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Executive Summary

Following a successful floodplain restoration and in-stream 
enhancement project on Meacham Creek between river mile (RM) 6.0 and 
RM 7.0, the Confederated Tribes of the Umatilla Indian Reservation (CTUIR) 

initiated a second project phase.  This Completion Report documents the second phase 
of the Meacham Creek Floodplain Restoration and In-stream Enhancement Project–
Phase II (Project), between RM 6.0 and 8.5, which is located southeast of Pendleton, 
Oregon.  Design for the Project began in 2012 and construction was completed in 2013. 

The Meacham Creek watershed, comprising a drainage of 114,000 acres on the west slope 
of the Blue Mountains, has served as a major source of sustenance for the CTUIR since 
time immemorial.  From its headwaters near the towns of Meacham and Kamela, 
Meacham Creek flows 37 miles to its confluence with the mainstem Umatilla River at 
RM 79.0.  Key fish species inhabiting Meacham Creek include summer steelhead-
rainbow trout (Oncorhynchus mykiss), spring Chinook salmon (O. tshawytscha), bull 
trout (Salvelinus confluentus), and Pacific lamprey (Entosphenus tridentatus).

Increased settlement in the 19th century began transforming the Meacham Creek 
watershed as a result of the development of roads, agriculture, and ranching (livestock 
grazing).  Following the Treaty of 1855 between the United States government and the 
CTUIR, the Union Pacific Railroad (UPRR) constructed miles of levees and spur dikes to 
control major floods on Meacham Creek.  These extensive alterations to the Meacham 
Creek valley and floodplain resulted in a greatly simplified channel, loss of riparian 
vegetation, and degraded water quality, all contributing to the loss of aquatic 
productivity.  These and other human activities, including channel excavation and 
straightening following flooding in 1964 (Andrus and Middel 2003), have altered natural 
hydrologic and geomorphic processes in the watershed resulting in decreased floodplain 

connectivity and channel sinuosity, degraded channel 
structure, limited large woody debris (LWD), altered 
hydrology, sediment transport, limited riparian cover, 
and water quality degradation.

The CTUIR has a vested interest in restoring and enhanc-
ing high-quality ecological conditions for aquatic species 
in the Meacham Creek watershed.  This interest is strongly 
supported by the CTUIR’s Department of Natural 
Resources First Foods mission and River Vision approach 
to ecosystem management, which requires developing 
systematic and holistic visions of functional ecosystems 
shaped not only by physical and biological processes, but 
also connections among these processes to guide the 
management and restoration of First Foods (Jones et al. 
2008).  The First Foods are those foods ritualistically 
served in the CTUIR tribal meals that include water, 
salmon, deer, cous and huckleberry.  The First Foods 
mission of the CTUIR is “To provide pro active planning 
and policy analysis and development to protect, restore 
and enhance the First Foods and the exercise of associated 
rights reserved in the Treaty of 1855.”

The focus is a process-based approach to support tribal 
culture, harvest, and use of First Foods.  The First Foods 
mission of the CTUIR seeks to return the Columbia 
Basin and Pacific Ocean to good health, and ensure 

salmon and other native fish species recover to the same 
population levels and to all rivers in which they lived 
prior to the Treaty of 1855.  

The CTUIR and the United States Department of 
Agriculture Forest Service (USFS) share mutual goals for a 
sustainable, healthy ecosystem in the Meacham Creek 
watershed promulgated by the CTUIR’s First Foods 
mission and the USFS’s Umatilla National Forest (UNF) 
mission.  The CTUIR and the USFS, through a co operative 
partnership to address the aforementioned factors limiting 
aquatic productivity, have collaborated on a series of 
projects to remove and/or modify levees and spur dikes, 
add LWD, and reinstate geomorphic and hydrologic 
processes resulting in increased floodplain connectivity, 
habitat complexity, and creation of stable and sustainable 
features.  This Project was implemented in 2013 between 
RM 6.0 and 8.5, building on the accomplish ments of the 
Phase I Project implemented in 2011 between RM 6.0 and 
RM 7.0.  The Phase I Completion Report is included on 
the DVD at the back of this report.  

DVD Content

See “Phase I Completion Report” PDF in folder 
“Executive Summary”.

 DVD located inside back cover
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The purpose of the Project was to improve floodplain 
connectivity and in-stream and riparian habitat for 
Endangered Species Act (ESA)-listed and non-ESA-listed 
fish species in Meacham Creek by restoring channel 
morphology and hydrologic, riparian, and in-stream 
processes.  As established by the CTUIR and USFS, 
the main goal of Phase II was to further address the 
Primary Limiting Factors identified for Meacham Creek 
in the 2008 Fish Accords (Three Treaty Tribes-Action 
Agencies 2008), consistent with the Middle Columbia 
River Steelhead Distinct Population Segment ESA 
Recovery Plan (NMFS 2009), Bull Trout Draft Recovery 
Plan within the Umatilla/Walla Walla Recovery Unit 
(USFWS 2002), and the Umatilla/Willow Subbasin Plan 
(NPCC 2005), as well as incorporating the touchstones 
described in the Umatilla River Vision (Jones et al. 
2008).  To achieve this goal, the Project was designed 
and implemented to fulfill specific objectives that 
address channel form and habitat complexity, riparian 
connectivity and function, floodplain connectivity, 
sediment sorting and routing, suitable habitat for 
spawning and rearing fish, and thermal components that 
affect water quality.  These objectives are described in 
greater detail in the Purpose section of this document.     

The overall Project approach included the following eight 
core steps:

1. Investigative Analysis (Existing Conditions)

2. Conceptual Design Alternatives 

3. Preferred Alternative Design

4. Implementation Plan with Incorporated Final 
Design 

5. Biological Assessment/Biological Evaluation 

6. Permitting

7. Construction Oversight Activities

8. Monitoring

Each of these steps was critical in designing and 
implementing a project that met the objectives that were 

established for Phase II.  These are described in detail in 
the Summary of Approach section of this document. 

This Project between RM 6.0 and 8.5 was designed to 
restore Meacham Creek by removing or modifying 
levees and spur dikes, resulting in increased floodplain 
connectivity and enhanced wetland environments. 
Excavated materials from the project activities were 
placed in portions of the floodplain to provide more 
representative floodplain characteristics, improve 
planting success, and reduce the potential of Meacham 
Creek recapturing the 2010 channel location.  Side-
channel habitat was increased by excavating 160 feet in 
the floodplain near RM 8.0 to reinitiate a 2,200-foot-
long side channel.  Habitat complexity was increased 
by incorporating 60 log jams and LWD structures 
throughout the Project area.  Disturbed areas in the 
floodplain and along the channel were revegetated with 
native plants and/or re-seeded with a native seed mix 
throughout the Project area.

The Project goals and design were found to be consistent 
with Project Design Criteria of ESA programmatic 
permitting that tiered to U.S. Army Corps of Engineers 
and Oregon Department of State Lands fill and removal 
permits.  In addition, Project approvals by the National 
Oceanic and Atmospheric Administration National 
Marine Fisheries Service and the U.S. Fish and Wildlife 
Service that included ESA Section 7 consultation through 
Umatilla National Forest ESA requirements were also 
obtained. 

Monitoring and compliance activities were conducted 
to adhere to federal and state regulatory requirements.  
These included daily logging of stream turbidity levels 
during Project work below the ordinary high water mark 
to ensure a high level of water quality was maintained 
during construction.  Post-project monitoring was 
also conducted to confirm that the Project was 
implemented as planned and permitted, to assess 
replanting success and invasive plant management, and 

evaluate effectiveness of the Project at meeting its stated 
objectives.

The application of lessons learned from Phase I on the 
Phase II Project proved beneficial for both the design 
and implementation phases.  Knowing, for example, that 
differences in data sets would exist (such as between 
newly collected data and existing data), the Design 
Team was able to more quickly reconcile disparities 
and create designs and subsequent construction plans 
and specifications with greater accuracy.  Effective 
communication also played a key role in the success 
of Phase II.  By meeting with key participants early in 
the process and continually through each phase of the 
Project, clear lines of communication were established 
that allowed issues to be addressed quickly as they arose 
and feedback incorporated into designs and other Project 
elements early on to ensure success.  Coordinating 
closely with the Project contractor ensured that Project 
objectives, including construction sequencing, protection 

of vegetation and limited disturbance to sensitive areas, 
and others, were met.  Lessons learned on the Phase II 
Project in combination with lessons applied from Phase I 
and data from ongoing monitoring activities will further 
increase the opportunity for achievement of restoration 
and enhancement goals on future projects.

This Project, conceived, developed, and constructed 
with the goal to enhance the long-term sustainability of 
Meacham Creek as a source of food central to the culture 
and heritage of the CTUIR by addressing limiting factors 
of endangered fish species, represents an important step 
forward in achieving the CTUIR’s First Foods mission.  

This Completion Report describes the evolution of the 
Phase II Project which includes a successful collaboration 
between and among the stakeholders who share a 
common vision for Meacham Creek, the watershed, and 
the Umatilla River that receives it.

4 5
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Historical Context

In the Blue Mountains of northeast Oregon, 23 miles east of the city of Pendleton, 
Meacham Creek flows 37 miles from its headwaters near the towns of Meacham and 
Kamela, near Salmon Back Ridge, down to its confluence with the mainstem Umatilla 
River at river mile (RM) 79.0 (Figure 1).  The Meacham Creek watershed drains 
an area of 114,000 acres on the west slope of the Blue Mountains, and although 
intermittent in several reaches during the summer months, Meacham Creek 
contributes slightly more than half of the summer flow to the mainstem 
Umatilla River.  Key fish species that call Meacham Creek home 
include summer steelhead-rainbow trout (Oncorhynchus mykiss), 
spring Chinook salmon (O. tshawytscha), bull trout (Salvelinus 
confluentus), and Pacific lamprey (Entosphenus tridentatus).

Site History and BackgroundSection 1
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Figure 1.  Meacham Creek Watershed

The Confederated Tribes of the Umatilla Indian 
Reservation (CTUIR) have been stewards of the 
Meacham Creek watershed since time im-
memorial.  During the winters, the tribes 
established base camps or villages along rivers 
and drainages, and subsisted primarily upon 
dried provisions and local game.  From spring 
until fall, they ranged throughout their territory 
to gather seasonally available resources, includ-
ing roots and berries in the Meacham Creek 
watershed.  Salmon, steelhead, lamprey, and big 
game present in the Meacham Creek watershed 
provided a major source of food and played a 
key role in Tribal culture. 

Since the settlement of Euro-Americans in the 
area, Meacham Creek has been influenced by a 
progression of activities, including early animal 
trapping, followed by development and 
improve  ments of trails and roads used by 
settlers, intensive elk and deer hunting, con-
struction and operation of the Union Pacific 
Railroad (UPRR) railway through Meacham 
Canyon, extensive sheep and cattle grazing, 
timber harvest, and the United States Depart-
ment of Agriculture Forest Service (USFS) 
management activities.  The Treaty of 1855 was 

This Completion Report 

presents a summary of all 

the design, implementation, 

construction, and monitoring 

efforts that went into the 

successful accomplishment of 

the Phase II Meacham Creek 

Floodplain Restoration and  

In-stream Enhancement Project 

(Phase II Project) between 

river miles 6.0 and 8.5.
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established between the United States government and 
the CTUIR in which the Cayuse, Umatilla, and Walla 
Walla Tribes ceded lands to the government in exchange 
for lands designated as the Umatilla Indian Reservation, 
which would be retained permanently (CTUIR 2014).  
The United States (U.S.) government movement of tribal 
members onto the reservation resulted in farming along 
the valleys and livestock (horse) grazing in the uplands 
(CTUIR 2014).  Land use intensified as both tribal and 
non-Indian settlers settled in the river valley and 
allotment acts provided incentives for railroads, miners, 
ranchers and non-Indian settlers, which led to increased 
pressure on the lands of the Umatilla Reservation 
(CTUIR 2014).

Construction of the UPRR railway began after the Treaty 
of 1855 between the U.S. government and the CTUIR.  
Railroad operations have resulted in extensive alterations 
to the Meacham Creek valley and floodplain.  Over the 

decades, following numerous major floods, the floodplain 
was reshaped by the UPRR with miles of levees and spur 
dikes.  These actions relocated and constrained the river 
channel to the valley wall opposite the railroad.  Many 
of the large trees in the Meacham Creek watershed were 
likely removed to fuel steam locomotives during the 
early days of the railroad and to supply the needs of a 
sawmill located near RM 2.0 of the North Fork Meacham 
Creek (Andrus and Middel 2003).  Railroad tie cutting 
camps were also found along Meacham Creek in the 
twentieth century up until the 1940s (Burney 1985).  
The result of these activities was a greatly simplified 
channel, loss of riparian vegetation, and degraded water 
quality.  A detailed 
historical timeline is 
provided in the Phase I 
Completion Report on 
the DVD at the back of 
this report.

Today, the Meacham Creek watershed supports a wide 
range of activities and developments.  There are a few 
residents living immediately within the Meacham Creek 
valley, with most residing in the residential communities 
of Meacham, Kamela, Meacham Lake, and the Papoose 
Highlands (located west of Meacham and in Meacham 
Canyon along the lower reach of Meacham Creek), and 
the town site of Duncan.  Within the Meacham Creek 
valley, sheep and cattle grazing are known to occur. 
While sheep continue to graze on National Forest lands 
in the uplands of Meacham Creek during the summer 
months, grazing has shifted primarily to cattle which are 
currently permitted to graze on private land along the 
stream. Minimal timber harvest has occurred in recent 
decades due to changes in land management focus by 
the CTUIR and USFS.  Although timber harvest has 
been minimal, in 2014, the CTUIR Forestry Program, 
after extensive review and permitting, completed its 
first timber sale outlined in the 2010 Umatilla Indian 
Reservation Forest Management Plan (CTUIR 2010).  
The Tribe commercially thinned approximately 334 
acres in the upper Meacham Creek drainage.  The sale 
lowered forest stand stocking levels to within the ranges 
prescribed by the USFS silviculturist David Powell’s 
Suggested Stocking Levels for Forest Stands in Northeastern 
Oregon and Southeastern Washington: An Implementation 
Guide for the Umatilla National Forest (Powell 1999).  The 
intent of the sale was to reduce overcrowding stress on 
conifer species that were beginning to show signs of root 
rot, forest insect outbreak, and reduced production of 
vegetation under forest canopies. 

The Meacham Creek watershed is also used for a wide 
variety of recreational activities, including trout fishing, 
camping, auto touring, hiking, horseback riding, mount-
ain biking, and swimming.  Access into the Meacham 
Creek valley is limited to CTUIR Tribal members within 
historic fishing and hunting grounds, secured through a 
2013 master access agreement and memorandum of 
understanding (MOU) between the CTUIR and UPRR.  
CTUIR members can also gain access for land manage-

ment purposes.  Visitors into the Meacham Creek valley 
must be cleared by the CTUIR and go through UPRR 
safety training before using the area. 

Continuing their historical legacy and in support of 
the current community, the CTUIR works to fulfill its 
First Foods mission in the Meacham Creek watershed.  
The First Foods are considered to be the minimum 
ecological products necessary to sustain CTUIR culture.  
The order is watershed-based, beginning with water at 
the first and lowest point and progresses up to salmon, 
deer, cous, and huckleberry.  This creates clear links to 
treaty rights and resources and sets direction and goals 
that relate to the community culture.  In addition, the 
CTUIR Department of Natural Resources developed the 
Umatilla River Vision (Jones et al. 2008), which provides 
a description of the processes and conditions needed to 
protect and provide for First Foods.  The River Vision 
describes physical and biological processes in support of 
five touchstones: hydrology, geomorphology, connectivity, 
riparian vegetation, and aquatic biota.  The work 
accomplished through this approach is directly related 
to the First Foods of water and salmon and the five 
touchstones, which incorporates goals of restoring high 
water quality and healthy and sustainable salmonid fish 
populations.  Figure 2 illustrates the watershed processes 
and CTUIR First Foods mission. 

History of Watershed Impacts and 
Restoration Actions

Watershed Impacts

As noted above, starting with increased settlement 
in the 19th century, much of the Meacham Creek 
watershed has been transformed by development of 
roads, agriculture and ranching (livestock grazing), 
the UPRR, and other human activities.  Direct channel 
excavation and straightening with heavy machinery also 
occurred in Meacham Creek following the 1964 flood 
(Andrus and Middel 2003).  These activities, along with 
the construction of levees and spur dikes, have altered 

DVD Content

See “Historical Timeline” 
PDF in folder “Section 1”.
DVD located inside back cover
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Figure 2.  CTUIR Fisheries Habitat Program River Vision Integration

Table 1.  Meacham Creek Action Summary

Aquatic Biota  •  Flow Acquisition
•  Restoration and Enhancement

GEOMORPHOLOGY:

HYDROLOGY:

Connectivity
Riparian Veg.

•  Large Woody Debris Additions
•  Channel Design
•  Channel Construction
•  In-Stream Structure

CONNECTIVITY:
Geomorphology
Aquatic Biota

•  Levee Modification
•  Levee Removal
•  Floodplain Construction

RIPARIAN
VEGETATION:

Geomorphology
Hydrology

•  Conservation Easements
•  Planting
•  Noxious Weed Removal
•  Wetland Enhancements

AQUATIC BIOTA: Geomorphology •  Flow Acquisition
•  Restoration and Enhancement

BENEFITS/OUTCOMES:
•  Improved channel form through increased connectivity, sinuosity, and stability
•  Decreased channel widths and width-to-depth ratios
•  Increased floodplain roughness and stability
•  Improved conditions for healthy and native riparian vegetation community 
•  Improved habitat and passage conditions for key aquatic species
•  Increased salmon populations

Integrating the CTUIR River Vision into the Fisheries Habitat Program Approach

Primary Touchstone Secondary Touchstone Restoration Action

OBJECTIVES:

GOAL:

Clean Water Act 303d Summary:

Protect, enhance, and restore functional watershed, floodplain, and channel processes in the Meacham Creek 
watershed to provide sustainable and healthy habitat for aquatic species of the First Food order.

Design, implement, and maintain Meacham Creek 
watershed and floodplain restoration work that 
1) supports long-term progress toward achieving 
DNR ecological (River Vision) and First Food mission 
statements, 2) supports the Endangered Species Act 
delisting of subject species, and 3) addresses water 
quality limiting factors as per the following Clean 
Water Act 303d list:

1. Riparian management and restoration 

2. Chemical and biological noxious weed control 

3. Passage improvements

4. Channel and floodplain enhancement through woody 
debris placement and levee removal

5. Long-term monitoring of expected cumulative benefits

natural hydrologic and geomorphic processes that take 
place in the watershed and shape the form and function 
of Meacham Creek.  Mapping the location of historic 
channels from 1939 to present documented channel 
sinuosity that has substantially decreased from historic 
conditions (Tetra Tech 2010a).  The decrease in sinuosity 
corresponds with the construction of levees and spur 
dikes and a loss of valley floor width from the railroad 
grade (Tetra Tech 2010b).  As a result of extensive levees, 
spur dikes, cattle grazing, and other impacts, Meacham 
Creek is subject to problems associated with decreased 
floodplain connectivity, degraded channel structure, 
limited large woody debris (LWD), altered hydrology 
and sediment transport, limited riparian cover, and 
water quality degradation.  Key in limiting salmonid fish 
production, these watershed impacts led to high stream 
temperatures, lack of summer flow, limited pools, lack 
of overall habitat complexity and side-channel habitat, 
and limited in-stream shade and cover in Meacham 
Creek.  Each of these factors limiting fish production has 
contributed toward Middle Columbia River steelhead 
and Columbia River Basin bull trout that are present in 
the Meacham Creek watershed being federally listed as 
threatened under the Endangered Species Act (ESA) of 
1973, as modified (Tetra Tech 2010c, 2013a). 

Restoration Actions 

To address these impacts, the CTUIR began to 
implement restoration and enhancement projects along 
Meacham Creek starting in 1988.  Early efforts focused 
on lower Meacham Creek to restore channel morphology 
and recovery of vegetation through livestock exclusion 
and plantings, and later expanded to placement of LWD 
and rock structures for habitat complexity.  Table 1 
lists the main projects completed since 2003 following 
completion of the Meacham Creek Assessment and 
Action Plan, and Figure 3 illustrates project locations 
between RM 0.0 and 8.5.

The first large-scale levee removal project implemented 
by CTUIR occurred in 2009 following the 2008 Fish 

Accords (Three Treaty Tribes-Action Agencies 2008).  
This project was located between RM 5.0 and 6.0 and it 
removed four high-priority levees, identified between 
June 2008 and July 2009 (see Table 1), placed wood 
throughout the floodplain, and reestablished riparian 
vegetation along the reach. 

Starting in 2011, the CTUIR partnered with the USFS 
to work on implementing large-scale floodplain 
connectivity and in-stream enhancement projects on 
Meacham Creek.  These projects have had a primary goal 
of addressing factors limiting fish productivity, working 
towards conditions that result in increased floodplain 
connectivity, habitat complexity, and creation of stable 
and sustainable geomorphic and ecological features.  

The Meacham Creek Phase I project was implemented 
in 2011 between RM 6.0 and 7.0 on CTUIR and USFS 
lands.  This reach of Meacham Creek required aggressive 
actions to address the channelized and simplified form 

Project Action Period of Action Location (RM) 

Meacham Creek Assessment 
and Action Plan1/ 2003 0.0 to 28.2 

Land acquisition May 2006 2.3 to 8.5 

Whole tree additions October 2006 4.6 to 8.3 

Migration barrier removal August 2007 to 
October 2007 

1.2, 20.2,  
Camp Creek 

Levee survey and prioritization June 2008 to 
July 2009 2.0 to 14.5 

Levee removal (4 high priority) August 2009 to 
September 2009 5.0 to 5.8 

Boundary fence construction July 2009 to 
September 2009 2.3 to 8.5 

Riparian planting and noxious 
weed control 

November 2006 to 
December 20132/ 3.0 to 8.52/ 

Floodplain Restoration and  
In-stream Enhancement 
(Phase I) 

April 2011 to 
December 2012 6.0 to 7.1 

Floodplain Restoration and  
In-stream Enhancement 
(Phase II) 

June 2013 to 
December 2013 6.0 to 8.5 

Notes: 
1/ Andrus and Middel 2003  
2/ Riparian planting was completed during the fall and spring seasons 

and at locations determined by site specific characteristics and needs. 
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of the pre-project condition (Tetra Tech 2010a).  The 
Phase I project included removing a 2,800-foot levee, 
modifying two spur dikes, constructing side channels 
and wetland complexes, adding over 1,400 pieces of LWD 
as log jams, habitat structures, and LWD revetments, 
planting riparian vegetation, and reconfiguring the 
channel into its historic alignment (Tetra Tech 2010b).  

The Phase II Project was implemented in 2013 between 
RM 6.0 and 8.5 on CTUIR and USFS lands.  The 
Project expanded upon the Phase I restoration project 
described above.  The Phase I and Phase II project areas 
overlap in that both projects included restoration and 
enhancement actions between RM 6.0 and RM 7.0.  
The Phase II Project (RM 6.0 and 8.5) was designed 
to restore Meacham Creek by removing or modifying 
levees and spur dikes, resulting in increased floodplain 
connectivity.  The Project modified the elevation of the 
floodplain in a portion of the Project reach to increase 
floodplain connectivity.  Backfill from excavation 
activities was placed in a portion of the floodplain to 
provide more representative floodplain characteristics, 
improve wetland and riparian planting success, and 
reduce the potential of Meacham Creek recapturing 
the 2010 channel location.  Side-channel habitat was 
increased by excavating 160 feet in the floodplain near 
RM 8.0 to reinitiate a 2,200-foot-long side channel.  
Habitat complexity was increased by incorporating 60 log 
jams and LWD structures throughout the Project area.  
Disturbed areas in the floodplain and along the channel 
were revegetated with native plants and/or re-seeded 
with a native grass seed mix throughout the Project area.

The Phase II Project restoration and enhancement 
actions will be discussed in greater detail in the 
remainder of this report.  A number of other reports 
document the designs associated with the 2011 Phase I 
Project between RM 6.0 and RM 7.0 and the 2013 Phase 
II Project between RM 6.0 and RM 8.5 including:

 ■ Phase I Design Criteria Document (Tetra Tech 
2010a)

 ■ Phase I Implementation Plan (Tetra Tech 2010b)

 ■ Phase II Design Criteria Document (Tetra Tech 
2012a)

 ■ Phase II Conceptual Design Alternatives (30 
percent) Package (Tetra Tech 2012b)

 ■ Phase II Preferred Alternative Design (60 percent) 
Package (Tetra Tech 2012c)

 ■ Phase II Implementation Plan (100 percent) 
Revision 1 Package (Tetra Tech 2013b)

Government-to-Government Cooperation

As noted in the previous section, the CTUIR and 
USFS have been working collaboratively to restore the 
Meacham Creek watershed.  Some of the land within 
the watershed falls within the Umatilla National Forest 
(UNF), which is managed by the USFS.  Cooperation 
between the entities is due in part to that relationship, but 
is also founded on the USFS’s trust responsibility toward 
the CTUIR.  The USFS is a partner in support of tribal 
sovereignty, self-governance, and self-determination.  As 
such, partnership projects, such as the Meacham Creek 
Project, align with the USFS’s land management mission.  

The foundation of the Meacham Creek Project is the 
recognition of the common goals and objectives between 
the CTUIR and USFS.  The First Foods mission and 
Umatilla River Vision share a common foundation with 
USFS watershed restoration goals of resilient watersheds 
sustaining and recovering vegetation and aquatic and 
wildlife species.  The 2014 Proposed Revised Land 
Management Plan for the Blue Mountains National 

Figure 3.  Restoration and Enhancement Projects in Meacham Creek from RM 0.0 to 8.5
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¯ DVD Content

Each of these design and implementation 
reports can be found in folder “Section 1”.

 DVD located inside back cover



1514

Forests states that the vision “is to maintain and restore healthy forests, landscapes, and watersheds.  The national 
forests provide clean air, clean water, productive soils, diverse habitats, recreational opportunities, cultural benefits, 
quality jobs, and products that support traditional uses, communities, and economies at local, regional, and 
national levels” (USFS 2014).  For example, water in the First Foods mission is essential to sustain all life; and a 
mission of the USFS is to provide high-quality water to support ecosystems in the forest and downstream of the 
forest boundary.  Efforts between the CTUIR and USFS biologists, hydrologists, botanists and engineers resulted in 
this partial list of shared responsibilities and outcomes for the Phase II Project:

 ■ One environmental planning document including all required permits.

 ■ Development and approval of the Project design.

 ■ Shared contract implementation, including water quality monitoring and oversight of best management 
practices (BMPs).

 ■ A focused effort to control invasive plants.

The Phase I project, developed collaboratively between the CTUIR and USFS, established the groundwork for a 
partnership that gained momentum undertaking the Phase II Project.  Collectively, these projects have resulted in 
furthering the management goals, objectives, and stated mission of each entity and provide long-term benefits for 
the shared land and water resources entrusted to both entities.  The following Purpose and Need section elaborates 
on the purpose and need for the Project, developed as an outcome of this partnership.
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Purpose and NeedSection 2
Purpose

More than a century of human activity has altered and degraded the Meacham Creek 
valley and floodplain, resulting in a greatly simplified channel, loss of riparian vegetation, 
high stream temperatures, lack of summer flow, limited quantity of pools, lack of overall 
fish habitat complexity, and limited quantities and recruitment of LWD, all contributing 
to the loss of aquatic productivity.  The purpose of the Project was to improve floodplain 
connectivity and in-stream and riparian habitat for ESA-listed and non-ESA-listed 
fish species in Meacham Creek by restoring and enhancing channel morphology and 
hydrologic, riparian, and in-stream processes. 

Building on Phase I, the 2013 Phase II Project was implemented to improve floodplain 
connectivity and in-stream and riparian habitat for listed and non-listed species by 
restoring channel morphology, hydrologic processes, and riparian and in-stream 
processes between RM 6.0 and 8.5.  The overarching purpose of Phase II was to further 
address the primary limiting factors identified for Meacham Creek in the 2008 Fish 
Accords (Three Treaty Tribes-Action Agencies 2008), consistent with the Middle 
Columbia River Steelhead Distinct Population Segment ESA Recovery Plan (NMFS 2009), 
Bull Trout Draft Recovery Plan within the Umatilla/Walla Walla Recovery Unit (USFWS 
2002), and the Umatilla/Willow Subbasin Plan (NPCC 2005), as well as incorporate 
the touchstones described in the Umatilla River Vision (Jones et al. 2008).  Table 2 
summarizes the association of the Umatilla Habitat Program Objectives (from the 
Umatilla Objectives Matrix [CTUIR 2013]), with the its associated limiting factors as 
presented in the 2008 Fish Accords (Three Treaties Tribes-Action Agencies 2008) as well 
as the River Vision touchstones and NMFS (2009) ecological concerns.

Preliminary Project goals were identified for RM 6.0 to 8.5 
by the CTUIR prior to kickoff including the following:

 ■ Evaluate the adequacy of 100-year flood protection 
to the UPRR between RM 6.0 and 8.5.

 ■ Address areas that deviate from the original 
design for RM 6.0 to 7.0 and are critical for Project 
effectiveness. 

 ■ Conduct any needed backfilling in areas between 
RM 6.0 to 7.0.

 ■ Address the upstream and downstream channel 
alignment changes and avulsions that relate to 
downstream restoration actions completed in 2009 
or resulted from flooding in 2011.

 ■ Address levees and spur dikes that are fragmented 
and/or are impacting floodplain connectivity, 
aquatic habitat, and geomorphic processes between 
RM 7.0 and 8.5.

 ■ Incorporate design elements to address the lack of 
habitat complexity, including off-channel and side-
channel habitat, between RM 7.0 and 8.5.

 ■ Improve the connectivity of Meacham Creek to 
enhance riparian function and restore riparian 
conditions between RM 7.0 and 8.5.

In association to the Project objectives listed above, 
Table 3 contains the Umatilla Habitat Program Objectives 
(from Umatilla Objectives Matrix [CTUIR 2013]) 
addressed by the Project, with associated work elements 
and outcomes (ecological results).

Need for the Project

Within the Umatilla River Subbasin, Meacham Creek is a 
primary producer of summer steelhead-rainbow trout and 
is of secondary importance for spring Chinook salmon 
and bull trout.  The Meacham Creek watershed has been 
home to the CTUIR and a major source of food for them 
since time immemorial.  To achieve its First Foods mission 
and realize the River Vision (Jones et al. 2008), the CTUIR 
has a vested interest in establishing and maintaining a 
high quality ecological condition for aquatic species in the 
Meacham Creek watershed.  This interest aligns with the 
USFS priorities for enhancing the ecological function of the 
watershed in support of native salmonid recovery efforts. 

Meacham Creek has primarily been impacted by 
construction and operation of the UPRR railway, which 
was built in the early 1900s adjacent to Meacham Creek.  
Channelization of Meacham Creek by the existing levees 
and spur dikes constructed by the UPRR in the floodplain 
has resulted in a stream with degraded aquatic habitat, 
limited floodplain connectivity, and reduced riparian shade.  
Additionally, the lack of large wood or other structures 
limits in-stream habitat complexity and quantity.  Stream 
flows are generally perennial; however, Meacham Creek 
is intermittent in several reaches, with many of its braids, 
side channels, and tributaries be coming dry during the 
summer months.  As a result, these conditions impact and 
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Table 2.  The Umatilla Anadromous Fish Habitat Project Objectives Relative to the Umatilla River Vision Touchstones, BPA 
2008 Fish Accords Primary Limiting Factors, and NMFS Ecological Concerns

Table 3.  The Umatilla Anadromous Fish Habitat Program Objectives in Relationship to Project-specific Objectives, Work 
Elements, and Outcomes

Habitat Program Objectives1/  
Project Specific 

Objectives  
(Work Elements) 

Work Element  
Outputs 

Outcomes  
(Ecological Results) 

Protect and conserve natural ecological processes that support the 
viability of fish populations and their primary life history strategies 
Restore degraded and maintain properly function channel structure and 
complexity 
Restore natural hydrography to provide sufficient flow during critical 
periods 
Improve degraded water quality and maintain unimpaired water quality 

Increase In-stream 
Habitat Complexity 
and Stabilization 

LWD addition 
Enhance riparian areas 

Increase off-channel 
habitat 

In-stream habitat structures 

Engineered bank structures 

Improved hyporheic water exchange, 
increased bank stability, increased 
juvenile salmonid rearing habitat 
quantity, improved juvenile salmonid 
rearing habitat quality, increased 
spawning habitat 

Protect and conserve natural ecological processes that support the 
viability of fish populations and their primary life history strategies 
Restore passage and connectivity to habitats blocked or impaired by 
artificial barriers and maintain properly function passage and 
connectivity 
Maintain and restore floodplain connectivity and function 
Restore natural hydrograph to provide sufficient flow during critical 
periods 
Restore degraded and maintain properly function channel structure and 
complexity 
Improve degraded water quality and maintain unimpaired water quality 

Realign, Connect and 
Create Channel 

Initiate side-channel 
development with  
minor excavation 

Install LWD structures to 
encourage channel 

realignment and  
increased sinuosity 

Allow channel to access 
historic side channels 

Increased floodplain connection, 
improved riparian conditions for 
native vegetation, improved hyporheic 
water exchange, increased bank 
stability; increased juvenile salmonid 
rearing habitat quantity; improved 
juvenile salmonid rearing habitat 
quality, increased spawning habitat, 
decrease maximum water 
temperatures 

Protect and conserve natural ecological processes that support the 
viability of fish populations and their primary life history strategies 

Restore degraded and maintain properly function channel structure and 
complexity 

Restore riparian condition and LWD recruitment and maintain properly 
functioning conditions 

Improve degraded water quality and maintain unimpaired water quality 

Plant Vegetation 

Revegetate areas altered 
by historic grazing 

Increase diversity of 
native vegetation 

Reseed with native grasses 
Create diverse age  

classes of vegetation 
Increase riparian shading 

Improved riparian conditions for 
native vegetation, increased bank 
stability, increased juvenile salmonid 
rearing habitat quantity, improved 
juvenile salmonid rearing habitat 
quality, decrease maximum water 
temperatures 

Protect and conserve natural ecological processes that support the 
viability of fish populations and their primary life history strategies 
Restore passage and connectivity to habitats blocked or impaired by 
artificial barriers and maintain properly function passage and 
connectivity 
Improve degraded water quality and maintain unimpaired water quality 
Restore riparian condition and LWD recruitment and maintain properly 
functioning conditions 
Restore natural hydrography to provide sufficient flow during critical 
periods 
Maintain and restore floodplain connectivity and function 
Restore degraded and maintain properly function channel structure and 
complexity 

Enhance 
Floodplain/Remove, 
Modify Breach Dike 

Removal of levees and 
spur dykes 

LWD structures designed 
to deflect flow onto 

floodplain 

Recontouring to allow 
stream to access floodplain 

Increased floodplain connection, 
improved riparian conditions for 
native vegetation, increased bank 
stability, increased juvenile salmonid 
rearing habitat quantity, decrease 
maximum water temperatures 

Protect and conserve natural ecological processes that support the 
viability of fish populations and their primary life history strategies 

Restore degraded and maintain properly function channel structure and 
complexity 

Improve degraded water quality and maintain unimpaired water quality 

Restore riparian condition and LWD recruitment and maintain properly 
functioning conditions 

Maintain/Remove 
Vegetation 

Remove invasive weeds 
through mechanical and 

manual means 
Add additional vegetation 

(trees, shrubs) 
Monitor plants for 

survivorship and suitability 
and plan future plantings 

adaptively 
Water plants during 

summer drought periods 

Improved riparian conditions for 
native vegetation, increased bank 
stability, improved juvenile salmonid 
rearing habitat quality, decrease 
maximum water temperatures 

Note:  
1/ Program objectives as identified in CTUIR’s Umatilla Anadromous Fish Habitat proposal (CTUIR 2013). 

 

limit aquatic productivity.  Key limiting factors include high 
stream temperatures, lack of summer flow, lack of floodplain 
connectivity, limited quantity of pools, lack of overall fish 
habitat complexity, and limited quantities and recruitment 
of LWD.  While Phase I addressed many of these limiting 
factors, the following needs were identified for Phase II based 
on post-construction assessments and monitoring of the 
Phase I project and the 2012 pre-Project assessment:

 ■ Placement of backfill material in the floodplain be  tween 
RM 6.0 and 7.0 to provide more represent ative floodplain 
characteristics, improve wetland and riparian planting 
success, and reduce the potential of Meacham Creek 
recapturing the 2010 channel location.

 ■ Removal or modification of levees and spur dikes 
between RM 6.0 and RM 8.5 to increase floodplain 
connectivity and allow development of wetland and 
riparian characteristics and off-channel habitat.

 ■ Placement of log jams and LWD structures between 
RM 6.0 and RM 8.5 to increase habitat complexity and 
quantity and side-channel habitat.

 ■ Lowering of the elevation of the floodplain in isolated 
areas to increase floodplain connectivity.

 ■ Excavation of the floodplain to re-engage an existing side 
channel to increase off-channel and side-channel habitat.

 ■ Revegetate areas disturbed by Project activities with 
native plant species and/or seed mix.

Addressing the needs above helped meet the overall Project 
goal of improving floodplain connectivity and in-stream 
and riparian habitat for listed and non-listed fish species 
in Meacham Creek by restoring channel morphology and 
hydrologic, riparian, and in-stream processes.  Section 3 
describes the process of addressing Project needs from 
the survey of existing conditions through the design and 
implementation phases.

Umatilla Habitat  
Program Objectives1/ 

River Vision 
Touchstones2/ 

Primary  
Limiting Factors3/ NMFS Ecological Concerns4/ NMFS Ecological Concerns 

Subcategories4/ 

Protect and conserve natural 
ecological processes that support the 
viability of fish populations and their 
primary life history strategies 

Biota 
Connectivity 

Geomorphology 
Hydrology 

Riparian Vegetation 

In-channel 
Characteristics 

Floodplain/Riparian 
Sediment 

Multiple (Habitat Quantity, Injury and 
Mortality, Peripheral and Transitional 
Habitats, Channel Structure and Form, 
Sediment Conditions, Water Quality, Water 
Quantity, Population Level Effects) 

Multiple 

Restore passage and connectivity to 
habitats blocked or impaired by 
artificial barriers and maintain properly 
function passage and connectivity 

Geomorphology 
Connectivity 

Passage/ 
Entrainment Habitat Quantity Anthropogenic Barriers 

Maintain and restore floodplain 
connectivity and function 

Aquatic Biota 
Connectivity 

Riparian Vegetation 
Geomorphology 

Hydrology 

Water Quality-
Temperature 

Riparian/Floodplain 

Food, Peripheral and Transitional habitats, 
Riparian Condition, Channel Structure and 
Form, Water Quantity 

Altered Primary Productivity, Altered Prey 
Species Composition and Diversity, Riparian 
Condition, LWD Recruitment, Floodplain 
Condition, Bed and Channel Form, Instream 
Complexity, Decreased Water Quantity, 
Altered Flow Timing 

Restore degraded and maintain 
properly functioning channel structure 
and complexity 

Connectivity 
Riparian Vegetation 

Geomorphology 
In-channel 

Characteristics 
Riparian Condition,  Peripheral and 
Transitional Habitats, Channel Structure and 
Form 

Riparian Condition, LWD Recruitment, Side-
channel Conditions, Floodplain Condition, 
Bed and Channel Form, Instream Structural 
Complexity 

Restore riparian condition and LWD 
recruitment and maintain properly 
functioning conditions 

Aquatic Biota 
Riparian Vegetation 

Hydrology 

In-channel 
Characteristics 

Riparian/Floodplain 
Food, Riparian Condition 

Riparian Condition, LWD Recruitment, 
Altered Primary Productivity, Food-
Competition, Altered Prey Species 
Composition and Diversity 

Restore natural hydrograph to provide 
sufficient flow during critical periods 

Connectivity 
Aquatic Biota 

Hydrology 

Floodplain/Riparian 
Water Quality-
Temperature 

Habitat Quantity,  
Water Quality, Water Quantity 

HQ-Competition, Oxygen, Increased Water, 
Alter Flow Timing 

Improve degraded water quality and 
maintain unimpaired water quality 

Hydrology 
Aquatic Biota 

Floodplain/Riparian 
Water Quality-
Temperature 

Riparian Condition, Sediment Conditions, 
Water Quality 

Riparian Condition, Decreased Sediment 
Quantity, Temperature, Oxygen Turbidity, 
Toxic Contaminants 

Notes:    
1/ Program objectives as identified in CTUIR’s Umatilla Anadromous Fish Habitat proposal (CTUIR 2013). 
2/ River Vision Touchstones are based on the CTUIR Umatilla River Vision (Jones et al. 2008). 
3/ Limiting factors are based on the 2008 Fish Accords (Three Treaty Tribes-Action Agencies 2008). 
4/ Ecological concerns as per NMFS’s Middle Columbia River Steelhead Distinct Population Segment ESA Recovery Plan (NMFS 2009). 
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Achieving the Vision

An outgrowth of the partnership solidified between the CTUIR and 
USFS was the development of an approach to address identified limiting factors 
for Meacham Creek in the Project area.  The steps undertaken to achieve the 

agencies’ vision in the Project area are presented next. 

Project Area

The Phase II Project area included 
approximately 2.5 miles of 
Meacham Creek from RM 6.0 to 8.5 
(overlapping with the Phase I reach 
from RM 6.0 to 7.0), in Township 2 
North, Range 36 East, in portions 
of sections 19, 29, 30, 31, and 32 
(Figure 4).  Within this reach, 
about 80 acres of the floodplain 
were included in restoration and 
enhancement activities.  Figure 4 
also indicates where the 2009 Levee 
Removal Project took place, 
preceding Phase I and Phase II 
implementation in 2011 and 2013, 
respectively.  The Project area was 
determined to be a key reach for 
restoring floodplain connectivity as 
well as in-stream habitat functions 
for listed and non-listed fish species. 

Section 3
Summary of Approach

The overall Phase II Project approach included eight core steps 
to effectively accomplish the vision of improving floodplain 
connectivity and in-stream and riparian habitat for ESA-listed 
and non-ESA-listed fish species in Meacham Creek through 
restoring channel morphology and hydrologic, riparian, and 
in-stream processes (Figure 5).  These steps, summarized 
below with more detailed descriptions in the subsequent 
sections, followed the successful example set by the Phase I 
Project and incorporated lessons learned from that phase.  

1. Investigative Analysis (Existing Conditions) — Prior 
to developing the design for Phase II, a combination 
of existing data and data collected in the Phase I 
as-built (2011) and the Phase II pre-Project (2012) 
field surveys were used to evaluate areas that had 
altered hydrologic and geomorphic processes, as 
well as factors limiting fish production, between RM 
6.0 and 8.5.  The geomorphic characteristics were 
also compared in the Phase I and Phase II reaches 
as detailed in 
the Project 
assessments and 
designs (available 
on the DVD at 
the back of this Figure 4.  Location of Meacham Creek Project Area

Umatilla
River

M
eacham

Creek

Levee Removal Project

Floodplain Restoration & 
In-Stream Enhancement (Phase I)

Floodplain Restoration & 
In-Stream Enhancement (Phase II)

²

0 1 2 3

Miles

R
:\P

ro
je

ct
s_

20
14

\C
T

U
IR

_M
ea

ch
am

_C
re

ek
_P

ha
se

II_
C

om
pl

et
io

n_
R

ep
or

t\m
ap

s\
Fi

gu
re

4_
P

ro
je

ct
_L

oc
at

io
n_

po
rt

ra
it.

m
xd

FIGURE 4
PROJECT AREA

MEACHAM COMPLETION
REPORT - PHASE II

December 2014

Meacham Creek
Watershed

Streams

Levee Removal Project
(2009)

Floodplain Restoration
and In-Stream
Enhancement (Phase I)
(2011)

Floodplain Restoration
and In-Stream
Enhancement (Phase II)
(2013)

Baker

M
or

ro
w

Umatilla

Union

Benton Walla Walla

W
al

lo
w

a

Meacham Creek Road 
(left) and Union Pacific 
Railroad (right) corridor

Meacham Creek

N

RM
6

RM
8.5

Floodplain Restoration and
In-Stream Enhancement (Phase II)

 Levee Removal Project

Floodplain Restoration and
In-Stream Enhancement (Phase I)

DVD Content

See “Assessments and 
Designs” PDF in folder 
“Section 3”.
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Project Flow Chart

• Key Aspects of Design
• Design Phases

• Channel Migration
• Floodplain Complexity Mapping
• Existing Topography
• Existing Habitat
• Sediment Transport and Channel 
• Adjustments
• Geomorphic Characteristics 
• Comparisons

• Levee and Spur Dike Removal
• Installing Habitat Features and Side-
• Channel Development
• Placement of Backfill in the RM 6 to 7 
• Floodplain
• Plantings, Site Cleanup, Demobilization

• Conceptual Design (30%)
• Preliminary Design (60%)
• Draft Project Design (90%)
• Final Project Design (100%)
• Final Project Design (100%) 
 Revision 1

Design Phase

Implementation Plan

Construction Activities

• Regulatory Monitoring and Reporting
• Framework
• Construction Monitoring
• Implementation Monitoring
• Effectiveness Monitoring

Monitoring

2

Survey of Phase II Project Area1

4

5

3

report).  The investigative analysis included the 
following tasks:

•	 Conducting	as-built/light	detection	and	
ranging (LiDAR)/orthoimagery surveys.

•	 Performing	hydrologic	analyses.

•	 Creating	a	hydraulic	model.

•	 Analyzing	fish	utilization.

•	 Detailing	physical	habitat	features.

•	 Identifying	levees	and	spur	dikes.

•	 Identifying	Project	constraints.

2. Conceptual Design Alternatives — Based on the 
surveys, evaluating existing conditions, and the 
established need for the Project, two conceptual 
(30%) design alternatives were developed with 
detailed review and input from the Design Team, 
which included the CTUIR, USFS, and Tetra 
Tech.  The advantages and disadvantages of each 
Project alternative were evaluated in a detailed 
comparison of the two alternatives.

 Conceptual design development was completed 
using the integrated 2012 topographic survey 
surface, which incorporated 2012 topographic 
survey data and existing LiDAR data.  The 
process was informed by physical habitat feature 
inventories and channel bed sediment analyses 
used to evaluate habitat conditions and sediment 
mobility and stability.   

3. Preferred Alternative Design — Following 
the selection of a preferred alternative by the 
Design Team, the preliminary (60%) design was 
developed.  The preliminary design development 
included the following technical components:

•	 Updated	Hydraulic	Model

•	 Levee	and	Spur	Dike	Assessment

•	 Plans,	Specifications,	and	Estimates	
(Quantities and Cost) 

 Once the preferred alternative was evaluated 
in the updated hydraulic model, plans, 
specifications, and estimates were developed 
and presented to the Design Team for review as 
a preferred alternative design package (60%).

4. Implementation Plan with Incorporated 
Final Design — An implementation plan was 
created to provide guidance to the Design 
Team and contractors for implementation and 
to summarize recommended construction 
methods and specifications necessary to 
carry out the Project as engineered.  The 
implementation plan included the final design 
plans, specifications, cost and quantities 
estimate, and related project summaries.  

5. Biological Assessment/Biological Evaluation 
(BA/BE) — A BA/BE was conducted under 
Section 7 of the ESA through consultation with 
the U.S. Fish and Wildlife Service (USFWS) 
and the National Oceanic and Atmospheric 
Administration National Marine Fisheries 
Service (NMFS) to ensure that Project actions 
were not likely to jeopardize the continued 
existence of Threatened or Endangered species 
or adversely modify their habitats.  As this 
Project was funded by BPA and occurs on 
National Forest land, the BPA and USFS had to 
demonstrate Section 7 compliance.  

 Conservation measures, BMPs, and all 
requirements identified through the 
development and consultation of the BA and BE 
were incorporated into the design package to 
minimize disturbance to existing habitat values 
and ensure environmental compliance.

6. Permitting — All the necessary permitting 
documents were developed to satisfy the 
federal and state permits required to construct 
the design.  This included provided support 
documentation to the USFS to enable them 

to demonstrate compliance with the NMFS 
programmatic coverage under the revised 
Aquatic Restoration Biological Opinion (ARBO 
II) (NMFS 2013; USFWS 2013).  All comments 
received during the permitting process were 
incorporated into the implementation plan, 
which incorporated the final design.  

7. Construction Oversight — With design and 
implementation plans in place, construction 
began in June 2013.  Construction activities 
included work area isolation and fish salvage, 
levee and spur dike removal, installation of 
habitat features, development of side-channels, 
placement of backfill, riparian plantings, and 
site cleanup and demobilization.

8. Monitoring — Extensive monitoring was 
conducted before, during, and after the Project 
to evaluate pre-project conditions, ensure 
construction compliance with permitting 
requirements, and to evaluate if the Project was 
achieving the desired outcomes.  Monitoring 
during construction allowed the Project team 
to adjust actions on the ground as needed to 
maintain regulatory compliance.  Effectiveness 
monitoring is ongoing and will assess whether 
the Project successfully met its stated objectives. 

Investigative Analysis (Existing Conditions)

The investigative analysis process involved combining 
existing data and data collected from field surveys 
to evaluate areas that had altered hydrologic and 
geomorphic processes, as well as factors limiting fish 
production.  These data sets and evaluation were 
used to create a hydraulic model to further evaluate 
existing conditions.  The combined existing data, field 
surveys, evaluation, and hydraulic model contributed 
to the overall development of the Project designs from 
refinements and modifications to the Conceptual Design 
Alternatives (30%) through the evaluation of various 
design alternatives.  Throughout the overall design 

Figure 5.  Project Flow Chart
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process development and into construction, potential 
in-stream and floodplain structure components were 
evaluated utilizing existing conditions data, simulations, 
and modeling (see Figure 6); assessed during field layout; 
and refined prior to construction.  

The following subsections describe the main investigative 
analyses conducted for the Project.  The complete results 
for each of the below analyses are included in the Phase 
II Geomorphic Assessment Report (Tetra Tech 2013c) 
and Phase II Hydraulic Modeling Report (Tetra Tech 
2013d), available on the DVD at the back of this report.

As-built/LiDAR/Orthoimagery

Combined topographic survey surfaces were created to 
represent the Phase I as-built conditions from RM 6.0 

to 7.0 and the Phase II existing conditions from RM 6.0 
to 8.5.  Topographic survey data were combined with 
the existing LiDAR data to create a base map of the 
Project reach for visualization, analysis, modeling, and 
design development.  Orthoimagery was also used to 
map historic channel centerlines to determine channel 
migration locations and rate of channel movement.  This 
included mapping primary and secondary channels 
through the Project reach for a series of years from 
1939 to 2009 from georeferenced historic and recent 
aerial photographs or orthophotoimagery (Tetra Tech 
2010a).  Floodplain complexity mapping was completed 
with 2009 and 2012 high-resolution aerial photography, 
which allowed for detailed primary, secondary, and 
overflow channel mapping.  Additional information and 
the associated mapping products can be found in the 
Phase II Geomorphic 
Assessment Report 
(Tetra Tech 2013c) 
included on the DVD 
at the back of this 
document. 

DVD Content
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Figure 6.  Example of 3-Dimensional Simulations Used to Evaluate Structure Components and Location

Hydrologic Analysis

Since August 1975, the U.S. Geological Survey (USGS) 
has operated a stream gage on Meacham Creek near 
Gibbon, Oregon, with the current gage part of the 
real-time network of stream gages in Northeastern 
Oregon.  The USGS stream gage is located at RM 1.4, 
with the Project area located between RM 6.0 and 8.5.  
Flow estimates for the Project site were determined by 
evaluating the USGS average daily stream flow data 
collected at the Meacham Creek gage.  These data were 
used to calculate characteristic flows, average monthly 
flows, and flood flows for the Project area.  Characteristic 
flows represent the typical range of flows that can be 
expected in a stream or river during the hydrologic year.  
Discharge estimates for the Project area were reduced 
from the recorded flows and calculated statistics at the 
USGS stream gage by applying the gage transfer equation 
using the ratio of the applicable drainage areas (OWRD 
2006).  Results from the hydrologic analysis are provided 

in detail in the Phase 
II Hydraulic Modeling 
Report (Tetra Tech 
2013d), included on 
the DVD at the back 
of this report. 

Draft Hydraulic Model

Analysis and visualization of the flows estimated in 
the hydrologic analysis in the channel and floodplain 
required the use of a computer model to determine 
water surface elevations and water velocities.  This 
model used was a one-dimensional steady flow 
hydraulic program developed by the U.S. Army Corps of 
Engineers (USACE) commonly referred to as HEC-RAS 
(Hydrologic Engineering Center river analysis system).  
Utilizing the combined topographic surface and results 
from the hydrologic analysis, a draft hydraulic model was 
developed to evaluate the adequacy of 100-year flood 
protection to the UPRR access road and railway for RM 
6.0 to 7.0 and evaluate the overall design alternatives 

for RM 6.0 to 8.5.  This process is described in detail in 
the Phase II Hydraulic 
Modeling Report, 
which is included on 
the DVD at the back of 
this report.  

Levee and Spur Dike 

Identification

Included in the base map developed from combining 
topographic survey surfaces were all levees and spur 
dikes that were present from RM 6.0 to 8.5.  Utilizing the 
results of the Phase II Hydraulic Modeling Report (Tetra 
Tech 2013d), an analysis was completed to identify the 
hydraulic constraints on Meacham Creek from levees and 
spur dikes and any potential impacts to the UPRR access 
road and railway.  These results were used to develop 
a risk and reward analysis to assist in determining 
which levees and spur dikes should, and could safely 
be removed to improve the hydrologic and geomorphic 
processes in the Project 
area.  The Phase II 
Hydraulic Modeling 
Report can be found on 
the DVD at the back of 
this report.

Fish Utilization

Fish species present and their utilization in the Project 
area were identified as part of the investigative analysis.  
Fish species of interest in the Meacham Creek drainage 
include summer steelhead, spring Chinook, rainbow 
trout, bull trout, Pacific lamprey, and mountain 
whitefish (Prosopium williamsoni).  These fish species 
utilize habitat features present in the mainstem, side 
channels, and tributaries.  Based on their life history 
stages and existing habitat information in the Project 
area, criteria were developed and applied to the Project 
design.  Potential spawning and rearing habitat was 
also identified using salmon and steelhead depth and 
velocity preferences, hydraulic modeling results, habitat 
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units identified during the Phase II pre-Project (2012) 
field survey, redd observations, and snorkel data from 
the CTUIR.  The amount of spawning and rearing 
habitat increased downstream, with the greatest amount 
within the Phase I reach (Tetra Tech 2013c). The Phase 

II Geomorphic 
Assessment Report 
(Tetra Tech 2013c) 
included on the DVD 
at the back of this 

document, provides maps illustrating the amount of 
spawning and rearing habitat.

Physical Habitat Features

In-stream habitat units (pools, riffles, glides) were 
identified during the Phase II pre-Project (2012) channel 
profile field survey.  Riffles, runs, glides, scour pools, 
hydraulic control pools, and bedrock pools all create 
micro-habitat features that are used by juvenile and adult 
fish species.  Habitat features located throughout 
Meacham Creek that contribute to channel complexity 
were assessed and incorporated into the Project design to 
improve existing conditions in Meacham Creek.  Alter-
nating pool-riffle sequences were common throughout 
the Project reach, with glide segments extended inter-
mittently throughout the reach.  The Project reach 
between RM 6.0 and 7.0 had relatively few glides and a 
greater proportion of pools and riffles than the reach 
between RM 7.0 and 8.5 (Tetra Tech 2013c).  Surveys also 
included identifying in-stream and flood plain structures 
(e.g., log jams, in-channel and floodplain wood 
accumula tions, side channels, and wetlands) that were 
used in identifying existing features and utilized to 
characterize types of features applicable to the Project 
design.  The Phase II Geomorphic Assessment Report 
(Tetra Tech 2013c) included on the DVD at the back of 

this document pro-
vides maps illustrating 
the physical habitat 
features.

Project Constraints

Physical, biological, legal, and monetary constraints were 
identified for the Project.  As described in Volume I of the 
Conceptual Design (30%), included on the DVD at the 
back of this report, the primary Project constraints are 
related to the presence 
of the UPRR access 
road and railway, 
upstream private 
property land owners, 
locations of Project actions, construction access, and the 
presence of wetlands.  No biological constraints were 
identified in the Project area as the habitat conditions 
appeared to be limiting the fish utilization and not 
the spawning escapement.  Access and permission to 
complete the Project on the CTUIR and USFS lands was 
obtained and access on privately owned lands was not 
included as part of a design option.

Preparation of the Project design was completed by 
focusing on the physical constraints of the Project area.  
During the initial development of design options there 
was a focus on identifying design elements that addressed 
in-channel characteristics, riparian and floodplain 
connectivity, sediment sorting and routing, and thermal 
diversity. 

Provided below is a summary list of Project constraints:

 ■ Protection of the UPRR access road and railway 
due to levee and spur dike removal and/or 
modification.

 ■ Composition of available backfill material.

 ■ Upstream property ownership.

 ■ Construction access to remove and/or modify 
many of the levees and spur dikes.

 ■ Construction access to construct in-channel and 
floodplain features.

 ■ Predicting channel geometry changes and 
associated sediment routing.

 ■ Presence of wetlands and side channels throughout 
the floodplain.

Conceptual Design Alternatives

The design phase was based on the Investigative Analysis 
(Existing Conditions) and followed an iterative process, 
progressing through Conceptual Design (30%) alternative 
development, selection of a preferred alternative, and 
then further refinement to achieve a final design that 
could be implemented to achieve the Project objectives.  
Prior to the development of the Conceptual Design 
Alternatives (30%), a topographic survey and sediment 
analysis was completed as part of the Investigative 
Analysis (Existing Conditions) field surveys.  Design 
criteria were then developed for key aspects of the Project 
design, which helped in developing Conceptual Design 
Alternatives (30%).  Each of these steps in the process is 
described in greater detail below.

Topographic Survey and Sediment Analysis

The topographic survey and sediment analysis was com -
pleted to facilitate in evaluating proposed actions effect on 
addressing Project goals.  To address Meacham Creek’s lack 
of channel complexity and improve sediment conditions, 
the following goals were included for the Project:

 ■ Increase channel pattern complexity and hyporheic 
fluxes, with channel morphology maintained and 
reshaped over time by the hydrology.

 ■ Increase habitat heterogeneity, with dynamic 
channel morphology able to create a variety of 
diverse channel features.

 ■ Improve sediment sorting and routing, with 
transport and deposition able to maintain aquatic 
communities that support and provide First Foods. 

 ■ Increase areas suitable for adult spawning and 
juvenile rearing, with the sediment regime able 
to maintain longitudinal, lateral, and vertical 
connectivity under a range of flows. 

 ■ Increase thermal diversity, with hyporheic fluxes 
improving water quality.  

To fully evaluate conditions, data collected as part of 
the topographic survey was used to perform a sediment 
analysis.  The sediment analysis was done to provide 
information on sediment size distribution in the Project 
area and facilitate in evaluating the sediment regime.  
During the topographic field survey, surface and sub-
surface sediment samples were collected to evaluate 
substrate size distributions and estimate sediment 
transport.  Grain size distributions were similar between 
RM 6.0 to 7.0 and RM 7.0 to 8.5, particularly for sub-
surface sediments.  Estimated sediment transport rates 
between RM 6.0 to 7.0 and RM 7.0 to 8.5 were relatively 
similar as well.  To effectively evaluate the Phase II 
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design in terms of the dynamic and active alluvial 
Project area on Meacham Creek, data from the field 
surveys and channel dynamics and sediment transport 
evaluations were utilized with the hydraulic modeling to 
quantitatively and qualitatively address concerns specific 
to sediment transport.

Design Criteria

Design criteria were established to ensure that the 
objectives of the Project were met, compliance with 
applicable codes and standards was maintained, and any 
potential constraints were addressed.  Criteria for specific 

Project elements are 
summarized below 
and are described in 
full detail in the Phase 
II Design Criteria 

Document (Tetra Tech 2012a), which is also included on 
the DVD at the back of this report.   

Physical Habitat Criteria

Physical habitat features were incorporated into the 
design based on information obtained during the field 
surveys, fish utilization criteria, and Project actions 
identified by the Design Team.  Specific criteria to 
address habitat heterogeneity addressed the presence and 
placement of large wood structures, the incorporation 
of off-channel elements that were hydrologically linked 
to the main channel or channel system, and boulder 
placement guidelines regarding placement pattern and 
location. 

Levee and Spur Dike Removal Criteria

To address impacts on channel alignment, hydrologic 
and geomorphic processes, and habitat complexity 
in the Project area, levee and spur dike removal/
modification was included in the design.  Design 
criteria for levee and spur dike removal or modification 
included specifications related to the 100-year floodplain 
protection of the UPRR access road, increased capacity 
for channel pattern complexity and habitat heterogeneity, 

enhanced riparian connectivity and functions, increased 
floodplain connectivity and complexity, improved ability 
to sort and route sediment, spawning and rearing habitat 
for fish, and increased thermal diversity. 

Riparian Function

Riparian planting was designed based on knowledge 
of existing and historical conditions in the Project 
area, as well as other reference areas in the Meacham 
Creek watershed.  Specific design elements included 
the protection of existing vegetation where feasible, 
planting of native tree and shrub species and the use of 
local stock when possible, adherence to minimum width 
criteria for planting areas, prioritization of planting 
in areas of immediate concern, and planting location 
selection based species, suitability of conditions, timing, 
and other factors (Tetra Tech 2013b).  The planting 
design was incorporated throughout the design process 
and took into account factors such as topography, 
distance to the stream, and location in the floodplain.  
The planting design was intended not only to facilitate 
plant survival, but also to most readily and successfully 
facilitate the overall Project goal of increasing riparian 
connectivity and functions, with dynamic hydrology and 
geomorphology able to maintain a diverse community 
of self-sustaining wild populations of native riparian 
vegetation.

Backfill Activities

Design criteria for Phase II backfill activities were 
developed based on the need for the Project, evaluation 
of site conditions during site visits, test pit investigations 
conducted during Phase I, and the lesson learned from 
the backfill shortage that occurred during Phase I.  
Based on the lessons learned from Phase I, the design 
criteria required that the level of accuracy in the survey 
during the design phase was specified, the amount of 
materials (e.g., trees, rocks, floodplain material) available 
in the Project area was quantified and off-site sources 
were identified, and that design contingencies were 
considered.  The construction specifications included 

more specific guidance for required compaction (e.g., for 
floodplain construction, the compaction should be stated 
as similar to the existing conditions).  Other criteria 
required utilizing a shrink factor of 1.3 when estimating 
handling and hauling volumes of material, determining 
appropriate access routes for vehicles to avoid un-
necessary compaction, and installing stationing and 
elevation staking to ensure cut and fill are to specified 
design stations and elevations. 

Design Alternatives

In August 2012, a strategy meeting was held to identify 
specific Project actions that would achieve the Project 
goals and objectives and address specific conditions 
requested by the CTUIR and USFS.  Two conceptual 
design alternatives that included varying features were 
developed for RM 6.0 to 8.5, with input from the Design 
Team.  In addition to that input, the features for RM 6.0 
to 8.5 was developed based on the evaluation of post-
Phase I construction conditions and the survey and 
associated analyses of the Phase II Project area (Tetra 
Tech 2012d).  Based on this approach, two alternatives 
were developed.  Summary descriptions of these two 

alternatives are 
provided below 
and the associated 
drawings are provided 
in Volume I and 

Volume II of the Conceptual Design (30%), included on 
the DVD at the back of this report.

Alternative 1

Alternative 1 included a side channel between the RM 
7.0 wetland and main flow channel, backfill downstream 
to the Plug 2 wetland, levee and spur dike removal/
modifications, and LWD structures (Tetra Tech 2012b).  
These specific design components included:

 ■ A side channel from the RM 7.0 wetland to the 
main channel (approximately between Stations 
[STA] 47+00 and 59+00).

 ■ Channel backfill (approximately between STA 
40+50 and STA 55+00).

 ■ Levee and spur dike removal/modifications at nine 
locations along the Project reach.

 ■ Installation of LWD channel bar and bank 
structures.

Alternative 2

Alternative 2 included a wall-based channel between 
the RM 7.0 wetland and the Plug 2 wetland, backfill 
downstream to the Plug 2 wetland, levee and spur dike 
removal/modifications, construction or enhancements of 
side channels, and LWD structures.  These specific design 
components included:

 ■ A wall-based channel from the from the RM 7.0 
wetland to the Plug 2 wetland and maintaining and 
enhancing the existing wall-based channel from 
the Plug 2 wetland downstream to RM 6.0.

 ■ Channel backfill (approximately between STA 
40+50 and STA 55+00).

 ■ Levee and spur dike removal/modifications at nine 
locations along the Project reach.

 ■ Construction or enhancements of additional side 
channels (STA 87+00 and 148+00).

 ■ Installation of LWD floodplain, channel bar, and 
bank structures.

To inform selection of a preferred alternative that would 
be carried forward to the 60% preliminary design stage, 
the two alternatives were evaluated against how they 
would perform toward addressing the primary limiting 
factors (Figure 7).  A detailed comparison table was 
developed, describing the advantages and disadvantages 
of each alternative with respect to the limiting factors, 
as well as additional considerations such as excavation 
quantities, cost, permitting issues, and the proposed 
construction sequence.  Through this criteria rating 
process, Alternative 2 was found to provide the highest 
potential for restoring hydrologic and geomorphic 

DVD Content

See “Phase II Design 
Criteria Document” PDF 
in folder “Section 3”.

DVD Content

See “Conceptual Design 
(30%)” PDF in folder 
“Section 3”.



3130

processes to a natural level of functionality in support 
of fish and fish habitat, as well as addressing ecological 

and physical processes 
in support of First 
Foods, and posed an 
acceptable level of risk 
and cost.  Volume I and 

Volume II of the Conceptual Design (30%) are included 
on the DVD at the back of this report.

Preferred Alternative Design

As part of the Investigative Analysis (Existing Conditions) 
and Conceptual Design (30%) development, key design 
criteria and goals were incorporated for in-channel 
characteristics and sediment, physical habitat features, 
fish utilization, riparian and floodplain connectivity, 
riparian function, backfill activities, and levee and 
spur dike removal, as described above.  In addition, a 
hydrologic and hydraulic analysis was also conducted to 
assess existing and proposed Project conditions. 

Following review of the Conceptual Design (30%), the 
Design Team selected Alternative 2 as the preferred 
alternative through the evaluation process described 
above and illustrated in Figure 7, which allowed 
development of the Preliminary Design (60%) to 
proceed.  The Preliminary Design (60%) development 
included updating the hydraulic model, evaluating 
the removal or modification of additional levees and 
spur dikes based on a risk/reward analysis, updating 
the hydraulic model again based on these additional 
removals or modifications, and determining the locations 
for placing log jams and LWD structures.  Inundation 
mapping was utilized to illustrate the resulting increase 
in floodplain connectivity from the design.  In addition, 
a constructability review was also included as part of the 
Preliminary Design (60%) development process.

Once the Preliminary Design (60%) was completed, the 
design was used to develop permit documents applicable 
to the NMFS, USFWS, USFS, USACE, and Oregon 

Department of State Lands (ODSL).  As outlined under 
Permitting below, approvals from these federal agencies 
were required to ensure compliance with the ESA, Clean 
Water Act, National Environmental Policy Act, USFS 
regulations, and Oregon State statute.  Requirements of 
the various permit approvals in turn informed further 
refinement of and additions to Project activities, including 
proposed conservation measures and BMPs.  The 
Preliminary Design 
(60%) report used to 
support permitting of 
the Project is included 
on the DVD at the back 
of this report.

Updated Hydraulic Model

As previously described, based on the Investigative 
Analysis (Existing Conditions) and utilizing Alternative 2 
that was selected for the Preliminary Design (60%), the 
hydraulic model was updated.  HEC-RAS modeling results 
were used to evaluate floodplain inundation asso ciated 
with Project actions.  The design was evaluated at 1.5-, 2-, 
10-, 25-, 50-, and 100-year recurrence interval flows.

Hydraulic modeling results were used to determine 
and engineer proposed Project actions and identify 
constraints on Meacham Creek from levees and spur 
dikes, and any potential impact to the UPRR access road 
and railway.  The Project design included removal and 
modification of levees and spur dikes, seeking to address 
riparian and floodplain connectivity.  Design criteria for 
riparian and floodplain connectivity included:

 ■ Increased riparian connectivity and functions, with 
dynamic hydrology and geomorphology able to 
maintain a diverse community of self-sustaining 
wild populations of native riparian vegetation. 

 ■ Increased floodplain connectivity and complexity, 
with floodplain inundation connecting 
and maintaining habitat for native riverine 
communities.

Framework for Option Evaluation and Selection

Evaluate assessment results provided in this document based on historic 
characteristics associated with each of the design options.

Evaluate assessment results provided in this document based on geomorphic and 
habitat characteristics associated with each of the design options.

Evaluate assessment results provided in this document based on empirical 
characteristics associated with each of the design options.

Evaluate risks and cost associated with each of the design options.

Can overall goal be met by the selected option?

Proceed with selected option. Restart evaluation and 
selection process.

Y N

Address ecological and physical processes in support of First Foods; project 
actions should restore processes to a natural level of functionality.Goal:

Evaluate

Compare each of the design options to the goal.Compare

Refine the point ranking for each option.Refine

Proceed

Figure 7.  Framework for Option Evaluation and Selection
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The extent of floodplain inundation was evaluated 
utilizing the results in the Hydraulic Modeling Report 

(Tetra Tech 2013d).  
The Phase II 
Hydraulic Modeling 
Report (Tetra Tech 
2013d), included on 

the DVD at the back of this report, contains the complete 
results of this analysis.

Levee Assessment

Utilizing hydraulic modeling, hydraulic constraints on 
Meacham Creek from levees and spur dikes, and any 
potential impact to the UPRR access road and railway 
were reevaluated as part of the preferred alternative 
design.  The 100-year design flow flood inundation maps 
indicated very low to no risk to UPRR access road in 
terms of change from the proposed conditions compared 
to the existing model risk.  Modeling results show that 
the flooding impacts to the UPRR did not change for 
the 100-year event between the existing and proposed 
models.  In addition, a risk and reward analysis was used 
to further assist in determining whether additional levees 

and spur dikes could safely be removed to improve the 
hydrologic and geomorphic processes.  

Based on the Phase I As-built Assessment (Tetra Tech 
2012d), the Phase I southern constructed embankment 
crest was determined to be lower than designed for 
approximately half of its length (from STA 5+00 to 
10+40).  This was identified as a deviation from the Phase 
I design and it was determined that further evaluation 
with an updated hydraulic model and topographic 
survey surface (Tetra Tech 2012d) was needed.  The 
southern embankment crest was evaluated in the Phase 
II Hydraulic Modeling Report (Tetra Tech 2013d) and 
determined to not be inundated at the 100-year flood 
flow.

Implementation Plan with Incorporated 
Final Design

Draft Project Design (90%)

In December 2012, the Design Team met to review the 
Preliminary Design (60%) and provide input toward 
the Draft Project Design (90%).  Based on detailed 

comments from the Design Team, as well as 
completion of the BE (Tetra Tech 2012e) and 
BA (Tetra Tech 2013a), the Draft Project 
Design (90%) was then developed.  In 
this advanced iteration of the design, 
Project action elements and engineering 
drawings were further refined to address 
Design Team questions about sediment 

movement, erosion and sediment 
control, use of backfill to 
achieve desired surface water 
flow paths, and additional 
LWD structure specificity.  
Additional floodplain 
structures and roughness 
were also incorporated 
into the design, and 
stream crossings that 
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were determined to 
be unnecessary for 
construction were 
removed.  The Draft 
Project Design (90%) 

drawings are included on the DVD at the back of this 
report. 

Final Project Design (100%)

After a final in-depth review and second constructability 
review of the Draft Project Design (90%) by the Design 
Team, the Final Project Design (100%) was developed.  
The Final Project Design incorporated elements as 
specified in all design and permitting documentation 
of the Project.  Key lessons learned from Phase I of the 
Project were incorporated into the final design and its 
associated implementation plan.  For example, instead 
of relying on a limited survey data surface elevation 
model and minimal staking of the Project design, 
the implementation plan called for detailed, accurate 
construction staking of the Project design during 
construction layout to guide actions on the ground.  
This was identified as necessary to make it more feasible 
during construction for the Design Team to review 
elevations, answer questions about stationing and 
structure layout, and address changes.

Final Project Design (100%) Revision 1

Following the submittal of the Final Project Design 
(100%), construction staking of the design was carried 

out throughout the Project reach.  Based on con-
struction staking, necessary modifications to excavation 
limits and locations of LWD structures were identified 
and staked.  In addition, based on field review with the 
Design Team, an additional small spur dike that was 
impacting an existing wetland was identified for 
removal.  These modifications resulted in the develop-
ment of the Final Project Design (100%) Revision 1 
(Figure 8) that were incorporated into the implementa-
tion plan.  Engineering drawings associated with 
modifications were revised, an additional drawing sheet 
illustrating the design for removing the spur dike was 
developed, and the submittal was combined into Design 
Change Notice (DCN) #1.  The design change included 
modifications to excavation limits for the levee at STA 
64+00, modifications to excavation limits for the side 
channel at STA 130+00, addition of an LWD structure at 
STA 40+00, and the addition of riprap excavation and 
embankment construction at STA 6+00 along the 
existing wetland.  During construction staking of the 
control points associated with DCN #1, field changes to 
control points were identified and marked in the field by 
the engineering team.  Control points associated with 
these field changes resulted in the issuing of Field 
Change Request #1.

The Final Project Design (100%) Revision 1, is included 
as part of the Implementation Plan with the incorpor-
ated final design and construction quantities for major 
elements of the final design.  The Implementation 
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Figure 8a.  Final Project Design Features, 100% Revision 1 (part 1 of 2)
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Figure 8b.  Final Project Design Features, 100% Revision 1 (part 2 of 2)
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Monitoring section of this report contains the as-built 
construction quantities, as surveyed.  The Final Project 
Design (100%) Rev ision 1 included as part of the 

Implementa tion Plan 
and As-Built Record 
Drawings are included 
on the DVD at the 
back of this report.

Biological Assessment/Biological 
Evaluation 

ESA consultation was completed through provisions 
of the ESA Section 7 process after development of the 
30% and 60% designs.  During this process, a BA was 
developed for NMFS and USFWS (Tetra Tech 2013a) 
and a BE was developed for the USFS (Tetra Tech 2012e).  
Both documents were submitted to the CTUIR and 
reviewed by the USFS.  

Permitting

After completion and submittal of the BA and BE, the 
USFS determined that those documents could be used 
to demonstrate compliance with the USFWS and NMFS 
programmatic coverage under the revised ARBO II 
programmatic Biological Opinion (BO) for aquatic 
restoration.  ARBO II is the Programmatic Conference 
and Biological Opinion and Magnuson-Stevens Fishery 
Conservation and Management Act Essential Fish 
Habitat Consultation for Aquatic Restoration Activities 
in the States of Oregon and Washington, completed 
on March 26, 2013 (USFWS 2013) and April 25, 2013 
(NMFS 2013).  ARBO II addresses effects of projects 
conducted or funded by the USFS, Bureau of Land 
Management, and Bureau of Indian Affairs.  In addition, 
a draft Joint Permit Application for the USACE and 
ODSL was developed.  Similar to the BA and BE, the 
USFS determined that the Joint Permit Application could 
be used to demonstrate compliance with USACE and 
ODSL general permits. 

Based on demonstrating compliance, the following 
approvals and permits were obtained for the Project:

 ■ USFS – National Environmental Policy Act 
Authorization Letter Issued May 1, 2013. 

 ■ USFS – ARBO II. 

 ■ USACE – Regional General Permit 4 (RGP-4).

 ■ ODSL – General Permit 42104-61 (GP).

The goals and design of Phase II were consistent with 
Project Design Criteria of ESA Regulatory Agency 
programmatic permit and other federal and state permits 
listed above.  After the Project was completed, the 
UNF submitted all regulatory reporting such as fill and 
removal quantities, results of Project implementation 
monitoring, and fish salvage results.

Construction Oversight

The Design Team worked together providing on-site 
construction oversight and engineering support during 
Project construction.  Key design and engineering staff 
were present each week of construction and provided 
instruction or modifications to the contractor as needed.  
Site conditions, construction issues, and any adjustments 
made to the design were documented on inspection 
forms and distributed to the Design Team. 

Project implementation began with the construction 
initiation, access, and staging areas activities as de-
scribed below under Construction Initiation, Access, 
and Staging Areas.  Following mobilization and con-
struction initiation, construction of the Project began.  
Project construction occurred in 2013 between June 
and September.  To ensure integrity of the stream 
channel and to reduce impacts to water quality and 
aquatic organisms, floodplain activities were completed 
separately from activities in the wetted channel as 
described below under Construction Sequence.  Activities 
in the floodplain occurred between June and September, 
whereas work in the wetted channel occurred between 
July 1 and August 15.  

Construction Planning and Initiation

Project Pre-Construction Meeting

A pre-construction meeting for formal coordination and 
planning was held May 20-21, 2013, at the Nixyaawii 
Governance Center in Pendleton, Oregon, with key 
staff from the CTUIR, USFS, Tetra Tech, and Partney 
Construction, Inc., the contractor selected for the 
construction of the Project.  The permitting documents 
and associated regulatory requirements were reviewed, 
followed by a discussion about the final design and 
adjustments to be made in the field.  Next, the scope and 
schedule for construction were reviewed.  Lastly, a plan 
to work collaboratively to provide on-site construction 
oversight and engineering support once Project activities 
commenced on site was established. 

Construction Initiation, Access, and Staging Areas

Construction was initiated by surveying the necessary 
areas and ground staking, as well as constructing fencing 

and installing flagging.  Temporary access roads were 
installed and construction area BMPs were implemented 
and maintained, including temporary erosion and 
sediment controls.  Staging areas were also developed 
and maintained.  

Main construction access was from Meacham Creek 
Road, which parallels the stream to the east.  No new 
permanent access roads were proposed or constructed 
for the Project.  Approximately 11 acres of temporary 
access roads and staging areas were created outside of 
the wetted channel by clearing and grubbing.  Wood, 
rock, and soil cleared from the access roads were stored 
for future Project use.  The Project required a total of 
seven temporary stream crossings for access roads and 
one temporary bridge.  To minimize disturbance and 
associated environmental impacts, construction vehicles 
avoided concentrations of thick vegetation and other 
sensitive areas.  

DVD Content

See “Final Project Design 
(100%) Rev. 1” PDF in 
folder “Section 3”.
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Conservation Measures and Best Management Practices 

The conservation measures and general BMPs 
implemented in Phase II were intended to avoid adverse 
Project impacts to the extent feasible and minimize the 
extent of unavoidable impacts.  These included measures 
and practices that applied to erosion and sediment 
control, spill prevention and containment, control of 
invasive plans and noxious weeds, protection of riparian 
vegetation, and work being conducted within the wetted 
channel.  In-water work measures included adherence 
to the in-water work window established by the Oregon 
Department of Fish and Wildlife (ODFW) (July 1 to 
August 15 for Meacham Creek), fish salvage activities, 
and other work below the ordinary high water mark.  All 
of the conservation measures and BMPs are described in 
detail in the Phase II Implementation Plan (Tetra Tech 
2013b), and fish salvage activities are also discussed in 
the section below. 

Fish Salvage

The CTUIR’s Fisheries Habitat program and Monitoring 
and Evaluation program prescribed staff biologists to 
conduct fish salvage operations prior to initiation of 
Project construction activities.  The CTUIR isolated and 
removed fish in work areas near or within the wetted 
channel, including temporary and permanent stream 
crossings, levee and spur dike removal or modification, 
and log jams and LWD structures.  Fish were isolated 
from 17 areas of varying size throughout the Project area.  
Fish were isolated using block seines on the upstream 
and downstream extent of the work area, and capturing 
and releasing or herding fish from the isolated area using 
beach seines or electrofishing equipment.  All but one of 
the fish isolation areas were within or near the mainstem 
of Meacham Creek during construction, and were small 
and temporary in duration.  The one other area was 
within a side channel and was also small and temporary 
in duration.

Prior to construction, the CTUIR staff isolated the upper 
extent of the Phase I wetland near the backfill area (STAs 

39+00 to 55+00).  Two teams were equipped with two 
Smith-Root backpack electrofishers each, a minimum 
of two netters per electrofisher, and three to four bucket 
handlers.  Prior to starting the fish salvage operation, 
the lowest extent of the proposed work area was isolated 
by blocking off the lowest extent with a block net.  The 
upper extent did not need a block net for isolation due to 
the absence of surface water input upstream.  Fish salvage 
commenced at about 8:30 a.m. and was completed by 
10:41 a.m., during which water temperatures ranged 
from 12.8 to 13.5 degrees Celsius.  Each team member 
operating an electrofisher was a certified fish biologist.  

The electrofishing teams completed two passes until 
depleting the area of salmonids and most other non-
salmonids.  Fish were netted, bucketed, and transported 
upstream of the Project area.  A total of 592 fish were 
salvaged from the Phase I wetland near the backfill area 
(STAs 39+00 to 55+00), including 28 juvenile summer-
steelhead and 1 juvenile Pacific lamprey (Table 4).  No 
fish mortalities occurred during salvage.

Table 4.  Numbers of Fish Salvaged Between RM 6.5 and 
6.8 in the Phase I Backfill Area of Meacham Creek

Species Total Counted Catch 

Summer Steelhead (Rainbow Trout) 28 
Bull Trout 0 
Pacific Lamprey 1 
Speckled Dace 435 
Cottids 115 
Mountain Sucker 12 
Northern Pikeminnow 1 
Total Number of Fish 592 

 

An estimated 210 juvenile summer steelhead-rainbow 
trout, 47 juvenile spring Chinook salmon, and numerous 
non-salmonids were removed from the remaining 16 
fish-isolated work areas prior to construction activities.  
No bull trout were salvaged.  Fish-isolated work areas 
involved temporary crossings and the remaining areas 
were at LWD or log jam structures placed adjacent or in-
stream between July 1 and August 15, 2013.  

For the smaller, isolated Project construction areas, 
trained biologists used seines and/or block nets to isolate 
construction locations prior to work activities.  Often, 
this involved working closely with the construction team 
while sediment control and water isolation BMPs were 
placed in preparation of work.  One team equipped with 
one Smith-Root electrofisher, netters and bucket handlers 
completed the fish exclusion with use of multiple tools 
including block seines, beach seines, and electrofishing 
using small handled capture nets, and often herding fish 
downstream out of the work area (Figure 9).  

No fish mortalities resulted from fish salvage operations 
and no fish mortalities were observed during 
construction.  

Construction Sequence

Phase II included work in the floodplain conducted 
separately from activities in the wetted channel.  Activities 
in the floodplain occurred between June and September, 
whereas work in the wetted channel occurred between 
July 1 and August 15 during the ODFW in-water work 
period.  Provided below is an outline of the Phase II work 
in the floodplain that was conducted separately from 
activities in the wetted channel.

Floodplain Work: June–September
 ■ Installed erosion and sediment 

controls and BMPs.

 ■ Cleared and grubbed proposed 
temporary access roads.

 ■ Stockpiled wood and rock material 
for future use.

 ■ Removed or modified levees and 
spur dikes in floodplain where 
no temporary bridges or stream 
crossings of the wetted channel were 
required.

 ■ Graded and shaped floodplain.

 ■ Separated and stockpiled earth, rock, 
and woody materials for future use.

 ■ Constructed floodplain LWD structures and 
engineered log jams (ELJs) outside of wetted channel 
where no temporary bridges or stream crossings of 
the wetted channel were required.

 ■ Revegetated disturbed areas.

Wetted Channel Work: July 1–August 15
 ■ Installed erosion and sediment controls and BMPs.

 ■ Installed temporary bridges or stream crossings in 
the wetted channel as directed by the CTUIR or 
USFS.

 ■ Isolated work areas and conducted fish salvage to 
remove any stranded fish where necessary.

 ■ Removed or modified levees and spur dikes where 
temporary bridges or stream crossings in the wetted 
channel were required.

 ■ Graded and shaped floodplain.

 ■ Constructed wetted channel LWD structures and 
ELJs where temporary bridges or stream crossings in 
the wetted channel were required.

 ■ Backfill the floodplain west of STA 42+00 and STA 
55+00.

 ■ Removed temporary bridges or stream crossings 
from the wetted channel, graded and shaped 
the floodplain area, and graded and subsoiled 
compacted temporary access roads.

Figure 9.  Phase II Fish Salvage Operations
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Plantings, Site Cleanup, and Demobilization

During construction, existing floodplain vegetation was 
maintained, to the extent practicable, within the Project 
work areas.  Plants that could remain on site were left in 
place, protected with flagging, and discussed with the 
contractor.  Where plants could be relocated (i.e., willows 
at streambank edges), salvage and replacement techniques 
were used, following contouring of the floodplain to 
ensure that the Project area exhibited topography as 
closely approximating natural conditions as possible.  
Disturbed floodplain and riparian areas that had been 
recontoured and ripped totaled approximately 22 acres.  
Of these, 12 acres were planted in the fall of 2013, focusing 
primarily on areas west of the channel, largely while still 
accessible at lower flows during the planting season.

Hydroseeding followed the construction activities in order 
to establish native grasses and associated species for 
erosion control.  The seed mix utilized in Phase II was 
based on previous project experience in the watershed, 
with enhanced use of slender hairgrass, as coordinated 
with the USFS (Table 5).  Seed was applied at the rate of 30 
pounds per acre.  Included in the application of seed was 
an amendment to the hydraulic mix to facilitate plant 
germination and growth on raw, exposed inorganic soils.

Native plants used in the 2013 work were sourced from 
the CTUIR Tribal Native Plant Nursery and included rip-
arian/floodplain (Table 6) and wetland species (Table 7).  

In an adaptive management approach, planting in Phase 
II reflects several changes based on lessons learned from 
previous project experience in the watershed.  Plants used 
were mostly larger in container size, and very few plug 
plantings were used for woody species.  Additionally, 
a planting amendment in the form of organic mulch 
containing mycorrhizae was used to promote plant growth 
in poorer soil conditions.

Demobilization occurred once the Project site activities 
were completed, and all work was determined to be 
acceptable by the CTUIR.  Demobilization and final site 
cleanup was completed in September 2013.  

Common Name (Scientific Name) 
Composition  
Percentage  
(by weight) 

Grass Seed Mix Used for Initial Hydroseeding (30 pounds/acre) 
Idaho Fescue (Festuca idahoensis) 50% 
Bluebunch wheatgrass (Pseudoroegneria spicata) 30% 
Common yarrow (Achillea millefolium) 10% 
Other non-aggressive endemic grasses 10% 

Grass Seed Mix Used for Hand Seeding 
California brome (Bromus carinatus) 57% 
Blue wildrye  (Elymuys glaucus) 16% 
Idaho fescue (Festuca idahoensis) 16% 
Basin wildrye (Leymus cinereus) 7.3% 
Slender hairgrass (Deschampsia elongata) 3.2% 
Annual hairgrass (Deschampsia danthonioides) 0.5% 

 

Common Name (Scientific Name) Number of 
Plants 

Mountain alder (Alnus incana ssp. tenuifolia) 253 
Red alder (Alnus rubra) 150 
Serviceberry (Amelanchier alnifolia) 67 
Water birch (Betula occidentalis) 213 
Red-osier dogwood (Cornus sericea) 323 
Black hawthorn (Crataegus douglasii) 302 
Cascara (Frangula purshiana) 199 
Mockorange (Philadelphus lewisii) 284 
Pacific ninebark (Physocarpus capitatus) 125 
Ponderosa pine (Pinus ponderosa) 177 
Black cottonwood (Populus balsamifera ssp. trichocarpa) 573 
Bitter cherry (Prunus emarginata) 35 
Chokecherry (Prunus virginiana) 72 
Golden current (Ribes aureum) 245 
Wax current (Ribes cereum) 120 
Rose spp. (Rosa spp.) 702 
Willow spp. (cuttings) (Salix spp.) 3,533 
Douglas spiraea (Spiraea douglasii) 450 
Common snowberry (Symphoricarpos albus) 27 
Mountain goldenbanner (Thermopsis montana) 16 

Total 7,866 
 

Table 5.  Seeding Species and Percentages

Table 7.  Phase II Wetland Plants Installed during Autumn 2013

Table 6. Phase II Riparian/Floodplain Plants Installed 
during Autumn 2013

Common Name (Scientific Name) Number of 
Plants 

Big Leaf Sedge (Carex amplifolia) 400 
Lens Sedge (Carex lenticularis) 420 
Small Winged Sedge (Carex microptera) 200 
Beaked Sedge (Carex rostrata) 2,810 
Inflated Sedge (Carex vesicaria) 200 
Baltic Rush (Juncus  balticus) 4,750 
Small Fruited Bulrush (Scirpus microcarpus) 200 

Total 8,980 
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Monitoring

The Meacham Creek Floodplain Restoration and In-stream 
Enhancement Projects (Phase I and Phase II) were implemented to address the 
limiting factors of flow, temperature, and habitat simplification for cold-water 

fish including ESA-listed Mid-Columbia River steelhead and Columbia River bull trout, 
and spring Chinook salmon, Pacific lamprey and other resident fish.  A key aspect of this 
Project was the monitoring conducted both during and following construction to ensure 
regulatory compliance and evaluate effectiveness of the Project at meeting its objectives.  
This monitoring includes construction monitoring, implementation monitoring, and 
effectiveness monitoring.  Elements of these monitoring efforts were driven by regulatory 
requirements and the CTUIR First Foods mission.  Information provided in this section 
includes a summary of the monitoring activities, as well as results available to date.

Regulatory Monitoring and Reporting Framework

The regulatory framework includes key monitoring and reporting requirements that 
are necessary to maintain compliance with all 
permits.  These are summarized below for each of 
the regulatory entities, and a complete listing of all 
requirements can be found in the NMFS and USFWS 
ARBO II, included on the DVD at the back of this 
report.  

NMFS Requirements 

Requirements established by NMFS included monitoring during Project construction 
and post-Project implementation monitoring with associated reporting requirements.  
Each of these is summarized below. 

Section 4

M E A C H A M  C R E E K  R I V E R  M I L E  6 . 0  T O  8 . 5   C O M P L E T I O N  R E P O R T  

Construction Monitoring 

Construction monitoring required visually assessing 
conditions to ensure that effects were not greater than 
anticipated, as well as water quality monitoring to 
adhere to the 401 certification under the federal Clean 
Water Act.  Fish salvage activities conducted prior to 
in-water construction was also monitored to meet 
NMFS requirements.  If issues were identified during 
monitoring, coordination with NMFS representatives was 
required.  

Implementation Monitoring

Implementation monitoring included a visual assessment 
to determine if there were post-Project effects that were 
not considered during consultation.  Planting restoration 
areas were monitored for invasive plants and maintained 
until native plants became established. 

Effectiveness Monitoring

Effectiveness monitoring was required to determine if 
revegetation of disturbed areas achieved establishment of 
at least 70 percent of pre-Project levels within three years.  
This monitoring has commenced and will continue until 
this permit requirement is met. 

Project Documentation

A monitoring and adaptive management plan had to be 
developed and then reviewed and approved by agency 
representatives.  Additionally, the USFS is required to 
submit a monitoring report to NMFS by February 15 of 
each year that describes the USFS efforts to carry out the 
biological opinion.  The USFS is also required to attend an 
annual coordination meeting with NMFS by April 30 each 
year to discuss the annual monitoring report and any 
actions that will improve conservation under this opinion, 
or make the program more efficient or more accountable. 

USFWS Requirements 

The USFWS also required monitoring during and after 
Project construction, as well as follow-up remedial action 
if necessary.  Those requirements included the items 
listed below. 

Construction Monitoring

Monitoring during construction was required to en-
sure that effects were not greater than anticipated for 
specific indicators.  Turbidity was monitored to ensure 
that Project-related activities did not result in erosion, 
excess sediment deposition, or other effects beyond the 
Project area.  If issues were identified during monitoring, 

DVD Content

See “NMFS & USFWS 
ARBO II” PDF in folder 
“Section 4”.
DVD located inside back cover
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coordina tion with the USFWS representative and biologist 
was required.

Implementation Monitoring

Following Project construction, an assessment was 
conducted after winter high flows/rains to determine if 
there were post-Project effects that were not considered 
during consultation.  If necessary, follow-up remedial 
actions were to be taken.

USACE and ODSL Requirements

For the USACE RGP-4 and ODSL GP, construction 
monitoring and compliance requirements included daily 
logging of stream turbidity levels during work below the 
ordinary high water mark; comparing turbidity caused 
by authorized Project actions to background levels; and 
adapting activities to minimize Project-caused turbidity.  
If the Project-caused turbidity elevated above background 
levels, then additional controls and practices were 
implemented to reduce turbidity, and a description of the 
additional controls with date, time, and location of where 
they were implemented was recorded in a daily log. 

Environmental Compliance

As described in the section above, each regulatory 
entity established requirements that had to be met to 
ensure environmental compliance with state and federal 
permits.  The CTUIR and the USFS worked collectively 
to develop a monitoring approach for Phase II that 
built upon an earlier CTUIR monitoring plan that was 
designed to evaluate the effects of habitat restoration 
and enhancement activities on Meacham Creek (CTUIR 
2007) and met the requirements of the regulatory 
agencies.  This approach guided monitoring efforts before 
and during construction, and continues to do so through 
the post-implementation monitoring period to ensure 
environmental compliance.  The sections below describe 
this approach in greater detail and provide a description 
of each type of monitoring conducted during Phase II 
and the elements of that monitoring that contributed to 
environmental compliance of the Project.

Project Monitoring Plans

The CTUIR established a monitoring plan in 2005 to 
evaluate both short- and long-term changes in physical 
and ecological processes from habitat modification 
efforts along Meacham Creek (CTUIR 2007).  Within a 
few years, the monitoring plan evolved to cover a broad 
range of monitoring efforts, including geomorphic 
studies, stream flow monitoring, water quality studies, 
macroinvertebrate surveys, fish surveys, and riparian 
habitat monitoring.

The monitoring effort developed for this Project 
between the USFS and CTUIR was founded on the 
existing CTUIR framework and contributed to the 
wider data collection activities in the Meacham Creek 
watershed.  Specifically, based on the NMFS and USFWS 
requirements above as well as additional information 
needed to ensure the Project fulfilled its goals and 
objectives, a set of monitoring plans was developed for 
construction and post-Project monitoring.

The CTUIR’s annual vegetation monitoring plan is 
employed in coordination with the USFS to monitor 
riparian plant establishment and survival for the first 
five years of plant growth.  The planting efforts are 
determined to be successful when at least 80 percent 
survival of plants or functional riparian vegetation 
community with appropriate plant density from 2 to 6 
years following planting is achieved.  Noxious weeds 
are controlled by chemical and manual means to reduce 
native plant competition for increased success of native 
plant communities.

Construction, implementation, and effectiveness 
monitor ing are described further below, with additional 
information available on the DVD at the back of this 
report. 

Construction Monitoring

Construction monitoring consisted of assessing 
conditions during Project construction activities to 

allow the Design Team to adapt construction activities, 
as needed, to avoid and minimize disturbance, in com-
pliance with permit conditions.  Factors monitored 
during construction included adherence to Project 
design, such as vegetation clearing limits (i.e., con-
struction oversight), and turbidity/sedimentation levels.  
Construction monitoring activities are described below. 

Sediment Monitoring

As noted earlier, the USACE RGP-4 and ODSL GP 
required daily monitoring of stream turbidity levels 
during Project work below the ordinary high water mark.  
Monitoring was conducted at two locations:

a) Background location: A relatively undisturbed 
location, approximately 100 feet up current from 
the disturbing activity; and 

b) Compliance location: A location down current 
from the disturbing activity at approximately mid-
depth, within any visible plume, and at the distance 
that corresponds to the size of the water body as 
described in the permit.

During Project construction, Meacham Creek was 
between 30 and 100 feet in width; therefore, the 
compliance measurement distance was established at 
100 feet.  All monitoring of turbidity was documented 
and, when potential issues were identified, modifications 
to BMPs were implemented or sediment-producing 
activities were delayed for a period of time until 
requirements could be met.  The results of water quality 
monitoring during in-stream or stream adjacent work are 
provided in Table 8.

Implementation Monitoring

Implementation monitoring was conducted immediately 
following construction to evaluate whether the Project 
was constructed as designed, and whether or not post-
Project effects were considered during the design, 
consultation, or construction phases.  Implementation 
monitoring for Phase II included a comprehensive 
as-built survey.  Table 9 summarizes the features that 
were evaluated for the Project during implementation 
monitoring.

Date 

Reading (NTUs) 

Comments Background 
Location 

(Upstream) 
Compliance 

Location 

June 10 – – Contract administrator met with hydrologist to coordinate on monitoring requirements for the project. 
June 11 – June 17 – – Multiple visits to project site; no in-stream work and no visible turbidity plumes. 

June 18 0.91 5.58 Work was outside the high water mark and large wood structures were being installed.  Water was flowing 
subsurface and entering the channel at one discharge point.  

July 1 0.93 1.17 Contractor installed temporary bridge. 
July 2 1.79 2.84 Contractor was installing large wood structure on floodplain. 
July 3 – July 7 – – Multiple visits to project site; no in-stream work and no visible turbidity plumes. 

July 8 0.66 21.7 Contractor was installing large wood structure on floodplain.  Work suspended; eco blocks and pump installed; 
no work for 4 hours, and after 4 hours NTU readings were 1.42.  

July 9 0.85 1.25 – 
July 10 – – No work in or around water and no visible turbidity plumes. 
July 11 0.72 0.97 Contractor was installing large wood structure on floodplain near water’s edge.   
July 12 0.62 3.11 Contractor made adjustments to existing BMPs. 
July 13 – 16 – – No work in or around water and no visible turbidity plumes. 

July 17 0.53 7.48 Major structure built; to address turbidity, eco blocks used to contain sediment with a discharge pump; no work 
for 4 hours, and after 4 hours NTU readings were 4.24. 

July 18 0.88 1.05 No in-channel work; work on adjacent levees. 
July 19 0.63 1.34 Rock added to crossing points. 

 

Table 8.  Results of Water Quality Monitoring during Instream Work
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The Phase II as-built field survey was completed 
following construction demobilization and cleanup.  The 

As-Built Survey 
Monitoring Analysis 
(Tetra Tech 2014), 
which is included on 
the DVD at the back 

of this report, provides documentation of how the 
constructed conditions compare to designed conditions, 
including information that informs effectiveness 
monitoring questions.  The as-built field survey 
components included levee and spur dike excavation, 
LWD structures and ELJs, lowered floodplain elevations, 
excavation of the side channel near RM 8.0, embank-
ments constructed as part of the Phase I and II projects, 
off-channel habitat constructed as part of the Phase I 
project, and backfill material placed in the floodplain.  In 
addition, hydrologic, geomorphic, and topographic 
long itudinal profile and cross-sections surveys were 
completed.  Data from these as-built field surveys were 

com bined with the 
2013 LiDAR data to 
develop the Meacham 
Creek 2013 as-built 
survey and associated 

as-built record drawings also provided on the DVD at the 
back of this report. 

 As-built surveys were used to compare construction 
quantities with the Final Project Design (100%) Revision 

1, which is included 
on the DVD at the 
back of this report.  
Provided below are 
the sum maries of the 

Final Project Design (100%) Revision 1 quantities versus 
the as-built construction quantities.  The final Project 
design construction quantities estimates and as-built 
construction quantities presented below differ due to 
field changes and typical variability between design and 
implementation.

The Final Project Design (100%) Revision 1 included the 
following major elements and associated construction 
quantity estimates:

 ■ Placement of 16,483 cubic yards (cy) of backfill 
material in the floodplain between RM 6.0 and RM 
7.0 west of STA 42+00 and STA 55+00 to provide 
more representative floodplain characteristics, 
improve wetland and riparian planting success, 
and reduce the potential of Meacham Creek 
recapturing the 2010 channel location.

 ■ Removal or modification of levees and spur 
dikes at 13 locations between RM 6.0 and RM 
8.5 (a total of 2,920 and 2,100 feet removed, 
respectively) to increase floodplain connectivity 
and allow development of wetland and riparian 
characteristics and off-channel habitat.

 ■ Placement of 52 LWD structures and ELJs between 
RM 6.0 and RM 8.5 to increase habitat complexity 
and quantity, and side-channel habitat.

 ■ Lowering the elevation of the floodplain to the west 
between STA 32+00 and STA 34+00 to increase 
floodplain connectivity.

 ■ Excavation of 160 feet of floodplain near RM 8.0 
to reinitiate a 2,200-foot-long side channel and to 
increase off-channel and side-channel habitat. 

 ■ Revegetation of areas disturbed by Project activities 
with native plant species and/or seed mix.

The As-Built Survey Monitoring Analysis (Tetra Tech 
2014) identified construction quantities that differed from 
the Final Project Design (100%) Revision 1 as follows:

 ■ More material was placed as backfill (18,376 cy) in 
the floodplain during construction than designed 
(16,483 cy).  The additional material was utilized in 
the floodplain to provide variations in topography 
and mimic the surrounding floodplain.

 ■ Placement of the 52 LWD structures and ELJs was 
completed, and an additional 8 structures were 
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Table 9.  Summary of Umatilla Objectives, Umatilla River Vision Touchstones, Limiting Factors, Metrics, and Evaluation Methods

Limiting 
Factor Group1/ 

CTUIR Umatilla Habitat 
Program Objectives2/  

River Vision 
Touchstones3/ 

Primary  
Limiting Factors4/  Metrics Evaluation Methods 

In
-C

ha
nn

el 
Ch

ar
ac

te
ris

tic
s 

Protect and conserve 
natural ecological 

processes that support 
the viability of fish 

populations and their 
primary life history 

strategies 

Aquatic Biota 
Connectivity 

Geomorphology 
Hydrology 

In-channel 
characteristics 

 
Habitat Diversity 

 
Channel Sinuosity 

 
Amount of LWD 

Primary Channel Length Measure channel geometry from topographic survey 
Secondary  

Channel Length 
Measure channel geometry from topographic survey or 
imagery 

Bankfull Width Measure channel geometry from survey cross-sections 
Bankfull Depth Measure channel geometry from survey cross-sections 

Bankfull  
Cross-Sectional Area Measure channel geometry from survey cross-sections 

Width/Depth Ratio 
(Wbkf/Dbkf) Measure channel geometry from survey cross-sections  

Maintain and restore 
floodplain connectivity  

and function 

Gradient Measure channel gradient from topographic survey 
Sinuosity (Lc/Lv) Measure from topographic survey or imagery 

Average Meander 
Pattern Measure of average meander length 

Braided-Channel Ratio Ratio of total channel length to the primary channel length 
(Friend and Sinha 1993) 

Channel Complexity 
Index 

Sinuosity times the number of nodes unitized by valley 
distance (Brown 2002) 

Restore degraded and 
maintain properly 
function channel 

structure and complexity 

Pool Frequency  
or Spacing 

Count of number of pools per channel length or spacing 
between pools (Montgomery et al. 1995, Beechie and Sibley 
1997) 

Percent Pool Percent of primary channel length classified as pool habitat 
Relative Habitat 

Abundance 
Measure of pool, riffle, and glide habitat percent primary 
channel length 

Relative Feature 
Abundance 

Count of designed rock or LWD structures (total number of 
structure types) 

LWD Counts Counts of LWD for designed structures from final design 
plans 

Ri
pa

ria
n/

Fl
oo

dp
lai

n 

Protect and conserve 
natural ecological 

processes that support 
the viability of fish 

populations and their 
primary life history 

strategies 
Aquatic Biota 
Connectivity 

Riparian 
Vegetation 

Geomorphology 
Hydrology 

Floodplain Storage 
 

Floodplain 
Connectivity 

 
Available  

Off-channel Habitat 
 

Wetland 
Development 

Percent of  
Floodplain  

Disconnected 

Measure percentage of floodplain area disconnected from 
the main channel from aerial photography, field data, and 
flood inundation modeling 

Improve degraded water 
quality and maintain 

unimpaired water quality 
Maintain and restore 

floodplain connectivity  
and function 

Floodplain Inundation Calculate floodplain inundation based on hydraulic modeling 

Restore degraded and 
maintain properly 
function channel 

structure and complexity 

Relative Abundance of 
Floodplain Habitats Measure of wetland areas from topographic surveys 

Channel Migration Rate Measure channel migration from multiple sequential aerial 
photographs (Latterell et al. 2006) 

Se
di

m
en

t 

Improve degraded water 
quality and maintain 

unimpaired water quality 

Aquatic Biota 
Geomorphology 

Substrate 
 

Embeddedness 
 

Substrate Quality  
and Quantity 

 
Available Spawning 
and Rearing Habitat 

Sediment Size 
Distribution, in Channel Pebble counts of surface grain sizes (Bunte and Abt 2001) 

Sediment Size 
Distribution, in Bars 

Pebble counts and bulk samples of surface and subsurface 
grain sizes (Bunte and Abt 2001) 

Sediment Size 
Distribution, in 

Floodplain 
Measure of subsurface grain size from test pits in the 
floodplain  

Protect and conserve 
natural ecological 

processes that support 
the viability of fish 

populations and their 
primary life history 

strategies 

Threshold Grain Size Calculate the Shields threshold of motion grain size 
Fine Sediment 

Percentage in Bed 
Material 

Measurement of fine sediment proportion in bed material by 
surface or sediment samples 

Erosion/Deposition Measure channel erosion and deposition with repeat 
LIDAR/topographic surveys (Li et al. 2006) 

Relative Abundance of 
Spawning and 

Rearing Habitat 

Measure of relative abundance of spawning and rearing 
habitat from hydraulic modeling, fish preferences, and fish 
surveys 

Note: This table addresses only those objectives, touchstones, and limiting factors that are specifically addressed in the As-Built Survey Monitoring Analysis report (Tetra Tech 2014).  The 
Project, as a whole, addressed additional objectives, touchstones, and limiting factors (discussed in Section 4 – Monitoring) related to riparian function and habitat, hydrology, and 
ecological processes that support fish and their life-stages, and involved monitoring of metrics related to these.   

1/ Limiting factor group are based on the 2008 Fish Accords (Three Treaty Tribes-Action Agencies 2008). 
2/ Program objectives as identified in CTUIR’s Umatilla Anadromous Fish Habitat proposal (CTUIR 2013). 
3/ River Vision Touchstones are based on the CTUIR Umatilla River Vision (Jones et al. 2008). 
4/ Limiting factors based on the 2008 Fish Accords (Three Treaty Tribes-Action Agencies 2008). 
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placed between RM 6.0 and RM 8.5, for a total of 
60 structures.

 ■ Less material was excavated during construction 
than designed at locations focused on lowering the 
elevation of the floodplain.  Lower excavation of 
the floodplain at STA 33+00 was 287 cy less than 
designed.  

 ■ Less material was placed during construction at the 
embankment near STA 2+00 than designed. 

Table 10 compares the Project earthwork materials 
quantities between the Phase II Design Plans and 2013 
Meacham Creek Phase II As-Built.

Table 10. Project Earthwork Material Quantities in Cubic 
Yards (cy)

The 2013 Meacham Creek Phase II as-built surface 
was used to evaluate whether the constructed features 
reflect the goals and intended performance of the 
Project design.  Appendix B of the As-Built Survey 
Monitoring Analysis (Tetra Tech 2014) contains a series 
of figures that spatially display the results of the Phase II 
implementation monitoring, including: 

 ■ The location of the 2013 Phase II as-built LWD 
structures.  

 ■ Comparisons of the 2013 Phase II as-built surface 
to the 2012 pre-Project (Phase II) surface.  

 ■ The 2013 as-built earthwork quantities and extents 
resulting from construction.  

 ■ The differences between the 2013 Phase II as-built 
earthwork quantities versus the Phase II Project 
design plan earthwork quantities.  

The remainder of this section provides a summary of 
the implementation monitoring results from the As-
Built Survey Monitoring Analysis (Tetra Tech 2014) for 
levee and spur dike removal, installing habitat features 
and side-channel development, placement of backfill in 
the RM 6.0 to 7.0 floodplain, plantings, site cleanup and 
demobilization.

Levee and Spur Dike Removal or Modifications

The as-built survey assessed levee and spur dike removal 
or modifications that were conducted as part of the 
Project.  Levees and spur dikes at 13 locations between 
RM 6.0 and RM 8.5 were removed or modified to 
increase floodplain connectivity and allow development 
of wetland and riparian characteristics and off-channel 
habitat.  

Installing Habitat Features and Side-Channel 

Development

Implementation monitoring also included an assessment 
of the habitat features that were installed and side-
channel development that was conducted during Project 
construction.  The as-built survey indicated a total of 

Source 
Phase II Design1/ 

(CY) 

2013 Phase II 
As-Built2/ 

(CY) 

Floodplain Connectivity 

   Lower Floodplain 757 508 

Aquatic Habitat Excavation 

   Side Channel 120 328 

   Wetland Access Road 211 173 

   Enhance Wetland 425 425 

Levee and Dike Removal 

   Levees 7,435 8,320 

   Spur Dikes 9,991 10,333 

Fill Material 

   Floodplain Backfill3/ 16,483 18,376 

   Access Road Fill 0 135 

   Embankment Fill 570 446 

Total Earthwork 

   Excavation 18,939 20,087 

   Fill 17,053 18,957 

   Import Material 6,700 6,700 

Total Materials Hauled 26,209 27,368 
Notes: 
1/ Quantities include those from Phase II Design Revision 1 and Phase II 

Design Field Changes.  
2/ Quantities include those from Phase II Design Field Changes. 
3/ Does not incorporate shrink factor associated with compaction.  Shrink 

factor would results in 14,568 cy and 15,451 cy for Phase II Design and 
2013 Phase II As-Built, respectively. 

 

60 habitat structures were constructed in the floodplain 
and along and within the wetted channel.  A total of 
926 cy of excavation was completed to connect side-
channel and wetland habitat.  Project activities included 
the excavation of 160 feet of floodplain near RM 8.0 to 
reinitiate a 2,200-foot-long side channel and to increase 
off-channel and side-channel habitat.

Placement of Backfill in the RM 6.0 to RM 7.0 

Floodplain

Backfill material was placed in the designated area 
between RM 6.0 and 7.0 to improve riparian planting 
effectiveness and reduce the chance of Meacham Creek 
re-establishing its 2010 alignment.  The backfill area 
included 3.7 acres of the floodplain and comprised 
18,376 yards of material.  As described above under 
Implementation Monitoring, 1,893 cy more backfill 
material was placed than was included in the Phase II 
design.  Ensuring sufficient backfill material was available 

on-site for adjustment to field conditions represents 
successful implementation of a key lesson learned from 
Phase I construction. 

Effectiveness Monitoring
Effectiveness monitoring is intended to measure the 
effectiveness of the Project at achieving its objectives, 
primarily a functional and healthy Meacham Creek that 
supports ongoing production of First Foods over time.  
It often includes pre-Project data collection to establish 
baseline conditions, and post-Project monitoring to 
track changes in those conditions as a result of Project 
efforts.  This section describes each of the ongoing types 
of effectiveness monitoring, including Post-Phase I and 
Pre-Phase II, which includes habitat (Columbia Habitat 
Monitoring Program [CHaMP]), macroinvertebrate, and 
fish; a Biological Monitoring Plan (Stillwater Sciences 
2012); Macroinvertebrate Study; Fish Monitoring; 
Vegetation Monitoring; and Groundwater Monitoring.
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Following completion of the Phase I Project, a detailed 
monitoring design was developed in 2012 to assess the 
effectiveness of restoration actions addressing limiting 
factors and ecological concerns identified for Meacham 
Creek.  Monitoring of hydrologic and geomorphic 
conditions, aquatic habitat, and fish distribution were 
conducted between 2009 and 2012.  In addition and 
as described above, there has been pre- and post-
implementation (i.e., as-built) monitoring of the 
Phase I Project from 2009 to 2012.  In 2012, CHaMP 
baseline surveys were completed for three reaches on 
Meacham Creek.  Each of these monitoring efforts 
provides either pre- (i.e., baseline) or post-Project data 
for effectiveness monitoring analyses.  This section 
summarizes the past and current monitoring efforts and 
how they contribute towards the overall effectiveness 
monitoring occurring in Meacham Creek.  

Pre- and Post-Project Implementation Studies

Intensive pre- and post-Project studies have been 
occurring on Meacham Creek since 2009, prior to the 
Phase I project.  The monitoring assessments of the 
Project area utilize data collected between 2009 and 
2013 from the floodplain restoration and in-stream 
enhancement projects on Meacham Creek.  The 
monitoring includes spatial and temporal comparisons 

for the pre- and post-project conditions, and presents the 
results of limiting factor metrics.  A number of reports 
document the designs associated with the 2011 Phase I 
project between RM 6.0 and RM 7.0 and the 2013 Phase 
II Project between RM 6.0 and RM 8.5.  These supporting 
studies and documents include:

 ■ Phase II As-Built Survey Monitoring Analysis  
(Tetra Tech 2014).

 ■ Phase II 2012 Monitoring Assessment  
(Tetra Tech 2013e).

 ■ Phase II Hydraulic Modeling Report  
(Tetra Tech 2013d).

 ■ Phase II Geomorphic Assessment Report  
(Tetra Tech 2013c).

 ■ Phase I As-built Assessment (Tetra Tech 2012d).
 ■ Phase I Empirical Analyses Results  

(Tetra Tech 2010d).

Summaries of monitoring data collected between 2009 
and 2013 follow.  Pre-and post-implementation assess-
ment methods can be found in the As-Built Survey 
Monitoring Analysis (Tetra Tech 2014) included on the 
DVD at the back of this 
report.  Table 11 below 
contains the data 
available from these 
monitoring assessments 

by year and by reach.  The subsequent monitoring 
assess ment data summary compares conditions over time 
evaluating changes that have occurred over the 4-year 
timeframe.

In-channel Characteristics

This section provides a comparison of the in-channel 
characteristics metrics for the monitoring period from 
2009 to 2013.  Table 12 contains the in-channel 
characteristics comparisons for RM 6.0 to RM 7.0 and 
RM 7.0 to RM 8.5.  

The floodplain restoration and in-stream enhancement 
actions completed during Phase I between RM 6.0 and 
7.0 increased channel complexity (i.e., Braided-Channel 
Ratio and Channel Complexity Index), sinuosity, and 

length as shown by the change in the metrics in Table 
12.  The constructed channel also provides a substantial 
increase in habitat diversity and hiding cover for 
salmonids and resident fish.  

The Phase II Geomorphic Assessment Report (Tetra 
Tech 2013c) and the Phase II As-built Monitoring 
Analysis (Tetra Tech 2014) contain more in-channel 
characteristics results including repeat cross-section 
surveys that have been established for monitoring 
purposes.  In addition, Appendix B of the As-built 
Monitoring Analysis (Tetra Tech 2014) includes 
figures that spatially display the comparison of channel 
complexity factors from 2009 to 2013 in RM 6.0 to 
RM 7.0.

Data Set 

Years 

2009 
pre-Project  

(Phase I) 

2010 
Design 

(Phase I) 

2011 
As-Built 
(Phase I) 

2012 
pre-Project 
(Phase II) 

2013 
Design 

(Phase II) 

2013 
As-Built 

(Phase II) 

LiDAR RM 6.0 – 8.5 None None None N/A RM 6.0 – 8.5 
Aerial Imagery RM 6.0 – 8.5 None RM 6.0 – 8.5 RM 6.0 – 8.5 N/A RM 6.0 – 8.5 
Topographic Survey RM 6.0 – 7.0 None RM 6.0 – 7.0 RM 6.0 – 8.5 N/A RM 6.0 – 8.5 
Sediment RM 6.0 – 7.0 RM 6.0 – 7.01/ None RM 6.0 – 8.5 N/A RM 6.0 – 8.5 
Habitat RM 6.0 – 7.0 None None RM 6.0 – 8.5 None RM 6.0 – 8.5 
Redds/Spawning RM 6.0 – 8.5 None RM 6.0 – 8.5 RM 6.0 – 8.5 N/A RM 6.0 – 8.5 
Electrofishing/Snorkeling None None RM 6.0 – 7.02/ RM 6.0 – 8.5 N/A RM 6.0 – 8.5 
Structures None RM 6.0 – 7.0 None RM 6.0 – 8.5 RM 6.0 – 8.5 RM 6.0 – 8.5 
Notes: For RM 6.0 to RM 7.0, baseline conditions (2009), Phase II pre-Project (2012), and the Phase II as-built (2013) are compared.   
 For RM 7.0 to RM 8.5, Phase II pre-Project (2012), and the Phase II as-built (2013) are compared.   
 The baseline conditions are not included in the RM 7.0 to RM 8.5 because this reach was not surveyed in 2009. 
1/ Includes test pit sediment samples collected in floodplain between RM 6.0 and 6.5. 
2/ Data set is from electrofishing conducted as part of fish salvage for construction. 

 

Table 11.  Monitoring Data Sources Used in Analysis

Table 12.  Monitoring Data Sources Used in Analysis

DVD Content

See “AsBuilt Survey 
Monitoring Analysis” 
PDF in folder “Section 4”.

Report Category Metrics 
RM 6.0 to 7.0 RM 7.0 to 8.5 

2009 Pre-Project 
(Phase I) 

2012 Pre-Project 
(Phase II) 

2013 As-Built 
(Phase II) 

2012 Pre-Project 
(Phase II) 

2013 As-Built 
(Phase II) 

In-Channel 
Characteristics 

Primary Channel Length (ft) 6,010 6,500 6,550 8,870 9,140 
Secondary Channel Length (ft)1/ 1,890 10,120 11,650 13,050 13,470 
Bankfull Width (ft) 99 96 110 135 121 
Bankfull Depth (ft) 3 2.0 1.6 2.1 1.7 
Bankfull Cross-Sectional Area (ft2) 297 187 177 286 204 
Width/Depth Ratio (Wbkf/Dbkf) 33 49 68 64 71 
Gradient (ft/ft) 0.0086 0.0078 0.0078 0.008 0.0081 
Sinuosity (Lc/Lv) 1.1 1.2 1.2 1.1 1.2 
Average Meander Length (ft) 1,550 1,490 1,400 1,430 1,600 
Braided-Channel Ratio 1.0 1.3 1.7 1.3 1.4 
Channel Complexity Index 0.0005 0.0026 0.0049 0.0041 0.0043 
Pool-to-Pool Spacing (ft) 7784/ 473 319 388 450 
Percent Pools (%) 284/ 21 26 21 18 
Relative Habitat Abundance –  
Percent Riffles | Glides (%) 72 | 04/ 63 | 16 51 | 23 45 | 34 65 | 17 

Relative Feature Abundance2/  -- 39 65 -- 34 
LWD Counts3/ -- 964 1,144 -- 185 

Notes: For RM 6.0 to RM 7.0, baseline conditions (2009), Phase II pre-Project (2012), and the Phase II as-built (2013) are compared.   
 For RM 7.0 to RM 8.5, Phase II pre-Project (2012), and the Phase II as-built (2013) are compared.   
  The baseline conditions are not included in the RM 7.0 to RM 8.5 because this reach was not surveyed in 2009. 
1/ Includes off-channel habitat length. 
2/ Includes LWD structures with two or more pieces and boulder clusters.  The 2013 as-built (Phase II) quantity includes both Phase I and Phase II 

structures. 
3/ Quantity based on LWD count in design plans and does not include pre-existing LWD.  The 2013 as-built (Phase II) quantity includes both Phase I and 

Phase II LWD.  Additional wood, not in the original plans, was placed on the banks and within the floodplain during Phase I (approximately 500 additional 
pieces) and Phase II (approximately 200 additional pieces) construction activities, and is not accounted for in the table. 

4/ Habitat units were not identified in the field in 2009.  Habitat calls and associated metrics were therefore based on habitat unit delineation using the 
thalweg profile, aerial photographs, and knowledge of the area.  The reach was broken out into fast and slow habitats identified as riffles and pools, and 
off-channel habitats.  This results in an over-estimation of both riffles and pools and underestimate (i.e., artificial absence) of glide habitat. 
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Floodplain Connectivity 

This section provides a comparison of the floodplain 
connectivity metrics for 2009 to 2013.  Table 13 contains 
the floodplain connectivity comparisons for RM 6.0 to 
RM 7.0 and RM 7.0 to RM 8.5.  For RM 6.0 to RM 7.0, 
baseline conditions (2009), Phase II pre-Project (2012), 
and the Phase II as-built (2013) are compared.  For RM 
7.0 to RM 8.5, Phase II pre-Project (2012), and the Phase 
II as-built (2013) are compared.  

The floodplain restoration and in-stream enhancement 
actions completed during Phase I between RM 6.0 and 
7.0 decreased the percent of floodplain disconnected and 
increased the floodplain inundation area considerably 
as shown in the metrics included in Table 13.  Figure 10 
shows the difference in floodplain inundation depths 
for the 100-year flood event from 2009 to 2013 between 
RM 6.0 to RM 7.0.  The channel bed elevation of the 
constructed channel was constructed higher than the 
existing channel and overbank flows are more accessible 
to the floodplain.  Levee and spur dike removal in the 
Phase II Project between RM 6.0 and 8.5 also allowed for 
greater floodplain connectivity, decreased the percent of 
floodplain disconnected, and increased the floodplain 
inundation area as shown in Table 13.  Figure 11 shows 
the difference in floodplain inundation depths for the 
100-year flood event from 2012 to 2013 between RM 7.0 
to RM 8.5

The Phase II Hydraulic Modeling Report (Tetra Tech 
2013d) contains background information and methods 
for the hydrology and hydraulic modeling used to 
eval uate floodplain connectivity.  The Phase II Geo-

morphic Assessment Report (Tetra Tech 2013c) and the 
Phase II As-built Monitoring Analysis (Tetra Tech 2014) 
contain additional analysis methods and more flood plain 
connectivity comparison results including in-stream 
habitat unit comparisons.  In addition, Appendix B of the 
As-built Monitoring Analysis (Tetra Tech 2014) also 
includes figures that spatially display the comparison of 
in-stream habitat units from 2009 to 2013 in RM 6.0 to 
RM 8.5.

Sediment

This section provides a comparison of the sediment 
metrics for 2009 to 2013.  Table 14 contains the sediment 
comparisons for RM 6.0 to RM 7.0 and RM 7.0 to RM 
8.5.  For RM 6.0 to RM 7.0, baseline conditions (2009), 
Phase II pre-Project (2012), and the Phase II as-built 
(2013) are compared.  For RM 7.0 to RM 8.5, Phase II 
pre-Project (2012), and the Phase II as-built (2013) are 
compared.  

The Phase II Geomorphic Assessment Report (Tetra Tech 
2013c) and the Phase II As-built Monitoring Analysis 
(Tetra Tech 2014) contain additional analysis methods 
and floodplain sediment comparison results including 
differences in the pattern of erosion and deposition from 
2011 to 2012 and from 2012 to 2013, as calculated from 
repeat topographic surveys.  In addition, Appendix B 
of the As-built Monitoring Analysis (Tetra Tech 2014) 
also includes figures that spatially display the pattern of 
erosion and deposition as well as a figure that displays 
the elevation difference from 2009 to 2013 calculated 
from repeat bare-earth LiDAR comparison for the two 
years.    

Report 
Category Metrics 

RM 6.0 to 7.0 RM 7.0 to 8.5 

2009 Pre-Project 
(Phase I) 

2012 Pre-Project 
(Phase II) 

2013 As-Built 
(Phase II) 

2012 Pre-Project 
(Phase II) 

2013 As-Built 
(Phase II) 

Floodplain 

Percent of Floodplain Disconnected (%) 36.6 12.6 1.1 4.6 2.0 
Floodplain Inundation (acres) 57 79 90 102 107 
Relative Abundance of Floodplain Habitats (acres) 14.3 12.6 12.8 2.3 2.3 
Channel Migration Rate (ft/yr) 2 - 16 2 - 16 2 - 16 2 - 16 2 - 16 

 

Table 13.  Floodplain Connectivity Comparisons RM 6.0 to 7.0 (2009 – 2013) and RM 7.0 to 8.5 (2012 – 2013)

Table 14.  Sediment Comparisons RM 6.0 to 7.0 (2009-2013) and RM 7.0 to 8.5 (2012-1013)

Report 
Category Metrics 

RM 6.0 to 7.0 RM 7.0 to 8.5 

2009 Pre-Project 
(Phase I) 

2012 Pre-Project 
(Phase II) 

2013 As-Built 
(Phase II) 

2012 Pre-Project 
(Phase II) 

2013 As-Built 
(Phase II) 

Sediment 

Sediment Size Distribution, in channel – D50 (mm) 100 431/ 681/ --2/ 66 
Sediment Size Distribution, in bars – D50 (mm)3/ 68 48 52 49 33 

Sediment Size Distribution, in floodplain 

Poorly to well‐
graded gravel with 
sand and cobbles 

with little or no 
fines. 

Poorly to well‐
graded gravel with 
sand and cobbles 

with little or no 
fines. 

Poorly to well‐
graded gravel 
with sand and 
cobbles with 

little or no fines. 

Poorly to well‐
graded gravel with 
sand and cobbles 

with little or no 
fines. 

Poorly to well‐
graded gravel 
with sand and 
cobbles with 

little or no fines. 
Threshold Grain Size and Transport Rate (mm) 78 51 40 56 42 
Fine Sediment Percentage in Bed Material (%) 4 0 to 12 0 to 34 0 1 to 28 
Scour | Deposition (cy) --4/ 21,440 | 7,800 4,910 | 13,010 --4/ 4,020 | 10,320 
Relative Abundance of Spawning Habitat (acres) 0.5 1.2 2.9 0.8 2.9 
Relative Abundance of Rearing Habitat (acres)5/ 0.1 4.7 3.5 3.1 1.9 

Notes: 
1/ Sampled using CHaMP pebble count protocols which collect 21 particles at each of 10 evenly spaced transects in riffle habitat units.   
2/ Sediment size in bars was collected for RM 7.0 to 8.5 for the 2012 pre-Project (Phase II) but sediment size in-channel was not. 
3/ Average D50 from samples at multiple bar locations. 
4/ Scour and deposition data were not calculated for 2009 baseline conditions or the 2012 pre-Project (Phase II) because there were no repeat topographic 

surveys to derive estimates. 
5/ Additional off-channel rearing area was estimated using aerial photographs and habitat characteristics.  Primary and secondary channel rearing habitat is 

6.3 acres (3.2 acres between RM 6.0 and RM 7.0) for 2012 pre-Project and 3.9 (2.0 acres between RM 6.0 and RM 7.0) for 2013 post-Project.  The total 
presented in the table includes the additional area in the off-channel area. 

 

Fish Utilization

Potential spawning and rearing habitat was identified 
using spawning and rearing habitat depth and velocity 
preferences (Tetra Tech 2012e), one-dimensional 
hydraulic modeling, and model integration with spawn-
ing and rearing preferences.  Spawning and rearing 
preferences were determined by life history descriptions 
and habitat utilization information gathered by the 
CTUIR and Tetra Tech (Tetra Tech 2012e).  Utilizing 
the results from hydraulic modeling, spatial analyses 
were performed to delineate potential spawning areas 
that satisfied the criteria at the range of flows when 
spawning and rearing typically occurs.  The Phase II 

2012 Monitoring 
Assessment (Tetra 
Tech 2013e) and the 
Phase II As-Built 
Survey Monitoring 
Analysis (Tetra Tech 
2014), included on 

the DVD at the back of this report, contain a description 
of the habitat modeling methods and results.   

Based on modeling results, a considerable amount of 
spawning and rearing habitat was created from the 
implementation of the Phase I project between RM 6.0 
and 7.0.  Table 14 and Figure 12 show the increase in 
spawning habitat from 2009 (pre-Project) to 2013 (as-
built) between RM 6.0 and 7.0 with redd observations.  
Figure 13 shows the increase in rearing habitat for the 
same comparison.  The potential spawn ing area increased 
from 0.5 acre to 2.9 acres, and potential rearing area 
increased from 0.1 acre to 3.5 acres.  The Phase I 
floodplain restoration and in-stream enhancement actions 
resulted in greater channel complexity including more 
areas of depth and velocity combinations suitable for 
spawning and rearing habitat.  As described above, 
monitoring and analysis results indicated that there was 
an increase in channel complexity, sinuosity, channel 
migration, and floodplain connectivity from 2009 to 2013, 
all of which potentially contribute to a greater amount of 
spawning and rearing habitat.

DVD Content

See “Phase II 2012 
Monitor ing Assessment” 
and “Asbuilt Survey 
Monitoring Analysis” 
PDFs in folder “Section 4”.



57Figure 10.  Meacham Creek Floodplain Inundation (2009 to 2013) RM 6.0 to 7.0
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59Figure 11.  Meacham Creek Floodplain Inundation (2012 to 2013) RM 7.0 to 8.5
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61Figure 12.  Meacham Creek Potential Spawning and Redds (2009 to 2013) RM 6.0 to 7.0
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Biological Monitoring Plan

In 2008, the CTUIR initiated a planning project 
to address the effects of habitat restoration 
on fish population, survival, abundance 
or condition.  This effort resulted in the 
development of a Biomonitoring Plan (Stillwater 
Sciences 2012).  The goal of the Biomonitoring 
Plan is to evaluate CTUIR fish habitat 
restoration projects throughout five subbasins: 
the Grande Ronde, John Day, Tucannon, 
Umatilla, and Walla Walla rivers.  CTUIR-
sponsored restoration projects in the Umatilla 
River and its tributaries will be assessed using a 
before-after control-impact (BACI) design.  Data 
will primarily be collected through expansion 
of existing juvenile and adult sampling of spring 
Chinook salmon and summer steelhead by the 
Umatilla Basin Natural Production Monitoring 
and Evaluation Project.  

This plan aims to detect measurable changes in 
biotic conditions, specifically changes to growth, 
survival, and abundance of various salmon life 
stages.  These biotic conditions were guided by 
NMFS’s Viable Salmonid Population parameters 
for determining the long-term viability of 
salmonid populations—abundance, productivity, 
spatial structure, and diversity (McElhany et al. 
2000).  The following objectives were identified 
for the CTUIR Biomonitoring Program:

1.  Quantify the biotic outcome of specific 
restoration actions on the population 
abundance, distribution and productivity 
for the three focal species.

2.  Differentiate the effects of alternative 
restoration actions on target species, 
to better understand the individual or 
combination of actions that yield the most 
significant population response.

3.  Quantify the degree of correlation between a given 
action or suite of actions and their effect(s) on 
limiting life stages for each the three focal species.

4.  Extrapolate the results of CTUIR biomonitoring to 
guide future restoration actions in other parts of the 
Umatilla Subbasin.

The Biomonitoring Plan will address a range of spatial 
scales of restoration effectiveness: 1) the reach scale (a 
short length of less than 102 meters of channel, usually 
defined by homogenous gradient and riffle/pool 
sequence), 2) the segment scale (homogenous segment of 
second or third order tributary within a watershed, e.g., 
Meacham Creek), 3) the watershed scale (e.g., major 
forks or tributaries), and 4) the Subbasin scale (e.g., the 
main stem rivers and catchment areas of the Umatilla, 
Walla Walla, Grande Ronde rivers).  The plan will focus 
on three species:

 ■ Spring Chinook salmon

 ■ Summer steelhead

 ■ Bull trout

Although the scope of this Biomonitoring Plan does 
not include the direct measurement of the nature or 
persistence of habitat improvements, the benefits of 
systematically collecting habitat data in conjunction with 
the biological data generated in this study will gain an 
understanding of mechanistic relationships of restoration 
actions.

Macroinvertebrate Study 

Diversity and abundance of macroinvertebrate 
communities are presumed to increase in response to 
improvements in sediment transport, flow regimes, 
water quality, and input of organic material following 
restoration activities (O’Daniel and Webster 2007).  
Macroinvertebrate baseline data have been collected 
annually at six sites by the CTUIR along Meacham 
Creek since 2005 using a modified U.S. Environmental 
Protection Agency Environmental Monitoring and 

Assessment Program (EMAP) protocol for targeted 
riffle sampling (Peck et al. 2001) based on a BACI study 
design.  In addition, in 2007, sites were sampled on the 
North Fork Umatilla River that serve as relatively pristine 
reference sites.  A suite of environmental variables were 
measured at each site at the time of macroinvertebrate 
sampling, including habitat metrics (slope, substrate 
composition, water depth and velocity, wetted width, 
cover, woody debris, percentage of filamentous algae) 
and water quality measurements (turbidity, conductance, 
temperature, and dissolved oxygen).  

The primary objective of the macroinvertebrate 
sampling was to provide pre-restoration data on the 
macroinvertebrate community of Meacham Creek 
that can be used to examine changes in stream quality 
after restoration activities.  Secondary objectives 
include a) examining environmental variables 
that correlate with macroinvertebrate community 
structure, and b) comparing the macroinvertebrate 
community in Meacham Creek to that in the North 
Fork of the Umatilla River.  In time, restoration and 
enhancement activities are expected to lead to an 
increased abundance and diversity of riparian vegetation 
resulting in a corresponding positive response in the 
macroinvertebrate community.  

At this time, only the before-restoration data have 
been analyzed (pre-2011), and insufficient quantities 
of data have been collected from the post-restoration 
period (2011 onward) for analysis.  The prediction for 
differences in macroinvertebrate metrics between impact 
and control sites established before restoration stated 
that the sites will not differ in either mean metric values 
or in trajectories of change through time.  As predicted, 
no significant differences were found between control 
and impact sites during the before-restoration period 
in mean metric values.  In addition, none of the metrics 
showed any significant linear changes through time 
for the before-restoration period at either the impact 
or control sites.  These results indicate that control and 
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impact sites exhibited similar conditions during the six 
years of pre-restoration sampling; therefore, the BACI 
design is a robust design for examining the effectiveness 
of the Meacham Creek restoration.  Macroinvertebrate 
samples were collected in 2013 and are currently being 
processed.  Future monitoring of the same six sites on 
Meacham Creek will allow post-restoration comparisons 
to be made.

Fish Monitoring Studies

The CTUIR conducts annual monitoring of juvenile and 
adult salmonid production and life history characteristics 
within Meacham Creek (Contor et al. 1995; Contor et al. 
1996; Contor 1997, 2004, 2011, 2012; Contor et al. 2008a, 
2008b; Contor and Schwartz 2007; Contor and Reznicek 
2010; and CTUIR 1994).  When funding has allowed, 
in the winter and spring each year, a rotary screw trap 
is operated on Meacham Creek (RM 2.0) to estimate 
parr and smolt production, biometrics, and evaluate 
outmigration, survival, and run timing of salmonids 
from the Umatilla River.  Adult escapement surveys for 
spring Chinook salmon have been collected on Meacham 
Creek since 1988.  Baseline adult escapement surveys for 
summer steelhead were completed from 1985 to 2000.

An experimental design to collect baseline juvenile fish 
data at 11 sites between RM 1.0 to 16.0 on Meacham 
Creek was also implemented by the CTUIR in 2005.  
Metrics collected include abundance, biomass, and 
species composition, as well as life history characteristics.  
The experimental regime followed a traditional BACI 
study design (Smith 2002).  To facilitate statistical 
analysis, both “treatment” reaches where management 
actions are planned and “reference” reaches were 
selected.  A spatially balanced line-linear randomization 
routine was used to select points for monitoring in the 
tributary network based on a Geographic Information 
System platform (EPA 2002; Stevens and Olsen 2003, 
2004).  Follow-up juvenile fish studies will be further 
implemented by the CTUIR in response to ongoing 
habitat restoration along Meacham Creek.

In addition to the annual monitoring and experimental 
design previously described, during the summer of 2012 
the Umatilla Fish Habitat Biologists snorkel-surveyed 
various habitat features in the Phase I project area 
(CTUIR 2012).  The intent of the survey was to obtain 
a better understanding of fish use (particularly spring 
Chinook salmon and Middle Columbia River steelhead) 
within varying habitat units (i.e., riffles, glides, backwater 
pools, alcoves, etc.).  The information gained from the 
snorkel survey serves two objectives: 1) develop baseline 
information of fish use and fish distribution within 
the Phase I project area, and 2) gain knowledge of fish 
use so that it can be applied to design goals for future 
restoration work in Meacham Creek.

This study provided a unique opportunity to monitor fish 
use in newly developed habitat types within a dynamic 
and developing stream reach and look for trends of fish 
use in various habitat types over a number of years.  It is 
expected that after 5 to 10 years the stream will begin to 
stabilize and develop more static habitat units causing 
fish use to become more consistent from year to year.  
As restoration efforts continue on into the future, this 
information will be incorporated into design plans.  The 
results of the 2012 snorkel survey are summarized in the 
CTUIR (2012) Phase I Completion Report. 

In 2013, the CTUIR conducted electrofishing surveys in 
the lower portion of the Project area in association with 
the CHaMP survey reach.  These results will provide 
additional information to the annual monitoring reports 
regarding juvenile fish use of the Project.

CHaMP Monitoring

The CHaMP habitat monitoring protocol provides 
standardized methods by which data is collected to 
track restoration project effectiveness over time.  The 
CHaMP-based surveys utilize two major components: 
a topographic survey and a suite of auxiliary habitat 
and biologic measurements.  The topographic survey 
can be used for assessing geomorphic change within 
the bankfull channel.  The auxiliary measurements, in 

conjunction with the topographic survey, can be used 
to generate a wide array of habitat metrics ranging 
from riparian vegetation conditions to LWD volume 
to macroinvertebrate drift biomass, and many other 
additional metrics. 

Utilizing the CHaMP protocols, Meacham Creek baseline 
conditions were surveyed in July 2012 at an untreated 
reach where future actions are expected to occur, at a 
treated reach (the Phase I project), and at an untreated 
reach (control reach).  The locations of these three 
2012 monitoring sites were developed using a spatially 
balanced sample design.  These locations selected for 
monitoring in cluded a lower site between RM 2.5 and 
3.0 (future treatment reach), a middle site between RM 
5.5 and 6.0 (treated reach), and an upper site between 
RM 8.5 and 9.0 (untreated reach) (Figure 14).  These 
surveys were conducted to establish baseline geomorphic 
and aquatic habitat conditions, which can be used for 

detecting change and evaluating the effectiveness of 
restoration actions over time.  The data collected as part 
of these surveys provided a range of topographic, hydro-
logic, geomorphic, and biologic information for which 
analyses can be undertaken and metrics reported beyond 
the metrics associated with the CHaMP protocols.  

For a complete description of the methods and results of 
the 2012 CHaMP Baseline Surveys, refer to the Meacham 
Creek CHaMP Monitoring 2012 Baseline Report (Tetra 
Tech 2013f), included on the DVD at the back of this 
report.  The CHaMP 2012 baseline data were also 
evaluated for analyses and comparisons in the Phase II 
2012 Monitoring 
Assess ment (Tetra 
Tech 2013e), included 
on the DVD at the 
back of this report.  
This assessment 

DVD Content

See “CHaMP Monitoring 
2012 Baseline Report and 
“Phase II 2012 Monitoring 
Assessment” PDFs in 
folder “Section 4”.
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Figure 14.  The 2012 Meacham Creek CHaMP Survey Locations

included a summary of baseline geomorphic and habitat 
conditions at CHaMP sites, potential spawning and 
rearing areas identified though hydraulic modeling, and 
spawning preferences.  

Based on the 2012 CHaMP Baseline Surveys, the upper 
untreated reach had the lowest pool volume and sinuosity, 
reflecting current constrained conditions.  All of the sites 
contained little to no sand and fine sediments relative 
to the amounts of gravel, cobble, and boulders.  Water 
quality conditions at the sites were similar, all with low 
conductivity.  Fish cover at all three sites was fairly low, 
with 84 to 93 percent of the units having no fish cover.  
LWD was distributed throughout the treated reach and is 
expected to create pools throughout the site (Figure 15).

In 2012, macroinvertebrate sampling was conducted 
following the CHaMP (2012) protocol.  Sampling 
occurred in reaches within the Meacham Creek 
watershed at RM 2.5, RM 6.0 (Phase I project area), and 
RM 8.5 in July 2012, and again in 2013.  The baseline 
data collected within these three reaches can be used to 
track the macroinvertebrate community at the individual 
sites over time.  Macroinvertebrate studies are generally 

considered excellent indicators of longer-term water 
quality and fish habitat trends.  These data facilitate in 
tracking of the overall health of Meacham Creek from 
before and after construction activities.

Vegetation Monitoring Studies

In the summer of 2012, the CTUIR personnel established 
10 vegetation transects between RM 6.0 to 7.0 to be 
measured within the first, third, and fifth year of the 
Project recovery period.  Five of the transects were 
established in areas where planting efforts were the most 
concentrated to track and monitor the survivorship of 
fall 2011 and spring 2012 post-Phase I project plantings.  
Each transect sampled approximately 70 square meters, 
within which surveyors tallied the total number of live 
and dead plants per species and made note of suspected 
mortality (e.g., browse, site conditions).  Results from the 
first year of Phase I plant survival monitoring activities 
are available in the Phase I Completion Report (CTUIR 
2012), available on 
the DVD at the back 
of this report, and 
summarized below.

Lower
Site

Middle
Site

Upper
Site

Umatilla River

Camp Creek

Line Creek

M
eacham Creek

Ryan C
reek

Sq
ua

w
 C

re
ek

Little Squaw Creek

²

0 1

Miles

R
:\P

ro
je

ct
s_

20
14

\C
T

U
IR

_M
ea

ch
am

_C
re

ek
_P

ha
se

II_
C

om
pl

et
io

n_
R

ep
or

t\m
ap

s\
Fi

gu
re

X
_C

H
aM

P
_s

ur
ve

y_
lo

cs
_p

or
tr

ai
t.m

xd
FIGURE X

2012 MEACHAM CREEK
CHaMP

SURVEY LOCATIONS

MEACHAM COMPLETION
REPORT - PHASE II

December 2014

Meacham Creek
Watershed

Baker

M
or

ro
w

Umatilla
Union

Benton Walla Walla

W
al

lo
w

a

Figure 15.  Large Woody Debris Surveyed in 2012 (left) and again in 2013 (right)

DVD Content

See “Phase I Completion 
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Figure 16.  Phase I Planting Area Densities

Figure 17.  Phase I Sampled Vegetation Survivorship 

Similar to the Phase I monitoring, Phase II includes 
riparian habitat monitoring.  Establishment of a diverse 
native plant community along the riparian and riverine 
wetland corridors and within the floodplain provides an 
indication of successful restoration in Meacham Creek.  
Characterization of plant diversity, biomass, and health 
for the Project area will be made through a combination 
of on-the-ground transects, historic aerial photography, 

and remote sensing 
methods.  Revegetation 
performance goals 
and maintenance for 
the Project area are 

further described in the Phase II BA (Tetra Tech 2013a), 
available on the DVD at the back of this report. 

Summary Phase I Reach

Phase I planting areas were assessed after planting to 
observe resulting plant densities.  Subsequent monitoring 
during maintenance activities (weeding and watering) 
helped to determine where replanting activities needed 
to occur.  It was noted that the original planting, which 
included a large quantity of plugs (1-inch by 4-inch 

containers with tapered rooting) was less successful due 
to a combination of frost heave, flooding, and browse 
by large ungulates.  This led to the decision to focus on 
larger sized plant stock for subsequent planting, and 
placing certain plants and grasses largely outside of the 
active floodplain.  A significant replanting effort was 
undertaken in 2012, and the plants sourced from the 
Tribal Native Plant Nursery are listed in Table 15.

A limited quantity of replanting occurred in 2013 for 
Meacham Phase I areas, as the effort was primarily 
directed toward Phase II work areas.  Ponderosa pine, 
Wood’s rose, and black hawthorn were acquired in 
various sizes ranging from 1- to 5-gallon pots.  A total 
of 303 plants were added in this area, and special browse 
prevention structures were added to many of the plants.

A pilot project for monitoring vegetation in the Phase I 
planting was developed and implemented.  As noted 
above, within Meacham Creek Phase I, ten vegetation 
transects were developed, with five of those replicating 
cross-section survey plots that captured data for both 
sides of the channel and some of the streambank and 
lower floodplain areas.  The remaining five transects were 
located entirely within planted areas, and appear to more 
fully represent the planting activity of Phase I.

In June 2014, all of the Phase I vegetation transects were 
revisited and living plants were noted. Figures 16 and 
17 below display the current status of observed data in 
Phase I.  Analysis of these data revealed shortcomings in 
the sampling process.  Cross-sections, which were used 
to capture information at streambank areas, were subject 
to channel migration and disturbance, and initial plant 
counts included planted vegetative cuttings.  The resultant 
high mortality in these areas was not unexpected, but 
does not fully represent the overall success of riparian 
zone planting and natural regeneration occurring in these 
areas.  Although some uncertainty remains, with the 
interpretation of this data, it does serve the purpose of 
improving plant recovery decisions.  Recovery of plants 
in the dynamic environment of Meacham Creek indicates 

DVD Content

See “Phase II BA” in 
folder “Section 4”.
DVD located inside back cover

Table 15.  Plants Used for Replanting in Phase I Areas, 2012 

Common Name (Scientific Name) Number of 
Plants 

Rocky Mountain maple (Acer glabrum douglasii) 463 
Mountain alder (Alnus incana ssp. tenuifolia) 30 
Serviceberry (Amelanchier alnifolia) 914 
Red-osier dogwood (Cornus sericea) 496 
Black hawthorn (Crataegus douglasii) 235 
Cascara (Frangula purshiana) 7 
Twinberry honeysuckle (Lonicera involucrata) 1 
Mockorange (Philadelphus lewisii) 237 
Pacific ninebark (Physocarpus capitatus) 1 
Black cottonwood (Populus balsamifera ssp. trichocarpa) 160 
Chokecherry (Prunus virginiana) 219 
Golden current (Ribes aureum) 465 
Wax current (Ribes cereum) 350 
Rose, spp. (Rosa spp.) 229 
Willow, spp. (Salix spp.) 229 
Blue elderberry (Sanbucus nigra cerulean) 38 

Total 4,658 
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data revealed shortcomings in the sampling process.  Cross-sections, which were used to capture 
information at streambank areas, were subject to channel migration and disturbance, and initial 
plant counts included planted vegetative cuttings.  The resultant high mortality in these areas was 
not unexpected, but does not fully represent the overall success of riparian zone planting and 
natural regeneration occurring in these areas.  Although some uncertainty remains, with the 
interpretation of this data, it does serve the purpose of improving plant recovery decisions.  
Recovery of plants in the harsh environment of Meacham Creek indicates that additional 
replanting will be needed to achieve the high expectations set for survival. 
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that additional replanting will be needed to achieve the 
high expectations set for survival.

Summary Phase II Reach

Plant survival and density monitoring of the Phase 
II Project area was conducted in 2014 by surveying 
native shrubs and trees within all areas planted in 2013.  
Planting areas were variable in terms of size of planting 
area, plant spacing, soil components, and location within 

the landscape.  Monitoring was accomplished by utilizing 
two methods: 1) establishing uniform, permanent 
transects for subsampling large and medium-sized 
planting areas, and 2) conducting censuses for smaller 
areas.  The rationale for using censuses in smaller areas 
was that for these areas, transects would not provide 
adequate representation or were physically not possible.  
The boundaries of individual planting areas are shown in 
Figure 18. 
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Many of the planting areas contain multiple 
transects, which consist of 2-meter-wide 
rectangular belts on each side of a central line 
(the total survey width is 4 meters).  Transect 
lengths are either 50 meters or 25 meters 
long.  Beginning and ending points for 
transect central lines have been permanently 
monumented with orange-painted rebar for 
future use and were located using a global 
positioning system.  Transect data results 
were weighted by area to provide the 
summary statistics.  Monitoring included 
taking photos at established photo points.  
Example photos are shown in Figures 19 
through 21; additional photos as well as a 
map showing all the photo points are 
included on the DVD at the back of this 
report.

A systematic process for identifying plants 
within a survey area was established.  For all 
survey areas, installed species and their status 
(i.e., alive or dead) were noted and each 
individual species was counted.  Additionally, 
native species arising from natural regen-
eration were noted and individuals were 
counted separately from installed species.  
Natural regeneration is a desirable outcome 
that supports the Project’s revegetation 
goals, and accounting for its occurrence will 
help adjust future planting activities within 
the Project area as well as provide a more 
accurate understanding of the status of the 
vegetation at the planting sites.

Survey results indicated that plantings in 
2013 resulted in a density of 0.11 plant per 

DVD Content

See “Photo Points and Example 
Photographs” subfolder in folder 
“Section 4”.

Figure 18.  Phase I and II Existing Planting Areas 

Figure 19. Planted Phase I Backfill Area, Looking South (Upstream) from 
Photo Point 46 on June 23, 2014

Figure 21. Remedial Bank Stabilization Planting after August 2014

Figure 20. Remedial Bank Stabilization Planting in May 2014
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square meter, within a total planted area of 46,706 square 
meters.  When including natural plant regeneration in 
that area, the density was 0.20 plant per square meter.  
The highest total density observed was within planting 
area Veg-02, where it was determined to be 1.26 plants 
per square meter.  This location included a high amount 
of natural regeneration, perhaps due to a variety of 
surface elevations at the site and it being located adjacent 
to a perennial wetland, which may have provided suitable 
hydrology for plant regeneration.  

Survivorship of the original plantings was observed at 92 
percent during the 2014 survey.  The lowest survivorship 
was seen at planting area Veg-13, at 59 percent survival 
of the fall plantings.  This site experienced extremes in 
environmental conditions, which may have contributed 
to the low survival, with plantings being inundated below 
the high-water mark during early spring, followed by 
rapid drying during extreme heat in early summer.

The survival of plants by species as observed during 
surveys in the summer of 2014 (from the initial Phase 
II planting effort of 2013) is summarized in Figure 22.  
Alders, willow, and black cottonwood demonstrated 
lower survivorship.  All of these species, which are highly 
dependent on the availability of water, may have been 
affected by early onset of higher temperatures combined 
with lack of water.  Also noteworthy is the extremely 
high levels of regeneration of black cottonwood.  It is 
likely that the hydrograph of 2014, showing a relatively 
consistent and slowly declining discharge curve in 
the flows of Meacham Creek, supported growth of 
cottonwood from seed sources on banks and bars within 
the plant survey areas.

Planting activities in Phase II areas will continue until 
planting per the Project design plans is complete.  
Initially, planting will focus on the remaining 10 acres of 
the total approximately 22 acres of disturbed area from 
Phase II work.  Subsequent to that work, an additional 

53 

 

Figure 22.  2014 Plant Survivorship by Species 

 

Planting activities in Phase II areas will continue until planting per the Project design plans is 
complete.  Initially, planting will focus on the remaining 10 acres of the total approximately 22 
acres of disturbed area from Phase II work.  Subsequent to that work, an additional 20 acres are 
slated to be planted through the spring of 2015.  No additional floodplain or in-stream habitat 
construction activities (phases) are planned for Meacham Phase I and Phase II Project areas (RM 
6.0 to 8.5) until vegetation recovers from implemented restoration actions to date.  

Noxious Weed Control 
The Project area was surveyed prior to construction to assess noxious weeds in September 2012.  
The survey focused on listed noxious weeds, including heavier concentrations of the plants.  All 
concentrated locations of listed noxious weeds were geo-referenced with a hand-held Trimble 
(Figure 23).  In the office, all known species of listed noxious weeds were cataloged by 
occurrences within the Project area, incorporated into the CTUIR noxious weed database, and 
mapped using ArcMap.  Due to the widespread nature of some weeds, such as viper’s bugloss 
(Echium vulgare), multiple patches were included in one occurrence, and this was indicated in the 
notes.  Weeds were most often found in open meadows and along the creek banks.  Few weeds 
were found in the forest understory. 
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7 acres are slated to be planted through the spring of 2015.  No additional 
floodplain or in-stream habitat construction activities (phases) are planned for 
Meacham Phase I and Phase II Project areas (RM 6.0 to 8.5). 

Noxious Weed Control

The Project area was surveyed prior to construction to assess noxious weeds in 
September 2012.  The survey focused on listed noxious weeds, including heavier 
concentrations of the plants.  All concentrated locations of listed noxious weeds 
were geo-referenced with a hand-held global positioning system.  In the office, 
all known species of listed noxious weeds were cataloged by occurrences within 
the Project area, incorporated into the CTUIR noxious weed database, and 
mapped using ArcMap.  Due to the widespread nature of some weeds, such 
as viper’s bugloss (Echium vulgare), multiple patches were included in one 
occurrence, and this was indicated in the notes.  Weeds were most often found 
in open meadows and along the creek banks.  Few weeds were found in the 
forest understory.

The dominant weed in the Project area is blueweed, also known as viper’s 
bugloss, found spread over the entire site from thin patchy areas to 
monocultures in some meadows and along the banks.  The largest and densest 
concentrations were in rocky areas in the riparian zone.  Spotted and diffuse 
knapweed (Centaurea stoebe and C. diffusa) are also spread thinly across the 
site, both in meadows and in riparian areas, with occasional clumps.  Spotted 
knapweed is more predominant than diffuse.  Himalayan blackberry (Rubus 
armeniacus) is scattered throughout the site in small- to medium-sized clumps, 
with some linear patches along the edge of levees and wetland areas.  Several 
small patches of rush skeletonweed (Chondrilla juncea) and sulphur cinquefoil 
(Potentilla recta) were found in the meadows, and these patches are small 
enough in number to make chemical control an option.  Several small to large 
clumps of Canada thistle (Cirsium arvense) are found in a few locations, but 
are not spread over the entire Project area.  Another predominant weed in 
the Project area is St. Johnswort (Hypericum perforatum).  St Johnswort and 
Dalmatian toadflax are found scattered throughout the site, while thistle patches 
are more isolated.  Other weeds observed in the Project area included field 
bindweed (Convolvulus arvensis), garden cornflower (Centaurea cyanus), and 
medusahead (Taeniatherum caput-medusae).  

Heavy concentrations of noxious weeds were treated manually and chemically 
prior to and after Project work to limit transfer of the seed source and re-
establishment of noxious weeds within the Project area prior to and following 
Project construction.  The CTUIR hired a professional, licensed spray applicator 
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to back-pack spray 112 acres within the Meacham Phase I and Phase II project 
areas disturbed during Project activities, replanted, and seeded.  The hired spray 
applicator sprays with a team of three to four people in longitudinal transects to 
cover the complete targeted area.  The applicator avoids spraying within close 
proximity of plants established during the replanting of the project area to avoid 
chemical drift and plant mortality.  CTUIR staff follows up by manually hand- 
pulling noxious weeds adjacent to new established plants and within the active 
channel areas near water where chemical application is not permitted for use as 
part of project maintenance and noxious weed control.  Noxious weed control 
will continue to reduce population and potential spread, thereby improving native 
plant cover and soil holding capacity in the Meacham Creek floodplain.

Prior to treating invasive plant infestations on UNF lands in the Phase I and 
Phase II projects, USFS invasive plant managers inventoried the invasive plant 
infestations.  Using the Early Detection Rapid Response process included in the 
2010 UNF Invasive Plants Treatment Project Record of Decision, USFS specialists 
concluded that treating these infestation is within the scope of the 2010 decision.

Hyporheic Flow, Groundwater, and Temperature Monitoring Studies

Groundwater and surface water monitoring was conducted as part of the Phase I 
project and continued to be evaluated as part of the Phase II Project. This monitor-
ing is being conducted to evaluate hydrologic conditions of the Project.  This work 
is ongoing; however, observation of over 25 groundwater upwelling features along 
the restored channel shows that there has been a substantial shift in groundwater 
hydrology at the restoration site.  These features include a range from strongly 
flowing springs to seeps along the downstream margin of point bars marked by 
filamentous algae growing in these nutrient-enriched outflows.  In addition, 
observations of groundwater flow into the exposed portions of the channel and in 
other areas throughout the floodplain suggest substantial changes in groundwater 
hydrology. 

With an increase in floodplain connectivity and channel complexity, there is 
an increased connection between the surface channel and shallow water table 
(hyporheic zone), resulting in an increased diversity of water temperature with 
areas of low temperature for refuge and moderated daily temperature fluctuations.  
Cursory exploration of level logger data confirms these expectations.  It is expected 
that stream temperatures will decrease as the Project restoration site fully recovers 

from implementation.  Additional details 
associated with these monitoring activities are 
provided in the Phase I Completion Report 
(CTUIR 2012), available on the DVD at the 
back of this report.

77

DVD Content

See “Phase I Completion 
Report” PDF in folder 
“Section 4”.
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Conclusions

The Meacham Creek Floodplain Restoration and In-Stream 
Enhancement Phase II Project has, among other benefits, restored floodplain 
connectivity, increased side-channel habitat, and improved habitat complexity 

within Meacham Creek.  This Project built upon earlier work on Meacham Creek during 
Phase I, and the results of both efforts are summarized in Table 16.  The CTUIR and 
USFS leadership has demonstrated through the Phase I and continuing to the Phase 
II Project that developing partnerships with those with common interests in a healthy, 
sustainable ecosystem can return benefits to each while still achieving management goals.  
Realizing the River Vision of returning Meacham Creek to that which it once was—a 
vital source of First Foods, sustainable and free from adverse human activity— has taken 
an important step with the successful completion of the Phase II Project.  Through the 
lasting partnerships formed with the USFS and participating agencies, these leaders have 
ensured that the CTUIR heritage and its association with the land and water flowing 
through it remains a viable source for First Foods for generations to follow.

The Project, in terms of ecological succession, could be thought of as resetting the 
floodplain in order to begin rebuilding natural variability and processes for long-term 
benefits towards watershed restoration.  With this in mind, the Project continues 
to evolve towards equilibrium and continues to meet the overall goals of restoring 
hydrologic, physical, and ecological function, improving and expanding riparian and 
wetland communities, and creating high quality fish and wildlife habitat.  Continued 
monitoring of the Project will help evaluate success over time and ensure that it 
continues to meet the Project goals.

Section 5

M E A C H A M  C R E E K  R I V E R  M I L E  6 . 0  T O  8 . 5   C O M P L E T I O N  R E P O R T  

Restoration and Enhancement Actions Phase I  
(2011) 

Phase II 
(2013) Total 

Removal of Levees and Dikes (feet) 3,400 5,020 8,420 

Realignment of Stream Channel (feet) 5,922 0 5,922 

Secondary Channel Length1/ (feet) 8,230 1,960 10,190 

Addition of LWD to Channel and Floodplain (number of pieces) 1,493 565 2,058 

Recontouring of Floodplain Surface (acres) 40 22 62 

Area of Native Vegetation Planting (acres) 40 12 52 

Relative Abundance of Floodplain Habitats2/ Created (acres) 1.9 1.4 3.3 

Notes: 
1/ Secondary channel length includes off-channel and side-channel habitat lengths. 
2/ Floodplain habitats include floodplain features (e.g., wetted areas with downed wood and/or aquatic vegetation) and wetlands. 

 

Table 16.  Summary of Activities Conducted on Meacham Creek in Phase I and Phase II
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Moving Forward

Although a considerable amount of restoration and enhancement 
work has been accomplished in the Meacham Creek watershed, there are 
many reaches still in need of treatment due to levees and spur dikes confining 

hydrologic and geomorphic processes.  Applying knowledge acquired from past 
experiences will be a beneficial early component of development of new projects.  Based 
on information gained from implementation and effectiveness monitoring of Phase II 
Project actions, some key questions related to application of adaptive management in 
Meacham Creek will be addressed as new projects are considered, including: 

 ■ How do the results of the Phase II Project influence or fit into future restoration 
work and watershed objectives? 

 ■ How will existing monitoring efforts provide information that can be incorporated 
into future designs?

 ■ How would additional monitoring aid in improving the understanding of 
restoration effects, both at the Project level and the watershed scale?

Detailed review of these questions early on in the planning of new projects, including 
identifying both what worked and what did not work, will help ensure that future project 
implementation will be as efficient and effective as possible, leading to highest likelihood 
of success.  To illustrate this process, deliberated answers to the questions posed above 
were considered in the examples of two new projects, as briefly described below.

Meacham Creek Vegetative Recovery Project—This project is located along RM 7.3 to 
7.7 (Figure 23) and is scheduled for implementation in 2015.  The goal of this project 
is to restore and enhance 7 acres of riparian and floodplain habitat with plantings and 
changes in land management aimed toward improving water quality and habitat for focal 

Section 6

M E A C H A M  C R E E K  R I V E R  M I L E  6 . 0  T O  8 . 5   C O M P L E T I O N  R E P O R T  

fish species along Meacham Creek.  Planting strategies 
and techniques undertaken in Phase II will be reviewed 
and adapted specific to this project location, with 
emphasis on monitoring that identified which species and 
planting techniques led to the best overall survival (such 
as soil amendments or plant caging).  Additionally, an 
improvement upon past efforts will be the development of 
a more comprehensive planting and monitoring plan that 
will better define existing conditions, front load noxious 
weed control, clearly set target goals and objectives, 
and more fully describe desired future conditions and 
incorporate those as a measure of success through 
established monitoring transects.  

Meacham Creek Enhanced Levee Removal Project—
This project is located along RM 1.5 to 4.5 (Figure 23), 
is currently in the planning phase, and is scheduled for 
implementation in 2016.  The goal of this project is to 
restore floodplain access and function for 2,100 lineal 
feet of the Meacham Creek.  The project will improve 
a 3-mile floodplain reach lacking stable streambanks, 
floodplain connectivity, and adequate riparian buffers 
and shading.  Restoration actions based on the strategies 
and techniques successfully employed in the Phase II 
Project will facilitate enhanced vegetation recovery 

and growth rates in areas susceptible to bank erosion 
and rapid channel shifts.  Those strategies include 
continued use of detailed site surveys along with 
hydrologic and hydraulic analysis to successfully predict 
future floodplain inundation while taking into account 
feasibility constraints. A key component will be to 
ensure an accurate surface for future designs results from 
merging the LiDAR surface with land-based ground 
survey because LiDAR surfaces can change significantly 
even from moderate flow events. Other detailed physical 
and biological monitoring metrics that were successfully 
utilized in Phase II to describe existing versus post-
Project conditions related to in-channel characteristics, 
floodplain conditions, and sediment and biota will 
continue to be incorporated.  Additional proposed levee 
removal projects in partnership with the USFS near RM 
9.0 to 11.0 are still in the early planning stages (Figure 
23), and are tentatively scheduled for implementation in 
2017.
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We would like to express gratitude 
to all who have contributed their 
time, effort, and passion toward this 
body of work in Meacham Creek. 
The combined efforts and cooperative 
approach in Meacham Creek is a 
testament to CTUIR Tribal members, 
local citizens, and the scientific 
community what can be accomplished 
when working toward a common 
goal of sustainable habitat for fish 
and wildlife. This would not have 
been possible without the strong 
partnerships developed between the 
managers and technical staff of CTUIR 
and USFS, and the cooperation of 
the UPRR, to support innovative 
approaches to sustainable rivers and 
rail line protection. Funding by the 
Blue Mountain Habitat Restoration 
Council, BPA, OWEB, NOAA 
Fisheries’ Pacific States Marine 
Fisheries Service, USDA Forest 
Service-Challenge Cost Share Grant, 
Environmental Protection Agency, and 
Umatilla Basin Watershed Council 
was essential in implementing our 
River Vision of Meacham Creek. 
We would also like to thank our 
engineering team, Tetra Tech, for their 
impassioned engineering, assessment, 
and construction oversight of the 
Project as well as our construction 
team, Partney Construction, for their 
construction experience in completing 
the on-ground Project. 
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