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Executive Summary

This Completion Report documents the completed Meacham Creek 
Floodplain Restoration and In-stream Enhancement Project (Project) which was 
designed in 2010 and constructed in 2011.  This Project is located southeast of 

Pendleton, Oregon, between river mile (RM) 6 and RM 7 on Meacham Creek, and has 
restored 5,470 linear feet of the creek and 70 acres of its adjacent floodplain.  

The Meacham Creek watershed has been home to the Confederated Tribes of the 
Umatilla Indian Reservation (CTUIR) and a major source of food for them since time 
immemorial.  After the Treaty of 1855 between the United States government and the 
CTUIR, the Union Pacific Railroad (UPRR) made extensive alterations to the Meacham 
Creek valley and floodplain by building miles of levees and spur dikes in an attempt 
to control major floods occurring in Meacham Creek.  These alterations resulted in a 
greatly simplified channel, loss of riparian vegetation, and degraded water quality, all 
contributing to the loss of aquatic productivity.  

To address these factors limiting aquatic productivity, the CTUIR, in partnership with 
the U.S. Department of Agriculture, Forest Service (USFS), has undertaken a series of 
projects to remove and/or modify levees and spur dikes, add large woody debris (LWD), 
and reinstate geomorphic and hydrologic processes resulting in increased floodplain 
connectivity, habitat complexity, and creation of stable and sustainable features to address 
limiting factors.  This Project was implemented in 2011 between RM 6 and RM 7 and is 
nearly evenly split between the CTUIR and Umatilla National Forest (UNF) ownership, 
and was a historic partnership between these two entities.  This Project reach between 
RM 6 and RM 7 is the focus of this Completion Report.  The CTUIR and USFS estab-
lished two major goals for the Project: to restore processes that create and maintain habi-
tat complexity for Endangered Species Act (ESA)-listed Middle Columbia River steelhead 

and Columbia River bull trout; and to meet the First 
Food mission of the CTUIR.  The work accomplished 
through this approach was directly related to the First 
Foods of water and salmon, and to the five touchstones, 
which incorporate goals of restoring high water quality 
and healthy and sustainable salmonid fish populations.  
By restoring channel morphology, and in-stream and 
riparian ecological processes, the Project helped achieve 
the Umatilla River Vision of an ecologically functional 
and healthy river system that supports the continued 
natural production of First Foods and their utilization by 
the CTUIR community. 

Restoring channel morphology and in-stream and ripar-
ian ecological processes were achieved by fulfilling the 
following Project objectives:

 ■ Restore floodplain connectivity through removal 
or modification of the spur dikes in the floodplain, 
and removal of the 2,800‐foot levee along the 
existing channel.

 ■ Improve channel morphology and in‐stream 
process through realignment of Meacham Creek 
into its historic channel and meanders present in 
the floodplain, maximizing channel access to the 

floodplain and allowing it to migrate between the 
west valley wall and floodplain features.

 ■ Improve hydrologic connectivity and the three-
dimensional hydrologic mosaic.

 ■ Improve hydrologic function in the area, 
including hyporheic and river water exchange and 
summertime hydrologic connectivity.

 ■ Enhance in‐stream habitat and diversity for 
listed and non‐listed species while restoring 
channel morphology and in‐stream processes 
by incorporating in‐stream habitat features in 
the channel and throughout the floodplain in 
anticipation of channel migration.

 ■ Increase riparian shade to Meacham Creek by 
using available vegetation in the floodplain where 
the historic channel and meanders are present and 
by reestablishing native plants and/or re‐seeding 
with a native seed mix throughout the Project area.

To successfully achieve these objectives, the Project con-
sisted of six core steps, which included: 

1. Surveying the Project area and understanding 
existing conditions, which included topogra-
phy, hydrology, channel characteristics, chan-
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nel complexity, riparian vegetation conditions, 
floodplain connectivity, in-stream structures, 
and floodplain structures; 

2. Developing a holistic Project design with de-
tailed review and input from the Design Team, 
which included Tetra Tech, the CTUIR, and 
USFS;

3. Creating an Implementation Plan to provide 
guidance to the Design Team and contractors 
for implementation efforts and summarize rec-
ommended construction methods and specifi-
cations necessary to create stable and effective 
structures;

4. Constructing the Project, which included 
erosion and sediment control, reshaping the 
floodplain, reconfiguring the stream channel 

and installing habitat features, fish salvage, levee 
removal and channel initiation, and lastly, plant-
ings, site cleanup, and demobilization;

5. Monitoring construction compliance and post-
Project desired outcomes; and 

6. Compiling Lessons Learned that will be applica-
ble to future phases of Meacham Creek restora-
tion and to other stream restoration projects in 
the region.

Through a cooperative partnership approach between the 
CTUIR, USFS, UPRR, BPA, and OWEB, the Project was 
successful at developing and implementing an ambitious 
vision to restore in-stream and riparian habitat for ESA-
listed and non-listed fish species, and to meet the First 
Foods mission of the CTUIR.  This can be directly ob-
served at the Project site where there is now connectivity 

between the river and the floodplain, and the habitat has 
been improved to the point where the CTUIR has ob-
served the return of summer steelhead, spring Chinook 
salmon, and other important species to the reach.  Corre-
spondingly, the Project has received both recognition and 
awards throughout the region and country for its success, 
such as the “Rise to the Future” award from the USFS for 
“Collaborative/Integrated Aquatic Stewardship” that was 
awarded to the CTUIR’s Umatilla Basin Program Man-
ager, Mike Lambert.  The Project was also recognized in 
the June 2011 issue of the Confederated Umatilla Journal 
with a multi-page article entitled “Restoring the Meander 
in Meacham Creek,” and in the NOAA Fisheries Service 
article published in the Fall 2011 entitled, “Down in the 
Coulees of Meacham Creek, Floodplain Restoration 
Spurs Recovery of Middle Columbia River Steelhead,” 

that highlighted the Project’s contribution to the recovery 
of threatened and endangered species.

While the Project has achieved success on many levels, 
many lessons were learned during design development 
and implementation, and were thoroughly discussed 
and documented by the Project team in writing of this 
Completion Report.  More importantly, in response to 
these lessons learned and ongoing project monitoring, 
refined project management and project development 
approaches were established that will be applied to future 
projects in the Meacham Creek watershed, and to other 
watersheds in the region, in an effort to continually 
improve project outcomes focused on restoring processes 
that create and maintain habitat complexity for ESA-
listed species and to meet the First Food mission of the 
CTUIR. 

4 5
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Historical Use

Nestled in the Blue Mountains of northeast Oregon, 23 miles east of the city of Pendle-
ton, 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 (Figure 1).  The Meacham Creek water-
shed drains an area of 114,000 acres on the west slope of the Blue Moun-
tains.  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.  Meacham Creek 
is a primary producer of summer steelhead-rainbow trout 
(Oncorhynchus mykiss) and is of secondary importance 

Site History and BackgroundSection 1

Meacham Creek 
Watershed 
Boundary Line

Meacham Creek

Umatilla River

Figure 1.  Location of the Meacham Creek Tributary

for Chinook salmon (O. tshawytscha) and bull 
trout (Salvelinus confluentus).

The Meacham Creek watershed has been home to 
today’s Confederated Tribes of the Umatilla Indian 
Reservation (CTUIR) since time immemorial 
(Figure 2 ).  During the winter, base camps or vil-
lages were established along rivers and drainages, 
and groups subsisted primarily upon dried provi-
sions and local game.  From spring until fall, peo-
ples ranged throughout their territory to gather 
seasonally available resources, including roots and 
berries in the Meacham Creek watershed.  Salmon, 
steelhead, 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, construction and operation 
of the Union Pacific Railroad (UPRR) railway 
through Meacham Canyon, extensive sheep and 
cattle grazing, timber harvest, and the United 
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Figure 2.  Historical Timeline of Events Affecting People Living in the Meacham Creek Watershed

Historic-era Timeline of Events Affecting the Meacham Creek Watershed
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States Department of Agriculture Forest Service (USFS) 
management activities.

Construction of the UPRR railway began after the Treaty 
of 1855 between the United States 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 con-
strained 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 of the North Fork 
Meacham Creek (Andrus and Middel 2003).  Railroad tie 
cutting camps were also known 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. 

Today, the Meacham Creek watershed includes the resi-
dential communities of Meacham, Meacham Lake, and 
the Papoose Highlands located west of Meacham and in 
Meacham Canyon along the lower reach of Meacham 
Creek, including the town site of Duncan.  An estimated 
90 people are permanent residents in the Meacham 
Creek watershed.  Grazing has shifted from sheep to 
cattle, with cattle currently permitted to graze on private 
land along the stream.  Little timber harvest has occurred 
in recent decades because some bridges and sections 
of the access road are not suitable for log trucks.  The 
Meacham Creek watershed is used for a wide variety of 
recreational activities, including trout fishing, camping, 
auto touring, hiking, horseback riding, mountain biking, 
and swimming.  Access into the Meacham Creek valley is 
blocked, however, by UPRR gates at the mouth and at the 
upper end near the town of Meacham.  The few residents 
living in the valley have gate keys and unlimited access.

Background

The primary impacts to Meacham Creek associated with 
the adjacent UPRR railway and land management activi-
ties throughout the watershed has resulted in high stream 
temperatures, lack of summer flow, limited quantity of 
pools, lack of overall fish habitat complexity, and limited 
quantities and recruitment of large woody debris (LWD).  
To address these factors limiting aquatic productivity, the 
CTUIR, in partnership with the USFS, have undertaken 
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 to address limiting factors.  The 
first of these projects was implemented in 2009 between 
RM 5 and RM 6 on CTUIR lands and entailed removing 
four levees and planting riparian vegetation.  The second 
of these projects was implemented in 2011 between RM 6 
and RM 7.  The project reach between RM 6 and RM 7 is 
the focus of this completion report.

The project reach of Meacham Creek between RM 6 
and RM 7 is nearly evenly split between the CTUIR and 
Umatilla National Forest (UNF) ownership.  On open 
and unclaimed lands within usual and accustomed areas, 
including the UNF, Tribal members retain the right to 
fish, hunt, trap, gather, and graze livestock.  A number of 
sites are of cultural or spiritual significance to the  
CTUIR.  The UNF has a responsibility to honor treaty 
rights on these lands; honoring treaty rights includes 
protecting the natural resources on ceded lands so as to 
assure treaty rights remain meaningful and consulting 
with the CTUIR on USFS management actions.

The Meacham Creek Floodplain Restoration and In-stream 
Enhancement Project (Project) between RM 6 and RM 7 
was a historic partnership between the CTUIR and the 
USFS.  The partnership grew from the shared vision to 
address factors limiting aquatic productivity in Meacham 
Creek, while honoring treaty rights to protect the natu-
ral resource on ceded lands.  Because Meacham Creek 
is a major tributary to the Umatilla River that provides 
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rearing and spawning habitat for salmon and steelhead, 
has long been a place of traditional and subsistence 
harvest for the CTUIR, and has evenly split land owner-
ship between RM 6 and RM 7, the partnership provided 
the opportunity to decisively develop and implement an 
ambitious Project vision.  

The CTUIR and USFS established two major goals for 
the Project: to restore processes that create and maintain 
habitat complexity for Endangered Species Act (ESA)-
listed Middle Columbia River steelhead and Columbia 
River bull trout; and to meet the First Food mission of 
the CTUIR.  The First Foods organization and approach 
to ecosystem management is based on the cultural tradi-
tions and practices of the Longhouse.  The organization 
follows the serving order of food and conceptually “Ex-
tends the Table” to manage for sustainability within the 
Umatilla River Basin.  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 Department of Natural Resources developed the 
Umatilla River Vision that 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 vegeta-
tion, 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 incor-
porates goals of restoring high water quality and healthy 
and sustainable salmonid fish populations.

As previously described, the primary activities that 
altered the conditions of Meacham Creek are associated 
with the adjacent UPRR railway, built starting in the 
1880s in proximity to the mainstem of Meacham Creek 

for the majority of its 37 river miles.  Extensive diking, 
channel relocation or containment, and alteration of the 
riparian vegetative community are impacts associated 
with construction and maintenance of railway opera-
tions.  Much of the diking occurred after 1956.  Direct 
channel excavation 
and straightening with 
heavy machinery also 
occurred in Meacham 
Creek following the 
1964 flood (Andrus 
and Middel 2003).   

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 the 
sawmill formerly located near RM 2 of the North Fork of 
Meacham Creek (Andrus and Middel 2003).  A signifi-
cant secondary impact to Meacham Creek is the presence 
of livestock in the riparian area and stream zone, where 
moderate to heavy grazing pressure occurs.  Additional 
impacts have included timber harvest (high-grading 
from the riparian area), road construction, and some 
land development. 

These activities resulted in a reduction of habitat quality 
for salmonid species.  In the Project reach between RM 
6 and RM 7, Meacham Creek was confined between a 
natural vertical bluff to the west and adjacent levee and 
periodic spur dikes to the east constructed to protect 
the UPRR railway.  The river confinements constricted 
the stream against the west side of the valley up against 
smooth bedrock slopes, forcing the stream’s energy 
downward, and resulting in channel downcutting (NPCC 
2005).  As a result, the Meacham Creek channel became 
more entrenched and isolated from its floodplain.  The 
downcutting may also have contributed to lower soil 
moisture on streamside terraces during the summer 
and a resultant change in streamside vegetation (NPCC 
2005).

A nickpoint was identified in the Umatilla Subbasin Plan 
(NPCC 2005) at RM 6.7 where the series of dikes forces 
the stream to the west, above which Meacham Creek 
is multi-channeled and below which the stream was 
entrenched.  Because it was possible for this nickpoint to 
move upstream, resulting in further channel entrench-
ment upstream of RM 6.7, the Umatilla Subbasin Plan 
recommended restoring downstream segments to his-
toric channel geometry. 

The Middle Columbia River Steelhead Recovery Plan 
(NMFS 2009) provided further impetus for developing 
the Project vision and goals by identifying actions of 
reconnecting Meacham Creek to the floodplain, remov-
ing dikes and levees, as well as reconnecting side chan-
nels and off-channel habitat as a first priority.  Restoring 
natural channel form, placing stable wood and other 
large organic debris in the streambed, stabilizing and 
protecting streambanks, and constructing rock and log 
weirs to create pool habitat or elevating incised channels 
are also identified as priorities in the Middle Columbia 
River Steelhead Recovery Plan.  Degraded floodplain and 
channel structure, altered sediment routing, altered hy-
drology, and water quality (temperature) are identified in 
the Middle Columbia River Steelhead Recovery Plan as 
major factors limiting steelhead populations in Meacham 
Creek (NMFS 2009).

Exploring solutions with the UPRR for improving migra-
tory habitat in the Meacham Creek Subbasin is identified 
as the highest priority in the Bull Trout Draft Recovery 
Plan within the Umatilla/Walla Walla Recovery Unit 
(RU) (USFWS 2002).  Furthermore, restoring floodplain 
function and channel complexity is the second highest 
priority identified in the Bull Trout Draft Recovery Plan 
within the Umatilla/Walla Walla RU.  Altering the dike 
in the mainstem of Meacham Creek is identified in the 
Bull Trout Draft Recovery Plan as an action that would 
improve channel complexity and improve fish habitat 
and potential use by bull trout. 

The overall Project was focused on restoring processes 
that create and maintain habitat complexity for steelhead 
and bull trout and addressing the processes that support 
the First Foods of water and salmon and the five Umatilla 
River Vision touchstones (Jones et al. 2008).  In addition, 
water quality limitations identified in the CTUIR Total 
Maximum Daily Load (TMDL) and Umatilla TMDL, and 
degraded habitat conditions identified in the Meacham 
Creek Assessment and Action Plan (Andrus and Middel 
2003), Umatilla Watershed Analysis (UNF 2001), Umatil-
la Subbasin Plan (NPCC 2005), Middle Columbia River 
Steelhead Recovery Plan (NMFS 2009), and Bull Trout 
Draft Recovery Plan within the Umatilla/Walla Walla 
RU contributed to the overall Project focus.  This Project 
builds on other project actions and restoration activities 
occurring since 2006 in the Meacham Creek watershed.  
Table 1 provides an overview of the actions taken by the 
CTUIR and USFS that facilitated in making the Project 
vision and goals a reality.

Table 1.  Meacham Creek Action Summary

Project Action Period of Action Location (RM) 

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 levees - high priority) 

August 2009 to 
September 2009 5.0 to 5.8 

Livestock exclusion fence 
construction 

July 2009 to 
September 2009 2.3 to 8.5 

Riparian plantings November 2006 to 
May 2010 3.0 to 8.5 

Floodplain Restoration and  
In-stream Enhancement 

April 2011 to 
November 2011 6.0 to 7.0 

 

DVD Content

See historical imagery 
of data sets from the 
1930s until 2011 in 
folder “Section 1”.
DVD located inside back cover
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Purpose and NeedSection 2
Purpose

The purpose of the Project was to restore in-stream and riparian habitat for ESA-listed 
and non-listed fish species, and to meet the First Foods mission of the CTUIR.  By re-
storing channel morphology and in-stream and riparian ecological processes, the Project 
helped achieve the Umatilla River Vision of an ecologically functional and healthy river 
system that supports the continued natural production of First Foods and their utiliza-
tion by the CTUIR community. 

Project objectives included the following:

 ■ Restore floodplain connectivity through removal or modification of the spur dikes 
in the floodplain, and removal of the 2,800‐foot levee along the existing channel.

 ■ Improve channel morphology and in‐stream process through realignment of 
Meacham Creek into its historic channel and meanders present in the floodplain, 
which will maximize channel access to the floodplain, allowing it to migrate 
between the west valley wall and floodplain features.

 ■ Improve hydrologic connectivity and the three-dimensional hydrologic mosaic.

 ■ Improve hydrologic function in the area, including hyporheic and river water 
exchange and summertime hydrologic connectivity.

 ■ Enhance in‐stream habitat and diversity for listed and non‐listed species while 
restoring channel morphology and in‐stream processes by incorporating in‐stream 
habitat features in the channel and throughout the floodplain in anticipation of 
channel migration.

 ■ Increase riparian shade to Meacham Creek by using available vegetation in the 
floodplain where the historic channel and meanders are present and revegetate 

with native plants and/or re‐seed with a native seed 
mix throughout the Project area.

Need for the Project

The CTUIR and USFS have a vested interest in achiev-
ing and maintaining high-quality ecological conditions 
for aquatic species in the Umatilla River Subbasin.  The 
need for the Project arose from recognition of how, as 
described above, the development of the UPRR railway 
and other land management activities contributed to a 
degraded ecological function along Meacham Creek.  In 
the interest of applying a holistic watershed approach, 
the CTUIR developed and accepted the First Foods ap-
proach to ecosystem management, as noted above.  As 
part of this concept, the Umatilla River Vision described 
the processes and conditions needed to protect and 
provide for First Foods and identified the five touch-
stones: hydrology, geomorphology, connectivity, riparian 
vegetation, and aquatic biota (Jones et al. 2008).  For each 
of these touchstone areas, limiting factors for aquatic 
species success have been identified by a series of evalu-
ations (UNF 2001; USFWS 2002; Andrus and Middel 
2003; NPCC 2005; NMFS 2009; CTUIR 2006; Jones et al. 
2008).  The main limiting factors that contributed to the 
overall inadequate stream and floodplain conditions for 

aquatic species, and which the Project was designed to 
address, are summarized by River Vision touchstones in 
Table 2 below.

Table 2.  Meacham Creek Ecological Limiting Factors

Touchstone Limiting Factor 

Water/Water Quality 
 Altered timing of flows and low stream flow 

volume 
 High water temperatures 

Geomorphology 

 Channel simplification and lack of channel/ 
habitat complexity 

 Inadequate stream velocity, substrate, and 
cover conditions  

Habitat and River 
Network Connectivity 

 Lack of floodplain connectivity 
 Lack of off-channel habitat 
 Reduced connectivity with alluvial aquifer 

Riparian Vegetation  

 Limited riparian vegetation, reducing LWD 
recruitment, bank stability, shade, and leaf litter 
input 

 Lack of LWD 

Aquatic Biota 

 Lack of channel and off-channel fish rearing 
habitat  

 Reduced beaver populations (beaver dams 
create unique floodplain habitats) 

 

DVD Content

See Excel file “Umatilla limiting factors data  
source January 2010” in folder “Section 2”.

 DVD located inside back cover
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Stream temperature in Meacham Creek has been identi-
fied as the most limiting survival factor to aquatic species 
(NPCC 2005).  Temperature data collected by the CTUIR 
showed that the mainstem Meacham Creek was not in 
compliance with salmonid temperature requirements and 
corresponding state and federal water quality standards.  
Thermal guidelines for bull trout (12.8°C [55°F]) and 
other salmonids (17.8°C [64°F]) were exceeded along 
significant portions of Meacham Creek.  From the mouth 
to the headwaters, Meacham Creek, including its east and 
north forks, was listed as a temperature-impaired water 
body in accordance with Section 303(d) of the Clean  
Water Act of 1972 (NPCC 2005).  Data from the CTUIR 
also show that Meacham Creek runs 2 to 3°C warmer 
(16°C [60.8°F] vs. 14.5°C [56.3°F]) during the summer 
than the Umatilla River at the confluence.

In addition to stream temperature, degraded flood-
plain and channel structure, altered sediment routing, 
and altered hydrology have been identified as limiting 
steelhead populations in Meacham Creek (NMFS 2009).  
Specifically, because of the installed levees and spur dikes 
to protect the UPRR railway, Meacham Creek had been 
taken out of its historical meanders and had become a 
“flume” for all intents and purposes, creating inadequate 
velocity, substrate, and cover conditions for salmonid 
species, and altering desired geomorphic and hydrologic 
processes.  

As discussed above, the primary impacts from the UPRR 
railway and other land management activities that con-
tributed towards the limiting factors formed the need 
for the Project.  The following section discusses how the 
CTUIR and USFS successfully obtained necessary part-
nerships and funding to achieve the Project goals.  

Partnerships/Funding

The Meacham Creek Floodplain Restoration and In-
stream Enhancement Project has been a story of suc-
cessful collaboration.  Numerous external partners were 

involved with the Project design, technical review, and 
Project implementation, including channel diversion, fish 
relocation, and site revegetation.  In-kind contributions 
have come in the form of scientific and technical review, 
materials and supplies, planning, and assistance with 
implementation.  

Funding.  The Bonneville Power Administration (BPA) 
contributed about 70 percent of the $3.5 million dollars 
for the Project from resources received as part of the 
Bonneville Power Accord Settlement, with the remain-
ing 30 percent coming from the Oregon Watershed 
Enhancement Board (OWEB), USFS, National Oceanic 
and Atmospheric Administration (NOAA) Pacific Coast 
Salmon Recovery Fund, and Blue Mountain Habitat 
Restoration Council.  Through a Challenge Cost Share 
Agreement, the CTUIR funded the construction work 
on UNF lands and much of the USFS support needed for 
successful implementation.

Youth.  The Project provided CTUIR high school and 
college-aged youth an opportunity to be involved with 
a science-based, hands-on restoration project and work 
in the field through a five-day fish relocation, and native 
plant and shrub replanting.  Youth were able to see first-
hand how their restoration efforts play a role in the First 
Foods goals and be a part of work central to the mission 
of the Tribes.

Public Affairs.  A partnership and project of this signifi-
cance and magnitude was one that demanded the spot-
light.  A high level of coordination between the USFS and 
CTUIR went into ensuring a consistent, common, and 
clear message was portrayed to local communities.  The 
Project received regional and national attention.  Addi-
tionally, the community was involved in the fish reloca-
tion and replanting portions of the Project.

Planning, Design, and Technical Support.  The CTUIR 
contracted Project design and site surveying to Tetra 
Tech, and major construction to Tapani Underground 

and Aquatic Contracting.  The UNF developed an 
agreement with the Tribe that served as the instrument 
by which the USFS and CTUIR could operate under a 
unified direction on each other’s land.  The USFS and 
CTUIR consulted with numerous partners regarding 
Project design review including the USFS, U.S. Fish and 
Wildlife Service (USFWS), Oregon Department of Fish 
and Wildlife (ODFW), and the National Marine Fisher-
ies Service (NMFS).  The UPRR used their internal engi-
neering review team to ensure the Project did not elevate 
the risk to the railroad.  The USFS led ESA consultation 
with the NMFS and USFWS.  Montana State University 
continues to monitor the Project area to assess changes 
in water quality and Project effectiveness.  Weed surveys 
of the area were completed and treatment protocols were 
developed by the CTUIR and USFS.  

Community Education and Involvement.  Coordinated 
by the USFS and Umatilla Basin Watershed Council, 

nearly 140 people from partner agencies and organiza-
tions participated in a five-day fish rescue and reloca-
tion, where 26,983 fish were removed from the Project 
area and relocated upstream, including 5,972 ESA-listed 
steelhead and two bull trout.  The USFS personnel from 
multiple departments joined forces with local youth, two 
Youth Conservation Corps crews, Tribal members, and 
State and Federal officials including the NMFS in the 
hands-on fish removal.  The ODFW was involved with 
outreach and education efforts and provided materi-
als and supplies for the fish removal.  The Project area 
replanting and reseeding is ongoing with the help of 
the community, students, and agency personnel.  This 
Project offered students and youth an opportunity to be 
involved with a hands-on restoration project and learn 
about the various issues and functions of our local wa-
tershed and environment.

15
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M E A C H A M  C R E E K  R I V E R  M I L E  6  T O  7   C O M P L E T I O N  R E P O R T  

Achieving the Vision

Having established the vision and objectives for the Project, the next 
steps were to begin assessing existing conditions, developing an appropriate 
design, and implement and monitoring the design.  These steps involved first 

delineating the Project area, then 
collecting data on the existing con-
ditions, creating and refining the 
design, implementing that design, 
and monitoring it to ensure all 
Project vision goals were met. 

Project Focus Area

The Project focused on the reach 
between RM 6 and RM 7 in the 
Meacham Creek watershed in 
Township 2 North, Range 36 East, 
in portions of Sections 19 and 30 
(Figure 3).  The Project area cov-
ered approximately 5,470 linear feet 
of the creek and 70 acres of the ad-
jacent floodplain.  Ownership of the 
area is nearly evenly split between 
the CTUIR and UNF.  This reach of 
Meacham Creek was prioritized for 
an aggressive approach to restor-
ing natural channel geometry and 

Section 3
increasing floodplain connection because of its channelized 
and simplified form, which has resulted from the presence 
of levees and spur dikes, as previously noted in the Purpose 
and Need section.

Summary of Approach

The overall Project approach included six core steps to suc-
cessfully complete the Project and fulfill the vision of an 
ecologically functioning and healthy river reach (Figure 4):  

1. Survey of Project Focus Area Existing  
Conditions — CTUIR, with support from their 
consultant Tetra Tech, conducted surveys of and 
researched existing conditions for topography, 
hydrology, channel characteristics, channel com-
plexity, riparian vegetation conditions, floodplain 
connectivity, in-stream structures, and floodplain 
structures. 

2. Design Phase — Extracting information estab-
lished for existing conditions, a holistic Project 
design was developed by Tetra Tech with detailed 
review and input from the Design Team, which in-
cluded Tetra Tech, the CTUIR, and USFS.  USFWS 
and NMFS, the ESA consultation agencies, also 
provided input to the Project design during the in-
teractive consultation process.  The Project design 

Figure 3.  Project Location—River Miles 6 to 7
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was developed through four iterations and associated 
reviews: conceptual (30%), preliminary (60%), draft 
(90%), and final (100%).  In addition, design draw-
ings and information developed at each of the four 
iterations were used to obtain permits for the Project.

3. Implementation Plan — Following final Project de-
sign, an implementation plan was created to provide 
guidance to the Design Team and contractors for 
implementation efforts and summarize recommend-
ed construction methods and specifications necessary 
to create stable and effective structures.  The plan 
included conservation measures and best manage-
ment practices (BMPs) to minimize disturbances to 
existing features, and to maximize Project and cost 
effectiveness.  The plan included the daily water qual-
ity monitoring to meet requirements in the Pollution 
Control Plan.  In addition, a test pit investigation 
was conducted to evaluate the available materials for 
construction.

4. Project Activities — With design and implementation 
plans in place, the Project activities were then carried 
out.  Main actions included erosion and sediment 
control, reshaping the floodplain, reconfiguring the 
stream channel and installing habitat features, fish 
salvage, levee removal and channel initiation, and 
lastly, plantings, site cleanup, and demobilization.  
During the course of ground-disturbing activities 
that could affect water quality, turbidity monitoring 
was conducted above and below the Project.

5. Monitoring — A comprehensive pre- and post-Proj-
ect monitoring design was implemented to evaluate 
construction compliance with permitting require-
ments and to evaluate if the Project was achieving the 
desired outcomes.  Monitoring during implementa-
tion allowed Project teams to adjust actions as neces-
sary.  Post-Project monitoring is ongoing and will en-
able a thorough scientific assessment of whether the 
Project successfully met its purpose and objectives. 

6. Lessons Learned — Throughout the Project 
adjustments were required based on new in-
formation, on-the-ground realities, and other 
intervening events.  By completing this Project, 
many important lessons were learned that will 
be applicable to future phases of Meacham 
Creek restoration and to other stream restora-
tion projects in the region. 

The remainder of this report describes each of these steps 
in more detail, with further information included on the 
Project Completion Report DVD included at the back of 
this document.

(Flow chart on page 18)

Process Step

1
Survey of Project Focus Area 
(Existing Conditions Assess-
ment)

Topographic Survey

Light detection and ranging (LiDAR) and 
topographic survey data were obtained and the develop-
ment of an existing topographic Project base map was 
completed by merging the two data sets.  To further 
advance the Conceptual Design (30%) to the Prelimi-
nary Design (60%), additional surveys were completed 

in March 2010.  These surveys focused on validating 
the topographic survey data of the channel, evaluating 
floodplain features, determining design and construc-
tion constraints in the floodplain, assessing fish habitat 
conditions throughout Meacham Creek, and collecting 
additional surface and subsurface substrate data.

Hydrologic Conditions

Since August 1975, the U.S. Geological Survey (USGS) 
has operated a stream gage on Meacham Creek at RM 
1.4 near Gibbon, Oregon, with the current gage part of 
the real-time network of stream gages in northeastern 
Oregon.  Between RM 1.4 and RM 6, two small tributar-
ies, Boston Canyon Creek and Line Creek, feed Meacham 
Creek from the east side of the watershed.  The drain-
age area of these two tributaries and the side slope area 
on the west side of Meacham Creek equal 11.2 square 
miles (sq. mi.) in the 178 sq. mi. total drainage area of 
Meacham Creek.  Discharge estimates for the Project site 
were reduced from the recorded flows and calculated sta-
tistics at the USGS stream gage by 6 percent to account 
for this reduction in drainage area and more accurately 
describe hydrologic conditions between RM 6 and RM 7. 

Figure 4.  Project Flow Chart
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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 site.   The 1.5-, 2-, 
5-, 10-, 20-, 50-, and 100-year flood flows were calculated 

and cross-sections 
throughout the 
Project reach were 
developed and used in 
the hydraulic analysis 
described below to 

determine inundation levels associated with the existing 
conditions between RM 6 and RM 7. 

Flows in Meacham Creek and its tributaries are essen-
tially natural flows (Andrus and Middel 2003); however, 
restrictions (levees, spur dikes, and access road) in the 
Project Focus Area have had some potential effects to 
flow patterns.  Portions of Meacham Creek go dry in 
late summer, limiting migration and dispersal of aquatic 
organisms.  Low flows occur in late summer, fall, and 
winter, when surface runoff and shallow subsurface 
reserves are depleted, and the river is dependent on 
groundwater sources (UNF 2001).  The Umatilla/Willow 
Subbasin Plan (NPCC 2005) indicates that present flows 
limit steelhead survival to a low degree, but are a limiting 
factor for bull trout throughout the watershed.

Channel Characteristics

The assessment of channel characteristics was based on 
the Meacham Creek Watershed Analysis and Action Plan 
(Andrus and Middel 2003), historic aerial photographs, 
topographic survey data, LiDAR data, low elevation 
aerial photos from 2009, geomorphic and aquatic habitat 
field survey data from 2010, spring Chinook redd survey 
data provided by the CTUIR, and the hydrologic assess-
ment noted above.  Characteristics identified included 
bankfull width, width to depth ratio, meander bend peri-
odicity and radius of curvature, channel slope, hydrolog-
ic capacity, and sediment size (bedload and pebble count 

data) (see Appendix A).  These characteristics were used 
to develop the general channel shape and layout within 
the Project area and will be discussed in more detail in 
the design phase section below.

Channel Complexity

Fish habitat in stream channels is created by the com-
plexity of the habitat features present within the chan-
nel.  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 con-
tribute towards channel complexity were assessed and 
incorporated into the Project design to improve existing 
conditions in Meacham Creek.

The assessment of channel complexity was based on the 
Meacham Creek Watershed Analysis and Action Plan 
(Andrus and Middel 2003), historic aerial photographs, 
topographic survey data, LiDAR data, low elevation 
aerial photographs from 2009, geomorphic and aquatic 
habitat field survey data from March 2010, spring 

Chinook redd survey data provided by the CTUIR, and 
the hydrologic assessment described above.  Features 
considered included riffles, runs, glides, scour pools, 
hydraulic control pools, and bedrock pools.   Pools 
were found to be scarce under existing conditions, and 
a majority of existing pools were bedrock pools and 
lacked sufficient spawning sediment size and quantities 
as well as cover or habitat complexity for fish.  Further, a 
majority of pools in Meacham Creek are associated with 
the stream flowing along bedrock banks; accordingly, 
water velocity is expected to be high during flood flows 
and therefore the pools would be of limited use by fish at 
that time (Andrus and Middel 2003). 

Riparian Vegetation Conditions

Riparian conditions provide various functions for 
streams, affecting stream temperature, LWD inputs, 
nutrient additions, and bank stability.  Riparian condi-
tions in the Project Focus Area were evaluated based on 
the March 2010 field assessment, the Meacham Creek 
Watershed Analysis and Action Plan (Andrus and Mid-
del 2003), and the Umatilla and Meacham Ecosystem 
Analysis conducted by the Umatilla National Forest 
(UNF 2001).  Riparian habitat along Meacham Creek has 
been impacted by roads, the railroad, channel altera-
tions (levees and dikes), logging, grazing, and recreation.  
Average riparian canopy cover within the subbasins of 
the Meacham Creek watershed ranges from 19 to 89 
percent (UNF 2001).  For the Project Focus Area, conifer 
trees (ponderosa pine and Douglas fir) were the domi-
nant species and majority of vegetative cover, followed 
by areas of grass, hardwoods, and shrubs (Andrus and 
Middel 2003).   All live trees appeared to be less than 
100 years old.  While large trees are uncommon, limiting 
the future supply of large wood for the stream, there are 
large cottonwoods scattered throughout the Project area.  
Dense understory vegetation that can trap fine sediments 
and create favorable soils for further growth of shrubs 
and trees near the stream was also lacking (Andrus and 
Middel 2003).

Floodplain Connectivity

The assessment of floodplain connectivity was based on 
the Meacham Creek Watershed Analysis and Action Plan 
(Andrus and Middel 2003), existing geographic informa-
tion system (GIS) data and historical aerial photos, and 
hydraulic modeling.  A model of the Project reach was 
created using Hydrologic Engineering Center river analy-
sis system software (or HEC-RAS) to analyze the existing 
and future hydraulic conditions.  The model was devel-
oped from the topographic Project base map described 
above and the topographic survey of the creek.

Based on the calculated 1.5-, 2-, 5-, 10-, 20-, 50-, and 
100-year flood flows and cross-sections throughout the 
Project reach described above, the HEC-RAS model 
was used to determine inundation levels associated with 
the existing conditions between RM 6 and RM 7.  This 
provided the ability to evaluate existing flood levels and 
determine changes in water surface elevations associ-
ated with the Project design.  Under existing conditions 
the HEC-RAS model demonstrated Meacham Creek 
constricted against the west side of the valley up against 
smooth bedrock slopes, forcing the stream’s energy 
downward, and resulting in channel downcutting.  Be-
cause of the presence of the levee and spur dikes between 
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RM 6 and RM 7, the 
HEC-RAS model 
further demonstrated 
the lack of floodplain 
connectivity under 
existing conditions. 

Frequent out-of-channel flow onto the floodplain is 
a key factor in maintaining a stable stream channel 
and fish habitat features.  As previously described, the 
Meacham Creek channel was confined in places due to 
the presence of levees and spur dikes constructed by 
the UPRR throughout the watershed.  Consequently, it 
was disconnected from its floodplain and there was no 
off-channel habitat in the Project Focus Area and only 
very limited refugia.  In the Meacham Creek Watershed 
Analysis and Action Plan (Andrus and Middel 2003), 
removal of the levee and spur dike near RM 7 and the 
placement of a large log jam to initiate flood flows 
back into the historic meanders of Meacham Creek 
was identified as an action between RM 6 and RM 7.  
Furthermore, based on assessing conditions throughout 
Meacham Creek from the Meacham Creek Watershed 
Analysis and Action Plan (Andrus and Middel 2003), 
during field surveys, and the HEC-RAS model, large 
floodplains were determined to be effective at reducing 
the stream energy within the main channel of Meacham 
Creek.  This assessment assisted in determining the 
Project design would be more effective by removing the 
levee, modifying spur dikes, and relocating Meacham 

Creek into its historic alignment versus only removing 
the levee.  

Given Meacham Creek, under existing conditions, was 
constricted against the west side of the valley and severely 
entrenched within the constraints of the levee, the HEC-
RAS model demonstrated that even if the levee were 
removed, floodplain connectivity would remain fairly 
limited without relocating Meacham Creek outside the 
existing alignment.  This lack of floodplain connectivity 
even if the levee were removed was due to the severity 
of the entrenchment.  During the assessment and 
development of design alternatives, various approaches 
were evaluated to address the entrenchment and increase 
floodplain connectivity.  Through the assessment it 
was determined realigning Meacham Creek into its 
historic alignment would provide the largest increase in 
floodplain connectivity.  Once it was determined that 
channel realignment would be the primary approach to 
address floodplain connectivity, the suite of in-stream 
structures necessary to provide habitat complexity and 
dissipate flood-flow energy were evaluated. 

In-Stream Structures

Creation and maintenance of habitat complexity is typi-
cally the result of the interaction between the stream flow 
and an in-stream structure.  These structures are used to 
provide bank protection, create scour pools, create cover 
habitats, and dissipate stream energy.  Based on field 
assessments, naturally occurring in-stream structures 

in Meacham Creek incorporate rock and LWD into a 
variety of structure configurations in the stream channel.  
Sizing of rock and LWD for the Project included evalu-
ating naturally occurring structures, calculating sizes 
and stability based on results from hydraulic modeling, 
and following ODFW recommended guidelines of LWD 
placement.  In addition, in-stream structures were identi-
fied and evaluated using the Meacham Creek Watershed 
Analysis and Action Plan (Andrus and Middel 2003), 
historical and current orthoimagery (high-resolution 
aerial images), and  through a field assessment in March 
2010.  Overall, Meacham Creek was found to lack suf-
ficient LWD and large rocks that are needed to provide 
bank protection, create scour pools, create cover habitats, 
and dissipate stream energy.  

Floodplain Structures

In addition to in-stream structures, naturally occurring 
floodplain configurations of rock and LWD are found 
throughout Meacham Creek and assist in stabilizing the 
floodplain and to create future channel complexity when 
the channel migrates.  Floodplain structures were also 
identified and evaluated using the Meacham Creek Wa-
tershed Analysis and Action Plan (Andrus and Middel 
2003), historical and current orthoimagery,  and through 
the field assessment in March 2010.  Structural elements 
from coarse woody debris or large rocks were found to be 
lacking in the Project Focus Area. 

(Flow chart on page 18)

Process Step

2
Design Phase

The design phase was an iterative process 
of development, progressing through a 
succession of conceptual design alterna-
tive selections and refining phases until 

reaching the final design that could then be implemented 
to achieve the Project vision.  Before embarking on the 
alternative conceptual designs, the elements of a success-
ful design first needed to be identified.  As described be-
low, a design criteria document was prepared in succes-
sive stages of completion that detailed specific elements 

necessary for the design and resulted in the development 
of design specifications for the final design.  Based on the 
information prepared in the design criteria document, 
the alternative conceptual designs could then be created 
and the preferred alternative selected.  

Design Criteria Document  

A design criteria document was prepared for the Project 
intended to 1) ensure that the proposed Project design 
meets Project objectives as identified by the CTUIR and 
USFS; 2) maintain compliance with applicable codes, 
standards, and established criteria; and 3) address any 
potential constraints to fully achieving the Project objec-
tives.  The design criteria document addressed the fol-
lowing components of the Project:

 ■ Identified applicable codes and standards;

 ■ Defined agency consultation procedure for the 
BPA, NMFS, USFWS, USFS, and the UPRR; 

 ■ Described the methodology for hydrologic and 
hydraulic analysis, stream channel design, levee 
removal, and embankment design;

 ■ Set the key design criteria and goals for fish 
utilization, physical habitat features, geomorphic 
features, riparian management, and wildlife; and 

 ■ Identified Project constraints that can affect the 
scope, schedule, budget, and level of quality.

Key Aspects of Design

As part of the design criteria document, key criteria and 
goals for fish utilization, physical habitat features, geo-
morphic features, riparian management, and wildlife 
were developed and evaluated.  These were developed to 
provide a common framework for assessing conceptual 

DVD Content

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

 DVD located inside back cover
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design alternatives, selecting a preferred alternative, and 
facilitating in the permitting process for the Project by 
demonstrating a decision framework for the alternative 
achieving key criteria and goals.  Once the key criteria 
were developed, conceptual design alternatives could 
then be created and preferred alternative selected.  

Fish Utilization

Fish species of interest in the Meacham Creek drainage 
include summer steelhead (Oncorhynchus mykiss), spring 
Chinook salmon (O. tshawytscha), rainbow trout (O. 
mykiss), bull trout (Salvelinus confluentus), and mountain 
whitefish (Prosopium williamsoni).  These fish species uti-
lize habitat features present in the mainstem and tribu-
taries.  To better define the periods of the year that these 
fish use these different habitat areas, life history descrip-
tions and habitat utilization information were gathered 
from the CTUIR and USFS fish biologists and various 
published reports.  Based on species’ life history descrip-
tions and habitat information, the following criteria were 
used for designing habitat features:

 ■ Habitat: Riffles are generally preferred by summer 
steelhead and rainbow trout.  Pools are preferred by 
spring Chinook salmon and bull trout.  Mountain 
whitefish utilize riffles during the summer, but 
prefer large pools or slow moving runs during the 
winter.

 ■ Water Temperature: Target water temperature of 
50 to 59°F.

 ■ Substrate: 2.9 to 16 inches to provide cover.

 ■ Wood: Large woody material provides cover and 
creates riffles and pools.  Approximately six log 
jams or equivalent type structures to be placed, 
in addition to individual pieces of large woody 
material.

 ■ Cover: Create overhead and in-stream cover based 
on the criteria applied for riparian management.

 ■ Water Depth: For juveniles, riffle habitat should be 
0.4 to 2 feet deep and pools should be 0.8 to greater 
than 3 feet deep.  For adults, riffle habitat should be 
2.5 to 2.7 feet deep and pools should be 1 to 10 feet 
deep.  Water depths of 0.7 to 1.34 feet are preferred 
for redds.

 ■ Water Velocity: For juveniles, water velocity in 
riffles and pools should be 0.2 to 1.6 and 0.2 to 
1 feet per second, respectively.  For adults, water 
velocity in riffles and pools should be 1 to 3.6 and 
0.7 to 1.6 feet per second, respectively.  Water 
velocity for redds should be 1.8 to 2.3 feet per 
second.

 ■ Substrate: Substrate in riffles should have a 
diameter of 0.5 to 3.9 inches for redds.

Physical Habitat Features

Pools—As noted above, the survey of existing chan-
nel complexity found low pool frequency and quality 
in Meacham Creek.  The Meacham Creek Watershed 
Analysis and Action Plan (Andrus and Middel 2003) 
reported an average pool frequency for the study reach 
encompassing the Project area of 1.6 pools per mile.  In 
designing Project physical habitat features, a goal was set 
to increase the proportion of pools not associated with 
bedrock banks, and for pool frequency to follow USFWS 
guidelines for bull trout (USFWS 1998), or similar, and 
include at least 10 pools per mile (1 to 10 feet deep).  De-
sign features to create pools included placement of large 
woody material and jams. 

LWD—A main limiting factor in the Project area was a 
lack of LWD, which is needed for creating habitat areas 
favored by fish species in Meacham Creek and increasing 
overall channel complexity and bank stability.  The Proj-
ect goal was to increase the presence of large wood mate-
rial in the active channel and inside or overflow channels.  
Wood and wood structure selection and placement was 
designed to take anticipated stream power into consider-
ation.  Installation of LWD generally followed the size re-
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quirements outlined in A Guide to Placing Large Wood in 
Streams (ODFW/ODF 1995) and placement guidance in 
the Oregon Aquatic Habitat Restoration and Enhancement 
Guide (ODFW/ODF 1999).  As noted above, a target was 
set for approximately six new log jams or equivalent, with 
additional individual large wood pieces.  

Off-Channel Habitats—As confirmed through the 
survey of existing conditions, the Project area included 
no off-channel habitat due to the simplification of the 
channel from levees and spur dikes in the Project reach.  
Project design focused on incorporating off-channel 
habitat in the form of ponds, oxbows, backwaters, and 
side channels.  A key design criterion was for off-channel 
habitats to be hydrologically linked to the main channel 
or channel system.

Geomorphic Characteristics

In Meacham Creek, the channel is generally wide and 
shallow or actively down‐cutting if constricted by a road 
or dike (UNF 2001).  The UPRR corridor alongside 
Meacham Creek has modified the channel width/depth 
ratio by confining the stream with dikes and levees, 

limiting interaction with the floodplain and causing the 
channel to become entrenched.  This greatly decreases 
winter habitat suitability for juvenile salmon and steel-
head (NMFS 2009).  Appendix A provides existing geo-
morphic characteristics of Meacham Creek in the Project 
reach.  

Goals for Project geomorphic characteristics in the de-
sign included: 

 ■ Bankfull Width: Bankfull width will be similar to 
the reaches up- and downstream of the Project 
reach where multiple stream channels exist.

 ■ Channel Alignment: Channel alignment and belt 
width will be similar to historic conditions.

 ■ Channel Sinuosity: Channel sinuosity will be 
increased (average sinuosity in 1916 was 1.21).

 ■ Radius of Curvature: Radius of curvature will be 
similar to historic conditions.

 ■ Channel Slope: Channel slope will be reduced.  The 
existing channel slope in locations of 1.00 percent 
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is only slightly greater than historic value of 0.93 
percent in 1916.

 ■ Channel Type: Floodplain connectivity will be 
restored by creating a single, meandering channel 
with multiple overflow channels or a multi-channel 
system.

 ■ Discrete Channels: Numbers of discrete channels 
will be increased to be similar to Meacham Creek 
above the Project reach where multiple stream 
channels exist.  The average number of discrete 
channels upstream of the Project reach (between 
RM 7.08 and RM 14.9) is:

- Summer flow: 1.4

- 1.5-year flow: 2.8

- 10-year flow: 2.9

 ■ Entrenchment: Stream entrenchment will be 
decreased.

Based on these goals for Project geomorphic charac-
teristics in the design, an empirical assessment was 
conducted to evaluate the range in geomorphic charac-

teristics appropriate 
for Meacham Creek.   
The empirical analy-
sis entailed utilizing 
regime equations to 
calculate minimum, 

maximum, and average geomorphic characteristics and 
compare with meander pattern geometry calculations.  
These values were both calculated from the goals listed 
above and compared to up- and downstream compari-
son reaches and published literature describing historic 
conditions in Meacham Creek.  The empirical assessment 
provided ranges in minimum, maximum, and average 
meander pattern (i.e., meander length, belt width, radius 
of curvature, bend length), cross-sectional area, mean 
bankfull depth, mean bankfull width, and sinuosity.  
From the results of this assessment, values were selected 
to include in developing the conceptual design alterna-

tives.  This provided for a range of locations for the chan-
nel plan form and variations in meander patterns to be 
evaluated as part of conceptual design alternatives.

Riparian Management

Mature cottonwoods and conifers throughout the Project 
reach were limited; therefore, the design identified spe-
cific mature riparian vegetation to be protected.  Further-
more, during construction, additional large cottonwoods 
and conifers were protected on a case-by-case basis.  
These cottonwoods and conifers were the only relatively 
large trees in the Project area and are an important fea-
ture for channel stability.  The cottonwoods also provide 
a source of future large wood, which is otherwise in short 
supply.

Riparian planting criteria were developed based on 
knowledge of existing and historical conditions in the 
Project area, as well as other reference areas in the 
Meacham Creek watershed.  Species selection and place-
ment were chosen to provide shade, bank stability, and 
future large woody debris, as well as with the intent 
of creating/restoring a late-successional riparian area 
characteristic of the area.  The methods and success of 
existing riparian restoration projects involving vegetation 
planting in the vicinity of the Meacham Creek Project 
area were assessed.  Lessons learned from these past  
projects informed the development of a restoration plan 
for the Meacham Creek Project area to increase plant 
diversity and survival.

Based on the above, design criteria included:

1. Native tree and shrub species such as cotton-
wood, ponderosa pine, alder, willow, snowberry, 
and ocean spray were used for riparian plant-
ings.  Local stock of native species were used 
to the extent possible as they are best suited for 
and adapted to local conditions.

2. Factors such as topography, distance to the 
stream, and location of the floodplain were tak-
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en into account.  The final planting design was 
intended not only to facilitate plant survival, but 
also to most readily and successfully facilitate the 
overall project goal of improving aquatic habitat 
and providing quality ecological conditions for 
aquatic species.

a. Width of the riparian corridor was based on 
budget constraints, valley width, land owner-
ship, and similar variables.

b. Minimum widths for riparian habitat associ-
ated with streams described in Knutson and 
Naef (1997) was applied where possible (e.g., 
streams greater than 20 feet wide should have 
riparian habitat 250 feet wide).  These widths 
are intended to provide fully functional ripar-
ian ecosystems that will meet the needs of 
fish and wildlife.

3. Areas to be prioritized for initial planting include 
areas such as constructed channels, where bank 
stability is of immediate concern.

4. To augment survival of riparian plantings:

a. Placement of plants was chosen based on 
microsite conditions because soil properties 

and water table depth can vary over short 
distances, such that species are best matched 
to their site conditions.

b. Site preparation, such as removal of weeds or 
other species that will compete with seedlings 
and tilling of the soil occur prior to planting.

c. Measures such as tubing or other animal con-
trol techniques were utilized to protect plants 
from grazing.

d. If possible, plants were installed in the late 
fall or early spring to minimize the need for 
supplemental water and to allow for the op-
tion of using bare root plant stock if available.

e. The site has been periodically monitored to 
assess seedling survival and growth and to as-
sess the need for additional maintenance such 
as weed control, improved animal control 
and/or supplemental water.

5. Planting design incorporated recommendations 
of the wildlife biologist, whenever possible, to 
optimize and improve wildlife habitat.

27
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6. Planting densities and timing of plantings 
for stream banks and the floodplain followed 
recommendations of the Washington Depart-
ment of Fish and Wildlife (2003) for individual 
plant material types (e.g., cuttings, containerized 
herbaceous plantings, etc.).

Additionally, design considerations for noxious weed 
prevention and mitigation included:

1. Disturbed sites that lack a canopy cover (i.e., 
constructed channels and levee removal sites) 
were seeded with a seed mix (approved by the 
UNF).  All seeds were certified weed-free to en-
sure no seeds from the State Noxious Weed List 
were contained within.

2. Planting of native hardwood, conifer, and/or 
brush species was done to provide canopy cover, 
which will help shade out and prevent establish-
ment of weed species.

3. Equipment brought onto National Forest land 
was cleaned prior to entering the Project area to 
prevent introduction of new weed species into 
the area.  When work was conducted in areas 
currently infested by noxious weeds, equipment 
was cleaned prior to leaving the area to prevent 
spreading infestations further.

4. Noxious weeds were controlled using methods 
(i.e., manual, mechanical, biological, and chemi-
cal) appropriate to and during periods identified 
to be the most effective for the target species.  If 
herbicides were used, they were approved for 
use in the Umatilla National Forest and ap-
proved for use in riparian areas.

Wildlife

The Project design sought to protect and enhance ripar-
ian habitat opportunities for birds, mammals, reptiles, 
and amphibians.  Such opportunities included areas 

for nesting, breeding, foraging, refuge from predators, 
and resting.  Habitat was created in place of the existing 
stream channel after portions were backfilled and re-
vegetated.  Clearing associated with reshaping the flood-
plain allows shrubs and grass to become reestablished.  
In addition, planting of native vegetation occurred within 
the riparian corridor.  No snag or downed wood habitat 
was removed.  Also, removal of dominant riparian trees 
was limited during Project construction, maintaining 
potential perch sites.

Site Limitations 

The primary constraint identified in the Design Crite-
ria Document was the physical location of the stream 
channel between the toe of the hillslope and the UPRR 
right-of-way.  The UPRR railway grade has narrowed the 
valley floor available for future stream meandering by 16 
percent in the Project area (Andrus and Middel 2003).  
Preparation of the Project design accounted for physical 
constraints of the Project site, focusing on elements that 
create complex habitat features and a stable stream chan-
nel that remains in place for the full range of the hydro-
logic regime.  

The design also included enhancement of the existing 
railroad access road embankment to prevent erosion and 
future railway and access road failure.  The embankment 
design followed Federal Emergency Management 
Agency, U.S. Army Corps of Engineers, and Oregon 
Department of Transportation guidelines and applied 
results of the hydrologic and hydraulic analysis for sizing 
of materials.  Additionally, the design incorporated 
stabilizing log and rock structures to prevent further 
migration of the channel toward the railroad.  Extreme 
flows exceeding the 100-year flood flow adjacent to the 
embankment would be slowed through the use of the 
existing spur dikes, and the toe of the slope protected 
with the new embankment.

Design Phases

Development of the Design Criteria Document and determi-
nation of site limitations provided the Design Team with the 
necessary criteria, Project constraints related to the UPRR 
railway, and an approach for evaluating and selecting a pre-
ferred alternative from conceptual design alternatives, and 
guidance utilized throughout the developed of the Project 
design.  As described above, the Project design was developed 
through four iterations and associated reviews: conceptual, 
preliminary, draft, and final.  In addition, design drawings and 
information developed at each of the four iterations were used 
to obtain permits for the Project.

Conceptual Design (30%)

As described above under the Design Criteria Document, pri-
or to developing conceptual designs, results from the assess-
ment of existing conditions were used in combination with 
the empirical geomorphic calculations of minimum, maxi-
mum, and average meander pattern geometry, cross-sectional 
area, bankfull depth, bankfull width, and sinuosity to deter-
mine design options.  These options were further compared 
to comparison reaches in Meacham Creek, located up- and 
downstream from the Project reach, and used to determine 
form, pattern, profile, and channel dimensions for the Proj-
ect design.  This approach resulted in a range of locations for 

the Project reach channel 
alignment and associated 
dimensions (e.g., meander 
length, belt width, radius 
of curvature, bend length).  
Based on this evaluation 

of existing conditions, design criteria, geomorphic design as-
sessment, and consultation with the CTUIR and USFS, three 
potential conceptual designs  were originally developed for the 
Meacham Creek Project:

 ■ Alternative 1 included the complete removal of the 
existing levee, reconstruction of the historic channel and 
floodplain between the western valley slopes and a new 
railroad protection levee constructed near the railroad 
and access road, and construction of three side channels. 
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Figure 5.  Framework for Option Evaluation and Selection

 ■ Alternative 2 included the complete removal of the 
existing levee, construction of a new meandering 
channel only in the western half of the floodplain, 
and construction of a series of new spur dikes 
extending out from the UPRR access road.  Under 
this alternative there would be no new railroad 
protection levee constructed along the access road.  

 ■ Alternative 3 included the complete removal of the 
existing levee, construction of a new meandering 
channel only in the western half of the floodplain, 
construction of six side channels, and construction 
of a series of new spur dikes extending out from 
the UPRR access road.  Under this alternative there 
would be no new railroad protection levee 
constructed along the access road.

Following initial review of the Conceptual Design by the 
Design Team, two additional Options, 1A and 1B , were 
developed.  Options 1A and 1B incorporated aspects of 

Alternatives 1 and 
3, resulting in the 
channel located in the 
historic alignment and 
increasing floodplain 
connectivity and 

off-channel refugia.  Primarily, the design options were 
intended to restore processes to a natural level of func-
tionality based on the hydrologic and geomorphic char-
acteristics historically and currently present throughout 
the drainage.  This would be done through the restora-
tion of floodplain connectivity, allowing Meacham Creek 
access to its floodplain, providing the ability for dynamic 
changes to occur within the Project reach.  The design 
incorporated features, both form (e.g., using near aver-
age meander length, belt width, radius of curvature, bend 
length) and habitat structures, that reflect the natural 
variability of Meacham Creek.  Both Options 1A and 
1B included the removal of all levees and modification 
of spur dikes within the Project reach, and protection 
of the railroad right-of-way through construction of a 

new embankment.  The difference between the options 
focused on where to place the channel within the flood-
plain based on historic conditions, design challenges, 
level of recovery effectiveness, Project goals and objective 
achievement, time till recovery, level of disturbance, risk, 
and cost.  Option 1A proposed a new channel construct-
ed into the floodplain located in the historic alignment, 
while Option 1B proposed a new meandering channel 
only in the western half of the floodplain, utilizing some 
of the existing channel alignment.

To support the CTUIR and USFS in their selection of a 
preferred alternative, a decision framework (Figure 5) 
and 27 criteria  were 
created and used in a 
ranking assessment of 
Option 1A versus 1B.  
Examples of criteria 
include activation of 
floodplain, desired fish habitat, habitat complexity, risk 
level, costs, and permitting issues.  Based on the results 
of this evaluation process, Option 1A was found to best 
support the Project Vision, allowing the design and envi-
ronmental review process to move forward.

Preliminary Design (60%)

After selection of Option 1A as the preferred alternative, 
preliminary design proceeded.  The Preliminary 
Design  was the product of the Design Criteria, existing 
conditions assessment, the Conceptual Design (30%) 
Package and preferred alternative selection, hydrologic 
and hydraulic analysis, aerial- and land-based assessment 
of the Project design, and guidance from the Design 
Team.  The development of the Preliminary Design and 
construction specifications hinged on finalizing the 
hydraulic analysis of 
future conditions and 
utilizing these results 
in conjunction with 
an aerial- and land-
based assessment of 
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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
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the Project design to further refine the exact stationing of 
the channel alignment and physical features.

Hydrologic and Hydraulic Analysis

Hydrologic Analysis

The hydrologic analysis conducted for the Project was 
described above in the Survey of Project Focus Area sec-
tion.  As previously described, the 1.5-, 2-, 5-, 10-, 20-, 
50-, and 100-year flood flows were calculated and cross-
sections throughout the Project reach were developed 
and used in the hydraulic analysis described below to 
determine inundation levels associated with the existing 
conditions between RM 6 and RM 7.  Once the inunda-
tion levels under existing conditions were determined, 
the model was updated to determine inundation levels 
for the Project design.

Hydraulic Analysis

As previously described above, a HEC-RAS model of 
the Project reach was created to analyze the existing and 
future hydraulic conditions.  The model was based on the 
topography developed from combining the LiDAR sur-
vey and the topographic survey of the creek.  Fourteen 
sections were electronically derived from the survey base 
map and converted to HEC-RAS format.  The section 
locations were selected to capture significant features of 
the existing stream and levees;  they extend from ap-
proximately 1,400 feet downstream of the lower end of 
the Project to about 400 feet upstream of the upper end 
of the Project.  The downstream boundary condition was 
normal depth.  The water surface elevations in the Proj-
ect reach were not sensitive to the downstream boundary 
condition, indicating there is no backwater effect carried 
upstream.  This is consistent with the slope of the creek.

Existing Conditions Model 

 ■ Channel and overbank lengths and channel 
location (bank stations) were determined from the 
survey base map.  Levee model parameters were 
used where necessary to restrict flows to the active 
channel.

 ■ Roughness values were developed using site 
photographs, engineering judgment, and 
discussions with the engineer after site visits. 

 ■ Channel roughness values for existing 
conditions were 0.033 in the channel and 0.05 
in the overbank.  These roughness factors are 
appropriate to the high-flow conditions of this 
analysis; more roughness variability might be 
expected in low-flow conditions.

Future Conditions Model

 ■ The longitudinal slope through the Project area is 
approximately 0.9 percent.  This slope was used 
to set the channel inverts for the proposed cross-
sections.

 ■ Channel roughness values were 0.036 in the 
channel and 0.05 in the overbank.  Higher 
roughness was estimated to occur due to the 
greater energy dissipation expected due to the new 
channel alignment. 

 ■ Channel cross-sections were created by locating the 
new bankfull section on the plan view and placing 
it in the appropriate place in the cross-section data.  
Levees were removed based on the design.  A 
“floodplain” was created on the left bank (west side 
of creek) by using a 100:1 slope from the creek edge 
to the western valley wall. The existing floodplain 
and stream channel were cut and filled in the 
model as necessary to meet this slope.

The model was run with the 1.5-, 2-, 5-, 20-, 50-, and 
100-year flows.  The most significant change in hydraulic 
parameters between existing conditions and post-Project 
is the top width values.  For the channel design flow 
(1.5-year event) there 
is little change, dem-
onstrating the bank-
full flow is contained 
within the newly 
designed channel.  In 
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higher flow events, however, there is an almost three-fold 
increase in flow top width, indicating that a much wider 
floodplain is activated under the Project design.

Aerial- and Land-Based Assessment

Prior to submitting the Preliminary Design (60%) 
package to the Design Team for review, the results from 
the hydrologic and hydraulic analysis, geomorphic 
assessment, and the drafted version of the 60% design 
were evaluated against 2009 low-elevation aerial 
photography and historic channel alignment.  This was 
done to determine stationing of the design in context 
with existing vegetation to be saved and locations where 
the channel had been historically located.  To further 
refine the design, verify existing vegetation to be saved, 
identify historic channel alignment, and effectively 
document the extent and materials in point bars, a 
land-based assessment of the design was conducted in 

the Project reach.  
This entailed staking 
out and adjusting 
the alignment of the 
design, documenting 
existing vegetation 

to be saved, and measuring the extent and materials 
in upstream and downstream point bars.  The results 
from the aerial- and land-based assessments provided 
additional information for review at the Preliminary 

Design) review meeting and use in developing the 
Draft Project Design.

Draft Project Design (90%)

Following review and feedback from the Design 
Team on the Preliminary Design (60%), as 
well as completion of the Biological Evalua-

tion (TtEC 2010a) and Biological Assessment 
(TtEC 2010b), the Draft Project Design 
(90%) was developed.  The Draft Project 

Design further refined proposed Project com-
ponents and incorporated changes identified through the 
review process.  This 
refinement included 
the results from the 
aerial- and land-based 
assessments that were 
conducted as part of 
the Preliminary Design development and entailed adjust-
ing the channel alignment to protect existing vegetation 
to the extent feasible, increase meander patterns from 
average to maximum extents to align more closely to 
historic alignment, and utilize large rock, point bars, 
and mid-channel bars for grade control and flood flows.  
Additional details on construction staging, access, and 
sequencing was also incorporated based on input from 
the Design Team and the land based assessment of the 
design.  The Draft Project Design was reviewed and 
revised three times to ensure that the design was in line 
with the Project goals and objectives, addressed all com-
ments from the Design Team, provided the necessary 
details and specifications for construction, and reflected 
the material quantities and costs requested by the Design 
Team.

Final Project Design (100%)

Following further in-depth review of the Draft Project 
Design by the Design Team and constructability reviews, 
the Final Project Design (100%)  (Figure 6) and an 
Implementation Plan (discussed separately below) were 
developed. 
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Figure 6.  Final Project Design Features
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The Final Project Design incorporated the following 
major elements as specified in all design and permitting 
documentation of the Project:

 ■ Reshaping of the floodplain and removal or 
modification of two large spur dikes in the 
floodplain;

 ■ Excavation of a new channel and side channels to 
move the stream into its historic channel alignment 
and meanders in the floodplain;

 ■ Incorporation of in-stream habitat features in the 
new reconfigured channel and placement of large 
log and rock structures throughout the floodplain;

 ■ Removal of the existing 2,800-foot protection levee 
along the existing channel;

 ■ Installation of rock embankment along the existing 
access road embankment; and

 ■ Revegetation of disturbed areas on the floodplain 
and along the channel.

Appendix A provides 
a comparison of 
existing conditions 
in the Project reach 
versus the Project 
design.  Additional 

information on existing conditions prior to Project 
construction, geomorphic characteristics, design pack-
ages, and quantities is available on DVD at the end of the 
Completion Report.

Test Pit Investigation

Prior to construction, a field test pit investigation of the 
levee, spur dike, and floodplain material was conducted 
to support the constructability of the Project.  The 
purpose of the test pit investigation was to evaluate the 
available materials for construction, provide information 
for costing purposes, and determine the possibility of en-
countering bedrock during construction.  Test pit results 
were used to characterize the soil and groundwater con-

ditions for floodplain construction and for future reuse 
as channel backfill, floodplain, and railroad embankment 
construction material.  All of the test pit locations were 
located on CTUIR property . 

Test pit investigations confirmed that the floodplain 
material is suitable for backfilling of existing channel and 
the other fill areas as identified in the Final Project De-
sign drawings.  Excavation and compaction techniques 
recommended in the 
Final Design Speci-
fications remained 
effective for the con-
struction.  Evaluation 
of the existing levee 
and spur dike materials identified approximately 100 
cubic yards (7.5 tons) of riprap rocks suitable for railroad 
embankment.  Relatively high groundwater conditions 
confirmed the need for construction of downstream set-
tling ponds as the new channel was being excavated. 

Permitting

The following approvals and permits were required for 
the Project:

 ■ NMFS. Endangered Species Act Biological Opinion 
and Magnuson-Stevens Fishery Conservation 
and Management Act Essential Fish Habitat 
Conservation Recommendations for the Meacham 
Creek Floodplain Restoration Project. Issued 
December 3, 2010.

 ■ USFWS. Biological Opinion for the Meacham 
Creek Restoration Project. Issued December 14, 
2010.

 ■ U.S. Army Corps of Engineers Nationwide 
Permit No. 27 (Aquatic Habitat Restoration, 
Establishment, and Enhancement Activities) 
and 33 (Temporary Construction, Access, and 
Dewatering). Issued February 3, 2011.

 ■ USFS Categorical Exclusion Decision Memo. 
Issued April 8, 2011.

 ■ USFS notification provision (FS Agreement No. 11-
PA-11061400-003) established between the CTUIR 
and USFS. Issued April 8, 2011.

 ■ Oregon Department of State Lands Removal/Fill 
Permit No. 46087-RF. Issued March 17, 2011.

(Flow chart on page 18)

Process Step

3
Implementation Plan

The implementation plan was developed 
for use by the Design Team throughout 
construction and provided the design 
drawings, construction specifications, 

construction equipment requirements, construction 
sequencing (Project Phasing), construction access and 

staging locations, 
BMPs, descriptions 
for reference photo 
points, clean-up 
process and schedule, 
and out-year moni-

toring plans.  The goal of the implementation plan was to 
provide the Design Team and contractors with a single 
source of information on construction of the Project 
design.  A brief summary on Project phasing that was 
included in the implementation plan is provided below.

Project Phasing

The Project was constructed in two phases to ensure 
integrity of the stream channel and to reduce impacts to 
water quality and aquatic organisms.  Phase I occurred 
“in the dry” (outside the existing stream channel) from 
March through October 2011.  Main work items dur-
ing Phase I consisted 
of excavating the new 
channel, installing 
habitat improvement 
features, and removing 
or modifying the six 
large spur dikes.  Phase 
II consisted of removing the 2,800‐foot levee along the 
existing channel, connecting the existing channel with 
the new channel, and filling in the old channel with base 
material available from excavating the newly constructed 
channel.  To minimize impacts to fish in Meacham 
Creek, Phase II occurred during the ODFW in-water 
work period between July 1 and August 15, 2011.

Phase I Construction Sequence:
 ■ Clear and grub proposed new floodplain

 ■ Stockpile wood material for future use

 ■ Remove or modify spur dikes

 ■ Grade and shape floodplain

 ■ Separate and stockpile earth, rock, and woody 
materials for future use

 ■ Excavate reconfigured channel alignment and 
channel cross‐sections

 ■ Add rocks to the existing railroad access road 
embankment

 ■ Revegetate floodplain
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Phase II Construction Sequence:
 ■ Install bank protection and habitat features into 

reconfigured channel

 ■ Conduct fish salvage to remove fish in the existing 
channel

 ■ Divert water into new reconfigured stream channel

 ■ Remove levee along existing stream channel

 ■ Backfill existing channel and place wood structures 
at the upstream and downstream extents of where 
the reconfigured channel ties into the existing 
channel

Project phasing was originally planned to occur over 
two years (construction seasons), with Phase I occurring 
first to allow the newly constructed channel a year of 
weathering conditions and vegetation growth on banks 
prior to introducing flow from Meacham Creek.  Project 
development, National Environmental Protection Act 
(or NEPA), and permitting schedule constraints pushed 
the Project into the year two construction window.  The 
Design Team determined it would be necessary to com-
plete both the Phase I and II construction activities in 
2011 because construction materials were scheduled for 
delivery in 2011 and the construction contractor had the 
capability of completing the work within one construc-
tion season.  Although a one-year construction season 
would limit multi-year ground disturbance, it would also 
limit the amount of time the newly constructed channel 
would be wetted and dried by seasonal conditions and 
the amount of time vegetation would have to grow on 
banks.

Project Pre-Construction Meeting

A pre-construction Project meeting was held on March 
29, 2011 to bring project managers from CTUIR, USFS, 
Tetra Tech, and Tapani Underground together for formal 
coordination and planning.  This meeting clarified 
roles and responsibilities among the Project teams, 
and reviewed the schedule and scope for construction 
activities.  Tapani Underground was contracted to carry 

out construction tasks, with CTUIR and USFS providing 
daily on-site implementation assistance and engineering 
support.  Tetra Tech provided implementation assistance 
and engineering support bi-weekly at critical stages of 
implementation, and was available by phone and e-mail 
for daily support.  The CTUIR and USFS supervised 
decisions needed on their respective lands.  A pre-
construction site walk with all parties was held the 
following day to review design plans and conditions in 
the field.  During the pre-construction site walk, Tapani 
Underground proposed additional stock pile areas.  The 
CTUIR informed Tapani Underground they would need 
to evaluate these changes and provide guidance during 
construction.

Construction Access and Staging Areas

The existing Meacham Creek UPRR right-of-way access 
road on the east side of the Project boundary provided 
access to the construction site.  No new permanent ac-
cess roads were proposed or constructed for the Project.  
To minimize disturbance and associated environmental 
impacts, construction vehicles avoided concentrations of 
thick vegetation and other sensitive areas.  The construc-
tion staging area was located 300 feet from the active 
channel and remained until Project completion.  

Conservation Measures and Best Management Practices 

To avoid and minimize Project effects on the environ-
ment and comply with all permits and approvals, conser-
vations measures and BMPs were implemented through-
out Project construction activities.  These measures 
included, but were not limited to: 

 ■ Parking machinery, equipment, and vehicles in 
areas infested with noxious weeds were avoided.  
Workers checked under vehicles and equipment 
before leaving the area, and removed any plants 
or plant parts that may have become lodged in 
the carriages.  Workers also checked clothing and 
tools for weed seeds.  If noxious weed plants or 
seeds were found during inspections, they were 
incinerated at an approved location.

 ■ Disturbed areas were mulched or seeded with an 
approved seed mix of native grasses immediately 
after Project completion as outlined in the planting 
plan or as recommended by the CTUIR and the 
Umatilla National Forest Botanists.  Mulch was 
certified weed-free. 

 ■ The clearing limits associated with site access 
and construction were marked in the field prior 
to vegetation removal and other construction 
activities to minimize riparian vegetation 
disturbance and avoid sensitive habitats, including 
wetlands and seeps.

 ■ Banks disturbed during Project construction 
were re-vegetated, and all land areas that were left 
undisturbed for more than 7 days were covered 
with an approved soil covering practice (e.g., 
seeding, mulching, plastic covering, and crushed 
rock).

 ■ Temporary and permanent erosion and 
sedimentation control measures included silt 
fences, erosion control blankets, straw bales, coir 
wattle, quarry spoils, settling ponds, and streambed 
gravel.  Additional erosion and sediment control 
measures to protect surface waters were required as 
identified by the Contractor and the CTUIR in the 
field.

 ■ The existing flow downstream from the Project 
area was maintained throughout implementation 
by maintaining the existing channel during Phase I 
of the Project and then diverting the flow into the 
new constructed stream channel during Phase II.

 ■ Wastewater from Project activities and water 
removed from within the work area was routed 
to an area landward of the 100-year floodplain 
to allow removal of fine sediment and other 
contaminants prior to being discharged to the 
stream.

 ■ Any machinery maintenance involving potential 
contaminants (fuel, oil, hydraulic fluid, etc.) 
occurred at an approved site away from the active 
channel and outside of the Riparian Habitat 
Conservation Area (RHCA).  Prior to starting work 
each day, all machinery was checked for leaks (fuel, 
oil, hydraulic fluid, etc.) and all necessary repairs 
were made prior to entering the RHCA.

 ■ Construction staging occurred at least 300 feet 
from the active channel.

 ■ The reconfigured channel was watered in a way 
that did not degrade water quality.  In addition, the 
dewatering of the existing channel was done in a 
way that did not degrade water quality or cause fish 
stranding.  A CTUIR or USFS trained biologist was 
on-site to monitor for fish stranding during this 
process.

 ■ Before and intermittently during pumping to 
isolate an in-water work area, fish were captured 
and released from the isolated area using trapping, 
seining, electrofishing, or other methods as 
are prudent to minimize risk of injury.  When 
electrofishing equipment was used to capture 
fish, the capture team complied with NMFS 
electrofishing guidelines.

 ■ Any fish found in the work area prior to dewatering 
the existing channel were captured by a qualified 
fisheries biologist, transported to an upstream 
location, and released (further details about fish 
salvage activities are provided below). 
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Maintenance of Existing Vegetation and Revegetation of 
Disturbed Areas

To the extent practicable, existing vegetation was main-
tained on the floodplain and within the reconfigured 
stream channel.  The new channel, while based on 
hydrologic and geomorphic analyses, was also designed 
to minimize disturbance and maximize the use of exist-
ing vegetation.  Large cottonwoods and conifers were 
maintained throughout the Project reach to function as 
a source of riparian cover and encourage the formation 
of stream gravel bars.  Disturbance to wet areas within 
the existing floodplain (i.e., where ephemeral streams are 
present) were also minimized.  Areas disturbed during 
the Project were planted with native trees and shrubs 
and/or re‐seeded with a native seed mix of grasses.  Plant 
stock for these plantings was from local seed sources, 
where available, to ensure all plants are adapted to the 
growing conditions present at the Project site.

(Flow chart on page 18)

Process Step

4
Project Activities

Based on the documentation provided in 
the implementation plan and the coordi-
nation developed at the pre-construction 
meeting, the Design Team and contrac-

tors were prepared to begin construction activities.  As 
specified in the implementation plan, Project activities 
included riparian management and erosion and sedi-
ment control prior to construction.  With these controls 
in place, reshaping of the floodplain and reconfiguring 
the stream channel and installing habitat features could 
commence.  Following the reconfiguration of the stream 
channel and installation of features, fish salvage would 
occur, the existing levee removed, and flow added into 
the newly constructed Meacham Creek channel align-
ment. 

Riparian Management

The Project area was surveyed prior to construction 
to assess noxious weeds.  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.  In 
the office, all known species of listed noxious weeds were 
documented on a list for the Project area, incorporated 
into the CTUIR noxious weed database, and mapped us-
ing ArcMap.  Noxious weeds identified during the survey 
included Canada thistle (Cirsium arvense), Dalmatian 
toadflax (Linaria dalmatica), spotted and diffuse knap-
weed (Centaurea stoebe and diffusa), sulphur cinquefoil 
(Potentilla recta), St. Johnswort (Hypericum perforatum), 
whitetop (Cardaria draba or chalepensis), Himalayan 
blackberry (Rubus armeniacus), and viper’s bugloss 
(Echium vulgare).  Heavy concentrations of noxious 
weeds were treated manually, mechanically, and chemi-
cally prior to Project work to limit transfer of the seed 
source and re-establishment of noxious weeds within the 
Project area following construction.  Additional nox-
ious weed species identified during the first season after 
Project construction were field bindweed (Convolvulus 
arvensis), garden cornflower (Centaurea cyanus), and 
medusahead (Taeniatherum caput-medusae).  Noxious 
weed control will continue to reduce population and po-
tential spread, thereby improving native plant cover and 
soil holding capacity in the Meacham Creek floodplain.

Erosion and Sediment Control

Prior to commencement of construction activities, all 
base erosion and sediment control  measures were put in 
place and approved through initial inspection.   Sediment 
barriers included a sediment fence and berms construct-
ed out of mulch, chippings, or other suitable material.  
Tree and wetland protection areas were clearly delineated 
with orange construction fencing.  Specific construc-
tion entrances were 
also installed and 
maintained for the 
duration of Project 
activities.  In addi-
tion, run-on and run-
off controls were put 
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in place, including slope drains (with outlet protection), 
check dams, surface roughening, and bank stabilization.  
Any excess runoff or groundwater that entered the work 
area was captured and pumped to upland and filtered be-
fore release.  All erosion control structures were removed 
following Project construction, and soils stabilized and 
vegetated. 

Reshaping the Floodplain

After ensuring erosion and sediment control measures 
were in place, Project construction began by clearing and 
grubbing the proposed new floodplain.  Using an excava-
tor, front‐end loader, dozer, and dump truck, the new 
floodplain was graded and shaped following the Project 
design.  Tapani Construction, contracted by the CTUIR 
to perform floodplain excavation and stream channel 
construction, used its dozer equipped with Trimble Site-
Vision GPS.  This dozer-mounted equipment provided 
electronic grade control.  Low areas in the proposed 
floodplain were either left undisturbed with existing 
vegetation or filled as designed for project integrity with 
excavation spoils from the floodplain excavation with 
large wood material interspersed to mimic floodplain 
characteristics.  Large wood structures were constructed 
in the floodplain and backfilled with excavation spoils to 
prevent events greater than the 100‐year flood flows from 
reaching the railroad right‐of‐way.  These features are not 
intended to be hard features, such as riprap, but function 
as features to dissipate flood flows in excess of the 100‐
year event.

The reconfigured channel was designed using a bankfull 
width of 90 to 100 feet.  Floodplain terraces were con-
structed to extend from the edge of the channel to the 
edge of the anticipated gravel bar associated with the 
channel meanders.  Slope on the anticipated gravel bars 
was approximately 1V:100H to create a floodway adjacent 
to the new channel.  At the edge of the gravel bar, ter-
races were constructed to blend into the floodplain.

The material encountered during the reshaping of the 
floodplain was composed of gravel, sand, and silt with 
some cobbles and large boulders.  All spoils from the 
excavation were used as fill for the floodplain shaping, fill 
material in the existing channel, or as topsoil and stream-
bed gravel.

Concurrent with clearing, grubbing, excavating, grading, 
and shaping of the new floodplain, existing spur dikes 
in the floodplain were either removed or modified.  All 
spoils from the spur dikes were separated and stockpiled 
for use in backfilling the existing channel and enhancing 
the new road embankment.

Reconfiguring the Stream Channel and Installing 

Habitat Features

Following clearing, grubbing, and shaping of the new 
floodplain, excavation and configuration of the new 
stream channel began.  An excavator was used to con-
struct the new channel alignment and meanders in the 
floodplain “in the dry” outside of the active flow channel.  

41
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However, a high spring runoff, consistent spring rain-
fall saturated the soils in the Project area, thus elevat-
ing groundwater and causing difficulties with soil and 
water management during excavation.  This required the 
proper utilization of erosion and sediment control mea-
sures to conduct the work.  Once the final alignment and 
grade controls were constructed, the excavator removed 
the new channel bottom material to a depth of 12 to 18 
inches and replaced it with a stream bed gravel mixture 
of sand, pea gravel, and 1‐ to 4‐inch rounded gravel.  This 
mixture was placed in the new active channel sections.  

A total of 120,678 cubic yards (cy) of material was exca-
vated during the floodplain shaping and channel con-
struction (411 cy less than estimated during design).  All 
of this material was used on-site as fill for the floodplain 
shaping, fill material in the existing channel, or as topsoil 
and streambed gravel.  Approximately 4,733 cy of stream 
bed gravel mixture was used in the construction of the 
new stream channel.  This material was custom blended 
on-site using excavated material that was run through a 
screen plant to segregate the material into the size classes 
needed.  An excavator was used for final grading of the 
low flow channel within the bankfull reconfigured chan-
nel and to construct secondary channels.

Following the new channel excavation, in-stream fish 
habitat improvement features were incorporated into the 
reconfigured channel.  An excavator was used to con-
struct the log and boulder features in the new channel as 
the materials were delivered by large articulating dump 
trucks.   Approximately 2,500 linear feet of in-stream 
habitat features utilizing large wood and rock were 
constructed and 993 pieces wood were placed on gravel 
bars, the floodplain, and in side channels to construct 10 
major rock and log features and 286 medium rock and 
log features.  Installation of a typical in-stream habi-
tat structure included the excavation of a trench in the 
floodplain or bank, installation of the log or rootwad, 
installation of large rocks to anchor the end of the log 
or rootwad, and backfilling of the trench with native fill 
and bucket compaction of the bank or gravel bar.  Each 

structure had unique installation procedure depending 
on the complexity of the structure and interaction with 
other logs, rootwads, and rocks.  All specifications for an-
choring and securing large wood followed the ODF and 
ODFW manual for placing large wood in streams (ODF 
and ODFW 1995).  

Fish Salvage

Coordinated by the UNF, Umatilla Basin Watershed 
Council, and CTUIR, nearly 140 people from partnering 
agencies, such as NMFS, ODFW, Umatilla County Soil 
and Water Conservation District, along with the USFS 
Youth Conservation Crews and adult and youth commu-
nity volunteers completed the fish salvage.   Fish salvage 
was conducted July 18 to 28, 2011, and involved first 
blocking the upstream and downstream extents of the 
existing channel and then capturing and releasing fish 
from the isolated area using seining and electrofishing.  

Block nets were installed approximately 60 feet upstream 
and 40 feet downstream from the in-water work area 
to isolate the Project area for fish salvage.  These nets 
remained in place until the existing channel was blocked 
with material and the reconfigured channel was watered 
to prevent fish from entering the Project area. 

Once the initial block nets were in place, 100-meter 
sample reaches, starting from upstream and working 
down, with additional cross-channel block seine nets 
were used to isolate work areas for electrofishing teams.  
Three teams were equipped with three Smith-Root back-
pack electrofishers each, a minimum of two netters per 
electrofisher, and four to five bucket handlers.  Each team 
member operating an electrofisher was a certified fish 
biologist.  These teams completed one to two 100-meter 
reaches per day by completing multiple passes within 
each reach until depletion of salmonids and most other 

non-salmonids.  Following completion of a 100-meter 
reach, teams would move the uppermost net downstream 
below the next lowest team and set up the next reach for 
sampling.  This occurred over multiple days until the 
entire existing channel was salvaged. An additional team 
carried a Smith-Root backpack electrofisher designed 
specifically for capturing lamprey.  This team hit high 
priority habitat areas where they would expect to find 
lamprey separate from the other teams.  Assisting the 
electrofishing teams was a volunteer stream bank bucket 
brigade who hand transported buckets of fish with aera-
tors to a liberation tank truck for processing. 

The liberation tank was supplied with oxygen tanks and 
river water with water temperatures ranging from 15 to 
18°C, similar to the river. Fish salvage operations started 
in the early morning with temperatures at 15°C and typi-
cally ended around 12:30 to 1:00 p.m. due to tempera-
tures reaching 18°C with beginning signs of fish stressing 
from electrofishing and bucketing activities.  As the reach 
was dewatered, fish were removed from any remaining 
pools with dip nets. Fish were transported to an up-
stream location above the Project area near Camp Creek 
(RM 11) for release into a large established pool under a 
bridge with access.  Fish salvage mortalities were counted 
by species prior to and after fish releases.

A total of 26,983 fish were salvaged from the existing 
channel including, 5,972 juvenile summer-steelhead, 2 
bull trout, 209 juvenile and 9 adult spring Chinook, 24 
white fish, and 652 Western brook lamprey (Table 3).  Of 
the 5,972 juvenile summer steelhead-rainbow trout and 
2 bull trout, there were 74 and zero mortalities, respec-
tively.  The juvenile summer steelhead-rainbow trout 
mortalities were primarily young of the year (0’s).  Total 
summer steelhead-rainbow trout numbers recovered 
during the Project fish salvage are consistent with the 
NMFS Biological Opinion (NMFS 2010) estimate of 
7,111.  However, the amount of take anticipated in the 
USFWS Biological Opinion (USFWS 2010) was one bull 
trout and, although there were no mortalities, two bull 
trout were recovered during fish salvage.
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Table 3.  Numbers of Fish Salvaged from RM 6 to RM 7 in 
Meacham Creek

Species 

Total 
Counted  

Catch 
Estimated  

Catch Mortality 

Summer Steelhead / Rainbow Trout 714 5,972 74 

Bull Trout 2 2 0 

Spring Chinook Salmon Juveniles 25 209 2 

Spring Chinook Salmon Adults 9 9 0 

Mountain Whitefish 24 24 0 

Red Sided Shiner 9 75 0 

Speckled Dace 1,566 13,098 13 

Cottids 830 6,942 7 

Western Brook Lamprey 78 652 0 

Total Number of Fish 3,257 26,983 96 
 

Levee Removal and Channel Initiation

A diversion structure at the downstream end of the levee 
was installed for the construction of the downstream 
connection to the new channel.  An alcove was con-
structed at the downstream connection to the existing 
channel at mid-Project near construction station 35+00 
constructed at the confluence of the existing channel 
and the new channel.  The alcove provided a fish ingress/
egress channel via a low-water connection to prevent 
stranding of native fish and reduce the amount of backfill 
for the existing channel.  Once the downstream con-
struction was complete, the diversion structure was 
removed and upstream connection construction began.  
At the upstream end, the spur dike was removed to con-
nect the existing channel to the new channel and another 
diversion structure (i.e., cofferdam and gravel berm) was 
installed to divert 50 percent flow to the new channel.  
This volume of flow minimized the amount of turbidity 
introduced into the stream channel downstream of the 
Project area.  During the 50–50 split of the flow, fish sal-
vage in the existing stream channel began, as described 
in the preceding section.

Once the fish salvage was completed in the existing chan-
nel, all stream flow was diverted into the new reconfig-
ured channel; the removal of the 2,800-foot levee (about 

12,038 cy) along the existing channel and backfilling the 
existing channel began.  All spoils from the levee were 
separated, stockpiled, and used to backfill the existing 
channel.  Backfill material also included stockpiled mate-
rials from floodplain excavation, channel excavation, and 
spur dike removal.  As the existing channel was back-
filled, large wood material was incorporated into the fill 
to mimic floodplain conditions.  Approximately 48,030 
cy of material was used for backfilling and grading of 
the existing channel, resulting in a 44,727 cy shortage of 
material for backfilling the existing channel.  This short-
age in backfill material for the existing channel during 
construction resulted in the need for a Project design 
modification.

Project Design Modifications

During Phase II of construction, and prior to completing 
backfilling of the existing channel, subsurface flow loss 
was observed from the newly constructed channel to the 
existing channel from near construction station 35+00 
while backfilling was occurring.  The CTUIR identified 
the loss of subsurface flow from the newly constructed 
channel to the existing channel as a concern for main-
taining channel integrity and base summer stream flows 
in the new channel.  To mitigate this issue, an additional 
plug was constructed in the existing channel to increase 
the water surface level in the old channel, therefore 
reversing the hydraulic gradient to alleviate the loss of 
subsurface flow from the new channel.  The additional 
plug represented a 
modification to the 
Project design and re-
sulted in the addition 
of another large wood 
and rock structure as 
part of the designed 
fill of the existing channel.  The plug created an approxi-
mately 0.7-acre wetland complex and 2,529 lineal feet of 
a wall-based channel functioning as off-channel habitat.  
While these additions resulted from a modification to 
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the design, the resulting wetland and wall-based 
channel remained within the overall Project de-
sign criteria of incorporating off-channel habitat 
in the form of ponds, oxbows, backwaters, and 
side channels that are hydrologically linked to the 
main channel system. 

In addition, a shortage of material to backfill the 
existing channel to elevations specified on the 
design drawings was determined during con-
struction activities.  As previously described, 
approximately 48,030 cy of material was used for 
backfilling and grading of the existing channel, 
resulting in a shortage of 44,727 cy of material 
for backfilling the existing channel.  The avail-
able 48,030 cy of backfill was placed between the 
upstream diversion plug and the additional plug 
near station 35+00 that was previously described.  
Remaining fill and large wood were placed be-
tween the additional mid-Project existing channel 
plug near station 35+00 and most downstream 
originally designed existing channel plug to shore 
up the remaining flow in the existing channel and 
develop an approximately 5-foot-wide wall-based 
channel that would provide a flow path for any 
potential hillside runoff and upstream flow drain-
ing from the wetland complex.  This wall-based 
channel also provided off-channel habitat as it 
remained hydrologically connected to the newly 
constructed alignment of Meacham Creek near 
the downstream end of the Project. 

Each of these design modifications were evalu-
ated by the Design Team during construction 
and determined to be necessary and facilitated in 
achieving the Project objectives and Design Cri-
teria.  Although the shortage in backfill material 
resulted in a design modification that was deemed 
necessary during construction, the design change 
was documented and required further assessment 
following the as-built survey (described below).
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Plantings, Site Cleanup, and Demobilization

To the extent practicable, existing vegetation was main-
tained on the floodplain and within the reconfigured 
stream channel.  The newly constructed channel, while 
based on hydrologic and geomorphic analyses, was also 
designed to minimize disturbance and maximize the use 
of existing vegetation.  Large cottonwoods and conifers 
were maintained throughout the Project area to function 
as a source of riparian cover and encourage the forma-
tion of stream gravel bars.  Disturbance to wet areas 
within the existing floodplain (i.e., where ephemeral 
streams are present) were also minimized.

About 40 acres of a 60-acre disturbed area in the flood-
plain were planted with native plants including trees and 
shrubs (see Table 4) ranging from 10 cubic inch plugs up 
to 25-gallon potted plants.  Additionally, all disturbed 
acres were re-seeded or hydroseeded with a native grass 
seed mix (see Table 5) at a rate of 30 pounds per acre 
and then hand seeded in areas that could not be reached 
effectively with the hydroseeder.  Where available, plant 
and seed stock for these plantings were from local seed 
sources to ensure all plants are adapted to the grow-
ing conditions at the Project area.  Final field activities 
included finish grading, topsoil placement, revegetation, 
Project area cleanup and repairs, and demobilization.

Table 4.  Quantity of Species Planted at Project Area

Plant Species 

Number Planted 

Potted Plants 
(1 – 25 gallon) 

Plugs/Cones/ 
Cuttings 

Red Osier Dogwood  
Cornus sericea 934 1,202 

Mountain Alder  
Alnus viridis 216 425 

Serviceberry  
Amelanchier arborea 1,389 – 

Black Hawthorn  
Crataegus douglasii 396 – 

Willow  
Salix spp. 240 10,000 

Wood Rose  
Rosa woodsii 1,258 300 

Cottonwood  
Populus basamifera 442 3,910 

Ninebark   
Physocarpus malvaceus 408 1,020 

Snowberry  
Symphoricapos albus 132 4,669 

Ponderosa Pine  
Pinus ponderosa – 7,600 

Oceanspray  
Holodiscus discolor – 149 

Douglas Fir   
Pseudotsuga menziesii – 3,600 

Total  5,415 32,875 
 

Table 5.  Grass Seed Mix Used for Initial Hydroseeding  
(30 lb/acre)

Common/Scientific Name 
Composition %  

(by weight) 

Used for Initial Hydroseeding (30 lb/acre) 
Idaho Fescue  
Festuca idahoensis 50 

Bluebunch wheatgrass  
Pseudoroegneria spicata 30 

Common yarrow  
Achillea millefolium 10 

Other non-aggressive endemic grasses 10 
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 

 

Demobilization occurred once the Project site activities 
were completed and all work was found to be acceptable 
by the CTUIR.  Equipment was transported off the site 
and returned to the vendors as applicable.  Unused ma-
terials were either returned to the supplier, transported 
off-site to a location approved by the CTUIR, or stored 
on-site for future work and maintenance.

Monitoring

Permitting requirements and the scientific 
interest by the CTUIR and USFS on post-
Project conditions resulted in the devel-
opment of construction and post-Project 

monitoring requirements and framework.  Provided 
below is the framework for the monitoring of the Project 
goals, followed by discussion of both the implemented 
and ongoing monitoring.  

Monitoring Requirements and Framework

Provided below are key permitting requirements for 
monitoring and the Project framework developed to 
meet the requirements.  A complete listing of all Terms 
and Conditions is found in the respective Biological 
Opinions.   

NMFS Requirements 
 ■ Project identification (e.g., name, type of activity, 

Project location by 6th field USGS Hydrologic 
Unit Code and latitude/longitude, supervisory fish 
biologist name and contact, start/end dates for 
work completed).

 ■ Photo documentation (e.g., photos of habitat 
conditions at the in-water work site before, during, 
and after Project completion).  

 ■ Monitoring results for construction effects: 1) 
description of the visually monitored downstream 
extent of turbidity plumes resulting from in-water 
construction, and 2) a summary of chemical, 
pollution and erosion control inspection results, 
including a description of any erosion control 

failure, contaminant release, and efforts to correct 
such incidences. 

 ■ Salvaging effects 

1. Any incidence of observed injury or mortality.

2. Number of listed salmon and steelhead cap-
tured.

3. Fish capture and release methods.

4. Location and condition of salmon and steel-
head released.

5. Method of work area isolation.

USFWS Biological Opinion Term and Condition 
Requirements 

 ■ Erosion control measures shall be monitored 
until the threat of erosion from the Project has 
diminished.

 ■ All significant riparian replant areas will be 
monitored to ensure the following:

- Plantings are performing correctly and have an 
adequate success rate (success rate depends on 
the planting density, but the goal is to have a 
functional riparian vegetation community).

- Failed plantings and structures will be replaced, 
if replacement would potentially succeed. If not, 
plantings at other appropriate locations will be 
done.

- A plant establishment period (three year mini-
mum) will be required for all riparian mitiga-
tion plantings.

Project Monitoring Framework

Based on the requirements set out by NMFS and USFWS, 
as well as additional information needed to ensure the 
Project fulfilled its goals, a set of monitoring plans was 
developed for implementation and post-Project moni-
toring.  Monitoring during implementation allowed the 
Project team to adapt construction activities as needed to 

(Flow chart on page 18)

Process Step

5
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avoid and minimize disturbance, promoting compliance 
with all permit conditions.  Factors monitored during 
implementation included vegetation, sedimentation, fish 
and wildlife, and groundwater wells. 

Post-Project monitoring is intended to measure the 
effectiveness of Project activities in achieving a func-
tional and healthy Meacham Creek that supports ongo-
ing production of First Foods.  Factors for this ongoing 
phase of monitoring include vegetation, habitat (Co-
lumbia Habitat Monitoring Pro-
gram [CHaMP]), fish and wildlife, 
and groundwater wells.  Both 
implementation and post-Project 
monitoring are described further 
below, with additional information 
available on the Project Completion 
Report DVD. 

Implementation Monitoring

Photo Documentation Monitoring

Prior to Project initiation, photos 
were taken to document site condi-
tions before any ground-disturbing 
activities.  Photopoints were 
established on the valley bottom 
where activities were taking place 
as well as on the easterly ridge in 
order to obtain an aerial view of 
changes to the Project site (Figure 
7).  Photopoints were established 
throughout the Project area to 
compare pre-Project conditions to 
post-Project conditions, document 
construction of Project features, 
and observe changes that occur as 
the constructed channel is exposed 
to various flow regimes in years to 
come.  During Project construction, 
photos were taken at a minimum 

of once every 2 weeks.  After Project completion, photos 
were taken during and after bankfull events and summer 
low-flow conditions.  

In addition to weekly photopoint documentation, a 
time-lapse camera station was established on the eastern 
ridge of the Project area.  The purpose of the time-lapse 
camera was similar to the use of photopoints in that 
it captured changes to the construction site over time.  
The time-lapse site allowed more frequent observation 

of day-to-day Project activities and site development.  
Photos were taken automatically every 20 minutes of the 
northern two-thirds of the Project area.  This site was set 
up in mid-May and continued to record photos every 20 
minutes until early December, when construction had 
commenced and grasses started to revegetate the Proj-
ect area.  Once time-lapse photography concluded for 
the year, all the photos were compiled and turned into a 
time-lapse video lasting 7 minutes 30 seconds.

Vegetation Monitoring

As noted above, many areas were flagged and/or fenced 
off to notify construction personal to avoid any damage 
to vegetation within these locations.  During construc-
tion, project managers inspected areas outside of the 
specified clearing limits, as well as flagged vegetation 
clumps within the Project footprint, for any damage 
due to Project construction.  If any areas were disturbed 
and were in need of rehabilitation they were noted and 
included in project revegetation.  

During the clearing and  grubbing phase of early 
Project construction, project managers worked ahead 

of construction equipment flagging trees and shrubs 
to be saved for transplant or to be retained due to the 
vegetation being located in an area that would fit into 
project design specifications.  All areas that met project 
elevations prior to clearing and grubbing were marked 
to be left undisturbed so that the established vegetation 
would be retained and reduce any undue disturbance.  
This work saved approximately 4 acres of undisturbed 
vegetation that had the potential to otherwise be cleared 
and grubbed down to bare soils.  Observations have 
shown that plantings in proximity to saved vegetation 
have benefited from the increased shade and cooler 
climate produced from these reserved areas.

Sediment Monitoring

During the implementation phase of the Project, particu-
larly on days involving in-water activities, UNF engineer 
staff coordinated with the construction team to provide 
turbidity monitoring in Meacham Creek at and down-
stream of the Project area.  The purpose of the monitor-
ing was to ensure that water quality was not adversely 
impacted by sediment disturbance due to in-stream 
Project activities.

Figure 7.  Meacham Creek 2011 Floodplain Restoration and Instream Enhancement  
Photopoints

Date Reading Action Taken 

5.11.11 47.33 NTU Contractor shut off pump and correctly installed silt curtain that was not anchored down properly to adjust BMPs.  Second 
reading was 22.78 NTU.  The contactor installed another check dam after this reading. 

5.16.11 10.9 NTU Contractor diverted tributary that was flowing into new channel into a wetland area to adjust BMPs.  Second reading was 5.4 
NTU and very close to within tolerances.  Contractor inspected BMPs and made sure all were correctly installed. 

5.24.11 15.69 NTU Contractor relocated pump discharge line to an undisturbed vegetated area to adjust BMPs.  Second reading was 103.51 
NTU.  Inspector informed contractor that they needed to stop work for a 24-hour period. 

7.18.11 6.2 NTU Contractor installed straw bales. 

7.19.11 27.21 NTU Contractor was told to stop taking gravel directly from the streambed.  That dramatically decreased the turbidity.  Second 
reading was 14.8 NTU.  Contractor added straw bales to keep water in side channel. 

7.20.11 27.22 NTU Contractor added more straw bales and a straw waddle to side channel to keep pump discharge from going back to into the 
main channel. 

7.21.11 70.21 NTU Contractor was instructed to stop work in the area where the disturbance was occurring for 24 hours according to the permit. 

7.28.11 11.6 NTU Contractor installed check dams in the new channel.  Afternoon reading was 11.76 NTU.  More check dams were installed. 

7.29.11 35.5 NTU Contractor stopped all in water work.  Afternoon reading was 38.2 NTU.  Contractor continued to work in other areas outside 
of the water. 

8.8.11 5.6 NTU Contractor made adjustments to existing BMPs. 

8.15.11 9.2 NTU Contractor adjusted existing BMPs. 

8.16.11 118 NTU Contractor was told to stop in-stream work for 24 hours. 
 

Table 6.  Summary of Sediment Monitoring Results
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The following captures days when turbidity levels exceed-
ed the allowable nephelometric turbidity units (NTU) for 
the Project.  All cases where turbidity exceeded 5 NTU 
were documented along with what actions were taken.  
Turbidity was documented in the 5–29 NTU range a total 
of 7 days, in the 30–49 NTU range on 2 days, and at 50 
NTU and greater on 3 days.  Table 6 provides an example 
of day-by-day summary of monitoring.

Fish / Wildlife Monitoring

During Project construction, project managers were on 
the ground to make sure fish and wildlife concerns were 
accounted for.  Various areas were flagged and marked 
to preserve as much wildlife habitat as possible; manag-
ers ensured that these areas were left undisturbed and 
protected these locations to the highest extent possible.  
If a Project activity could not be accomplished without 
entry into a “save” area or removal of “saved” vegetation, 
managers were notified and worked with construction 
personal to minimize any potential impacts.  While work 
was conducted in-stream, project manages ensured that 
proper fish exclosures were in place and that the area 
had been salvaged as permits specified.  Prior to any fill-
ing activities, work areas were inspected for absence of 
fish and fish enclosures were checked to confirm no fish 
could migrate into the work area(s).

Groundwater Well Monitoring

In 2010 the CTUIR entered into a collaborative project 
with Montana State University to monitor groundwater 
and surface water in Meacham Creek with the following 
three objectives:

1. Quantify water residence time distribution both 
prior to and after restoration actions to assess 
changes in recharge and discharge between 
Meacham Creek and its alluvial aquifer (hypo-
rheic exchange).

2. Establish a monitoring network of stream ther-
mographs to measure changes in the surface and 
subsurface water temperature due to restoration 
actions.

3. Pilot a new method of stream restoration 
monitoring that will have broad utility to other 
restoration efforts in the region.

Actions to meet these objectives to date are presented 
below.

Groundwater Modeling

In late 2010 and early 2011, groundwater hydrology of 
the baseline and restored channel alluvial aquifers was 
modeled using the USGS groundwater modeling soft-
ware MODFLOW (Harbaugh 2005), where the main 
input into the aquifer was the water surface elevation of 
the creek plan form.  Surface water elevation was derived 
from first-return LiDAR for the baseline condition, and 
under the restored condition it was based on “filling” the 
design channel pools and the riffle ground elevations.  In 
either case, aquifer thickness was assumed to be 5 meters 
in the valley center, tapering to 0.5 meter at the valley 
wall using the LiDAR terrain model as the surface.  Once 
the potentiometric flow surface was developed, subsur-
face flow path lines through the potentiometric flow field 
were generated by releasing “particles” along the creek 
using the USGS solute modeling software MODPATH 
(Pollock 2008).

The groundwater modeling predicted that there would 
be a significant shift in groundwater surface elevation, 
as well as in the pattern and magnitude of exchange 
between groundwater and surface water in the Project 
reach.  Based on these initial hydrologic simulations 
of the site (Figure 8), it is predicted that the residence 
time distribution of hyporheic water will shift to include 
a higher number of intermediate duration hyporheic 
flow paths, but that the magnitude of gross hyporheic 
exchange may either increase or decrease, depending on 
the change in hydraulic conductivity (Figure 9).

Groundwater Elevation and Temperature Monitoring

During the spring and summer of 2011, a series of 
32 monitoring wells was installed prior to and dur-
ing stream restoration activities.  Two more wells were 

Figure 8. Results from MODFLOW Simulation Showing Expected Influence of Restoration on Hyporheic Flow Paths (gray 
lines) on the Meacham Creek Restoration Site.  Dots show locations of installed monitoring wells in the Project site 
area.

Figure 9. Simulated Hyporheic Flow-path Residence Time Distributions Based on MODFLOW Groundwater Models Depicted 
in Figure 8
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installed in mid-2012.  Each well has a water level and 
temperature logger.  Twenty of the well loggers were de-
ployed 6 weeks before the restoration project began, and 
another 12 were deployed just prior to diversion of flow 
to the new channel; 24 loggers remain deployed, while 
the remainder were either accidentally broken during 
construction or were removed during construction or 
prior to the onset of seasonal high flows. 

Results from the initial MODFLOW modeling (Figure 
8) were used to select well locations that captured the 
expected range of hyporheic residence times across the 
alluvial aquifer, both prior to and after channel realign-
ment.  Because daily and seasonal temperature signals 
are useful tracers of groundwater movement as well 
as indicators of systematic changes in the temperature 
status of water as it moves through the hyporheic zone 
(Stonestrom and Constantz 2003; Hoehn and Cirpka 
2006; Arrigoni et al. 2008), changes in the patterns of wa-
ter temperature across this well network that reflect the 
restructuring of hyporheic hydrology within the alluvial 
aquifer are expected.

Surface Water Temperature Monitoring

In 2011, 30 temperature loggers were deployed in surface 
water features along the restored stream channel prior to 
diversion of flow into it.  In addition to those loggers de-
ployed along the restored channel reach, approximately 
20 more temperature loggers were deployed in the main 

channel above and below the Project reach as well as in 
groundwater upwelling features near the channel and in 
the floodplain.  The groundwater upwelling features in-
clude springs, flowing backwater areas, and spring brooks 
far removed from the channel.  In 2012, 54 surface water 
temperature loggers were deployed.  Twenty-eight of 
those were placed in the main flow of Meacham Creek 
along the restored reach at hydrologic breaks roughly 
corresponding to defined aquatic habitat features (e.g., 
pool, riffle, etc.).  The remaining temperature loggers 
have been deployed in groundwater upwelling features 
similar to 2011.

Results to Date

Work on the groundwater and surface water hydrologic 
and temperature monitoring is ongoing, and aside from 
the preliminary hydrologic modeling, no substantive 
results are yet available.  However, observation of over 
25 groundwater upwelling features along the restored 
channel (Figure 10) show that there has been a substan-
tial shift in groundwater hydrology at the restoration site.  
These features include a range of types from strongly 
flowing springs to seeps along the downstream margin of 
point bars marked by filamentous algae growing in these 
nutrient-enriched outflows (Figure 11).  In addition, ob-
servations of groundwater flow into the exposed portions 
of the baseline channel and in other areas throughout the 
floodplain suggest substantial changes in groundwater 
hydrology.  It is expected that there have been concomi-

Figure 10.  The Location of Groundwater Upwelling Features along the Restored Reach of Meacham Creek Observed in 
Summer 2012 (image courtesy of Google Earth)

tant changes in the thermal 
processes of the aquifer as 
well.  Cursory exploration 
of level logger data confirms 
these observations.

Ongoing Work

In 2012 and 2013, the ground-
water hydrology models, a 
groundwater thermal model, 
and an energy balance for the 
restored reach of Meacham 
Creek will be updated.  Tem-
perature and water level data 
collected to date and in the 
future will be used to develop, 
corroborate, and check the 
models and energy balance.

Post-Project Monitoring

In addition to the ongoing groundwater modeling, an as-built survey was conducted to evaluate conditions post-
Project.  Further evaluation of post-Project conditions, including geomorphic and aquatic habitat conditions, is being 
conducted utilizing the CHaMP protocol.  To evaluate changes in vegetation conditions in the Project reach, vegetation 
monitoring is being conducted by the CTUIR and USFS.  Monitoring of fish and wildlife species in the Project reach is 
being done by the CTUIR.  Further information on each of these monitoring activities is described below.

As-Built Survey

Following Project completion, an as-built survey of the 
floodplain and channel was conducted in the fall of 2011.  
Based on the as-built survey, differences between the 
quantities of material specified in the design versus the as-
built conditions were identified (Table 7) and a technical 
memorandum was developed for the as-built assessment.

The as-built assessment identified the following related to 
material quantities: 

 ■ Approximately the same amount of material was 
cut during construction as estimated based on the 
design, but not necessarily in the same locations 
(i.e., additional material was excavated from the 

Figure 11.  An Actively Flowing Groundwater Spring and Seep (note filamentous algae 
  growing in nutrient-rich outflow) along the Restored Reach of Meacham Creek 
  in Summer 2012

Description Cut (CY) Fill (CY) 

Design Total In-place Earthwork 121,089 117,027 

As-built Total In-place Earthwork1/ 120,678 83,1462/ 

Difference 411 33,881 

Design Old Channel In-place Backfill 438 92,757 

As-built Old Channel In-place Backfill 5,877 48,030 

Difference -5,439 44,727 
Notes: 
1/ Quantities calculated for existing channel backfill, levee removal, 

channel and gravel bars, tributary, fill and compact areas, and 
streambed gravel. 

2/ In-place fill estimate does not account for material placed in structures 
such as the terrace, diversion plug, and other areas outside the main 
channel gravel bar. 

 

Table 7.  Quantity Comparisons Between the Design and 
               As-built
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Figure 12.  As-built Survey Detail and Laser Scan Imagery

 E

N            S

 W

Structure Detail

Terrestrial Laser Scan

levee and material in some gravel bar locations was 
left in place where vegetation was preserved);

 ■ Fill not accounted for may have been placed and 
compacted as part of construction of structures 
such as the terrace, diversion plug, and old channel 
plug 2; and

 ■ In-place density of cut material appears to be less 
than the in-place density of fill material, which 
means additional fill material was typically needed 
to fill and compact influenced cut and fill 
volumetric quantity estimates.

These differences were 
found to be likely 
attributed to the ac-
curacy of the LiDAR 
surface used to create 
cut and fill quanti-

ties; the lack of specificity by the engineers in compac-
tion specifications to the contractors; overcompaction of 
structures such as terraces, diversion plugs, and channel 
plugs, allowing the contractors to alter access roads from 
the Project design and drive heavy machinery consis-
tently over areas thus increasing compaction in areas of 
critical elevations; and under excavation of side channels 
1 and 2 and certain outside banks and gravel bars.  The 
as-built assessment determined that the under excavation 

of side channels 1 and 2 and certain outside banks and 
gravel bars were not critical deviations from the design 
considering the dynamic behavior of Meacham Creek.  
However, additional assessments and hydraulic model-
ing were determined necessary to evaluate conditions 
resulting from not backfilling the existing channel to the 
specified elevations in the design.  Furthermore, because 
neither the southern embankment nor physical habitat 
features were surveyed in the 2011 as-built survey, an 
additional survey needed to be conducted.  Thus, in 
the summer of 2012, additional channel and floodplain 
topography, as well as the southern embankment and 
physical habitat features, were surveyed.  The results from 
both the 2011 and 2012 topographic surveys facilitated in 
further evaluating and comparing pre-Project conditions 
versus the design and as-built conditions (Appendix A).  
Based on preliminary results from surveying the south-
ern embankment, the elevations along the embankment 
are typically lower than the Project design embankment.  
Although the as-built southern embankment elevations 
are lower than the Project design, there remains approxi-
mately 3 feet of free board during the 100-year flood flow.  
Figure 12 illustrates the physical habitat features in the 
Project reach that were surveyed in the summer of 2012.  
Because the survey occurred in the summer post-Project 
construction, only those features that were visible were 
surveyed.

DVD Content

See “As-built 
Assessment” PDF in 
folder “Section 3”.
DVD located inside back cover
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CHaMP Based Monitoring

The CHaMP protocol has become the standard protocol for the Columbia River Basin monitoring programs evaluating 
the major population groups listed under the ESA.  CHaMP provides a highly effective and consistent basis for moni-
toring geomorphic and habitat conditions in Meacham Creek.  Following the protocol specified in the CHaMP (2011) 
training version 1.1, surveys were conducted for three 600-meter-long reaches (300 m upstream and downstream from 
the starting point) within the Meacham Creek watershed at RM 2.5, RM 6, and RM 8.5 in July 2012.  The reach at RM 
6 provides a representative sample to assess outcomes from the Project, with the two additional reaches as comparison 
areas.  Data collection focused on 16 habitat attributes as shown in Table 8. 

Pool Frequency 
Channel Complexity 

Residual Volume 
Substrate Fines 
Drift Biomass 
Bank Angle 

LWD Volume 
Fish Cover 

Unit Volume 
Riffle Substrate Size 

Wetted Width 
Sinuosity/Wavelength 
Water Temperature 

Alkalinity 
Wood Volume 

Thalweg Elevation 
Elevation Cross-Sections 

Pebble Counts 
Flow/Discharge 
Channel Slope 

Pool to Pool Spacing 
Width/Depth Ratio 

Bankfull Area 
Mean Depth 

Hydraulic Radius 
Bankfull Width 

Radius of Curvature 
Air Temperature 

Conductivity 
Wood Frequency 

 

Table 9.  Metrics to be Calculated from Monitoring Data

DEMs for each reach and associated metrics (Table 9) to 
summarize the habitat quality and quantity of each reach.

Vegetation Monitoring

USFS and CTUIR did walk-through monitoring of the 
plantings in May, and again in August during the season-
al drought.  Informal reports were written for each field 
visit and are included in the appendix to this document.  

In the summer after Project completion, CTUIR person-
nel established five vegetative transects (see Figure 13) to 
be measured annually for a minimum of 5 years.  Vegeta-
tive 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-Project 
plantings.  Transects consisted of a 100-meter transect 

line with ten 7-square-meter circular 
plots (1.5-meter radius), with plot centers 
at every 10 meters (10 m, 20 m….100 m).   
Each transect covered approximately 
70 square meters (700 square feet) and 
CTUIR tallied the total number of live 
and dead plants per species and made 
note of suspected mortality (e.g., browse, 
site conditions).

Fish Monitoring

During the summer of 2012, Umatilla 
Fish Habitat Biologists snorkeled 
various habitat features within the 
Project reach.  The intent of conducting 
the survey was to get a general idea of 
fish use (particularly Chinook salmon 
and the threatened 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 newly constructed 
channel, and 2) gain knowledge of fish 
use so that it can be applied to design 
goals for future restoration work in 
Meacham Creek.  

Previous efforts in Meacham Creek at-
tempted to estimate the population of 
summer rearing fish through the use of 
block nets and multiple pass depletion.  Figure 13.  Vegetative Transects

Topographic survey data were collected to develop a 
digital elevation model (DEM).  This is currently being 
used to calculate additional metrics (Table 9) describing 

the habitat.  These data can be normalized by data col-
lected in a control reach to isolate the effects of projects 
from the environmental variation that might be inherent 
within the Meacham Creek system itself.  The CHaMP 
monitoring strategy supports the Umatilla River Vision 
by measuring Project achievement of stable channel mor-
phology, floodplain connection, adequate LWD, complex 
habitat, and a healthy riparian corridor.

Based on the data collected following the protocol speci-
fied in the CHaMP (2011) training version 1.1, a sum-
mary report is under development that will present the 
baseline data in the specified stream reaches.  Results 
presented in the summary report can be used for detect-
ing geomorphic change over time when compared to 
future CHaMP-based surveys.  The report will include 

Table 8.  Habitat Attributes Collected in CHaMP Based Surveys

Habitat Attributes Description 

Channel Unit Channel units are identified in the reach as the operational unit for fish use and habitat quality. 
Fish Cover  Cover provided for fish by wood, undercuts, overhanging vegetation, and artificial sources.  
Channel Unit Substrate Composition  Ocular estimate of substrate class distribution in each channel unit.  
Particle Size Distribution  Substrate measurement of 210 particles to characterize reach-scale surface substrate.  
Particle Embeddedness  Embeddedness of cobbles sampled as part of the particle size distribution.  
Pool Tail Fines  Particles less than 6 mm and less than 2 mm are documented in three grids at the pool tail crest of each pool.  
Large Woody Debris  Pieces of wood by size class in each channel unit within the bankfull channel are counted.  
Site Map  A site map showing major habitat features, site layout and benchmarks is created.  
Site Photos  Photos are taken at transects 1, 6, 11, 16, and 21 to document reach conditions.  
Solar Input  Solar pathfinder is used to document the solar input across the stream at transects 1,6, 11, 16, and 21.  
Riparian Structure  Riparian vegetation structure is documented for canopy, understory and ground cover.  
Water Temperature  Hobo tidbit water temperature logger is installed.  
Air Temperature  Air temperature logger is installed.  
Stream Discharge  Steam discharge is measured.  
Water Chemistry  Conductivity and alkalinity are measured.  
Macroinvertebrate Drift  Drift replicate samples are collected upstream of the sample site.  
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The snorkeling done in the summer of 2012 had different goals than prior years in that there was no attempt to 
extrapolate an estimate of summer rearing fish populations within the snorkeled and surveyed areas.  As men-
tioned above, a variety of habitat units were selected to be snorkeled to gain knowledge on which habitat types are 
targeted by summer rearing fish.  Many of these units were very small and specific micro habitats like small scour 
pools surrounding a placed tree with an attached rootwad.  Also, units were not blocked off with nets, so fish could 
easily move in and out of the area being snorkeled, but still be observed and counted.  Due to the above mentioned 
reasons, it is not feasible to compare past summer rearing fish survey results to the effort done in the summer of 
2012.

At the time of the survey, the Project had experienced one full year of winter flows, which included a bankfull 
event and five near-bankfull events.  As expected, these winter flows adjusted the channel and created a variety of 
micro habitats that did not exist prior to winter flows and will continue to persist throughout the summer.  It is 
expected that high flows in winter of 2012 and 2013 will continue to change the structure of the channel and again 
create newly developed habitat features.  This 
will provide a unique opportunity to moni-
tor fish use in newly developed habitat types 
within a dynamic and developing stream 
reach and look for trends of fish use in vari-
ous 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 restora-
tion efforts continue on into the future this 
information will be incorporated into design 
plans.  The results of the 2012 snorkel survey 
are summarized in Table 10.

Habitat Type Sum of STS 1+ Sum of STS 0 Sum of CHS 0+ 

Alcove 9 11 8 

Glide 138 435 74 

Isolated Pool 53 552 29 

Lateral Scour Pool 219 274 76 

Plunge Pool 27 4 0 

Riffle 18 80 1 

Straight Scour Pool 204 600 94 

Trench Pool 35 17 37 

Isolated Wetland 0 1 2 

Grand Total 703 1,974 321 

Survey conducted on 7/3/12 (36 cubic feet per second [cfs]) and 7/6/12 (26 cfs) 
 

Table 10.  Habitat Type and Numbers of Fish Observed
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Lessons Learned

The Project was successful at decisively developing and implementing 
an ambitious vision to restore in-stream and riparian habitat for ESA-listed 
and non-listed fish species, and to meet the First Foods mission of the CTUIR.  

Project success has come in many forms, including press recognition and awards (see 
below), but most importantly from the changes in geomorphic characteristics and 
increased habitat complexity evident on the ground (see Appendix A).  While the Project 
has achieved success on many levels, many lessons were learned during the design 
process, implementation of restoration measures, and writing of this Completion Report.  
Provided in the following subsections are those lessons learned, which are critical to 
review and carry forward into future projects in the Meacham Creek watershed. 

Integrating Data Sets

Meacham Creek is a gravel-bed fluvial system that routinely modifies physical character-
istics and channel alignment during peak flow events.  In order to have complete topog-
raphy for developing a base map in the design reach, in-stream topographic survey and 
floodplain LiDAR data were made available from the CTUIR with the goal of merging 
the two data sets to develop a single Meacham Creek in-stream and floodplain surface.  
During the development of the Project base map, merging the two data sets revealed ele-
vation differences between the two data sets.  Specific complications that occurred during 
the integration of the Meacham Creek topographic survey and LiDAR data include:

1. LiDAR and topographic survey performed in different coordinate systems;

2. Design engineers not thoroughly checking coordinate systems; 

3. LiDAR based on a coarse 1-meter grid; and

Section 4

M E A C H A M  C R E E K  R I V E R  M I L E  6  T O  7   C O M P L E T I O N  R E P O R T  

(Process Step 6 )

4. Differences in accuracy between LiDAR, topo-
graphic survey data, and on-the-ground conditions 
associated with annual changes in physical charac-
teristics and channel alignment during peak flow 
events.

Design Process and Objectives

The key to any in-stream enhancement project is to 
consistently evaluate if the design is meeting the Proj-
ect objectives.  Critical to evaluating if the design meets 
the Project objectives begins with knowing the level of 
flexibility in the design process (rigid design process 
versus fluid design process) and how that relates back 
to the overall Project objectives.  This requires clearly 
defined Project objectives, and agreement on the design 
process, key considerations for the design, and associated 
design alternatives.  In addition, a fluid design process 
will require more flexibility built into the design.  For 
design of a project on Meacham Creek where the sys-
tem is dynamic and channel adjustment is annual, a less 
rigid design process is necessary with the design team 
frequently evaluating if the design, alternatives, and any 
contingencies in the design reflect the Project objectives.  
This approach should be integrated not only into the de-
sign itself, but also into the overall processes, such as the 

geomorphic characteristics in the Design Criteria Docu-
ment and hydraulic modeling in the design phases of the 
Project.  During the development of the Design Criteria 
Document, and continuing through the design phases of 
the Project, the engineering approach followed a design 
process and design criteria that were too rigid, and that 
did not provide enough contingencies.  To facilitate in a 
more fluid design process, the following specific ques-
tions should have been raised in more detail throughout 
the design phase of the Project:

1. Are Project objectives clearly defined?

2. What is the most effective approach to advance 
the design process while ensuring that appropri-
ate alternatives and contingencies are built into the 
design?

3. What approach should be taken while maintaining 
the Project scope, schedule, and budget when criti-
cal design changes occur that could affect sediment 
deposition and transport in the dynamic Meacham 
Creek channel?

4. What are the objectives for all data collection and 
modeling activities and what questions will the 
information assist in answering?
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5. Are the design process, data collection, and model-
ing activities conservative enough to provide guid-
ance for developing contingencies and for evaluat-
ing whether Project objectives are being met?

Design Communications and Coordination

Coordinating with participating agencies and permitting 
are inherent parts of any design.  Permitting a project is 
a necessary step and an important process to ensure that 
all needs of the Project are met.  The time and input for 
this process can vary significantly from project to project, 
and ample time for permitting should be included for 
any dynamic project such as the Meacham Creek Project.  

Effective communication of project intent and key design 
considerations is critical to meeting Project objectives.  
It is important to have open dialog about all project 
details including specific design considerations and the 
feasibility of various design alternatives.  In this process, 
the strengths and weaknesses of all design alternatives 
should be clearly communicated.  Design communica-
tions need to consider on-the-ground experience and site 
knowledge in addition to model and assessment results 
of design alternatives.  The details about design analy-
sis methods and how decisions were made needs to be 
clearly communicated and adequate time allocated to the 
review process.  A major strength of the Project design 
process was the alternative analysis conducted between 
the Conceptual Design (30%) and Preliminary Design 
(60%).  This process provided the CTUIR and USFS 
with the opportunity to comment on three design 
alternatives early in the design, request a combina-
tion of these three alternatives into two options (Op-
tions 1A and 1B), and through a decision framework 
(see Figure 5), select a preferred alternative.  Al-
though this process was successful at ensuring that 
the preferred alternative best supported the Project 
Vision, as the design process advanced through 
Preliminary Design (60%) and Draft Project Design 
(90%), less and less emphasis was given to com-
municating and coordinating design changes, to the 
evaluations used to support the changes, and to time 
allocated for review.  To facilitate in communica-

tion and coordination, the following specific questions 
and approaches should have been raised and identified 
throughout each design phase of the Project: 

1. What are the strengths, the weaknesses, and the 
recovery effectiveness of the changes in the design 
as it advances?

2. What level of communication and documentation 
of analyses are needed to evaluate various design 
changes and to document how decisions are made?

3. What approach should be taken to ensure Design 
Team members understand and are prepared to 
communicate changes in the design as it advances?

Design Extents Based on Project Scope 
and Basin Characteristics

The channel geometry of any stream reach is influ-
enced by factors in the basin that are outside the reach.  
Throughout a design process it is important to evalu-
ate up- and downstream characteristics and to consider 
naturally occurring grade control features; flooding, 
channel dewatering, and braided channel characteristics; 
and drainages entering the design reach.  During the 
development of the Project design, the importance of 
gravel bar topography and its influence on grade con-
trol, the frequency of braided segments, the fate of bars 
and islands, and small drainages entering the floodplain 
were not given adequate consideration.  For example, 

the Project design did not adequately provide contingen-
cies for up- and downstream channel alignment changes 
prior to construction, or for small drainages entering 
the floodplain on the west valley wall.  Although during 
construction the Design Team effectively addressed con-
necting the design plan and profile to the changes in the 
up- and downstream channel alignment, and constructed 
a wall-based channel for the small drainage entering the 
floodplain, these issues should have been more effectively 
addressed during the design phase.  Specific questions 
that should have been raised in more detail throughout 
the design phase of the Project to effectively manage the 
design extents include:

1. What conditions up- and downstream are likely to 
change over time and alter the scope and associated 
design extents of the Project reach?

2. What considerations have been given to any small 
drainage(s) entering the floodplain within the de-
sign extents?

Construction Decision Process
Decisions will be made in the field during construction 
when a project design is being implemented.  Because 
field decisions are time critical and do not always receive 
additional evaluations, it is important to have a well-es-
tablished process for decision making and a contingency 
plan to establish who will make decisions in the absence 
of key decision makers. This depends, in part, on the 
type of decision being made and the potential risk to the 
project design.  For example, prior to construction of the 
Project, the Design Team had clearly defined which deci-
sion maker decided on engineering, environmental, and 
financial questions from the contractor through a con-
struction communication plan.  However, the plan could 
have been improved by verbally presenting the plan to 
all individuals on the construction site and demonstrat-
ing that while the Project entailed multiple owners, some 
changes would require input from multiple individuals 
while others could be made immediately.  Specific ques-
tions that should have been addressed more effectively in 
the construction decision process include:

1. What types of decisions require input from mul-
tiple individuals who may not be present on the 
construction site, and what types of decisions can 
be made immediately?

2. When a decision requires additional time to ad-
dress, what contingencies do the Design Team and 
contractor(s) have in place to ensure Project activi-
ties are not held up unreasonably?

Construction Layout
Accurate construction staking is paramount to correctly 
and efficiently constructing a large channel reconstruc-
tion design.  A set of paper plans are a good reference to 
use, but the site should still require construction stak-
ing of the design to accurately build a project and to 
ensure adequate construction oversight.  For example, 
the Project design specifications described the staking 
requirement for construction; however, the construc-
tion contractor used a real-time kinematic survey-grade 
Global Positioning System on construction equipment 
and a surface elevation model during construction while 
providing limited staking of the Project design prior to 
and during construction.  Although this worked well for 
the construction team, it was more difficult for the De-
sign Team to review elevations, answer questions about 
stationing and structure layout, and address changes 
resulting from conditions on the ground.  Prior to and 
during construction, accurate staking of future project 
designs should occur. 

Construction Dewatering

Contractors sometimes view effective construction 
dewatering during in-stream construction as a time-con-
suming exercise, but time can be saved when a wet work 
environment is not continually encountered and the 
majority of the work is performed under dry conditions.  
Complete dewatering of all water, including subsurface 
flow, is difficult and may not be practical or feasible.  Be-
cause contractors push construction timelines and often 
recognize that dewatering of all water is not likely practi-
cal or in their opinion feasible, dewatering details and 
specifications established prior to construction are not 
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always adhered to during implementation.  For example, 
the downstream berm that was constructed for dewater-
ing and isolating the Project alcove and connection of 
the new channel alignment during construction was not 
effectively built to the design specification and did not 
provide sufficient protection from flows breaching the 
berm.  This resulted in the contractor working in wet 
conditions that made it difficult to excavate.  As excava-
tion progressed, downstream turbidity increased, result-
ing in shutting down construction one afternoon due to 
increased sedimentation.  Although dewatering might be 
viewed by contractors as a time consuming task, it pro-
vides time savings as construction activities progress.

Construction Activity Focus Areas

Some construction activities are more critical to project 
success than others and should be given a higher prior-
ity when described to a contractor.  Prior to and during 
construction, it is important to describe to a contractor 
areas that are critical for earth moving and that will affect 
project function, versus areas that are less critical.  For 
example, the Project design access roads provided critical 
paths that would lessen surface compaction and ensure 
protection of constructed structures.  When the con-
tractor was allowed to change the location of an access 
road, over compaction of the surface and constructed 
structures occurred that required reshaping of adjacent 
floodplain topography.  In contrast, the contractor was 
informed it was critical to reshape the downstream extent 
of a midchannel bar despite the transitory nature of these 
specific design features.  These two examples could have 
been effectively addressed by the Design Team identi-
fying which Project design elements were critical for 
Project function versus which were less critical.

Construction Surface

Accurately constructing the design surface is critical to 
successfully implementing a project design, both during 
the design phase and throughout on-the-ground con-
struction.  Various factors can affect the accuracy of the 
surface during both the design and construction phases.  

The following three examples demonstrate lessons 
learned related to the Project construction surface:

1. As was previously described under Design Process 
and Objectives, the level of accuracy of the data 
used to develop the surface dictates the accuracy of 
the design surface and affects the ability to answer 
specific questions about topography and outcomes 
from modeling and assessments at a finer scale.  
For the Project design surface, the coarse 1-meter 
resolution LiDAR data set dictated the level of ac-
curacy in floodplain topography.

2. During the development of a project design, it must 
be made known how the design surface will be 
used.  For example, Tapani Underground construc-
tion equipment was able to construct elevations 
based on the design surface.  However, because the 
contractor had not been selected during the design 
phase, the surface developed for the Project design 
was not specifically designed for use with their 
construction equipment.  This resulted in some 
early difficulties in translating the surface to the 
appropriate format for construction.  In addition, 
because the contractor had this ability to view the 
surface during construction, the stamped Project 
design drawings were viewed secondarily to the 
surface in the construction equipment.  

3. Changes in construction access routes can have an 
impact on the final surface elevations.  For example, 
instead of utilizing the Project design access roads 
for the Phase II portion of construction, the con-
tractor developed an access route going from the 
staging area, through the compact and fill area near 
the UPRR access road, and crossing the new chan-
nel alignment with a temporary bridge near station 
35+00 to access the extents of the existing channel 
for backfilling purposes.  In utilizing this specific 
access road, the contractor continuously drove 
heavy equipment frequently over the compact and 
fill area, over floodplain structures, and across the 
floodplain before arriving with loads of material for 
backfill.  This resulted in over compacting each of 
these areas and altering the construction surface. 

Constructed Structures 

The placement of in-stream structures needs to correspond with its 
intent and requires an understanding of the potential fate of the struc-
ture over time.  Channel adjustments over time can result in changes 
in the functional role of structures.  Because of potential changes, it is 
important to understand the role of structures depending on where they 
are placed in the channel (e.g., bar or an island) and how long they will 
last.  For example, Project design elements and structures such as over 
extended meander bends (i.e., maximum meander patterns) and riffle 
rocks for grade control (as described under Design Process and Objec-
tives) may not be effective at maintaining the amplitude or design grade, 
respectively.  In addition, Project constructed mid-channel bars may 
temporarily provide grade control, but migrate further downstream fol-
lowing a peak flow event.  Furthermore, where Project log structures are 
not constructed to curve away from the channel and into the floodplain, 
localized bank instability and channel downcutting may occur.  These 
examples demonstrate the importance of evaluating the role and spatial 
and temporal relationship of the structure to the Project design and of 
ensuring enough detail is provided in the design drawings for the con-
tractor to construct the structure.

Construction Backfill Shortage and Project Design 
Modifications

Communication between a project design team and the contractor is 
extremely important to alleviate any errors in assumptions, construc-
tion timing and sequencing, and material quantities.  For example, 
during Project construction, communication between the Design Team 
and contractors was imperative when it was determined there would be 
a shortage in backfill material.  As previously discussed under Project 
Design Modification, approximately 48,030 cy of material was used for 
backfilling and grading of the existing channel, resulting in a 44,727 cy 
shortage of material for backfilling the existing channel.  

To address this shortage, the Design Team evaluated alternative ap-
proaches, from constructing additional log and rock plug structures to 
importing additional fill material.  Based on the Design Team evaluation 
and a comparison to the Project Design Criteria Document, an addition-
al plug was constructed near station 35+00 (see Project Design Modifica-
tion section), resulting in a wetland complex, and the available 48,030 
cy of backfill was placed between the upstream diversion plug and the 
additional plug near station 35+00 that was previously described.  Avail-
able fill and large wood were placed between the additional mid-project 
existing channel plug near station 35+00 and the most downstream 
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originally designed existing channel plug to shore up the 
remaining flow in the existing channel and to develop 
an approximately 5-foot-wide, wall-based channel that 

would provide off-channel 
habitat.  This wall-based 
channel also provided a 
flow path for any potential 
hillside runoff and up-
stream flow draining from 
the wetland complex.  The 

wall-based channel remained hydrologically connected 
to the newly constructed alignment of Meacham Creek 
near the downstream end of the Project.   

The backfill material shortage, the evaluation of design 
modification alternatives by the Design Team, and the 
construction of the plug and wall-based channel, necessi-
tated effective communication to successfully implement 
the approach.  Although the shortage in backfill mate-
rial resulted in a design modification that was deemed 
necessary during construction and was successfully 
implemented, the design change was documented and 
required further assessment following the as-built survey.

As previously discussed under Post-Project Monitoring, 
an as-built survey of the Project was conducted in the fall 
of 2011, differences between the quantities of material 
specified in the design versus the as-built conditions were 
identified (Table 7) and a technical memorandum was 
developed for the as-built assessment.  The as-built as-
sessment identified that the differences in backfill quanti-
ties were likely attributed to the accuracy of the LiDAR 
surface used to create cut and fill quantities; the lack of 
specificity by the engineers in compaction specifications 

to the contractors; 
overcompaction of 
structures such as 
terraces, diversion 
plugs, and channel 
plugs; the alteration 
of access roads from 

the Project design by the contractors, which allowed 
heavy machinery to increase compaction in areas of criti-

cal elevations; and under excavation of side channels 1 
and 2 and certain outside banks and gravel bars.  

Although during construction the Design Team effec-
tively addressed the shortage in backfill material with an 
approach that improved off-channel areas (see Appendix 
A), the identified differences in backfill quantities should 
have been more effectively addressed during the design 
phase instead of during construction.  Specific questions 
that should have been raised in more detail throughout 
the design phase of the Project to effectively avoid the 
shortage in backfill material and design modifications 
include:

1. What is the level of accuracy in the design surface 
and what implications for modeling and construc-
tion quantities will the accuracy have on both the 
design and construction phases?

2. What elements of the project design require com-
paction specifications and to what level of detail?

3. What areas of the project are critical for no access 
during construction?

4. What amount of staking should be required in the 
design specifications and how will the design team 
ensure construction activities meet the specified 
design stations and elevations?

Vegetation Establishment

The Project design included a site-specific revegetation 
planting plan.  Based on the design and construction 
specifications, the planting plan included a recommend-
ed plant species list and quantities for riparian, flood-
plain, and wetland planting zones as identified within 
the Project area.  Although a revegetation plan was part 
of the Project design, it proved difficult in the design to 
identify ideal site-specific planting and growing loca-
tions that would enhance planting survival according to 
the need of the individual species until disturbance and 
construction had been completed.  In addition, isolated 
areas following construction were difficult to plant due 
to rocky and compacted soils with limited water storage 
capacity.  Furthermore, some areas were impacted from 
overwinter channel change and the drop in groundwater 

availability.  Shrubs and trees planted in these areas sur-
vived winter and spring well, but had decreased survival 
during late spring and summer drought conditions.  
Some planted areas within the floodplain and newly 
constructed channel were washed out during winter 
flood events as the channel shifted within the floodplain.  
Plants had higher survival and more vigor in areas with 
restored groundwater, increased soil contact, and shade 
availability.  

Post-Construction Conditions

Post-Project monitoring activities described above will 
provide the basis for future evaluations of Project ef-
fectiveness.  However, some preliminary observations 
and post-Project monitoring data have provided lessons 
learned.  For example, there were observed elevation 
differences in the Project design compared to the as-built 
surface (see As-Built Survey).  Several of these areas were 
due to changes made in the field and other measurable 
differences may be due to the accuracy of the LiDAR 
data used for existing floodplain conditions, errors in 
the method used for the as-built survey, accuracy of the 
survey over such large areas, and the on-the-ground con-
structed topography differing from the design surface.  

Based on field observations made during the summer 
2012 surveys, several channel sections filled with allu-
vium, resulting in channel splays; seemingly most areas 
with surface LWD appeared to remain relatively stable.  
Some of the channel splays and alignment changes may 
have an effect on the Project reach hydraulics and re-
quires further hydraulic modeling to adequately evaluate 
the changes in conditions.  These changes are likely the 
result of overbank flooding that occurred during the win-

ter of 2011 producing small, spatially linked headcuts in 
the floodplain above and below the Project reach.  

Although field observations are important to help for-
mulate study design hypotheses and approaches, iden-
tifying and developing specific questions that should be 
addressed through Post-Project Monitoring is critical 
for determining the overall effectiveness of the Project 
and providing applications of lessons learned to future 
projects in Meacham Creek.  While the as-built sur-
vey and CHaMP-based monitoring will address many 
questions related to topography, floodplain inundation, 
habitat quantity and quality, the following additional key 
questions that resulted from necessary, ad hoc decisions 
made during construction should be addressed in future 
geomorphic assessments of the Project reach:  

1. What is the fate, current state, and expected dura-
tion of constructed islands and bars?  Is there a dif-
ference between islands and bars with large wood 
present versus those without?

2. How has the channel topography changed in chan-
nel segments that filled with alluvium and resulted 
in channel splays?  What affect does this have on 
channel alignment, flood elevations, and physical 
habitat features?

3. Are areas with surface LWD relatively stable versus 
areas without surface LWD?

4. What is the likely duration that constructed side 
channels will persist?

5. What channel plan and profile alignment changes 
are likely to occur and will meet the Project Vision?

DVD Content

See “As-built 
Assessment” PDF in 
folder “Section 3”.
DVD located inside back cover

See also...

Figure 6 (page 34) shows 
the as-built drawing 
including these finalized 
project modifications.
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Application of Lessons Learned

Many lessons were learned (as described in the previous section) that 
were critical to review as part of this Completion Report.  While learned 
lessons are valuable, even more critical is how a lesson is applied and carried 

forward into future projects in the Meacham Creek watershed.  This section provides 
applications of those lessons learned and is intended to address approaches for more ef-
fectively managing and adapting to future projects in the Meacham Creek watershed.

Integrating Data Sets 

Specific complications that occurred during the integration of the Meacham Creek Proj-
ect topographic survey and LiDAR data included:

1. LiDAR and topographic survey performed in different coordinate systems;

2. Design engineers not thoroughly checking coordinate systems; 

3. LiDAR based on a coarse 1-meter grid; and

4. Differences in accuracy between LiDAR, topographic survey data, and on-the-
ground conditions associated with annual changes in physical characteristics 
and channel alignment during peak flow events.

Based on the lessons learned from these issues, future projects should:

1. Apply GIS standards and requirements to survey and design data such as the 
standards developed by the CTUIR in 2011; 

2. Employ a detailed quality assurance/quality control process that integrates re-
view at multiple levels when integrating data sets; 

Section 5

M E A C H A M  C R E E K  R I V E R  M I L E  6  T O  7   C O M P L E T I O N  R E P O R T  

(Process      Step 7 )

3. Limit the use of LiDAR data for engineering 
design purposes because elevations are typically 
inconsistent with on-the-ground topographic 
data; and

4. Effectively manage both the integration of data 
and the expectations for a realistic level of ac-
curacy in a design surface for Meacham Creek.

Design Process and Objectives

Specific questions that should have been raised in more 
detail throughout the design phase of the Project to fa-
cilitate a more fluid design process include the following:

1. Do we have clearly defined project objectives?

2. What is the most effective approach to advance 
the design process while ensuring appropriate 
alternatives and contingencies are built into the 
design?

3. What approach should be taken while main-
taining the Project scope, schedule, and budget 
when critical design changes occur that could 
affect sediment deposition and transport in the 
dynamic Meacham Creek channel?

4. What are the objectives for all data collection 
and modeling activities and what questions will 
the information assist in answering?

5. Are the design process, data collection, and 
modeling activities conservative enough to pro-
vide guidance for developing contingencies and 
evaluating if Project objectives are being met?

Based on the experiences learned through the design 
process, future projects should:

1. Review project objectives at the beginning and 
end of each design meeting.  For example, dur-
ing the Design Team’s assessment of the existing 
channel and during the development of design 
alternatives, additional discussions should 
have occurred concerning whether off-channel 
habitats such as wetlands or a wall-based chan-
nel would more effectively achieve Project 
objectives than backfilling the existing channel.  
Although the Design Team may have retained 
the decision to backfill the existing channel due 
to concerns of reoccupation of the alignment, 
contingencies could have been considered to ad-
dress reoccupation, shortage in backfill material, 
or improvements to the Project design that may 
arise during construction.
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2. Utilize a fluid design process that incorporates 
alternatives and contingencies that reflect proj-
ect objectives.  For example, although selection 
of a single preferred alternative is necessary to 
advance the design and apply for construction 
permits, construction contingencies should 
have been discussed by the Design Team for 
instances where materials are in surplus, such 
as large wood, or shortage, such as backfill 
material, when historic meander alignments 
exceed current constraints on the ground, or 
when groundwater is encountered and limits the 
contractor’s ability to excavate.  While it is not 
feasible or cost effective to discuss and evalu-
ate all scenarios, alternatives, and contingencies 
during each design review meeting, the Design 
Team should keep a concise running log of 
potential scenarios, constraints, and alternatives 
and contingencies, and should agree on the pro-
cess to evaluate and address these throughout 
the design and construction.

3. Communicate changes with the Design Team 
and allow them to determine the necessary level 
of evaluation, which are critical when design 
changes occur.  This communication helps the 
Design Team determine if the change could 
affect or be affected by the dynamic conditions 
in Meacham Creek, and ascertain the associated 
design and construction financial and sched-
ule implications.  Further assessment of design 
and construction implications due to proposed 
changes would assist in determining the best 
approach for evaluating locations where po-
tentially high levels of sediment deposition or 
transport could likely occur.  For example, the 
geomorphic assessment undertaken for the de-
sign provided ranges in minimum, maximum, 
and average meander pattern based on up- and 
downstream comparison reaches and empiri-

cal calculations.  The Conceptual Design (30%) 
and resulting additional alternatives (Options 
1A and 1B) primarily utilized the minimum 
and average meander pattern for the design 
alternatives.  However, during the land-based 
assessment that occurred as part of the Prelimi-
nary Design (60%), adjustments to the channel 
alignment were made on-the-ground to protect 
existing vegetation to the extent feasible, and to 
increase meander patterns from minimum and 
average to maximum extents that aligned more 
closely with historic channel patterns.  While 
these changes more effectively addressed vegeta-
tion protection and historic channel alignment, 
they should have considered, in greater detail, 
the channel alignment in the context of the 
current floodplain conditions, constrictions in 
valley form, and its potential effect on sediment 
deposition and transport.  Specifically, the ad-
justed alignment near station 35+00 should have 
been discussed in greater detail with the Design 
Team so that they could evaluate if an average 
meander pattern should be maintained instead 
of maximizing the curvature present in the 
historic alignment.  Given the level of protec-
tion that the design provided to the UPRR near 
station 35+00 (e.g., shortened meander length, 
compact and fill area, embankment, log and 
rock terrace, log, rootwad, and rock structures), 
and considering dynamic fluvial processes that 
allow the channel to adjust, the Design Team 
should have discussed if further detailed evalua-
tion of this location was necessary. 

4. Define the specific objectives and questions to 
be answered for all data collection and model-
ing activities, which will assist the Design Team 
in obtaining a shared vision for what data and 
associated accuracies are required, and the 
outcomes of utilizing the data for modeling or 

other assessment purposes.  For example, the 
1-meter resolution LiDAR data used for flood-
plain topography defined the level of accuracy 
for modeling flood inundation outside of the 
channel margins and for calculating the Project 
design cut and fill quantities.  Utilizing data at a 
coarse 1-meter resolution provided the abil-
ity to answer floodplain inundation questions 
and develop cut and fill quantities, but limited 
the ability to answer specific questions about 
topography and outcomes from modeling and 
assessments at a finer scale.  During the Design 
Criteria Document and hydraulic modeling re-
port development, specificity should have been 
discussed on the accuracy of the information 
and the answers the LiDAR based floodplain 
topography would provide.  The Design Team 
could have then better assessed if additional 
topographic survey data in the floodplain was 
required for modeling or other assessment ac-
tivities.

5. Determine how conservative the design process, 
data collection, and modeling activities should 
be to provide guidance for developing contin-
gencies and evaluating if Project objectives are 
being met.  For example, incorporating conser-
vative roughness values into modeling water 
surface elevations to account for some average 
annual translation of sediment movement, and 
discussing the limitations of the modeling and 
what information the modeling is effectively 
representing, would facilitate the Design Team 
in developing contingencies and evaluating if 
Project objectives related to floodplain con-
nectivity and geomorphic processes are being 
met.  The hydraulic modeling for the Project 
design did not utilize a full range of conserva-
tive roughness values that would have helped 
account for some average annual translation of 
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sediment movement.  While the modeling and 
associated documentation did provide guidance 
on water surface elevations under existing and 
design conditions, the approach did not help 
develop contingencies associated with sediment 
deposition and transport.  Future data collection 
efforts and associated modeling of water surface 
elevations in Meacham Creek should include 
developing a coarse sediment budget and should 
incorporate conservative roughness values to 
account for the dynamic characteristics of the 
system.  Contingencies associated with develop-
ing a sediment budget and using conservative 
roughness values in the model could include 
alternatives for connecting up- and downstream 
extents of the design plan and profile to the 
existing channel due to changes in the align-
ment resulting from annual peak flows and large 
sediment pulses moving in and out of a design 
reach.  

Design Communications and Coordination

Specific questions and approaches that should have been 
raised and identified throughout each design phase of the 

Project to facilitate in communication and coordination 
include the following:

1. What are the strengths, weaknesses, and level 
of recovery effectiveness of the changes in the 
design as it advances?

2. What level of communication and documenta-
tion of analyses are needed to evaluate various 
design changes and document how decisions are 
made?

3. What approach should be taken to ensure De-
sign Team members understand and are pre-
pared to communicate changes in the design as 
it advances?

Based on the communication and coordination les-
sons learned through the design process, future projects 
should include:

1. Clear and open dialog in design team meet-
ings regarding the strengths and weaknesses 
of design alternatives as the design advances is 
critical to project success.  The range of design 
alternatives considered and communicated 
should include a spectrum of actions that vary 

in level of recovery effectiveness, level of goal 
and objective achievement, time till recovery, 
level of disturbance, and cost.  All alterna-
tives must be feasible (both economically and 
constructible) with the final choice based on 
a comparison of measurable values for each 
parameter considered.  Alternative design 
development should push the limitations of 
the design criteria (fluid design process) and a 
logical selection criteria and framework process 
must inform the choice of selecting an action 
alternative.  These criteria then need to be as-
signed a value and assessed for each alternative 
to make an informed decision.  For example, 
through a decision framework (see Figure 5) a 
preferred alternative was selected for the Project 
and the Design Team had clear documentation, 
communication, and coordination on the design 
and process.  However, as the design progressed 
through the Preliminary Design (60%), during 
a review meeting of the riffle rock grade control 
structures in the design, limited documentation 
on the assessment approach, strengths, weak-
nesses, alternatives, or decision framework for 
utilizing these rock structures was provided.  
While the riffle rock grade control structures 
were economical and constructible, questions 
arose on the effectiveness of the structures, and 
no alternative was presented with measurable 
values for comparison.  Although engineer-
ing and construction firms are hired to provide 
owners with their expertise, and it is cost and 
schedule prohibitive to develop alternatives and 
measurable values for comparing every de-
sign element, a project design team must work 
together to communicate and identify specific 
components of the design that are critical for 
developing alternatives and a selection frame-
work.

2. Effective communication and documentation 
of analyses used to evaluate various design ap-
proaches are needed to document how decisions 
are made.  As previously described, it is cost and 
schedule prohibitive to evaluate and document 
in detail every decision for a given design ele-
ment, such as an individual location of a log in a 
structure, but it is necessary for a design team to 
communicate and identify specific components 
of the design that are critical for developing 
alternatives and a selection framework.  While 
the Project Design Team was extremely effective 
at communicating design changes for various 
aspects of the design, future projects should 
allocate sufficient time for design review prior 
to the meeting.  Team members should come 
prepared to discuss with the team-specific com-
ponents believed to be critical, and to propose 
approaches that are cost and schedule acceptable 
to evaluate design changes and to document 
how decisions are made.

3. Allocating sufficient time for the CTUIR and 
USFS to review designs in advance of team 
meetings is a critical step to ensuring team 
members are prepared to communicate on 
changes in the design.  For example, between 
the Conceptual Design (30%) and Preliminary 
Design (60%) team members were provided 
sufficient review time and came prepared with 
numerous questions and recommendations for 
moving the design forward.  However, as the de-
sign advanced, less time was available for review 
between the three iterations of the Draft Project 
Design (90%).  Future projects should provide 
adequate review time as the design advances be-
tween 60% and 90%, but the design team must 
recognize no major design changes should typi-
cally occur between the 90% and 100%.  This 
emphasizes the need for sufficient review time 
between the 30%, 60%, and 90% design phases.
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Design Extents Based on Project Scope 
and Basin Characteristics

Specific questions that should have been raised in more 
detail throughout the design phase of the Project to effec-
tively manage the design extents include the following:

1. What conditions up- and downstream are likely 
to change over time and alter the scope and as-
sociated design extents of the Project reach?

2. What considerations have been given to any 
small drainage(s) entering the floodplain within 
the design extents?

Based on the design extents lesson learned, future proj-
ects should include the following:

1. Focusing more detail on evaluating upstream 
and downstream channel geometry that pro-
vides reference conditions for channel align-
ment changes through time is necessary in the 
design process to effectively understand how 
changes in conditions may alter the associ-
ated design extents.  In addition, contingencies 
for alignment changes and consideration for 
developing a less rigid design in space and time 
should be incorporated.  These considerations 
should include understanding the fate of islands 
and bars, and reference grade controls versus 
design grade controls.  The Project Design Team 
should be informed of these potential changes 
in extents and the contingencies evaluated in 
the context of the Project objectives during the 
design phase.

2. Providing consideration for all potential drain-
ages within the design extents is critical to the 
overall effectiveness of surface and groundwater 
flow in the design reach.  While determina-
tion of the exact flow contribution from a small 
drainage may not be feasible, a project design 
must consider and incorporate approaches to 

maintain hydrologic connectivity of incoming 
surface and groundwater flow by accounting for 
all inputs and outputs.

Construction Decision Process

Specific questions that should have been addressed more 
effectively in the construction decision process include 
the following:

1. What types of decisions require input from mul-
tiple individuals that may not be present on the 
construction site to immediately address versus 
other decisions that can be made immediately?

2. When a decision is determined to require ad-
ditional time to address, what contingencies 
do the Design Team and contractor(s) have in 
place to ensure Project activities are not help up 
unreasonably?

Based on lessons learned during the construction deci-
sion process, future projects should: 

1. Clearly define, in both the communication plan 
and verbally at the construction site, the types 
of decisions that require multiple individuals 
versus the types of decisions that can be made 
immediately by an individual on-site.  While the 
Project Design Team did formulate a construc-
tion communication plan, additional verbal em-
phasis should have been given to the contractors 
on the details of the plan, as well as the overall 
decision making process.

2. Create, for projects involving multiple owners, 
a decision making plan that meets the needs 
of each agency, and simultaneously ensure the 
plan is not so stringent that project activities are 
held up unreasonably.  Some types of decisions 
should be identified as requiring the input of an 
engineer before they are made and some do not.  
Included in the communication plan should be 

contingencies for the times when key decision 
makers are not on-site and the process for mak-
ing decisions in those instances.  These contin-
gencies should be discussed prior to construc-
tion with input from the contractor.

Construction Layout

Based on lessons learned during Project construction, 
future projects should require installing stationing and 
elevation staking as described in the design specifica-
tions, and should not be allowed to proceed without first 
doing so.  Staking should be scheduled efficiently in the 
design specifications to not hold up other components of 
the implementation process.

Construction Dewatering

Based on lessons learned from dewatering during Project 
construction, future projects should require complete de-
watering (as feasible) of the project area; and the contrac-
tor should agree with the approved dewatering design 

and implementation strategy in advance of construction.  
In addition, discussions on the dewatering plan, as well 
as emphasis on dewatering from the design team, should 
occur in detail at the pre-construction meeting.

Construction Activity Focus Areas

Based on lessons learned related to focus areas for con-
struction activities, future projects should identify con-
struction areas and activities that are critical for project 
function versus those that are less critical.  The Project 
Design Team should clearly identify these areas prior to 
construction and communicate these locations or types 
of activities to the contractor.  Examples of critical areas 
would include access roads, compact and fill areas, and 
structures, while an example of a potentially less critical 
activity would be the exact sculpting of transitory mid-
channel bars.
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Construction Surface

Based on lessons learned related to the construction 
surface, future projects should:

1. Identify the level of accuracy in the surface 
during the design phase and what implica-
tion for modeling and construction quanti-
ties this level may have on both the design 
and construction phases.

2. Define during the design phase the purpose 
of the surface and its suitability for various 
uses during both the design and construc-
tion phases.

3. Determine and justify access routes during 
both the design and construction phases.  
Access routes should be discussed with the 
contractor during the pre-construction 
meeting.  If the contractor suggests alterna-
tive routes, the Project design should evalu-
ate the implications of the design change 
on the construction surface and sequencing 
prior to providing approval of the change to 
the contractor.  Once agreement on access 
routes is made, ensure that areas designated as 
no access are clearly identified throughout the 
construction area with flagging and/or fencing. 

Constructed Structures 

Based on continually learning lessons related to con-
structed structures, future projects should:

1. Design meander bends and grade controls to 
more closely reflect naturally occurring bends 
and mid-channel bar grade controls, and ensure 
that in-stream structures reflect the types of 
features present in the watershed.  

2. Lessen meander bend amplitudes compared to 
empirically derived values and ensure flood-

plain surfaces are constructed to the necessary 
functional elevations for the designed meander 
pattern.  

3. Evaluate the role and spatial and temporal rela-
tionship of existing natural features and struc-
tures in Meacham Creek and replicating these in 
a project design.

4. Develop analyses of structures and bank stabil-
ity on meander bends angled toward the UPRR, 
and further define structures and bank angles in 
drawings in more detail than typical drawings.

Construction Backfill Shortage and 
Project Design Modifications

Specific questions that should have been raised in more 
detail throughout the design phase of the Project to effec-

tively avoid the shortage in backfill material and design 
modifications include the following:

1. What is the level of accuracy in the design 
surface and what implications for modeling and 
construction quantities will the accuracy have 
on both the design and construction phases?

2. What elements of the Project design require 
compaction specifications and to what level of 
detail?

3. What areas of the Project are critical for no ac-
cess during construction?

4. What amount of staking should be required 
in the design specifications and how will the 
design team ensure construction activities meet 
the specified design stations and elevations?

Based on the lesson learned from the backfill short-
age and Project design modifications, future projects 
should:

1. Identify the level of accuracy in the surface dur-
ing the design phase and what implication for 
modeling and construction quantities this level 
may have on both the design and construction 
phases (see Construction Surfaces).  Design 
contingencies should be considered to address 
potential shortages in construction quantities.  
Specific activities associated with quantities dur-
ing the design phase should include determin-
ing the level of accuracy in the surface, quantify-
ing the amount of materials (e.g., trees, rocks, 
floodplain material) available in the project area, 
and identifying off-site sources of additional 
materials.

2. Include specifications in the design of required 
compaction (e.g., if building a floodplain, com-
paction should be stated as similar to extracted).

3. Determine and justify access routes during 
both the design and construction phases.  Once 
agreement on access routes are made between 
the project design team and contractor(s), 
ensure areas designated as no access are clearly 
identified throughout the construction area 
with flagging and/or fencing (see Construction 
Surfaces).

4. Install stationing and elevation staking as de-
scribed in the design specifications (see Con-
struction Layout) to ensure cut and fill are to 
specified design stations and elevations.  During 
construction, the Project Design Team should 
confirm both the staking and construction 
activities are in agreement with specified design 
stations and elevations.
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Vegetation Establishment

Project revegetation planting plans for large-scale channel relocation projects should be developed as a 2-year 
implementation plan based on lessons learned on the Project, and should consider the following:

1. The revegetation plan for a project area should highlight potential areas where overwinter impacts 
could occur to project plantings.  Light plantings of trees and shrubs would be done in areas identi-
fied as potential impact zones.  In subsequent seasons, denser plantings would occur where erosive 
water conditions appeared less likely.  Grasses and forbs could be planted in potential impact areas 
during the first water season.

2. Post-construction, pre-planting surveys are needed to determine soil conditions where trees and 
shrubs are likely to do well, and where only grasses and forbs were likely to survive.  Experienced 
reforestation specialists or plant ecologists would be valuable resources for determining favorable 
planting zones and conditions for plant species and communities following construction.

Post-Construction Conditions

Post-construction conditions will continue to be evaluated through the as-built survey and CHaMP-based 
monitoring.  In addition, future geomorphic assessments and project designs should:  

1. Evaluate the fate, current state, and expected duration of islands and bars in both the Project and 
comparison reaches in Meacham Creek.  Determining if there is a difference between islands and 
bars with large wood present versus those without.

2. Assess how the channel topography changed in channel segments in the Project that filled with 
alluvium and resulted in channel splays.  Given the dynamic nature of Meacham Creek, assess the 
potential affect sediment transport and deposition has on the Project channel alignment, flood eleva-
tions, and physical habitat features.

3. Determine if areas with surface LWD are relatively stable versus areas without surface LWD in 
Meacham Creek.

4. Quantify the likely duration of side channels throughout Meacham Creek.

5. Evaluate how channel plan and profile alignment changes are likely to occur and if these changes will 
meet the Project Vision.

6. Evaluate the adequacy of 100-year flood protection to the UPRR.

7. Assess any needed backfilling in the Project reach.

8. Determine approaches and resulting hydraulic conditions for removing additional levees and spur 
dikes upstream of the Project reach.

9. Address habitat complexity, including off-channel and side channel habitat, floodplain connectivity, 
and riparian function throughout Meacham Creek.
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Conclusions

To address the primary impacts to Meacham Creek that have limited 
aquatic productivity, the CTUIR, in partnership with the USFS, has undertaken 
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 con-
nectivity, habitat complexity, and the creation of stable and sustainable features. The latest 
of these projects, the Meacham Creek Floodplain Restoration and In-stream Enhance-
ment Project, was a historic partnership between the CTUIR and USFS that has restored 
processes in Meacham Creek that create and maintain habitat complexity for Middle 
Columbia River steelhead and Columbia River bull trout; and is meeting the First Food 
mission of the CTUIR related to water and salmon, and to the five touchstones, by help-
ing to restore high water quality and healthy and sustainable salmonid fish populations. 
By restoring channel morphology, and in-stream and riparian ecological processes, the 
Project is helping to achieve the Umatilla River Vision of an ecologically functional and 
healthy river system that supports the continued natural production of First Foods and 
their utilization by the CTUIR community. 

Connectivity has been restored between Meacham Creek and its floodplain, and its habi-
tat has been improved to the point where summer steelhead, spring Chinook salmon, 
and other important species have returned to the reach, visible evidence of the Project’s 
success. The Project has also generated both recognition and awards throughout the 
region and the country from the Confederated Umatilla Journal, the USFS, and NOAA. 
While the Project has achieved success with all of its goals and objectives, many lessons 
were learned during design development and implementation, and through the writing 
of this Completion Report. More importantly, in response to these lessons learned, new 
and improved project management and project development approaches were established 
that will be applied to future projects in the Meacham Creek watershed, and to other wa-

Section 6

M E A C H A M  C R E E K  R I V E R  M I L E  6  T O  7   C O M P L E T I O N  R E P O R T  

tersheds in the region, enhancing the probability of their success as well, and helping to guarantee the continued natural 
production of First Foods and their utilization by the CTUIR community for the next seven generations.

Press Recognition and Awards

The Project has received attention throughout the region and country 
for its success. In April 2012, Mike Lambert, the CTUIR Umatilla 
Basin Program Manager, received the national “Rise to the Future” 
award from the Forest Service for “Collaborative/Integrated Aquatic 
Stewardship.”  This was to recognize his work leading the Meacham 
Creek restoration and coordinating with the U.S. Forest Service. In the 
June 2011 issue, the Confederated Umatilla Journal published a feature 
multi-page article entitled “Restoring the Meander in Meacham 
Creek.” The story highlighted the Project’s partnership approach and benefits to the watershed, endangered species, 
and community. NOAA Fisheries Service published a story in fall 2011, “Down in the Coulees of Meacham Creek, 

Floodplain Restoration Spurs Recovery of Middle Columbia River Steelhead,” highlighting 
the contribution of the Project to endangered species recovery. NOAA asserted “Thanks 
to this on the ground action, the future looks bright for Middle Columbia River 
steelhead.”  In  June 2011, the East Oregonian included a multi-page feature “Setting a 
new course, the CTUIR rebuilds a one-mile section of Meacham Creek” highlighting the 
floodplain and channel restoration in the historic context of the watershed. The Columbia 
Basin Bulletin posted a story in June 2011 titled “Umatilla Project Rebuilds Miles of Creek 
Channel to Restore Salmon, Steelhead, Bull Trout, Lamprey.”  In August 2011, the Oregon 
Public Broadcasting Northwest Public Radio made public “A Railroaded Oregon Creek 

Recovers From its Past” in both written and audiovisual format. And finally, the Northwest Indian News developed 
a televised video “Meacham Creek Restoration” that highlights the cultural significance of Meacham Creek and the 
restoration work underway to protect and restore floodplain/channel processes for enhanced fish habitat.

...the future looks 
bright for Middle 
Columbia River 
steelhead.

- NOAA
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DesignPre-ProjectChannel Characteristics As-Built

Description/Form Straight Channel Meandering with Multiple Channels Meandering with Multiple Channels

Levees/Dikes Five spur dikes present and 2,800 ft levee along channel Levee removed, dikes modified, and  
rail protection embankment enhanced

Levee removed, dikes modified, and  
rail protection embankment enhanced

Meanders Confined Straight Channel 6 6

Secondary Channels Limited 5 5

Off-Channel Areas 14.3 acres of wetland complexes and 326 ft of off-channel habitat 11.88 acres of wetland complexes and 1,039 ft of off-channel habitat 
(not including side channels)

12.58 acres of wetland complexes and 3,568 ft of off-channel habitat 
(not including side channels)

Flood Prone Area 115.5 – 215.1 (177.4) ft 140.5 – 295.5 (225.4) ft 165.6 – 363.6 (253.1) ft

Belt Width 160–250 ft 300–553 ft 319–2,620 (1,219) ft

Valley Width Occupied 160–250 ft 600–922 ft 600–922 ft

Stream Length 5,470 ft 5,922 ft 5,922 ft

Sinuosity 1.1 1.15 1.3

Meander Length 1,545 ft 1,280–1,480 ft 563 – 4,755 (1,489) ft

Amplitude 317 ft 206–480 ft 284–546 ft

Mean Radius of Curvature 291 ft 229–560 ft 100 – 928 (350) ft

Bankfull Width 99 ft 80–100 ft 98.4–123.3 ft

Bankfull Depth 3 ft 2.5 ft 1–4.2 ft

Bankfull Cross-Section Area 297 ft2 324–334 ft2 78.1–265.8  ft2

Width/Depth Ratio 33–46 32–40 23.4–123.3

Entrenchment Ratio 1.8–2.3 3–6 1.5–3.3 (2.3)

Channel Materials (D50, D84) 83 mm 41, 90 mm 41, 90 mm

Channel Gradient 0.0086 ft/ft 0.0001–0.01 (0.0075–0.01) ft/ft 0.0081 ft/ft

Morphology Plane-Bed; Rosgen Type C3 Braided; Rosgen Type C4 to D4 Braided; Rosgen Type C4 to D4

Summer Water Width 42 ft 10–20 ft 20–30  ft

Average Velocity 7 ft/s 4–5 (4.5) ft/s 2.2–5.6 (4.5) ft/s

Channel Stability/Equilibrium Non-equilibrium–confined Equilibrium – capable of adjusting and maintaining variables Equilibrium – capable of adjusting and maintaining variables

Unit Stream Power 165 W/m2 113 W/m2 52 W/m2

Major Rock and Log Features 3 10 10

Medium Rock and Log Features 3 286 286

Pools 5 12 12

Riffles 7 7 7

Glides 1 3 3

Particle at Threshold of Motion in mm (τ*c = 0.06) 79 70 40

Bedload Sediment Rate (ft3/s per foot width) 0.0012–0.0146 0.00467–0.0327 0.00086–0.0031

Comparison of Pre-Project, Design, and As-Built Conditions for the Meacham Creek Project



DVD

We would like to express gratitude to 

all who have contributed their time, 

effort, and passion toward this Project.  

As many as 200 paid and volunteer 

individuals gave of themselves to see this 

Project through completion.  Let this 

work stand as a breath of what can be 

done to restore ecological processes and 

sustainability of First Foods, benefitting 

fish and wildlife habitat for generations 

after us.

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 in support of 

new approaches to sustainable rivers and 

their rail line management.  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 teams, Tapani 

Underground and Aquatic Contracting, 

for their construction know-how in 

completing the on-ground Project.



For more information, please contact the

Department of Natural Resources

Confederated Tribes of the Umatilla Indian Reservation

(541) 276-3447


