
redds and fry survival because the sediment prevents flowing water to supply oxygen.
The percentages of fine sediment (“embeddedness levels”) in spawning gravels
located in riffles and in pools were measured by USFS in the Chewuch and Twisp
Rivers, but have not been measured in the mainstem Methow River. Fine sediment
levels were highest in the Chewuch River due to frequent occurrences of large fires in
recent years that activated several landslides and debris flows (see Appendix N,
“Tributary Sediment Sources”). Although levels were high, field observations by
USFS personnel of fish response within the fire areas following the fires have been
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favorable. Spring Chinook spawning counts downstream of the fire areas in the lower
Chewuch also seem initially to be unaffected, but not enough time has passed to
assess adult returns and effects to overall productivity. The Methow River would not
be expected to have embeddedness issues in the main channel due to higher flow
volumes, but could have high levels of fine sediment in backwater areas, particularly
in areas that have been artificially cut off from the river. The Twisp River has not
had fires in recent years and may experience high levels of fines if fires occur in the
future. Because fires are part of the natural dynamics in the subbasin and no
embeddedness data are available for the Methow portion of the assessment area, fine
sediment levels were not noted in Table B-3 as a factor for prioritization of reaches.

Dewatering periodically occurs within the assessment area on the mainstem Methow
River between Lost River and the Weeman Bridge (RM 75 to 61) in late summer and
into winter depending on if fall rains arrive to increase flow. The longitudinal extent
and duration of dewatering vary from year to year depending upon flow conditions
(wet or dry year). The Early Winters Creek confluence provides spring Chinook
spawning and rearing habitat within the dewatered reach of the Methow. Springs or
groundwater return areas also provide some refugia for fish through the dewatering
period. Examples of important springs in this section are a location between the Lost
River and Early Winters Creek (locally known as the Cedarosa area) and at
Suspension Creek (near RM 64.5) downstream of Goat Creek. Although dewatering
limits habitat availability in drought years, scour holes formed by LWD can provide
refuge during the dry periods. However, predation is very high in these pools as they
become isolated from surface connection to the river. Spring spawning fish such as
steelhead are probably able to successfully spawn and juveniles are able to emerge in
July prior to dewatering in favorable years; whether steelhead fry are able to out-
migrate prior to dewatering is unknown. In some years spring Chinook may
successfully spawn in the reach, but often redds dewater.

Spawning surveys show high productivity in Early Winters Creek, Lost River, and the
West Fork Methow River for bull trout and for spring Chinook. Information on
steelhead is just beginning to emerge as redds count data becomes available for
multiple years. Timing of adult bull trout and spring Chinook migration through the
dewatering reach to these excellent upstream spawning areas is critical. Protection of
riparian areas, large woody debris accumulations, and streamside vegetation through
the dewatering area is important to ensure that the onset of dewatering is not earlier
than would naturally occur. As floodplain function is restored, additional LWD pools
should become available.
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6. ADDITIONAL CONSIDERATIONS FOR PROJECT
IMPLEMENTATION

This report provides an important level of baseline information for resource decision
making and future project alternative evaluations. Additional data and analysis will
be needed at the reach and/or project area level prior to project implementation. The
level of analysis needed will likely vary depending on the complexity of the project
and adjacent land use. One additional step that will be needed as a minimum is field
verification of information presented in this report. Much of the almost 80-mile
assessment area was walked in the field, but not all areas could be verified due to land
access constraints and the large size of the assessment area. If warranted, additional
ground survey data, refinement of geomorphic and geologic mapping, and more
detailed hydraulic and sedimentation modeling may also be needed to accomplish
design stages. The degree of biological information available within the assessment
area varies greatly. Once a reach or project area is selected, additional biological
surveys may be needed to better understand the existing and potential future habitat
use. The biological data will also help address the biological benefit that would be
gained by implementing a project. Development of this type of information could be
structured into an existing protocol, such as the matrix of pathways and indicators,
with modifications to include geomorphic analysis presented in this assessment.
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APPENDIX C —
GEOMORPHIC REACHES

This appendix documents delineation and characterization of reaches within the
assessment area based on physical processes important to the formation and
sustainability of habitat features. Additionally presented is a summary description of
physical processes operating in each reach. Information in this appendix is intended
to provide guidance for the types of protection and restoration alternatives that would
be most successful and beneficial to the system, based on their biologic and physical
components.
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1. INTRODUCTION

The Methow Subbasin is classified as a “Category 2 watershed,” which means that it
has significant subwatersheds that support important aquatic resources for one or
more ESA-listed fish species, and is considered to have medium habitat
fragmentation (UCSRB, 2007). The objectives of defining geomorphic reaches in the
Methow Subbasin assessment area are:

= to identify protection areas that provide opportunities to conserve areas with
properly functioning processes and contain biological productivity and
diversity,
= to identify restoration areas that are not functioning properly and provide
restoration alternatives for these areas that offer opportunities to increase
biological productivity by improving the complexity of the stream channel
and floodplain, and
= to understand the spatial linkage between the protection and restoration areas
to provide a strategy aimed at achieving a cumulative biological benefit to the
ecosystem.
In order to define protection and restoration areas, characteristics related to biologic
activity were combined with the characteristics of the physical processes that were
used to define geomorphic reaches. Findings presented in this report for each reach
provide guidance for the types of protection and restoration alternatives that would be
most successful and beneficial to the system, based on their biologic and physical
components.

In this appendix, the characteristics that were used to define the geomorphic reaches
are summarized first. In the following sections, the main inferred natural
characteristics of each geomorphic reach are described, along with the impacts of
human features on the reach. Human features are further evaluated in Appendix N
and Appendix P. Geomorphic conditions are further discussed in Appendix E and
Appendix G.
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2. DELINEATION OF GEOMORPHIC REACHES

The geomorphic reaches were defined primarily on the basis of physical
characteristics that dominate channel function and the formation and sustainability of
habitat features. Examples of physical characteristics include geologic controls,
valley slope, sediment input and transport capacity, riparian vegetation, and water
temperature (Table C-1). Geomorphic processes that result from the physical
characteristics of the river were then evaluated to further define reach characteristics.
Examples of geomorphic processes used to evaluate reaches are channel form and
evidence for changes in channel position, elevation, and bank erosion (Table C-2).

Within some reaches, small sections are present that have different characteristics
than those of the rest of the reach. However, these sections are not separated into a
unique reach because they are small and do not affect the overall character of the
longer reach. However, these short sections are significant locally, and could affect
habitat and potential project alternatives in that area. The sections with differing
geomorphic characteristics within a reach are referred to as geomorphic subdivisions
within the reach, and are indicated by lower-case letters after the reach designation
(that is, M2a, M2b, etc.).
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Table C-1. Physical characteristics used to define and describe geomorphic reaches.

Characteristic

Measured or
Observed Feature

Use

Available Information for River

Methow Twisp Chewuch

Confinement of Geologic Defined reaches Yes Yes Yes
Floodplain characteristics of

valley

Natural controls Define reaches Yes Yes Yes

(e.g., bedrock, large | (especially

alluvial-fan deposits) | boundaries)

on the vertical and

lateral movement of

the channel

Surface height Define reaches Yes Down- N/A

stream
end only

Width of the Define reaches Yes Yes Yes

geologic (or natural)

low surface
Slope Longitudinal profile Define reaches Yes Yes Yes
Sediment Sediment size Describe reaches Yes Yes Yes

(pebble counts)

Potential sediment Describe reaches Yes Yes Yes

sources

Sediment transport Describe Yes Yes Yes

capacity assessment

sections

Sediment storage Describe reaches Yes Yes Yes
Riparian Presence of riparian | Describe reaches Yes Yes Yes
Vegetation vegetation and large

woody debris
Water Groundwater- Define reaches Yes Yes N/A
Characteristics surface water

exchange

Recharge areas Define reaches Yes N/A N/A

Tributary inputs Describe reaches Yes Yes Yes

Water temperature Describe reaches Yes Yes Yes

N/A = not available

1/ The natural controls listed in this table are major features that have a marked influence on the river

system, so that they are used to define reach boundaries.
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Table C-2. Geomorphic processes that vary among geomorphic reaches because of differences in
the physical characteristics.

Measured or Available Information for River
Observed
Characteristic Feature Use Methow Twisp Chewuch
Channel Form Types of Define reaches Yes Yes Yes
channels
Lengths and Describe Yes Yes Yes
definition of reaches
secondary,
overflow, and
abandoned
channels
Rate of Channel Relative areas Describe Yes N/A N/A
Change occupied by the reaches
unvegetated
channel and low
surface
Change in Describe Yes Yes Yes
channel position reaches
over time
Lateral and Natural controls | Define reaches Yes Yes Yes
Vertical Stability (e.g., bedrock) (especially
on the vertical boundaries)
and lateral
movement of
the channel ¥
Evidence for Describe Yes Yes Yes
incision and (or) reaches
aggradation
Lateral bank Describe Yes Yes Yes
erosion reaches
(locations and
amounts)
N/A = not available.
1/ The natural controls listed in this table differ from those shown in Table C-1, which are major
features that were used to define reach boundaries. The ones in this table are relatively minor
controls, but they do affect channel processes within a reach.

2.1 REACHBOUNDARIES

The longitudinal (along the river length) boundaries of the reaches are generally
located at natural constriction points, such as bedrock or large alluvial-fan deposits
that provide lateral, and often vertical, limits to channel change (Appendix G and
Appendix M). The natural controls also provide limits on channel connectivity
between adjacent reaches. For example, channel position in one reach would not
necessarily impact channel position in the adjacent reaches, because the channel must
always pass through the constriction point. However, other processes are not
constricted at these points. For example, sediment that is introduced in one reach
may be transported to downstream reaches, depending upon the size of the sediment
and the transport capacity of the river.
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The lateral boundary of the reaches is defined by the extent of the floodplain, often
referred to as the “low surface” in this assessment. The low surface is composed of
the active channel (unvegetated main channel and sediment bars), secondary or side
channels, vegetated islands, and the adjacent floodplain, which may include channels
less-frequently inundated (referred to as “overflow” channels).

2.2 REACHTYPES

Within the assessment area, the natural floodplain type ranges from naturally
confined sections to areas with more dynamic channel reworking over a wider
floodplain. Three types of reaches are identified in the conceptual model for this
assessment, each with unique natural processes that define unique habitat feature
availability and complexity components:

1. High complexity, with wide, unconfined floodplain
2. Medium complexity, with narrower, moderately confined floodplain
3. Low complexity, with narrow, confined floodplain

For the Methow River, the active channel in 2004 made up about 52% of the low
surface in the confined reaches, about 16% of the low surface in the confined reaches,
and about 23% of the low surface in the moderately unconfined reaches (Figure C-
10c). Outside of the active channel, the floodplain areas are composed of surfaces of
various heights above the main channel. Because of the variability in their heights
and locations within the floodplain in relationship to the channels, some surfaces are
overtopped more frequently than others. In detail, these surfaces vary in age.

The average widths of the low surfaces in confined reaches are about 310 feet for the
Methow River, about 333 feet for the Chewuch River, and about 218 feet for the
Twisp River. The average widths of the low surfaces in unconfined reaches are about
1,870 feet for the Methow River, about 900 feet for the Chewuch River, and about
1,130 feet for the Twisp River. The average widths of the low surface in the
moderately confined reaches area about 913 feet for the Methow River, about 655
feet for the Chewuch River, and about 576 feet for the Twisp River. Each of these
reach types is further described below.

2.2.1 HIGH COMPLEXITY WITH WIDE, UNCONFINED FLOODPLAIN

This floodplain type consists of wide, active floodplain reaches that have a large supply
of sediment in storage within the floodplain (Figure C-1). These reaches generally
have flatter slopes and a complex network of channels and LWD relative to other more
confined floodplain reaches within the basin. This results in a high degree of floodplain
interaction from year to year with a dynamic cycle of conversion from river to
floodplain and vice versa. This dynamic process is what helps these reaches maintain a
healthy riparian forest that provides ample shade and complexity while still being
dynamic enough to build new habitat areas as others are eroded. In these reaches, some
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areas of the floodplain are older than others; however, these areas are only slightly
higher than the active channel, and remain active through repeated flooding.

g g 4 igravel and sanaj
Hngi iU waier  # = — :'.:.',:.-.-.‘:',".".'.'.:l.':.'.::..'."..m \ /
Exchange between ground water - = —
and surface water
Low-flow channel Secondary channel
Overflow channel

Is=Vegetated island

Figure C-1. Example of a schematic cross-section of a wide, unconfined floodplain (Reach M9;
RM 55-65.5).

In these reaches, erosion of functioning habitat areas is as important as creation of
new habitat areas. Riparian vegetation and LWD help the rate of floodplain
reworking occur at a reasonable level, such that not all floodplain areas are eroded at
once. LWD forms log jams in the channel areas and at the heads of bars (Figure C-
2), which helps promote deposition downstream on the bar, which accumulates fine
sediment, organic debris, seeds and pieces of living vegetation that provided a
growing medium for future riparian forests. As sediment accumulates, riparian
vegetation establishes. The LWD helps create stable hard points that allow vegetated
islands to persist and slow the rate of channel migration across the floodplain. These
stable hard points are important because they allow riparian vegetation to persist, so
that the vegetation becomes large enough to slow channel migration and to contribute
LWD to the river once it is eroded. The LWD provides complexity within the
floodplain reach (Figure C-3), and also supplies LWD to downstream reaches.
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Figure C-2. Log jam formed at head of vegetated island at location of flow split in Methow River
upstream of confluence with Chewuch River.

Figure C-3. Methow River upstream of confluence with Chewuch River, where there is a diverse
forest of riparian vegetation and frequent interaction of LWD with the river.
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More than one channel is typically wetted during low-flow conditions. Erosion and
deposition are common as the channel migrates across the floodplain; during a single
flood one channel may fill with a sediment wave that moved down the reach and lost
its conveyance capacity. As this occurs the channel can be abandoned and another
channel enlarged (eroded) to become the new main channel. However the average
channel bed elevations within the reach may not change over time, so that there is no
net change in the total volume of sediment stored in the reach beyond a natural range
of fluctuation. The area reaches a state of equilibrium until a stochastic event (fire,
flood, drought, wet period, landslide, riprap, bridge, or house) changes the balance of
wood, sediment, or stream flow. The interaction between water in the river and the
groundwater table is highly dynamic and an important part of the aquatic habitat.
These floodplain types often have smaller sediment in storage and in the bed than
steeper, single-thread channel reaches.

The smaller sediment, complexity of channels, and presence of LWD create and
maintain more spawning and rearing habitat for spring Chinook than other types of
reaches. Steelhead is also successful in these reaches, and there is ample holding and
cover for migratory species passing through. This floodplain type typically contains
deep deposits of alluvium that allow a dynamic interaction between the river and
groundwater. In areas that are subject to dewatering, scour holes created by LWD
provide sustainable pools until river flows rise. Areas with cold water recharge, such
as springs, provide “hot spots” of high spawning and rearing use. This is particularly
important in river reaches where water quantity is low during drought years, which
can result in higher-than-preferred temperatures during late summer conditions. The
springs can help keep pools wetted and temperatures low for fish utilizing these areas.
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2.2.2 MEDIUM COMPLEXITY, WITH MODERATELY CONFINED FLOODPLAIN

This moderately confined floodplain type contains a more-defined main channel than
the high-complexity reaches, and has only one or two well-defined off-channel areas
(Figure C-4). In this appendix, this is also sometimes referred to as “somewhat
confined.” The main channel conveys the majority of water and coarse sediment, but
side channels have enough water to support habitat, particularly when groundwater
helps supply the channel flow during low-flow conditions. Older surfaces are often
present within the floodplain, and these higher surfaces are more stable than the
surfaces in the unconfined floodplain areas. These surfaces are inundated during
floods, but typically only suspended sediments are deposited on these surfaces. This
results in less frequent lateral reworking of the floodplain. Channel avulsions
typically occur within a few defined channels that transport the majority of coarse
sediment rather than across the entire floodplain. The main channel remains in one
place for several years to decades. A dense riparian buffer zone slows near-bank
velocities, provides wood recruitment to the channel, and reduces the rate of bank
erosion. LWD is most common in the slower velocity off-channel areas. Log jams
often occur at the heads of vegetated islands as in the first unconfined floodplain
types. Ponded water occasionally present in the off-channel areas of these reaches,
and beaver activity can be common (Figure C-5).

Moderately confined reaches do not have as much complexity as the unconfined
floodplain type, but they still contained a wide variety of habitat components and
complexity, and support a range of fish species and life cycles. The off-channel areas
support mainly spawning and rearing of spring Chinook and steelhead. Off-channel
areas with cold springs commonly are inhabited by non-native brook trout. The main
channel can support steelhead, spring Chinook salmon, and summer Chinook salmon
spawning. Off-channel areas likely were heavily used by coho salmon before the
extirpation of the species from the Methow River. (If current coho reintroduction
efforts are successful, these areas would likely be dominated by them.) Fish usage in
the natural setting is dynamic in order to take advantage of varying hydrologic
conditions. In lower-flow years, fish spawning in riffles and typically higher velocity
areas are successful because high freshets do not wash out the redds. However, redds
placed at the edge of the wetted channel may dry out and not be successful in dry
years. In higher flow years, the redds in the riffles are washed out, but redds at the
edges of the channel are successful. Local recharge areas also provide refuge during
low-flow conditions in these reaches.
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Alluvial-fan deposit
gravel and sand

Glacial deposits
(gravel and sand)

Glacial deposits
(gravel and sand)

Limited exchange between
ground water and surface water

Te=Low terrace within floodplain
Figure C-4. Example of a schematic cross section of a narrower, moderately confined floodplain
(portions of Reach M5, RM 47-50).

Figure C-5. Looking downstream at beaver lodge on side channel of Methow River downstream
of confluence with Chewuch River.
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2.2.3 Low COMPLEXITY, WITH NARROW, CONFINED FLOODPLAIN

The third floodplain type is confined, straight channel reaches that have little to no
off-channel habitat (Figure C-6). However, these reaches do have an important
habitat function. Some species are successful in spawning in these reaches, but
within the assessment area these reaches generally provide holding and migration
corridors for fish trying to access upstream or downstream reaches. Riparian
vegetation is present on narrow sediment bars and provides a limited recruitment
source for downstream reaches (Figure C-7 and Figure C-8). Pockets of slower-
velocity flows behind occasional boulders provide resting areas (Figure C-9). LWD
in the channel is generally limited, but occasionally occurs on bars or on the upstream
sides of exposed boulders in the bed. During floods, river stage increases faster than
the wetted width, and the same area is consistently reworked during each flood.
However, riparian vegetation requires fresh, bare soil to establish. Riparian
vegetation cycles in these reaches as a function of the hydrologic regime. During a
period of dryer years, the riparian vegetation establishes. Once in a while a rare, large
flood occurs that erodes the vegetation and restarts the cycle by providing a fresh
surface on which new vegetation can become established.

Alluvial-fan deposit
. . (gravel and sand)
Glacial deposits

(gravel and sand)

Glacial deposits
(gravel and sand)

Figure C-6. Example of a schematic cross section of a narrow, confined floodplain section
(portions of Reach M1, RM 28.1-33.7).
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Figure C-7. Photo example of a confined floodplain section; Methow River between Winthrop
(RM 51) and Wolf Creek (RM 55).

Figure C-8. Photo example of range in age and species of riparian vegetation on Middle Methow
between Carlton and confluence with Twisp River.
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Figure C-9. Photo example of boulders that occasionally are present in the river bed and
provide localized pockets of deeper, slower velocity water for fish in confined river sections.
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3. METHOW RIVER GEOMORPHIC REACHES

Eleven geomorphic reaches (M1 thru M11, downstream to upstream) are defined for
the Methow River in the assessment area between RM 28.1 and RM 75 (Table C-3).
Reaches M1 thru M5 are located in the Middle Methow and reaches M6 thru M11 are
located in the Upper Methow. The Methow River in the assessment area alternates
between confined reaches (M1, M3, M6, and M8) and unconfined reaches (M2, M4,
M9, and M11). Reaches M5, M7, and M10 are moderately confined.

A major change in the physical characteristics and geomorphic processes occurs near
RM 55, at the boundary between reaches M8 and M9. The river corridor downstream
of this point is naturally confined, by high surfaces or by low terraces, in sections
where the low surface is wider. Off-channel areas are mostly primary side channels.
Channel migration is naturally limited by surfaces, so that reworking of the floodplain
occurs only in the wider sections, and often only in a portion of the wider areas. The
river corridor upstream of RM 55 is naturally unconfined, has a low gradient, and
includes numerous secondary, overflow, and abandoned channels, some of which are
now wetlands. Channel migration occurs, and reworking of the adjacent floodplain is
common, and can be observed on historical aerial photographs during the last about
55 years.

In the confined reaches (M1, MR3, M6, and M8), the active channel is primarily a
single channel that is not free to move due to the narrowness of the channel zone and
the low surface between high banks. The average width of the low surface is about
310 feet for the confined reaches. The area of low surface outside of the active
channel is limited. The active (unvegetated channel) makes up an average of about
52% of the low surface for the confined reaches. In one reach, the active channel is
as much as 66% of the low surface area (Figure C-10c). For short sections of the
confined reaches (less than 2 miles long), the active channel is nearly the entire low
surface. Examples of these are the reaches at RM 29-30, RM 31.7-RM 33.7, RM
50-RM 51.5, and RM 54-55 (see Reclamation 2008c). Few surfaces are present
within the low surface.

In the unconfined reaches (M2, M4, M9, and M11), the low surface is wider (average
of about 1,870 feet), so that the active channel has been free to migrate. The main
channel meanders, and a network of secondary and overflow channels may be present
along with primary side channels. The active (unvegetated) channel makes up an
average of about 23% of the low surface (Figure C-10c), so that the channel has
plenty of room to migrate. Abandoned channels are common and can be converted
into ponds through beaver activity or other processes. The unconfined reaches often
have little topographic variation among surfaces within the low surface. The
unconfined reaches tend to be gaining flow from the groundwater aquifer, although
some sections are transitional or lose flow to the groundwater aquifer. Seeps or
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recharge areas may be present. Reach M11, along with the moderately confined
reach M10, is a potentially losing reach, and the channel tends to be dry in the
summer and early fall.

In the moderately-confined reaches (M5, M7, and M10), the low surface is wide
enough that primary side channels are present, and floodplain extends beyond the
unvegetated or active channel. The low surface usually includes several surfaces of
varying heights above the active channel. These surfaces often separate the main
channel from the side channels. These reaches may be either losing or gaining flow
from the groundwater aquifer.

Table C-3. Methow River — Geomorphic reaches and geomorphic subdivisions.

Down- Up- Down- Up-
stream | stream | Length Geomorphic | stream | stream | Length
Reach RM RM (miles) subdivisions® RM RM (miles) Type

M1 28.1 33.7 5.6 M1 28.1 33.7 5.6 Confined
M2 33.7 40.3 6.6 M2a 33.7 35.8 2.1 Unconfined
M2b 35.8 39.0 3.2 Confined
M2c 39.0 40.3 1.3 Unconfined

M3 40.3 41.3 1.0 M3 40.3 41.3 1.0 Confined
M4 41.3 47.0 5.7 M4 41.3 47.0 5.7 Unconfined
M5 47.0 50.0 3.0 M5 47.0 50.0 3.0 Moderately
confined

M6 50.0 51.5 15 M6 50.0 51.5 15 Confined
M7 51.5 52.9 14 M7 51.5 52.9 14 Moderately
confined

M8 52.9 55.0 2.1 M8 52.9 55.0 2.1 Confined
M9 55.0 65.5 10.5 M9a 55.0 59.0 4.0 Unconfined
M9b 59.0 61.7 2.7 Unconfined
M9c 61.7 65.5 3.8 Unconfined
M10 65.5 69.6 4.1 M10 65.5 69.6 4.1 Moderately
confined
M11 69.6 75.0 5.4 M11 69.6 75.0 5.4 Unconfined

1/ If no geomorphic subdivision is indicated, there are no additional lateral confinement points in the
reach

The following pages present ten “subfigures,” C-10a through C-10j. These show
characteristics of the geomorphic reaches on the Methow River between RM 28 and
RM 75. For all of these figures, the colored lines are values for the geomorphic
reaches and the geomorphic subdivisions within them, and the vertical black lines
show the boundaries of the geomorphic reaches.

Figure C-10. Methow River — Ten subfigures (on following pages) presenting
characteristics of the geomorphic reaches between RM 28.1 and RM 75.
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Figure C-10a. Variations in the geologic confinement of the low surface for
each geomorphic reach and geomorphic subdivision within them plotted by
river mile for the Methow River between RM 28.1 and RM 75. This section of
the Methow River has four confined reaches (M1, M3, M6, and M8), four
unconfined reaches (M2, M4, M9, and M11), and three somewhat confined
reaches (M5, M7, and M10). Confinement is a subjective evaluation of the
valley. See Reclamation, 2008c and accompanying maps for a comparison of
the reaches.

Figure C-10b. Mean widths of the low surface for each geomorphic reach and
for geomorphic subdivision within the reaches plotted by river mile. The
wider the low surface, the less confined the active channel. Although short
sections are present where the low surface is more confined in reaches M2 and
M9, the four unconfined reaches (M2, M4, M9, and M11) have wider low
surfaces than those in the confined and somewhat confined reaches. This
supports the subjective evaluation of confinement shown in Figure C-10a.

The low surface is bounded by alluvial-fan deposits, glacial deposits,
landslides, or bedrock (Appendix G). Although these units other than the
bedrock are erodible, the size of the sediment in the deposits and the heights of
the banks mean that they confine the lateral movement of the active channel.
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Figure C-10c. This shows the percentage of the geologic low surface that the
unvegetated channel occupied in 2004 for each geomorphic reach and
geomorphic subdivision within the reaches plotted by river mile. As
percentages increase, the unvegetated channel comprises more of the area of
the low surface, so that the reach is more confined. Reach M6 has the overall
highest percentage of low surface as unvegetated channel (very confined).
Reach M1 has the next highest percentage. The unconfined reaches have the
lowest values.

The unvegetated channel was mapped on the 2004 aerial photographs in ARC.
Areas of the unvegetated channel and low surface were calculated for each
reach.

Figure C-10d. This shows the percentage of the 1948 and 2004 unvegetated
channels that were in different areas in these two years for each geomorphic reach
and geomorphic subdivision within the reaches plotted by river mile. The
percent of the total area of the two unvegetated channels that was not
unvegetated channel in both years is shown. In one of these years, the area was
vegetated without evidence of being part of the active channel. Thus, a higher value
indicates a larger area that was not unvegetated channel in both years, and
suggests a greater amount of change in channel position. The unconfined
reaches (M2, M4, M9, and M11) have higher values than the confined reaches
(M1, M3, M6, and M8). The unvegetated channels were mapped in Arc on the
1948 and 2004 aerial photographs. The areas where the two channels intersect
(areas that were unvegetated channel in both years) were subtracted from the
total channel area. The remaining areas were calculated as a percent of the
entire area of the two channels (Appendix G). This method compares channel
positions in these two years only. Multiple changes in the positions of the
channel paths in intervening years or reoccupation of a channel path are not
recorded.
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Figure C-10e. Measured and observed surface heights plotted by river
mile along the Methow River between RM 28.1 and RM 75. The bright
blue lines show the mean height for each geomorphic reach using all of the
plotted points in that reach. The reach with the highest bounding surfaces
is M1, which is confined by glacial deposits, primarily, and alluvial-fan
deposits.

Most of the plotted heights are from survey cross sections, where the
surface height was calculated by subtracting surface elevation from
thalweg elevation along surveyed cross sections. Some of the heights are
estimates from field observations. Although banks that are as high as the
ones in reach M1 are present upstream, the banks adjacent to the active
channel are lower, as indicated by the plot. Since the surveyed cross
sections included only those surfaces near the active channel, the higher
surfaces were not surveyed in the wider reaches. The higher banks in the
upstream reaches are far enough from the active channel that they do not
markedly constrict channel migration.

Figure C-10f. Slopes of the Methow River plotted by river mile between
RM 28.1 and RM 75. Although the slope varies along this section of river,
a marked change in slope is not present in the assessment area.
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Figure C-10g. Water exchange between groundwater and surface water,
groundwater recharge areas, mapped ponded areas, and major tributaries
that contribute surface water to the Methow River plotted by river mile
between RM 28.1 and RM 75.

The water exchange information is from the USGS (Konrad et al., 2003);
the recharge areas are from the USFS.

Brown triangles indicate towns.

Figure C-10h. Channel characteristics for each geomorphic reach and
geomorphic subdivision within the reaches plotted by river mile. Channel
characteristics vary with the degree of confinement of the low surface,
valley slope, and the amount of groundwater available.

The confined reaches (M1, M3, M6, and M8) are dominated by a single
main channel path. Two of the unconfined reaches (M9 and M11) are
dominated by channel networks. One unconfined reach (M4) has both
primary side channels and channel networks. The fourth unconfined reach
(M2) is dominated by primary side channels, often a single long channel
that is separated from the main channel by alluvial surfaces. It also has
some channel networks (Reclamation, 2008c). Channel characteristics
were evaluated on the 2004 and historical aerial photographs. The primary
form is shown here. Short sections in each reach have different forms
(Reclamation, 2008c).
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M7 Figure C-10i. Cumulative lengths of secondary, overflow, and abandoned
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500,000 channels for each geomorphic reach and geomorphic subdivision plotted by
river mile. The reaches with the longest total channel length have the most
channels adjacent to the main channel. The longest lengths are in three of the
unconfined reaches (M2, M4, and M9). The low value for reach M11 is likely
the result of dense vegetation, which makes channels difficult to see. The
300,000 confined reaches (M1, M3, M6, and M8) have few, if any, channels adjacent to

the main channel.
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2000007 | The channels were mapped in Arc using the 2004 and historical aerial
photographs (Appendix G; Reclamation, 2008c). The mapping is not
consistent along the entire length of river, because of differences in the quality
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channel, and in the time spent mapping each reach. Only easily observed,
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oo st squares. Orange squares show sources of coarse sediment (coarse gravel); and
ons conved sk blue squares show sources of fine sediment (mostly sand, to fine gravel).
e G Landslide/debris flow sources are shown by the green lines that indicate the
B ) extent of the landslide or debris flow. Sources of coarse sediment occur along

the entire section of the river, but are more common in the upstream reaches,
where slopes are steep and debris fans have formed (Reclamation, 2008c).
e I e oy .- Sediment sources were mapped using the 2004 and historical aerial
photographs and field observations.
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3.1 REeacHM1, RM 28.1-33.7

Reach M1 is 5.6 miles long and is located between Carlton (RM 28.1) and RM 33.7
(Table C-3). Itis a confined reach, where the channel has a single path between banks
that are up to about 200 feet high and that are composed of glacial deposits, alluvial-fan
deposits, landslide deposits, or bedrock (Figures C-10a, C-10c, C-10e, C-10h, and
Figure C-11). The low surface is narrow (Figure C-10b), and is barely wider than the
unvegetated channel (Figure C-11). The unvegetated channel makes up more than 50%
of the low surface area (Figure C-10c). The low surface extends beyond the
unvegetated channel in only a couple of small areas, RM 28.5-29 and RM 30.75-31.2
(Figure C-11).

The incised, narrow low surface in Reach M1 does not allow for lateral migration of the
active channel, and little movement of the channel has been occurred between 1948 and
2004 (Figure C-10d and Figure C-11). The channel flows in meanders that have incised
into glacial deposits during the last 10,000 years or so. Consequently, the unvegetated
channel cannot vary much from the path inscribed by the bounding high surfaces.

The main tributaries are Canyon Creek at RM 32.9 and Benson Creek at RM 33.2,
which provide fine sediment to the reach (Figures C-10g, C-10j, and Figure C-11).
Landslides/debris flows are sources of coarser sediment between RM 28.5 and RM 31.5
(Figure C-10y).

The reach is transitional (Figure C-10g). Seeps or ponded areas have not been mapped
in the reach (Figure C-10g).

Because the low surface is naturally confined, the impacts of human activities are
limited. A few houses and associated roads are present between RM 30 and RM 30.2
(see Reclamation, 2008c). Only about 10% of the low surface has been cleared of
vegetation. The mean width of the geologic surface has not been markedly changed by
human features.
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Figure C-11. Methow River — Geology and historical channels for confined geomorphic Reach M1
(RM 28.1-33.7).

The colored lines within the low surface are historical channel paths between 1945 and 2004 (see
Reclamation, 2008c).
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3.2 REAcHMZ2,RM 33.7-40.3

Reach M2 is 6.6 miles long and is located between RM 33.7 and RM 40.3 (Table C-3).
The reach is generally unconfined. However, the width of the low surface is variable,
and the reach includes narrower sections that are 0.2 to 0.4 miles long and that separate
wider sections of the reach (Figure C-12). The three wider sections are geomorphic
subdivisions of the reach, and are indicated as M2a, M2b, and M2c (Table C-1 and
Figure C-12).

For most of the reach, the channel meanders within a relatively wide low surface, and
has secondary, overflow, and abandoned channels (Figures C-10a, C-10b, C-10i, and
Figure C-12). The channel form includes primary side channels (Figure C-10h). In the
narrower sections, a single main channel path is incised into bedrock or high surfaces
composed of glacial or alluvial-fan deposits (Figure C-12). Bank heights are lower than
they are in reach M1 (Figure C-10e).

The unvegetated channel occupies only 15 to 20% of the low surface area (Figure C-
10c). However, widths of the low surface and degree of channel migration vary among
the three geomorphic subdivisions of the reach (Figures C-10b and C-10d). The
outsides of some meanders are bounded by bedrock, so that lateral migration is limited
(Figure C-12).

The reach is primarily a gaining reach, and ponded areas have been mapped within the
low surface (Figure C-10g). The downstream geomorphic subdivision (M2a), between
RM 33.7 and RM 35.8, is a transitional reach (Figure C-10g).

The wider sections of this reach are the most impacted by anthropogenic features.
Primary side channels have been disconnected by levees, roads, and development in at
least three locations: near RM 35, near RM 38.5, and near RM 40. In the wider
sections, the present low surface is about 420 to 463 feet narrower than it was naturally.
The narrowing of the low surface has disconnected the channel from the adjacent
floodplain. The impacts due to constraining the low surface with anthropogenic features
are much less in the naturally narrower sections. In these sections the present low
surface is about 55 to 285 feet narrower than it was naturally. Similarly, the impacts of
vegetation clearing are much greater in the wider sections, where terraces within the
low surface have been used for grazing, agriculture, and development. The area of the
geologic low surface that has been cleared of natural vegetations is up to 38% in the
wider sections. Cleared areas limit the recruitment potential for large woody debris
(LWD).
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Figure C-12. Methow River — Geology and historical channels for unconfined geomorphic Reach
M2 (RM 33.7-40.3).

The colored lines within the low surface are historical channel paths between 1945 and 2004.
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3.3 REAcHM3, RM 40.3-41.3

Reach M3 is 1 mile long and is a confined reach between RM 40.3 and RM 41.3, where
the Twisp River enters the Methow River (Table C-3). It includes the town of Twisp
near RM 41 (Figure C-13).

The channel form is a single main channel incised into bedrock or high surfaces
composed of glacial deposits (Figure C-10h and Figure C-13). The low surface is very
narrow, and the unvegetated channel occupies about 40% of the low surface (Figure C-
10b and Figure C-10j). The channel path has migrated only a little since about 1948
(Figure C-13). Secondary, overflow, and abandoned channels have not been mapped in
the reach (Figure C-10i).

Flow and sediment increase in this reach, because of the contributions from the Twisp
River, a relatively large tributary (Figure C-10j and Figure C-13). The reachis a
transitional reach upstream of the confluence with the Twisp River, and a gaining reach
downstream of that point (Figure C-10g). A recharge area is present near the mouth of
the Twisp River (Figure C-10g).

Because the low surface is naturally confined, the impacts of human activities are
limited. Only about 5% of the low surface has been cleared of vegetation. The mean
width of the geologic surface has only been decreased by an average of about 58 feet by
human features.
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Figure C-13. Methow River — Geology and historical channels for confined geomorphic Reach M3
(RM 40.3-41.3), at the confluence of the Twisp River.

The colored lines within the low surface are historical channel paths between 1945 and 2004.
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3.4 REeEAcCHM4,RM 41.3-47

Reach M4, which is 5.7 miles long, is located between RM 41.3, just upstream of the
confluence with the Twisp River, and RM 47, where the low surface narrows (Table C-
3; Figure C-14).

This reach is unconfined, but the low surface width progressively narrows in an
upstream direction (Figure C-10a, Figure C-10b, and Figure C-14). The active channel
makes up only about 12% of the low surface (Figure C-10c). The channel system in
this reach is composed of primary side channels along with a network of secondary and
overflow channels in some areas (Figure C-10h, Figure C-10i, and Figure C-14).

The reach is a transitional reach between RM 41.3 (downstream boundary) and

RM 43.5, a gaining reach between RM 43.5 and RM 46, and a losing reach between
RM 46 and RM 47 (upstream boundary) (Figure C-10g). Two recharge areas are
present upstream of RM 45: one in the gaining section and one (Gilbertson Springs) at
the upstream reach boundary (Figure C-10g). Ponded areas have been mapped in the
gaining section (Figure C-10g). No large tributaries enter the reach. However, two
unnamed tributaries (near RM 42 and RM 43) provide sediment to the reach (Figure C-
10j).

Primary side channels have been disconnected by levees, roads, and development in at
least two locations: near RM 43, and near RM 45.5. The present low surface is about
600 feet narrower than it was naturally. Nearly 40% of the low surface has been
cleared. Cleared areas limit the recruitment potential for LWD.
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Figure C-14. Methow River — Geology and historical channels for unconfined geomorphic
Reach M4 (RM 41.3-47), just upstream of the confluence with the Twisp River.

The colored lines within the low surface are historical channel paths between 1945 and 2004.
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3.5 REACHM5,RM 47-50

Reach M5 is located between RM 47 and RM 50 and is 3 miles long (Table C-3; Figure
C-15).

This reach is somewhat confined, and the low surface has a width that is intermediate
between the wider reach (M4) downstream and the narrower reach (M6) upstream
(Figures C-10a, C-10b, and Figure C-15). For most of the reach, the low surface is
naturally confined by glacial deposits, primarily, and in some areas by bedrock (Figure
C-15). The unvegetated channel occupies more than 30% of the low surface area
(Figure C-10c).

The channel is primarily a single main channel; however, a primary side channel and
some adjacent floodplain are present in some sections (Figure C-10h and Figure C-15).
A few secondary, overflow, or abandoned channels are present (Figure C-10i and
Figure C-15). The channel in this reach has more pronounced meanders than the reach
upstream (M6; Figure C-15).

Reach MR5 is a losing reach, but a recharge area (Gilbertson Springs) is present at the
downstream reach boundary (Figure C-10g). An unnamed tributary enters the reach on
river left near RM 49 (Figure C-15).

In this somewhat confined reach, primary side channels have been disconnected by
levees, roads, and development. The present low surface is about 80 feet narrower than
it was naturally. The narrowing of the low surface has disconnected the channel from
the adjacent floodplain. An average of about 22% of the area of the geologic low
surface has been cleared of natural vegetations. Cleared areas limit the recruitment
potential for large woody debris (LWD).

3.6 REACH M6, RM 50-51.5

Reach M6 is 1.5 miles long and is located between RM 50 and RM 51.5, where the
Chewuch River enters the Methow River (Table C-3; Figure C-15). The reach includes
part of the town of Winthrop.

This reach is very confined, and the unvegetated channel occupies about 65% of the low
surface area (Figures C-10a, C-10b, C-10c, and Figure C-15). Very little floodplain
exists outside of the unvegetated channel. The channel has a single channel path that has
only broad meanders (Figure C-10h and Figure C-15). Secondary, overflow, or
abandoned channels have not been mapped (Figure C-10i). The reach is confined by high
surfaces composed of glacial deposits or bedrock, such as near the downstream reach
boundary and upstream of RM 51 (Figure C-10e and Figure C-15).

Flow and sediment increase markedly in this reach, because of the contributions from the
Chewuch River, a large tributary that enters the Methow River at the upstream boundary of
this reach (Figure C-10j and Figure C-15). The reach is a losing reach (Figure C-10g).

Because the low surface is naturally confined, the impacts of human activities are
limited. Less than 5% of the low surface has been cleared of vegetation. The mean
width of the geologic surface has only been decreased by an average of slightly less
than 20 feet by human features.
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Figure C-15. Methow River — Geology and historical channels for moderately confined geomorphic
Reach M5 (RM 47-50) and confined Reach M6 (RM 50-51.5), just downstream of the confluence
with the Chewuch River.

The colored lines within the low surface are historical channel paths between 1945 and 2004.
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3.7 REACHM7,RM51.5-52.9

Reach M7 is 1.4 miles long and is located between RM 51.5 (at the confluence of the
Chewuch River) and RM 52.9, where the low surface narrows (Table C-3; Figure C-
16). It includes part of the town of Winthrop.

The reach is somewhat confined, and is more than three times wider than the reaches
downstream (M6) and upstream (M8) (Figure C-10a, Figure C-10b, Figure C-16). The
unvegetated channel occupies only a little more than 10% of the low surface, much less
than in the adjacent reaches (Figure C-10c). A few secondary, overflow, or abandoned
channels have been mapped in the reach (Figure C-10i). The low surface is confined by
high surfaces composed of glacial deposits or bedrock, such as at the confluence of the
Chewuch River (Figure C-16).

The channel consists of a main channel path and primary side channels (Figure C-10h
and Figure C-16). The channel has shifted positions historically (Figure C-10d and
Figure C-16).

The reach is a gaining reach, but the surface flow is much less than it is downstream of
the confluence of the Chewuch River (Figure C-10g).

Impacts of human activities are more pronounced in this wider reach than in the
adjacent upstream and downstream reaches. Houses, roads, and development have
decreased the low surface average width by nearly 900 feet. Slightly less than 40% of
the low surface has been cleared of natural vegetation.

3.8 REeEacHMS8, RM 52.9-55

Reach M8, which is 2.1 miles long, is located between RM 52.9, where the low surface
markedly narrows, and RM 55, where the low surface markedly widens (Table C-3;
Figure C-10b and Figure C-17).

This reach is very confined, and the channel is nearly straight (Figure C-10a, Figure C-
10b, and Figure C-16). The unvegetated channel occupies nearly 50% of the low surface
area (Figure C-10c). The channel has migrated little historically (Figure C-10d; Figure
C-16). The low surface is confined by high surfaces composed of glacial deposits and a
large alluvial-fan deposit from Wolf Creek on river right (Figure C-17).

The reach is a gaining reach (Figure C-10g). Wolf Creek is the largest tributary, and
contributes coarser sediment periodically to the reach (Figure C-10j; Figure C-16).
Sediment plumes from Wolf Creek are visible in the Methow River on the 1948 and
1974 aerial photographs. Neither ponded areas nor recharge areas have been mapped in
the reach (Figure C-10g).

Because the low surface is naturally confined, the impacts of human activities are limited.
About 10% of the low surface has been cleared of vegetation. The mean width of the
geologic surface has only been decreased by an average of about 10 feet by human features.

C-31



APPENDIX C — GEOMORPHIC REACHES

Figure C-16. Methow River — Geology and historical channels for moderately confined geomorphic
Reach M7 (RM 51.5-52.9) and confined Reach M8 (RM 52.9-55), between the Chewuch River and
Wolf Creek.

The colored lines within the low surface are historical channel paths between 1945 and 2004.
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3.9 REACHM9, RM 55-65.5

Reach M9 is 10.5 miles long and is located between RM 55 (where the valley
dramatically widens) and RM 65.5 (near the mouth of Goat Creek) (Table C-3; Figure
C-17). A major change in physical characteristics and geomorphic processes occur at
the downstream boundary of this reach (RM 55).

This is an unconfined reach, which has a wide low surface, extensive channel networks,
and water-filled abandoned channels (Figures C-10a, C-10b, C-10g, C-10h; Figure C-17).
Although the low surface is generally bounded by high banks composed of glacial
deposits, alluvial-fan deposits, and bedrock, it is wide enough that these banks do not
confine migration of the active channel. Only in a few places are the outsides of
meanders bounded by bedrock (Figure C-17), so that lateral migration is limited. The
exception is in the section between RM 61.7 and RM 65.5 (geomorphic subdivision
M9c), which is somewhat narrower than downstream of this point, so that the meandering
channel does seem to be naturally confined in places by the adjacent geologic deposits
(Figure C-17), and the banks in this section are up to about 80 feet high (Figure C-10e).

Lower surfaces also are present within the low surface. The unvegetated channel
occupies only between about 10 and 18% of the low surface area (Figure C-10c), which
indicates the lack of confinement in the reach. Supporting this is the relatively long
cumulative length of secondary and overflow channels (Figure C-10i), and the large
area of channel change between 1948 and 2004 (about 80% of the channels were in
different positions in these two years; Figure C-10d).

The channel system includes a network of active, recently active, and abandoned main
channels, secondary channels, and overflow channels (Figure C-10h, Figure C-17). Itis
a gaining reach, and two seeps add groundwater to the river system, Hancock Springs at
RM 60 and Suspension Creek at RM 64.3 (Figure C-10g). Many of the abandoned
channels are filled with water that probably has a groundwater source, especially
downstream of about RM 59 (Figure C-10g).

The main tributaries are Cassal Creek (RM 61.75), Fawn Creek (RM 62.9), Goat Creek
(RM 65), and Little Boulder Creek (RM 65.3) (Figure C-10g). The last two are near the
upstream reach boundary, and the constriction created by the two alluvial-fan deposits
from these drainages is the reach boundary. Cassal and Little Boulder Creeks
contribute coarser sediment to the reach (Figure C-10j).

The low surface has been most narrowed by human features in the middle section of the
reach, between about RM 59 and RM 61.7, immediately upstream and downstream of
Weeman Bridge at RM 61.2 (Figure C-17). This section of the reach has the most
houses, roads, and development within the low surface. Other human features that create
constrictions are embankment dams near RM 56, the “people mover” at RM 57,
suspension bridge near RM 65, and several levees (such as McKinney levee). The
maximum amount of clearing in this reach is about 18% of the low surface, which occurs
in the middle section near Weeman Bridge. Additional activities in the future, especially
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those that disconnect the floodplain, could severely impact any presently working habitat.

Figure C-17. Methow River — Geology and historical channels for unconfined geomorphic Reach
M9 (RM 55-65.5), between Wolf Creek and Goat Creek/L.ittle Boulder Creek.

The colored lines within the low surface are historical channel paths between 1945 and 2004.
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3.10 REeAcH M10, RM 65.5-69.6

Reach M10 is 4.1 miles long and is located between RM 65.5 and RM 69.6, just
upstream of Early Winters Creek (Table C-3; Figure C-18).

This reach is somewhat confined, and has mostly a single channel path, although short
sections with a primary side channel do exist: near RM 66.5 and near RM 68.5 (Figures
C-10a, C-10h, and Figure C-18). The width of the low surface is relatively narrow, but
the reach includes some secondary, overflow, and abandoned channels (Figures C-10b
and C-10i). The unvegetated channel occupies nearly 25% of the low surface (Figure C-
10c). Historically, the channel has changed positions (about 40% of the channels were
in different positions in 1948 and 2004; Figure C-10d).

The low surface is confined by high banks composed of glacial deposits, alluvial-fan
deposits, and bedrock (Figure C-18). The large alluvial-fan deposits from Goat Creek,
Little Boulder Creek, and Early Winters Creek naturally constrict the low surface. The
downstream boundary at RM 65.3 is at the constriction created by alluvial-fan deposits
from Goat Creek and Little Boulder Creek (Figure C-18). Several higher elevation
surfaces are present within the low surface, and in places confine the unvegetated
channel (Figure C-10e).

This reach is a losing reach where the channel dewaters during the late summer and fall
in very dry years (Konrad et al., 2003). However, dewatering is more common
upstream of Early Winters Creek at RM 69.6 in Reach M11. No seeps or springs have
been mapped in this reach (Figure C-10g).

The main tributaries are Early Winters Creek at RM 69.2, and Goat Creek and Boulder
Creek near RM 65.

The low surface in this reach has only been narrowed by human features by about

60 feet. The reach is naturally somewhat confined. Clearing in this reach is limited to
about 10% of the total low surface area. Clearing decreases the potential of recruitment
of LWD, which decreases channel roughness and bank stability.
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Figure C-18. Methow River — Geology and historical channels for moderately confined geomorphic
Reach M10 (RM 65.5-69.6) between Goat Creek/Little Boulder Creek and Early Winters Creek.

The colored lines within the low surface are historical channel paths between 1945 and 2004.
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3.11 REeAcCH M11, RM 69.6—-75

Reach M11 is 5.4 miles long and is located between RM 69.6, at the large alluvial-fan
deposit from Early Winters Creek, and RM 75, near the mouth of Lost Creek (Table C-
3; Figure C-19).

This is an unconfined reach, which consists of a moderately wide low-surface area
(Figures C-10a, C-10b, and Figure C-19). The unvegetated channel occupies only
about 15% of the unvegetated channel (Figure C-10c). The low surface is bounded by
high banks composed of glacial deposits, alluvial-fan deposits, landslide deposits, and
bedrock (Figure C-19). The large alluvial-fan deposit from Early Winters Creek
naturally constricts the low surface and defines the downstream boundary of the reach.

The low surface has extensive channel networks, especially upstream of RM 71.5,
where the low surface is slightly wider than it is downstream. The section between RM
69.6 and RM 71.5 has long primary side channels. Primary side channels also are
present upstream of RM 71.5 (Figure C-19).

The unvegetated channel has been able to migrate, which it has done between 1948 and
2004 (Figure C-10d and Figure C-19). Historically, the channel has changed positions
(about 70% of the channels were in different positions in 1948 and 2004; Figure C-
10d).

This reach is a losing reach where the channel commonly dewaters during the late
summer and fall (Konrad et al. 2003). It is the reach that is most frequently dewatered
on an annual basis. Ponded areas, especially in abandoned channel paths, are common
(Figure C-10g). No seeps or springs have been mapped (Figure C-10g).

The main tributaries are Lost Creek (RM 75), Goat Wall Creek (RM 71.3), and McGee
Creek (RM 73) (Figure C-10g). These tributaries contribute coarser sediment to the
river system (Figure C-10j).

The low surface has been narrowed an average of about 280 feet by human features.
The reach has been narrowed significantly by roads, levees, houses, and other
development. Clearing in this reach is limited to <10% of the total low surface area, but
clearing in some areas is substantial and is becoming more prevalent. Clearing
decreases the potential of recruitment of LWD, which decreases channel roughness and
bank stability.
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Figure C-19. Methow River — Geology and historical channels for unconfined geomorphic
Reach M11 (RM 69.6-75), between Early Winters Creek and Lost Creek.

The colored lines within the low surface are historical channel paths between 1945 and 2004.
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4. TWISP RIVER GEOMORPHIC REACHES

Six geomorphic reaches (T1 through T6, downstream to upstream) are identified for
the Twisp River in the assessment section between the mouth (RM 0) and just
upstream of War Creek (RM 18.1) (Table C-4). The Twisp River in the assessment
section is primarily unconfined. The section includes two confined sections: between
the mouth and RM 0.6 (Reach T1), and between RM 7.8 and RM 9.8 (included in
Reach T4). The assessment section includes one moderately confined reach between
RM 5 and RM 7.8 (reach T3) that has a 0.4-mile-long confined section at its
downstream end (RM 5 to RM 4).

A change in channel slope occurs near RM 9.8, where Little Bridge Creek joins the
Twisp River. This is at the upstream boundary of the confined Reach T4. The slope
is much flatter upstream of this point in unconfined Reach T5, and is steeper
downstream of this point in reaches T1, T2, and T3.

In the confined reaches (T1 and T4), the low surface is narrow and incised into
bedrock and glacial deposits, primarily, or alluvial-fan deposits. The unvegetated
channel cannot migrate freely within the narrow zone between high, confining banks.
Few surfaces are present within the low surface.

In the unconfined reaches (T2, T5, and T6), the low surface is relatively wide, so that
the unvegetated channel can migrate freely. The channel tends to meander, and the
channel system includes primary side channels that are relatively well defined and
long, and other short channels, either singly or in networks. A few ponded areas are
present, mostly in abandoned channels, and a few springs have been noted.

In the moderately confined Reach T3, the low surface is wide enough that the
unvegetated channel can migrate some but not freely. The downstream 0.4 mile of
the reach is very confined, but this section is so short that is does not affect the overall
character of the reach. The channel has broad meanders, and the channel system
includes a primary side channel or a network of multiple paths. The channel system
includes some secondary, overflow, or abandoned channels. The low surface is
bounded by high banks composed of glacial deposits, mostly, and small alluvial-fan
deposits that are limited to small tributaries that have incised through the glacial
deposits. One ponded area and one spring have been mapped in the reach.
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Table C-4. Twisp River — Geomorphic reaches and geomorphic subdivisions.

D/S u/s Length D/S u/s Length
Reach? RM RM (miles) Subdivision¥ RM RM (mile) Type

T1 0 0.6 0.6 T1 0 0.6 0.6 Confined
T2 0.6 5.0 4.4 T2a 0.6 1.7 1.1 Unconfined
T2b 1.7 5.0 3.3 Unconfined
T3 5.0 7.8 2.8 T3a 5.0 5.4 0.4 Moderately
confined
T3b 5.4 6.7 1.3 Moderately

confined
T3c 6.7 7.8 1.1 Moderately

confined

T4 7.8 9.8 2.0 T4 7.8 9.8 2.0 Confined
T5 9.8 13.5 3.7 T5 9.8 13.5 3.7 Unconfined
T6 13.5 18.1 4.6 T6a 13.5 16.2 2.7 Unconfined
T6b 16.2 18.1 1.9 Unconfined

reach.

1/ If no geomorphic subdivision is indicated, there are no additional lateral confinement points in the

On the following pages, there are eight “subfigures,” C-26a through C-26h. These
show characteristics of the processed-based reaches on the Chewuch River between
RM 0 and RM 14.3. For all of these figures, the colored lines are values for the
geomorphic reaches and the geomorphic subdivisions within them, and the vertical

black lines show the boundaries of the geomorphic reaches.

Figure C-20. Twisp River — Eight subfigures (on following pages) presenting

characteristics of the geomorphic reaches between RM 0 and RM 18.1.
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Figure C-20a. Variations in the geologic confinement of the low
surface for each geomorphic reach and geomorphic subdivision
within the reaches for the Twisp River plotted by river mile between
RM 0 and RM 18.1. Each reach has a single value, except for short
sections within reaches T2 and T3.

See the Methow Atlas (Reclamation, 2008c) for a comparison of the
reaches.

Figure C-20b. Mean widths of the low surface for each
geomorphic and geomorphic subdivision within the reaches
plotted by river mile. The wider the low surface, the less
confined is the active channel. Although short sections are
present where the low surface is more confined, the three
unconfined reaches (T2, T5, and T6) have wider low surfaces
than those in the two confined reaches (T1 and T4). This
supports the subjective evaluation of confinement shown in
Figure 20.

The low surface is bounded by alluvial-fan deposits, glacial
deposits, landslides, or bedrock (Appendix G). Although these
units other than the bedrock are erodible, the size of the sediment
in the deposits and the heights of the banks mean that they
confine the lateral movement of the active channel.
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w0t T2 T3 ik s 6 Figure C-20c. Measured surface heights plotted by river mile
. along the Twisp River between RM 0 and RM 18.1. The light
© blue, horizontal lines show the mean height for each reach, using

all of the plotted points. The reach with the highest surfaces is
T2, which is confined by glacial deposits, primarily, along with
bedrock and alluvial-fan deposits.

40
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. Most of the heights downstream of RM 4 are from survey cross

sections, where the surface elevations were subtracted from the
1 Chi * thalweg elevations along the cross section. The heights upstream
of RM 4 are from Golder Associates (2005).
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Figure C-20d. Slopes of the Twisp River plotted by river mile
between RM 0 and RM 18.1. A marked change in slope occurs
near RM 9.8 near the mouth of Little Bridge Creek. Slopes
downstream of this point range between 0.010 and 0.014. gjgpes
upstream of this point are flatter and range between 0.002 an
0.010, but are mostly 0.006. The differences in the slopes result
in a change in channel and floodplain processes that will need to
be considered in the planning and implementation of any projects.
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Figure C-20e. Water exchange between groundwater and surface
water, groundwater recharge areas, mapped ponded areas, and major
tributaries that contribute surface water to the Twisp River plotted by
river mile between RM 0 and RM 18.1. Most of the assessment
section where information is available is transitional. A gaining
section is present in Reach T2 (RM 1.8-4.7).

The water exchange information is from the U.S. Geological Survey
(Konrad and others, 2003). The recharge areas are from the U.S.
Forest Service.

Figure C-20f. Channel characteristics for each process-based reach
and geomorphic subdivision within the reaches plotted by river mile.
Channel characteristics vary with confinement of the active channel
and the amount of groundwater available.

The confined reaches (T1 and T4) are dominated by a single main
channel path. Two of the unconfined reaches (T2 and T6) are
dominated by channel networks. The other unconfined reach (T5) has
both primary side channels and channel networks. The somewhat
confined reach (T3) has variable characteristics: the section RM 5.4—
6.7 has a channel network; the section RM 6.7-7.8 has primarily side
channels; and the section RM 5-5.4 has a single channel.

Channel characteristics were evaluated on the 2004 and historical
aerial photographs. The primary form is shown here. Short sections
in each reach have different forms (Reclamation, 2008c).
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Figure C-20g. Cumulative lengths of secondary, overflow, and
abandoned channels for each geomorphic reach and geomorphic
subdivision within the reaches plotted by river mile. The reaches
with the longest cumulative channel length have the most
channels adjacent to the main channel. The longest cumulative
lengths are in reaches T2 and T6, which are unconfined.

The channels were mapped in Arc using available aerial
photographs (Appendix G; Reclamation, 2008c¢), so that the
mapping is not consistent along the entire length of river. Only
easily observed, readily mappable channels are included.
Undoubtedly all of the reaches have considerably more channels
than shown.

Figure C-20h. Major sources of coarser sediment plotted by
river mile for the Twisp River between RM 0 and RM 18.1.
Tributary sources of coarser sediment (coarse gravel) are shown
by the orange squares. Landslides/debris flows, which are shown
by the green lines, also contribute coarser sediment. The length
of the green lines indicates the extent of the landslide/debris flow
along the channel. The longest section with landslides is in reach
T2, between RM 2.95 and RM 3.8.

Sediment sources were mapped using aerial photographs and field
observations.
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41 REeacHT1l,RMO0-0.6

Reach T1, which is 0.6 miles long, is located between the mouth of the Twisp River
at Twisp (RM 0) and RM 0.6, where the low surface markedly widens (Table C-4;
Figure C-21). The town of Twisp is on surfaces bounding both sides of the reach. It
is a confined reach where the low surface is very narrow, and the channel has a single
curving path (Figures C-20a, C-20c, C-20f, and Figure C-21). The low surface is
bounded by bedrock or high banks that are composed of glacial deposits (Figure C-
20c and Figure C-21). The low surface outside of the unvegetated channel is limited
to the section just upstream of the mouth (the lower 0.3 miles of the reach).

The incised, narrow, low surface does not allow for much lateral migration of the
unvegetated channel, and only limited migration of the channel has occurred between
1945 and 2004 (Figure C-21). Only a few secondary or overflow channels are
present (Figure C-20g and Figure C-21).

No tributaries enter the Twisp River in this reach (Figure C-20e and Figure C-21).
One spring near the Methow River is present (Figure C-20e and Figure C-21). No
ponded areas have been mapped in this reach (Figure C-20g).

Extensive clearing of the low surface and adjacent bounding surfaces for residential
development or agriculture limits the potential for recruitment of LWD within this
reach. Although the low surface is naturally confined, the low surface has been
confined even more by human features (e.g., levees, roads, houses). Development
related to the town of Twisp has resulted in bank hardening (e.g., riprap).
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Figure C-21. Twisp River — Geology and historical channels for confined geomorphic Reach T1 (RM 0-0.6). Reach flows through the town of Twisp.

The colored lines within the low surface are historical channel paths between 1945 and 2004.
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4.2 REeEaAcCHT2,RMO0.6-5

Reach T2, which is 4.4 miles long, is located between RM 0.6, where the low surface
markedly widens, and RM 5, near the mouth of Poorman Creek (Table C-4, Figure C-
22). Itis primarily an unconfined reach, and the low surface is relatively wide
(Figures C-20a, C-20g, and Figure C-22). It includes a geomorphic subdivision at
RM 1.7. The low surface is narrower and somewhat or moderately confined
downstream of this point. In the narrower section, the low surface is bounded by
bedrock and high surfaces that are composed of glacial deposits (Figure C-20c and
Figure C-22). In the wider section upstream of RM 1.7, the low surface is bounded
by glacial deposits, mostly, and small areas of alluvial-fan deposits and
landslide/debris flow deposits (Figure C-22).

The channel system is mostly a network of multiple channel paths. However, the
narrower section between RM 0.6 and RM 1.7 has a main channel path with primary
side channels (Figure C-20f and Figure C-22). Both sections include secondary,
overflow, or abandoned channels (Figure C-20g). The channel has migrated in a few
areas between 1954 and 2004: RM 0.8-1.6, RM 2.9-3.4, RM 4-4.2, and RM 4.3-4.5
(Figure C-22).

The main tributary entering this reach is Poorman Creek at RM 4.65 (Figure C-20e
and Figure C-22). The section RM 1.7-4.7 is a gaining section (Figure C-20g).
Between RM 4.7 and RM 5, the reach is transitional. (No data are available for the
reach between RM 0.6 and RM 1.7.) Coarse sediment is contributed by Poorman
Creek at RM 4.65 and by landslide/debris-flow deposits, especially between RM 2.95
and RM 3.1 and near RM 4.65 (Figure C-20h and Figure C-22).

There is one seep or spring identified in this reach, near RM 2.8 (Figure C-20e and
Figure C-22). Ponded areas, mostly in abandoned channels, are present near RM 1.5
and between RM 3.5 and RM 4 (Figure C-20e).

Reach T2 has been impacted by human activities. Primary side channels and
floodplain are cut off by levees, dikes, roads, and development. The greatest
narrowing of the low surface by human features is the section between RM 1.7 and
RM 5. The low surface has been artificially cleared of vegetation. Clearing of the
surfaces, dikes, and bank protection adjacent to the active channel have reduced the
LWD recruitment potential in the reach. Irrigation withdrawals occur at two
locations: MVID West at RM 3.9, and Brown/Gillihan Ditch at RM 4.6.

C-47



APPENDIX C — GEOMORPHIC REACHES

Figure C-22. Twisp River — Geology and historical channels for unconfined geomorphic Reach T2 (RM 0.6-5). Blue area is the low
surface.
The colored lines within the low surface are historical channel paths between 1954 and 2004.
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4.3 REACHT3,RM5-7.8

Reach T3, which is 2.8 miles long, is located between RM 5, near the mouth of
Poorman Creek, and RM 7.8, where Myer and Newby creeks join the Twisp River
and their alluvial-fan deposits create a confined section (Table C-4, Figure C-23). It
is primarily a somewhat, or moderately, confined reach (Figures C-20a, C-20b, and
Figure C-23). The low surface is bounded by glacial deposits, mostly, and small
alluvial-fan deposits (Figure C-23). The reach includes two geomorphic subdivisions,
one at RM 5.4 and another at RM 6.7. The low surface is very confined in the 0.4-
mile-long section between RM 5 and RM 5.4, where the low surface is bounded by
bedrock (Figure C-20b and Figure C-23).

The channel system is either a channel network (between RM 5.4 and RM 6.7) or a
main channel with primary side channels (between RM 6.7 and RM 7.8; Figure C-20f
and Figure C-23). These two subdivisions of the reach include secondary, overflow,
and abandoned channels (Figure C-20g). The channel migration in these sections is
observable on aerial photographs taken between 1954 and 2004 (Figure C-23,
Reclamation, 2008c). The channel through the very narrow subdivision (between
RM 5 and RM 5.4) has a single flow path, which did not migrate between 1954 and
2004 (Figure C-20f and Figure C-23).

The main tributaries entering this reach are Newby and Myer Creeks near the reach
boundary at RM 7.8 (Figure C-20e and Figure C-23). This reach is transitional
(Figure C-20e). One seep or spring has been identified in this reach, near RM 7.4
(Figure C-20e and Figure C-23). A ponded area is present near RM 7 (Figure C-20e
and Figure C-23). Coarse sediment is contributed by Newby Creek at RM 7.8 (Figure
C-20h).

Reach T3 has been impacted by human activities. Primary side channels and
floodplain are cut off by levees, dikes, roads, and development. The low surface has
been artificially cleared of vegetation. Less clearing has occurred in the upstream
section, between RM 6.7 and RM 7.8. Clearing of the surfaces, dikes, and bank
protection adjacent to the active channel have reduced the LWD recruitment potential
in the reach. Irrigation withdrawals occur at two locations: Hottel Diversion at RM 6
and Twisp River Power and Irrigation Ditch at RM 6.9.
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Figure C-23. Twisp River — Geology and historical channels for moderately confined geomorphic Reach T3 (RM 5-7.8 at Myer Creek).

The colored lines within the low surface are historical channel paths between 1964 and 2004.
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4.4 REeEACHT4,RM 7.8-9.8

Reach T4, which is 2 miles long, is located between RM 7.8, at the confluence of
Newby and Myer creeks, and RM 9.8, near the confluence of Little Bridge Creek
(Table C-4, Figure C-24). Itis a confined reach with a relatively narrow low surface,
which is bounded by bedrock and high surfaces composed of glacial deposits and
alluvial-fan deposits at the upstream and downstream ends of the reach (Figures C-
20a, C-20b, and Figure C-24). This reach extends to the change in slope near Little
Bridge Creek (Figure C-20d).

The channel system is a single flow path, and only a few secondary, overflow, or
abandoned channels have been mapped in the reach (Figures C-20f, C-20g, Figure C-
24). The main channel has been nearly in the same position between 1964 and 2004
(Figure C-30; Reclamation, 2008c).

The only major tributary to enter this reach is Little Bridge Creek at the upstream
boundary of the reach (Figure C-20e and Figure C-24). The reach is transitional
(Figure C-20e). Coarse sediment is contributed by Little Bridge Creek and a
landslide between RM 9.55 and RM 9.76 (Figure C-20h).

Reach T4 has been impacted by human activities. Only about 14% of the low surface
in this reach has been cleared of vegetation for agriculture, grazing, and development,
the clearing of the surfaces adjacent to the active channel has reduced the recruitment
potential for LWD in the reach. Human features, such as levees, houses, and
development, have decreased the width of the geologic low surface in this reach.
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Figure C-24. Twisp River — Geology and historical channels for confined geomorphic Reach T4 (RM 7.8 at Myer Creek) to RM 9.8 (at
Little Bridge Creek).

The colored lines within the low surface are historical channel paths between 1964 and 2004.
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45 REeACHT5,RM9.8-13.5

Reach T5, which is 3.7 miles long, is located between RM 9.8, near the confluence of
Little Bridge Creek, and RM 13.5, near the confluence of Buttermilk and Canyon
creeks (Table C-4, Figure C-25). It is an unconfined reach, where the low surface is
relatively wide (Figures C-20a, C-20b, and Figure C-25). The exception is a 0.2-
mile-long section between RM 13.3 and RM 13.5, which is confined by opposing
alluvial-fan deposits from Buttermilk and Canyon Creeks (Figure C-25). The low
surface is bounded by bedrock, glacial deposits, alluvial-fan deposits (especially the
large one from Buttermilk Creek), and short sections of landslide/debris-flow deposits
(Figure C-25).

The channel system has a meandering main channel with primary side channels and a
network of smaller channels (Figure C-20f and Figure C-25). Some channel
migration is observable on aerial photographs taken between 1964/1985 and 2004
Figure C-25, Reclamation, 2008c). Secondary, overflow, and abandoned channels
are present (Figure C-20g).

Major tributaries are Little Bridge Creek, at the downstream reach boundary at
RM 10, and Buttermilk and Canyon creeks at the upstream reach boundary at RM
13.5 (Figure C-20e and Figure C-25). The reach is transitional (Figure C-20e).

Buttermilk Creek (RM 13.7) has contributed coarse sediment to the reach (Figure C-
20h). Landslide/debris-flow deposits supply coarse sediment to the Twisp River
between RM 11.8 and RM 12 (Figure C-25). Ponded areas have been identified
between RM 11.25 and RM 11.7 (Figure C-20e). One spring has been identified in
the reach at RM 10 (Figure C-20e and Figure C-25).

Reach T5 has been impacted by human activities. Nearly a third of the area of the
low surface has been cleared of natural vegetation. Clearing of the surfaces adjacent
to the active channel has reduced the recruitment potential for LWD in the reach. The
mean width of the geologic low surface has been decreased by human features, such
as roads, houses, and other development. One diversion occurs at RM 11.1 (Elmer
Johnson/ Libby/ Culbertson Ditch).
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Figure C-25. Twisp River — Geology and historical channels for unconfined geomorphic Reach T5 (RM 9.8 at Little Bridge Creek ) to
RM 13.5 at Buttermilk Creek).

The colored lines within the low surface are historical channel paths between 1964 and 2004.
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4.6 REeEacHT6,RM13.5-18.1

Reach T6, which is 4.6 miles long, is located between RM 13.5, near the confluence
of Buttermilk and Canyon creeks, and RM 18.1, just upstream of the confluences of
Eagle and War creeks (Table C-4, Figure C-26). It is an unconfined reach, where the
low surface is relatively wide (Figures C-20a, C-20b, and Figure C-32). The low
surface is bounded by alluvial-fan deposits, primarily, and glacial deposits (Figure C-
26). A geomorphic subdivision at RM 16.2 subdivides a slightly narrower
downstream section from a slightly wider upstream section (Figure C-20b and Figure
C-26).

The channel system is composed of a channel network; secondary, overflow, and
abandoned channels are common (Figures C-20f, C-20g, and Figure C-26). Channel
migration has occurred in several areas in this reach between 1964/1985 and 2004,
especially in the downstream geomorphic section (RM 13.5 to RM 16.2), between
RM 16.6 and RM 16.8, and between RM 17.4 and RM 18 (Figure C-26).

Major tributaries include Buttermilk and Canyon creeks near RM 13.5, Scaffold
Camp Creek at RM 15.9, Eagle Creek at RM 17.2, and War Creek at RM 17.4
(Figure C-20e and Figure C-26). Ponded areas have been identified between RM
15.5 and 16.9 (Figure C-20e). Four springs have been identified in the reach at RM
14.4, RM 14.6, RM 17 (Eagle Creek), and RM 17.7 (War Creek) (Figure C-20e and
Figure C-26).

War Creek (RM 17.4) contributes coarse sediment to the Twisp River (Figure C-20h).
Landslide/debris-flow deposits also supply coarse sediment to the Twisp River
between RM 16.5 and RM 16.6 (Figure C-20h).

One small log jam at RM 13.75 was noted by PWI (2003) in their mapping of LWD
along the Twisp River. This logjam is upstream of the constriction that is created by
the alluvial-fan deposits from Buttermilk and Canyon creeks near RM 13.5, at the
downstream reach boundary.

Reach T6 has been impacted by human activities. Only 10% of the area of the low
surface has been artificially cleared of vegetation. Clearing of the surfaces adjacent
to the active channel has reduced the recruitment potential for LWD in the reach.
Upstream of about RM 15 and downstream of the USFS boundary at RM 17, recent
development has increased. The mean width of the geologic low surface has been
decreased by human features, such as roads, houses, and other development.
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Figure C-26. Twisp River — Geology and historical channels for unconfined geomorphic Reach T6 (RM 13.5 at Buttermilk Creek to RM 18.1 at War Creek.

The colored lines within the low surface are historical channel paths between 1964 and 2004.
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5. CHEWUCH RIVER GEOMORPHIC REACHES

Six geomorphic reaches (C1 through C6, from downstream to upstream) are
identified for the Chewuch River in the assessment section between the mouth (RM
0) and Falls Creek (RM 14.3) (Table C-5). The Chewuch River in the assessment
section alternates between confined reaches (C1, C4, and C6) and unconfined reaches
(C2 and C5). One reach (C3) is moderately confined.

The slope of the channel increases markedly between RM 9 and RM 9.8, and the
slope is much flatter both upstream and downstream of this area. This change results
in different valley and channel characteristics immediately upstream and downstream
of the slope change.

In the confined reaches (C1, C4, and C6), the active channel is primarily a single
channel that is not free to migrate due to the narrowness of the zone between bedrock
or high banks, which are composed of glacial deposits and(or) alluvial-fan deposits.
The area of low surface outside of the active channel is limited. Few surfaces are
present within the low surface. A 0.6-mile-long section between RM 9.8 and

RM 10.4 at the downstream end of reach C4 is wider than the rest of the reach and
includes a relatively significant area of low surface outside of the unvegetated
channel.

In the unconfined reaches (C2 and C5), the low surface is relatively wide, so that the
unvegetated channel can migrate freely. The channel tends to meander. The channel
system includes primary side channels that are relatively well defined and long, and
other short channels, either singly or in networks. A few ponded areas, mostly in
abandoned channels, are present, along with a large recharge area near Eightmile
Creek at the downstream end of reach C4.

Recurrent wildfires have burned large portions of the Chewuch River watershed (see
Appendix L). Subsequent debris flows have contributed large amounts of sediment
periodically to the assessment reach. Most of the sediments that make it into the
assessment reach are probably fines (sand and silt). The USFS is conducting ongoing
monitoring of the sediment distribution that will provide additional data in the future
on sediment levels deposited in downstream areas (Appendix K).
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Table C-5. Chewuch River — Geomorphic reaches and geomorphic subdivisions.

Down- Up- Down- Up-
stream | stream | Length stream | stream | Length
Reach’ | RM RM | (miles) | Subdivision¥ | RM RM (miles) Type
C1 0 2.2 2.2 C1 0 2.2 2.2 Confined
Cc2 2.2 7.3 5.1 C2a 2.2 5.6 3.4 Unconfined
C2b 5.6 7.3 1.7 Unconfined
C3 7.3 9.5 2.2 C3a 7.3 8.5 1.2 Moderately
confined
C3b 8.5 9.5 1.0 Moderately
confined
C4 9.5 11.7 2.2 Cda 9.5 9.8 0.3 Confined
C4b 9.8 10.4 0.6 Confined
C4c 10.4 11.7 1.3 Confined
C5 11.7 13.9 2.2 Cbha 11.7 13.0 1.3 Unconfined
C5b 13.0 13.9 0.9 Unconfined
C6 13.9 14.3 0.4 C6 13.9 14.3 0.4 Confined

1/ If no geomorphic subdivision is indicated, there are no additional lateral confinement points in the

reach.

On the following pages, there are seven “subfigures,” C-27a through C-27g. These
show characteristics of the geomorphic reaches on the Chewuch River between RM 0
and RM 14.3. For all of these figures, the colored lines are values for the geomorphic
reaches and the geomorphic subdivisions within them, and the vertical black lines
show the boundaries of the geomorphic reaches.

Figure C-27. Chewuch River — Seven subfigures (on following pages) presenting
characteristics of geomorphic reaches between RM 0 and RM 14.3.
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Figure C-27a. Variations in the geologic confinement of the low surface shown for each
geomorphic reach and geomorphic subdivisions within the reaches plotted by river miles for
the Chewuch River between RM 0 and RM 14.3. Although variation may be present within a
single reach, all are dominated by one value. The assessment reach of the Chewuch River has
three confined reaches (C1, C4, and C6), two unconfined reaches (C2 and C5), and one

somewhat confined reach (C3).
See Reclamation, 2008c for a comparison of the reaches
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Figure C-27b. Mean widths of the low surface for each
geomorphic reach and geomorphic subdivision within the reaches
plotted by river mile. The wider the low surface, the less
confined is the active channel. Although short sections are
present where the low surface is more confined, the two
unconfined reaches (C2 and C5) have wider low surfaces than
those in the three confined reaches (C1, C4, and C6). This
supports the subjective evaluation of confinement shown in
Figure C-27a.

The low surface is bounded by alluvial-fan deposits, glacial
deposits, landslides, or bedrock (Appendix G). Although these
units other than the bedrock are erodible, the size of the sediment
in the deposits and the heights of the banks mean that they
confine the lateral movement of the active channel.

Figure C-27c. Slopes of the Chewuch River plotted by river mile
between RM 0 and RM 14.3. A marked change occurs about

RM 9-9.8, where the slope steepens. Flatter slopes are present
both upstream and downstream. The steeper section may due to a
fault, which crosses the valley here.
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Figure C-27d. The locations of springs, mapped ponded
areas, and major tributaries that contribute surface water to
the Chewuch River plotted by river mile between RM 0 and
RM 14.3. Groundwater-surface-water exchange information
is not available for the Chewuch River. Springs have been
noted only in the upstream portion of the assessment area, in
Reach T5 and Reach T6.

Figure C-27e. Channel characteristics for each geomorphic
reach and geomorphic subdivision within the reaches for the
Chewuch River between RM 0 and RM 14.3. Channel
characteristics vary with confinement of the active channel
and the amount of groundwater available.

The confined reaches (C1, C4, and C6) are dominated by a
single main channel path. The downstream unconfined reach
(C2) has channel networks. The upstream unconfined reach
(C5) has primary side channels rather than networks. The
somewhat confined reach (C3) has in different sections
primary side channels and a single main channel.

Channel characteristics were evaluated on 2004 and historical
aerial photographs. The primary form is shown here. Short
sections in each reach have different forms (refer to
Reclamation, 2008c).
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Figure C-27f. Cumulative lengths of secondary, overflow, and
abandoned channels for each geomorphic reach and geomorphic
subdivision within the reaches plotted by river mile. The reaches
with the longest cumulative channel length have the most channels
adjacent to the main channel. The longest cumulative length is in
reach C2, an unconfined reach. The confined reaches (C1, C4, and
C6) have few mapped channels adjacent to the main channel. The
somewhat confined reach (C3) has some mapped channels. The
low value the upstream unconfined reach, C5, is likely the result of
the lack of historical aerial photographs and the dense vegetation
that makes channels difficult to see.

The channels were mapped in Arc using available aerial
photographs (Appendix G; Reclamation, 2008c¢), so that the
mapping is not consistent along the entire length of river. Only
easily observed, readily mapable channel are included. All of the
reaches have considerably more channels than shown.

Figure C-27g. Major sources of coarser and finer sediment
plotted by river mile for the Chewuch River between RM 0
and RM 14.3. Tributary sources are shown by the squares:
orange for sources of coarser sediment (coarse gravel) and
blue for finer sediment (sand, mostly, to fine gravel). Coarser
sediment sources are tributaries where the slopes are steep
and debris fans have formed at their confluence with the
Chewuch River (Reclamation, 2008c).

Sediment sources were mapped using aerial photographs and
field observations.
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5.1 REACHC1,RM0-2.2

Reach C1, which is 2.2 miles long, is located between the confluence with the Methow
River at Winthrop (RM 0) and RM 2.2, where the low surface widens (Table C-5). This
reach is confined, and has a narrow low surface that is bounded by high banks
composed of glacial deposits or bedrock (Figures C-27a, C-27b, and Figure C-28). The
low surface is somewhat wider upstream of about RM 1.2, and bedrock is more
common downstream of this point than it is upstream (Figure C-28).

The channel system consists of a single path, and the narrow low surface does not allow
for lateral migration of the active channel, and little movement of the channel has been
noted between 1954 and 2004 (Figure C-27e and Figure C-28). The areas of low
surface outside of the unvegetated channel are small (Figure C-28). Few secondary,
overflow, or abandoned channels have been mapped in the low surface (Figure C-27f).

No major tributaries enter the reach (Figure C-27d and Figure C-28). Two
landslide/debris flow deposits are present along the low surface (near RM 0.4 and near
RM 0.95) and provide some sediment to the reach, but the landslide/debris flow areas
are of limited extent (Figure C-28).

Because the low surface is naturally confined in Reach C1, the impacts of human
activities are limited. A few houses are present within the low surface, for example,
near RM 1.8. Only about 8% of the low surface has been cleared of vegetation. The
mean width of the geologic low surface is only slightly narrower now than it was
prehistorically because of human activities.
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Figure C-28. Chewuch River — Geology and historical channels for confined geomorphic Reach C1
(RM 0-2.2).

The colored lines within the low surface are historical channel paths between 1954 and 2004.
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5.2 REACHC2,RM2.2-7.3

Reach C2, which is 5.1 miles long, is located between RM 2.2, where the low surface
widens, and RM 7.3, which is near the confluence of Cub Creek (Table C-5; Figure C-
29). This reach is unconfined, and the low surface is markedly wider (about six times
as wide) than it is in reach C1 (Figures C-27a, C-27b, and Figure C-29). The low
surface narrows slightly upstream of RM 5.6, which is a geomorphic subdivision
(Figure C-27b and Figure C-29).

The channel system includes primary side channels and networks (Figure C-27¢). The
cumulative length of secondary, overflow, and abandoned channels is the longest of the
Chewuch River assessment reaches. The cumulative length is slightly greater
downstream of RM 5.6, where the low surface is wider than it is in the slightly narrower
section upstream of this point (Figure C-27f and Figure C-29).

The main tributaries are Pete Creek near RM 4.0 and Cub and Ramsey Creeks near the
upstream reach boundary at RM 7.3 (Figure C-27d and Figure C-29). Cub Creek
provides coarser sediment to the reach, and Ramsey Creek provides finer sediment
(Figure C-27g). A few ponded areas have been mapped in the reach (Figure C-27d).

Reach C2 is impacted by human activities. Primary side channels and floodplain are
cut off by levees, dikes, roads, and development. These human features limit the
present width of the low surface to between 130 feet and 230 feet less than the geologic
width of the low surface. The human features block off-channel areas.

Between 3 and 25% of the low surface has been artificially cleared of vegetation. The
largest area of clearing is RM 2.2-5.6. This is also the area where development has
taken the largest area of the low surface. Clearing of the surfaces adjacent to the active
channel has reduced the recruitment potential for LWD in the reach.

Diversion of water by the Chewuch diversion dam and irrigation withdrawals decreases
the flows in this reach, especially in late summer.

Other human features that are present in this reach are the bridge on the Chewuch road
and Skyline ditch.
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Figure C-29. Chewuch River — Geology and historical channels for unconfined geomorphic Reach
C2 (RM 3.3-7.3 at Cub Creek).

The colored lines within the low surface are historical channel paths between 1954/1964 and 2004.
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5.3 REACHC3,RM7.3-9.5

Reach C3, which is 2.2 miles long, is located between RM 7.3, near Cub Creek, and
RM 9.5, near the middle of the large alluvial-fan deposit from Boulder Creek (Table C-
5; Figure C-30). This is a somewhat confined reach, which has a moderate average
width that is nearly half of the width of the low surface in the adjacent downstream
unconfined reach, C2 (Figures C-27a, C-27b, and Figure C-30). In this reach, the low
surface is alternately narrower and wider (Figure C-30). The three narrower sections,
which occur near the reach boundaries and at RM 8.5, are confined by bedrock and
glacial deposits, mostly, and by a large alluvial-fan deposit from Boulder Creek at the
upstream reach boundary. In these sections the low surface and channel migration have
been constricted. In the two wider sections, the channel has been somewhat confined
by slightly higher alluvial surfaces within the low surface, but has been able to migrate
historically. The narrower section at RM 8.5 is a geomorphic subdivision within the
reach.

In this reach, the slope progressively steepens to the confluence with Boulder Creek,
which contributes large boulders to the Chewuch River (Figures C-27c, C-27g, and
Figure C-30).

The channel system includes primary side channels in the wider sections and a single
channel in the narrower sections (Figure C-27e and Figure C-30). A few secondary,
overflow, and abandoned channels are present in the reach (Figure C-27f and Figure C-
30).

The main tributaries are Boulder Creek on river left at RM 9.4 and an unnamed
tributary on river right at RM 9.5. Both tributaries are near the upstream boundary of
the reach (Figure C-27d and Figure C-30). Both tributaries contribute coarser sediment
to the reach (Figure C-27g). No seeps or springs have been mapped in this reach
(Figure C-274d).

Reach C3 is impacted by human activities. Primary side channels and floodplain are
cut off by levees, dikes, roads, and development. These human features limit the
present width of the low surface to between about 125 feet and 190 feet less than the
geologic width of the low surface. The human features block off-channel areas.

Between 10 and 35% of the low surface has been artificially cleared of vegetation. The
largest area of clearing is between RM 8.0 and RM 8.4. Clearing of the surfaces
adjacent to the active channel has reduced the recruitment potential for LWD in the
reach.

C-67



APPENDIX C — GEOMORPHIC REACHES

Figure C-30. Chewuch River — Geology and historical channels for moderately confined
geomorphic Reach C3, between RM 7.3 (Cub Creek) and RM 9.5 (Boulder Creek).

The colored lines within the low surface are historical channel paths between 1974/1985 and 2004.
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5.4 REACHC4,RM9.5-11.7

Reach C4, which is 2.2 miles long, is located between RM 9.5, where Boulder Creek joins
the Chewuch River, and RM 11.7, where Eightmile Creek joins the Chewuch River (Table
C-5, Figure C-31). This reach is composed of three geomorphic subdivisions: a confined
section between RM 9.5 and RM 9.8, a somewhat confined section between RM 9.8 and
RM 10.4, and a confined section between RM 10.4 and RM 11.7 (Figure C-27a and Figure
C-31). The low surface width varies among these subdivisions, and is the narrowest in the
upstream geomorphic subdivision (Figure C-27b and Figure C-31). The low surface is
bounded by bedrock, high glacial deposits, and alluvial-fan deposits near the upstream and
downstream reach boundaries (Figure C-31). The slope is flatter in this reach than it is
downstream in reach C3 (Figure C-27c).

The channel system throughout the reach has a single channel form, and few secondary,
overflow, or abandoned channels have been mapped (Figures C-27e, C-27f, and Figure
C-31). Between RM 9.8 and RM 10.4, the low surface is wide enough that the channel
has split flow paths in two localities: near RM 9.7 and near RM 10.3. In reach C4, the
main channel has been roughly in the same position between 1974/1985 and 2004
(Figure C-24; and Reclamation, 2008c). The channel meanders only slightly, except
between RM 9.8 and RM 10.4, where single broad meander is present (Figure C-31).

There are no major tributaries that enter this reach, although Boulder Creek enters the
Chewuch River at the downstream boundary at RM 9.5, and Eightmile Creek enters the
Chewuch River at the upstream boundary at RM 11.7 (Figure C-27d, Figure C-31).
One ponded area is present near RM 10.4 (Figure C-27d). One spring (Eightmile
Creek) has been identified near RM 11.7, at the upstream boundary of the reach (Figure
C-27d).

Because there are no major tributaries in this reach, little sediment enters the Chewuch
River. Eightmile Creek, at the upstream reach boundary, contributes finer sediment to
the Chewuch River (Figure C-27g and Appendix N). The source of this sediment is
timber harvesting in the Eightmile Creek drainage (Appendix N). Sediment enters the
Chewuch River by lateral erosion along the high glacial banks near Eightmile Ranch.

Upstream of RM 9.8, vegetation has been cleared from 13 to 17% of the low surface for
agriculture, grazing, and development. The largest cleared area is in the section between
RM 9.8 and RM 10.4, which has the widest low surface. Clearing of the surfaces adjacent
to the active channel has reduced the recruitment potential for LWD in the reach.

Anthropogenic features, such as levees, houses, and development, have decreased the
width of the low surface in this reach upstream of RM 9.8. The section where the low
surface is widest, between RM 9.8 and RM 10.4, has been impacted the most. The low
surface width has been decreased about 230 feet by human features. Between RM 10.4
and RM 11.7, the low surface width has been decreased by only about 50 feet.
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Figure C-31. Chewuch River — Geology and historical channels for confined geomorphic Reach C4
between RM 9.5 (Boulder Creek) and RM 11.7 (Eightmile Creek).

The colored lines within the low surface are historical channel paths between 1985 and 2004.
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5.5 REACHC5,RM11.7-13.9

Reach C5, which is 2.2 miles long, is located between RM 11.7, where Eightmile Creek
joins the Chewuch River, and RM 13.9, where the low surface narrows (Table C-5,
Figure C-32). This is an unconfined reach; however, the low surface is somewhat
narrower upstream of RM 13 (at Valley Creek) than it is downstream of this point
(Figures C-27a, C-27b, and Figure C-32). The change is low surface width is the
boundary of a geomorphic subdivision.

The channel system consists mainly of a meandering main channel with primary side
channels (Figure C-27e and Figure C-32). It includes a few secondary, overflow, or
abandoned channels (Figure C-27f). The low number may be partially the result of
limited available historical aerial photographs.

Major tributaries include Eightmile Creek, at the downstream reach boundary at RM 11.7,
and Valley Creek at RM 13.3 (Figure C-27d, Figure C-32). No ponded areas have been
mapped in this reach, but ponded areas are thought to exist near RM 12.4 (Figure C-27d).

Only a small area of the low surface has been artificially cleared of vegetation for
development in Reach C5.

The width of the low surface has been decreased by human features, such as roads,
houses, and other development. The presently active low surface is about 70 feet
narrower than the geologic width of the low surface.

5.6 ReacHC6,RM13.9-14.3

Reach C6, which is 0.4 miles long, is located between RM 13.9 and RM 14.3, where
Falls and Butte Creek join the Chewuch River (Table C-5; Figure C-32). It the
downstream 0.4 miles of a confined section that continues upstream of the assessment
area. The low surface, which is only about 300 feet wide, is confined by alluvial-fan
deposits from Falls Creek on river right and from Butte Creek on river left (Figures C-
27a, C-27b, and Figure C-32).

The channel system consists of a single channel (Figure C-27¢). No secondary,
overflow, or abandoned channels have been mapped (Figure C-27f). The unvegetated
channel is nearly straight in this reach (Figure C-32).

The main tributaries are Falls Creek and Butte Creek, which join the Chewuch River
near the upstream reach boundary (Figure C-27d and Figure C-32). Although no
ponded areas were recognized in this reach during our assessment (Figure C-27d), some
ponding exists on WDFW property on river right at RM 12.4. Springs are present at
Falls Creek, near the upstream reach boundary (Figure C-27d).

Falls Creek and Butte Creek contribute coarse sediment (gravel) to the Chewuch River
(Figure C-279).
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The width of the low surface in Reach C6 has not been affected by human activities.
The low surface in this reach has not been cleared of much natural vegetation.

Figure C-32. Chewuch River — Geology and historical channels for unconfined geomorphic Reach
C5, between RM 11.7 (Eightmile Creek) and RM 13.9 (where valley narrows).

The colored lines within the low surface are historical channel paths between 1985 and 2004.
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ASSESSMENT APPROACH AND
METHODS

This appendix documents the general approach used to accomplish the assessment
objectives.
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APPENDIX D — ASSESSMENT APPROACH AND METHODS

1. INTRODUCTION

This appendix documents the general approach used to accomplish the objectives of
the Geomorphic Assessment (Reclamation, 2007e). Additional detail on methods can
be found in Appendix H (vegetation), Appendix J (hydrology), Appendix K
(hydraulics and sediment analysis), and Appendix M (geomorphology).

For this assessment, methods are based on a mixture of quantitative and qualitative
analysis to provide an acceptable level of certainty given the assessment objectives.
Quantitative data were collected with the intent to evaluate reach-level trends.
Quantitative methods provide more certainty in results than qualitative methods, but
in many cases were not collected at a project-site scale because of constraints of cost
and time. Qualitative methods are faster and less costly, but can be difficult to repeat
in a comparable manner and have less certainty. Where qualitative methods were
used, several independent analysis tools were overlaid and compared to determine
conclusions regarding channel processes.

The data and literature utilized are listed in Section 2 of this appendix. The spatial
scale and rate of change of processes addressed in this assessment are documented in
Sections 3 and 4, followed by a general list of the assessment tasks and types of data
collected to support those tasks in Section 5. Assessment limitations are then
discussed in Section 6 so that technical teams and project engineers utilizing this
information in the future can assess what additional information may be needed.
Finally, in Section 7 a more comprehensive list of methods are provided specifically
for the biologic and geomorphic portions of this report.

The Geomorphic Assessment focuses on an 80-river-mile area within the Methow
Subbasin; this area has been subdivided into geomorphic reaches in which similar
physical river processes operate and thus similar habitat restoration opportunities
exist. The overarching goal of this work is to identify project concepts at a reach
scale that focus on the following objectives established by the Upp