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1 TERMS & ACRONYMS 

7dADM 7-day moving average of the daily maximum 

AOI Area of interest 

BM Benchmark 

BMI Benthic macroinvertebrate 

BOD Biological oxygen demand 

CAD Computer-aided design 

CDFG California Department of Fish and Game 

CPOM Coarse particulate organic matter 

DBH Diameter breast height 

DO Dissolved oxygen 

EDF Energy Dissipation Factor 
EPA Environmental Protection Agency 

ESA Endangered Species Act 

ESU Evolutionarily significant unit 

FPOM Fine particulate organic matter 

GPS Geographic Positioning System 

HSI Habitat Suitability Index 

IMW Intensively Monitored Watershed 

LCFRB Lower Columbia River Fish Recovery Board (Washington) 

LWD Large woody debris 

NMFS National Marine Fisheries Service 

NOAA National Oceanic and Atmospheric Administration 

NP Northern pikeminnow 

OWEB Oregon Watershed Enhancement Board 

PE Professional Engineer 

PRISM Project Information System (Washington) 

Qhp High passage design flow 

RM&E Research, Monitoring and Evaluation 

RTK Real-time kinemetic 

SalmonPORT 

SEM 

Salmon Partners Ongoing Recovery Tracking Database 

Surface Erosion Module 

SMB Smallmouth bass 

SRFB Salmon Recovery Funding Board (Washington) 

UCSRB Upper Columbia Salmon Recovery Board (Washington) 

USFS U. S. Forest Service 

USFWS U. S. Fish and Wildlife Service 

USGS U. S. Geological Survey 

VSP Viable Salmonid Population 

WDFW Washington Department of Fish and Wildlife 

WDNR Washington Department of Natural Resources 

WDOE Washington Department of Ecology 

WSE Water Surface Elevation 

XS Cross section 
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2 MONITORING GOALS AND OBJECTIVES FOR THE IMPLEMENTATION 
AND FUNCTIONAL PERFORMANCE MONITORING PROGRAM 

The Lower Columbia Fish Recovery Board (LCFRB) has been actively involved in funding 

restoration projects since 1999.  Currently there is little data to verify that projects were built as 

proposed or to demonstrate that the intended habitat responses were achieved.  In addition, 

there is no data regarding the persistence of either the project elements or the habitat 

responses.  The LCFRB intends to gather and analyze this data to improve the development of 

restoration projects, and to guide future investments in habitat restoration.  The summarized 

metric information for all stages of a project from proposal to 10 years post construction will be 

available on the LCFRB’s Salmon Partners Ongoing Recovery Tracking project tracking database 

(SalmonPORT). 

This document outlines a framework for conducting implementation and long-term functional 

performance monitoring to meet the habitat restoration monitoring needs of the LCFRB.  

Specifically, this framework describes:  

 Preparation and coordination guidance for conducting office based background review 

including the identification of project goals, objectives, relevant monitoring questions 

associated with each project. 

 Baseline pre-project field site assessments prior to construction for restoration projects 

funded through the LCFRB. 

 The selection of relevant measurements and metrics for implementation monitoring of 

restoration projects funded through the LCFRB as part of the project close out process 

for each project. 

 The selection of measurements, metrics, and success criteria, for long-term function 

monitoring of restoration projects on a rotation of 0, 2, 5, and 10 years post 

construction.  

 

Field data collection protocols are being selected or developed for incorporation as appendices 

for this document to ensure data consistency regardless of who is collecting the data.   

http://www.lowercolumbiasalmonrecovery.org/projects/projectlist#b
http://www.lowercolumbiasalmonrecovery.org/projects/projectlist#b
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3 INTRODUCTION 

The Lower Columbia salmon recovery region encompasses the Columbia River and all its 

tributary subbasins in Washington from the mouth of the Columbia River up to and including 

the White Salmon subbasin (Figure 1).  The region supports five ESA‐listed species including 

Chinook, chum and coho salmon, steelhead and bull trout.  Together, these species comprise 74 

distinct populations, 59% of the total listed populations in the Columbia Basin.  These fish 

inhabit over 2,300 river miles in 18 river subbasins, encompassing all of Cowlitz, Clark, 

Wahkiakum and Skamania counties and portions of Lewis, Pacific and Klickitat counties.  Since 

1998, the LCFRB has worked with the Washington State Salmon Recovery Funding Board 

(SRFB), other federal and state agencies, the Cowlitz Indian Tribe, local governments, 

conservation districts, communities, landowners, the Lower Columbia Fish Enhancement 

Group, and other non-profit organizations to implement habitat protection and restoration 

projects in high priority tributary and Columbia River mainstem reaches. 

 

Figure 1. Lower Columbia River Salmon Recovery Region. 

Pervasive changes in watershed, floodplain and stream conditions throughout the region are a 

leading cause of widespread declines in salmon and steelhead which culminated with listings 

under the Endangered Species Act.  Habitat restoration is essential to fish recovery.  The LCFRB 

is leading a collaborative approach to restoring threatened salmon and steelhead in the region.  

The LCFRB facilitates developing, evaluating, implementing and tracking a wide variety of 

habitat protection and restoration projects. 
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A comprehensive habitat restoration program must not only select, fund, and complete habitat 

restoration projects.  It must also be able to assess the performance of projects over time.  This 

requires monitoring to determine whether projects were built as proposed, and the extent to 

which planned habitat responses are being achieved.  Understanding project function over the 

long-term is needed to guide and inform restoration efforts and optimize the available 

resources.  Failure to evaluate long-term project function risks investment in projects that may 

not achieve the desired results or may provide limited value relative to costs.   

The LCFRB worked with the Washington Governor’s Salmon Recovery Office (GSRO) and two 

other Washington salmon recovery regional organizations (Hood Canal, and Upper-Columbia) 

to develop a monitoring approach and data collection protocols to assess the implementation 

and long-term function of habitat restoration projects.  The intent of this collaborative effort 

was to develop methods and protocols that would meet the needs of the individual regions but 

could also be readily adapted for use in other salmon recovery regions.  This framework will 

ensure consistent and technically-sound monitoring of habitat project implementation and 

function over time.  The resulting data and standardized metrics will support the evaluation of 

progress towards recovery goals, assist in the adaptive management of habitat protection and 

restoration strategies and methods, and facilitate the long‐term project management and 

maintenance needed to maximize and sustain fish benefits generated by each project. 
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3.1 Project Monitoring – Context within the Salmon Recovery Effort 

Project evaluation methods and protocols are well established for various applications.  

However, guidance and protocols have not been specifically adapted for evaluating projects in 

the Lower Columbia Region.  This monitoring framework addresses a suite of project types and 

environmental conditions that occur in the 18 lower Columbia subbasins.  It draws from a 

variety of sources to be consistent with and complementary to related plans and programs, 

particularly those of the LCFRB, GSRO, the SRFB and the National Marine Fisheries Service 

(NMFS).  Future protocol development will incorporate methods identified in the Upper 

Columbia River Salmon Recovery Board (UCSRB) 2012 draft protocol.  Key sources are 

summarized below.  It will also draw from protocols that are derived from other habitat 

monitoring entities and efforts.  This is a living document that will be periodically updated to 

improve its efficiency and facilitate its application. 

3.1.1 Guidance for Monitoring Recovery under the ESA 

NMFS has published a guidance document identifying recovery monitoring needs and the 

associated level of certainty at the regional, local, and project levels (Crawford and Rumsey 

2011).  The guidance provides recommendations for federal and state agencies, Indian tribes, 

local governments and watershed organizations which are actively developing salmon recovery 

monitoring programs, or are modifying existing monitoring programs.  The guidelines identify 

the desired level of monitoring that will provide consistency across recovery domains for all of 

the viable salmonid population (VSP) criteria and the listing factors and threats.  The guidelines 

are based upon available scientific information, but include policy decisions for what standard is 

attainable and reasonable.   

3.1.2 Washington Salmon Recovery Funding Board (SRFB) 

The SRFB was established in 1999 to fund salmon habitat restoration and protection projects 

and related activities.  Starting in 2000, the SRFB established policies authorizing the types of 

projects eligible for funding and an evaluation process for selecting projects.  The SRFB, in their 

policies and guidelines, identified implementation, effectiveness, and validation monitoring as 

key components of their adaptive management model.  The SRFB has developed or funded a 

series of guidance documents on monitoring strategies, protocols and programs to 

accommodate these activities.  It also funds an ongoing statewide project effectiveness 

monitoring program. 

3.1.3 LCFRB Research, Monitoring & Evaluation Plan 

The LCFRB developed a comprehensive Research, Monitoring and Evaluation (RM&E) Program 

for Lower Columbia Salmon and Steelhead (LCFRB 2010).  This program recommended a suite 

of complementary monitoring practices to gage the progress of salmon recovery (Figure 2).   
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Figure 2. Monitoring, research and evaluation program elements (LCFRB 2010). 

This document focuses on two of these including: 1) implementation/compliance monitoring to 

determine if projects are implemented as designed and 2) long-term functional performance 

monitoring to determine if, and for how long, projects produce the desired functional changes 

in site-specific conditions or physical watershed processes.  The RM&E program identifies 

general strategies, measures and example statistics for describing habitat actions in 

effectiveness monitoring.  It does not provide detailed guidance or protocols for evaluating the 

long-term ability of specific project types to continually maintain intended habitat responses. 

3.1.4 Draft Upper Columbia Protocol 

A draft protocol for implementation assessment and monitoring of long term function of 

habitat projects is under development by the Upper Columbia Salmon Recovery Board (UCSRB 

2012).  The protocol considers which methods, procedures, and metrics are appropriate for 

different types of projects but is focused primarily on in-stream and riparian projects.  The 

protocol provides very detailed descriptions of habitat mapping methods, procedures and 

metrics for characterizing physical conditions at specific project sites.  The assumption of the 

protocol is that detailed before and after mapping at project sites will provide a comprehensive 

basis for habitat implementation and functional evaluation.  The protocols were designed to be 

consistent with SRFB Effectiveness Monitoring protocols, and the Columbia Habitat Monitoring 

Protocols (CHaMP, 2014) used to assess habitat for purposes outside of the SRFB process. 

Were actions
implemented
as specified?

Did actions
produce desired

effects?

Are habitat
conditions stable

or increasing?

Is fish status
improving?

Implementation
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Monitoring

Action
Effectiveness

Monitoring
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Status

Monitoring
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impede progress
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4 MONITORING FRAMEWORK 

4.1 Monitoring Strategy and Approach 

This monitoring program is strategically organized into four stages in order to ensure that a 

complete picture of changes generated by a given project is available for analysis.  The goal of 

the LCFRB is to collect data that clearly 

describes and quantifies restoration 

project elements and the habitat 

features they create.  The protocols will 

be developed (as appendices of this 

document) to achieve this in a cost 

effective manner that can be reliably 

implemented regardless of the monitoring entity.  This allows the LCFRB a range of options for 

the implementation of this monitoring program. 

An ideal project monitoring plan includes the establishment of conditions before and after 

project implementation, as well as subsequent periodic monitoring over the long-term to 

describe the persistence of project elements and habitat responses.   

The LCFRB protocol is not intended to provide data at a level that supports SRFB effectiveness 

or CHaMP (2014) monitoring.  This level of monitoring is not needed to answer management 

questions related to project implementation and long term functional performance.   

Stage 1. Establish pre-existing conditions of a project site relative to the proposed 

project. 

A clear idea of the pre-existing habitat conditions in the vicinity of the project will provide the 

needed baseline for future ongoing project assessments.  Baseline pre-construction monitoring 

answers the following question: 

 What are the habitat conditions relevant to the project goals and objectives before 

construction? 

Specific measurements are taken to compare future conditions at the project site and quantify 

changes.  For example, if a proposed project called for riparian improvement only, a detailed 

survey of the pre-existing riparian conditions and associated measures of water temperature 

and shade would be conducted.  A survey of channel characteristics would not likely be 

necessary. 

 

Stage 2. Implementation monitoring will characterize project outcomes relative to 

proposed design plan sets. 

Implementation project metrics are collected during post construction and subsequent 

functional performance monitoring.  The implementation monitoring approach is set up so to 

quickly answer the following fundamental questions: 

Pre-existing 
conditions

Completed 
project 

outcomes

Functional 
performance 

overtime

Reporting
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Protection/

Acquisition

Instream Habitat

Fish Access 

and Passage

Ripairian Conditions 
and Function

Watershed 
Conidition

Hillslope Processes
Floodplain Function 

& Channel 
Migration

Bank Stabliztion

Off-Channel 

Side-Channel

 Did we get what we paid for?  Did the sponsor build the project as described in their 

proposal and project designs? 

 How is the project different as-built from the proposed/designed project? 

 Why is there differences in the project as built from the proposed/designed project? 

Implementation monitoring determines if projects or actions were implemented as proposed 

and designed.  This monitoring describes whether the physical aspects of the project elements, 

including structures installed, landscape modifications, and riparian treatments, were built or 

installed according to plan.  In addition, implementation monitoring would describe what 

elements were built in a manner different from the proposed/designed project elements, and 

the reasons why. 

The LCFRB tracks project metrics 

by categories.  The appendices 

of this protocol will describe the 

collection of the measurements 

and calculation of metrics used 

to document how closely the 

project was built to project 

designs.  This data will serve as a 

baseline for future project 

performance monitoring.  

Specifically, it would be used to 

track the integrity of project 

elements (structures, survival of plantings, etc.) over time.  This information will be used to 

improve future design work, and set expectations for maintenance schedules and lifespan of 

particular project elements.  

Stage 3. Functional performance monitoring is based on the habitat responses generated 

by project categories. 

Functional performance monitoring metrics are collected with implementation metrics during 

post-construction monitoring, and subsequent monitoring site visits.  Functional performance 

monitoring is focused on metrics that are specific to key project objectives.  Section 5 describes 

in detail the metrics representing changes in habitat and channel form and function. 

Functional performance monitoring answers the following questions: 

 What did the project do?  How do habitat conditions post-construction compare to the 

baseline conditions? 

 Did the project achieve, and is it still exhibiting, the changes we anticipated from the 

project? 

 How long do the project elements persist? 
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 How long to the habitat responses persist? 

This type of monitoring focuses on the functional rather than biological performance of a 

project.  The ultimate management goal of salmon recovery is to increase productivity of 

salmon and steelhead.  The ability to sustain increased productivity of salmon and steelhead 

over time relies on the existence of sufficient habitat to support all life history stages.  This 

document is meant to guide the determination of whether the restoration projects were able 

to produce and maintain expected habitat responses (site-specific conditions or physical 

watershed processes) that support the life history stages of salmon and steelhead.  Project 

effects may be determined by comparison of before-and-after treatment conditions or by post-

project comparisons with adjacent unaffected areas.  The typical monitoring recurrence interval 

for functional performance monitoring is at year 0, 2, 5, and 10, with some project specific 

exceptions (see section 4.2). 

Project function evaluated over a longer term captures how project effects change over time 

and the period over which restoration project elements and the functional effects persist.  For 

example, some projects will not produce habitat responses instantly; riparian plantings do not 

produce shade for a number of years.  But if sponsors build the project as designed, the site can 

be re-visited at prescribed intervals to determine if the project resulted in the intended habitat 

responses, and if those responses persist.  

This information can assist the improvement of project design and construction technique.  It 

can also help to identify and assess maintenance needs and approaches to improving project 

cost effectiveness.  

Stage 4. Reporting Results 

The project background is the first report generated for all project monitoring, and often will 

occur in conjunction with the development of the baseline report.  Introductory material for 

each subsequent report (project implementation, near term functional performance, and long 

term functional performance) will draw from this foundational report to provide a description 

of the baseline with which future monitoring results can be compared. 

The results of monitoring should be provided in a monitoring report that describes: 

 The Project Background 

o What are the project goals and measureable objectives? 

o What actions that were planned?  (Type and scope) 

o How was the project designed?  (Design documentation, amendments & criteria) 

o What habitat responses or conditions is the project expected to produce? 

o What metrics are used to quantify and evaluate the baseline conditions and 

expected habitat outcomes? 

 Baseline Pre-construction Results (Pre-Construction Monitoring Only) 
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o What were the baseline habitat conditions relevant to the proposed project at the 

project site?   

 Project Implementation Results (0-Year Post-construction Monitoring only) 

o Was the project built as designed? 

o If changes were made, what were they? 

o If changes were made, why were they made? 

 Near-term Functional Performance of the Project (0-Year Post-construction Monitoring 

only) 

o Did the project produce habitat responses in the short term (after the first storm 

event post- construction)? 

o If so, what was the nature and extent of the responses? 

 Long-term Functional Performance of the Project (Subsequent Monitoring at 2, 5, and 10 

years post-construction) 

o What is the condition of the project elements at 2, 5, and 10 years post-

construction? 

o What habitat responses are being produced by the project elements at 2, 5, and 10 

years post-construction? 

4.2 Project Categories 

This guidance document addresses monitoring of twelve habitat project categories.  These 

categories are recognized by the Pacific Coast Salmon Recovery Fund (PCSRF) and the LCFRB 

Habitat Strategy.  A single restoration project could include elements from multiple categories 

and objectives, as described below. 

Instream Habitat – Monitoring intervals for this project element are at year 0, 2, 5, and 10 post-

construction.  Instream project elements involve direct modification of the stream channel in 

the following ways: 

 Instream rock or wood placement to enhance instream habitat complexity, flow 

redirection, grade control, modification of channel morphology or hydraulic geometry, 

channel planform control, improving side channel connectivity, wood retention, 

substrate sorting, channel migration and floodplain connectivity.   

 Channel modification to achieve planform changes, grade control, reverse incision and 

cross section modification.   

 Gravel projects to remove of fine sediments or add gravel. 

Off- and Side- Channel Habitat – Monitoring intervals for this project element are at year 0, 2, 5, 

and 10 post-construction.  Off- and Side Channel projects include the creation, connection, 

and/or enhancement of side channel (flow through) or off channel (backwater) habitats.  These 

projects may involve the following: 
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 Excavation of historic or new low elevation features to allow water to either flow 

through or accumulate during target flow events (perennial or periodic). 

 Enhancement of side and off-channel features through the placement of instream wood 

or rock to achieve similar habitat responses mentioned for Instream Habitat Projects. 

Bank Stabilization – Monitoring intervals for this project element are at year 0, 2, 5, and 10 

post-construction.  Bank Stabilization is intended to provide or improve long-term bank stability 

and channel migration rates through natural processes in order to reduce heavy fine sediment 

inputs and/or allow re-establishment of riparian vegetation in the following ways: 

 Installation of bank structures  

 Removal of bank armoring materials combined with earth work to achieve an 

appropriate bank slope 

 Installation of riparian plantings 

Riparian Condition and Function – Monitoring intervals for this project element are at year 0, 2, 

5, and 10 post-construction.  Riparian elements are intended to improve the function of the 

riparian ecosystem such that it is better able to support a healthy aquatic habitat.  Healthy 

riparian systems hold sediments, provide shade to reduce instream temperatures, and maintain 

topographic diversity in the floodplain.  They are sources of wood debris, and organic nutrients 

that support the base of the food chain.  Treatments may include: 

 Planting 

 Invasive plant removal 

 Livestock exclusion fencing 

Floodplain/Channel Migration Zone Restoration – Monitoring intervals for this project element 

are at year 0, 2, 5, and 10 post-construction.  Floodplain/Channel Migration elements are 

intended to restore habitat functions including materials exchange between the floodplain and 

instream habitats.  The interaction of a river with its floodplain allows floodwater infiltration, 

deposition of fine sediment and nutrients, and the introduction of organic materials that 

support the base of the instream food chain.  Project actions include the following: 

 Levee removal, setback, or breach 

 Riprap or river training structure removal 

 Floodplain topography modification 

 Terrace excavation and channel raising 

Watershed Condition/Hillslope Process – Monitoring intervals for this project element are at 

year 0, 2, 5, and 10 post-construction.  Watershed/Hillslope elements are typically focused on 

restoring processes within the watershed that support a healthy aquatic environment.  Project 

actions typically include: 
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 Erosion control / slope stabilization 

 Road maintenance and abandonment 

 Ground water recharge 

 Gravel recruitment/sediment transport 

 Vegetation management (invasive control, planting) 

 Wetland Restoration 

Protection and Acquisition – Monitoring intervals for this project element are at year 0, and 2 

years post-project.  Protection/Acquisition elements include purchase, lease or other 

agreements intended to reduce or eliminate current and future use and activities that might be 

detrimental to fish habitat and habitat processes. 

Fish Passage Improvement – Monitoring intervals for this project element are at year 0, 2, and 5 

post-construction.  Fish passage elements are identified as the most important habitat 

restoration goals in the Lower Columbia salmon recovery plan.1  Access to suitable habitat is 

one of the most limiting factors to all life history stages of salmon and steelhead in the Lower 

Columbia Region.  Typical projects include:  

 Removal, replacement, or modification of man-made structures including culverts or 

dams 

 Removal of natural passage barriers 

 Enhancements to fishways/fish ladders 

Nutrient Enhancement – Monitoring intervals for this project element are at year 0 and 1 year 

post-application.  Nutrient enhancement projects are intended to increase the productivity of 

the treated area.  Increasing nutrients allows increased food availability, and increased health 

of the salmon and steelhead using a habitat.  These projects typically involve direct application 

of nutrients through: 

 Placement of fish carcasses  

 Placement of nutrient rich carcass analogs 

Outreach – Monitoring intervals for this project element are only done at year 0 to verify 

project completion.  Outreach projects provide targeted services including information and 

education.  These project activities include: 

 Building public awareness and support of Salmon Recovery efforts 

 Promoting restoration and enhancement of habitat and watershed processes  

                                                      

1 1 Lower Columbia Salmon Recovery and Fish & Wildlife Subbasin Plan, LCFRB 2013 
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 Formation of stakeholder groups to inform restoration project design development 

 Involvement of volunteers to participate in elements of the restoration project 

 Installation of signage describing the project, the benefits, and the supporters of 

restoration projects. 

Monitoring – Monitoring intervals for this project element are only at year 0 to verify project 

completion.  Monitoring projects provide needed information to inform progress reporting and 

future investment in salmon recovery.  Monitoring projects may involve: 

 Assessment and/or evaluation of habitat-restoration projects 

 Data collection to inform basin wide models 

 Data collection to inform restoration needs on a subbasin or subwatershed scale 

 Installation of infrastructure that would support monitoring needs on a project or 

watershed scale 

Stewardship – Monitoring intervals for this project element are at year 0 to verify project 

completion.  Stewardship projects involve planning and management of land and water 

resources including continuing care of many of the above project types. 
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5 GENERAL MONITORING PREPARATION AND COORDINATION 

The LCFRB protocol is initiated with a desktop analysis of project plans and expectations, and a 

field assessment of conditions at the project site.  This approach is followed for each iteration 

(pre-construction, implementation and functional performance) of monitoring to familiarize 

monitoring crews with characteristics affecting the site, the project goals and objectives, and 

ensure proper selection of metrics and measurements. 

5.1 Office Based Preparations  

Office based preparations include several tasks, and make field work more efficient, safe, and 

productive.  They include: 

 Coordination with landowners, coordination with other land use activities,  

 Identify project goals, objectives, and monitoring questions 

 Review of background information (drawings, design reports, project proposal 

documents, etc) 

 Selecting project specific measurements and metrics to be collected onsite 

5.1.1 Coordination 

For efficiency purposes, one of the first activities that should occur upon identifying a site for 

monitoring in the upcoming season is to contact the landowners adjacent to the project 

footprint.  This task should be done by the LCFRB staff and all subsequent information including 

a signed copy of the Landowner Acknowledgement Form, should be passed to the monitoring 

crew.  Landowners should be provided with the following information: 

 Who will be onsite (organization, as well as individual names) 

 Monitoring lead contact information 

 LCFRB contact information 

 What work will be done 

 When will the site be visited 

 Why it is important 

 How to obtain a copy of the report generated during the site visit. 

 Any items that will be left on site and a schedule for when you will come back to 

retrieve them (anything from flagging tape to monitoring equipment). 

 Landowner Acknowledgement form granting access permission with a self-addressed 

stamped envelope addressed to the LCFRB office. 

 A request for description of any key activities or items the crew should be aware of 

(farming activities, tree harvest operations, loose dogs or other animals, children at play, 

etc.). 
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 A request for contact information (phone and/or email) for landowners and land use 

operators expected to be onsite during monitoring. 

Every effort should be made to schedule onsite work at a time that is acceptable to the 

landowner, and relevant to the monitoring tasks.  Upon receipt of this information, a copy of 

the signed landowner acknowledgement form should be kept on file, and a copy should be 

given to the monitoring crew to have in their clipboards or vehicle at all times while onsite.   

5.1.2 Reviewing Background Information 

Background data informs the selection of measurements and metrics to be collected during 

field monitoring.  This foundational data can be collected through an office based exercise by 

reviewing several project proposal and pre-construction materials including: 

 SalmonPORT database metrics 

 The project proposal narrative and amendments 

 Project design plans and basis of design reports and revisions, if any 

 Permits 

 Project scoring assumptions provided by LCFRB staff 

 Related information provided by the recovery plan and other watershed assessments 

developed by the LCFRB for project guidance 

 Photos and other information provided by the project sponsor 

This information describes pre-existing conditions and supplements baseline field data 

collected prior to construction.  When funding, program, or schedule constraints do not allow 

for conducting field assessments prior to project implementation, it may be feasible to rely 

solely on an office-based assessment of pre-project conditions where the project information is 

adequately provided (Tompkins and Kondolf 2007).   

5.1.3 Identifying Relevant Project Goals and Objectives 

The information gathered in the office prior to monitoring a site should clearly describe the goal 

(problem being addressed by the project), and the objectives (how the project elements 

address that problem, and expected outcomes) of the project.  Goals and objectives of a project 

can be extracted from the Proposal Narrative found in LCFRB Project Application files, as an 

attachment in SalmonPORT, or on the SRFB Project Information System (PRISM) database. The 

goals and objectives are clearly called out in this narrative under subheadings labeled “Project 

Goals” and “Project Objectives.”  In addition, a review of the LCFRB project scoring assumptions 

can provide information regarding project goals and objectives, as well as expectations about 

habitat responses generated from construction. 

Project background information such as the goals and objectives, as well as other qualitative 

and quantitative information about pre-existing conditions and characteristics of the site should 

be entered into a background information summary sheet, to be developed as part of Appendix 
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B.  This information can be obtained through review of the project design survey data, report, 

drawings, and other project application materials.  This information will be used as a foundation 

for the baseline monitoring report.  From this information, one can determine how the project 

goals are being met by the project objectives as described by post-project implementation and 

functional performance assessment. 

5.1.4 Selecting Project Specific Measurements and Metrics  

In the hierarchy of information generated by monitoring, the most basic items are the 

measurements taken in the field.  Measurements are derived from a direct assignment of 

numbers or categories in standard units to objects or events.  Measurements can be both 

quantitative and qualitative in nature.   

Metrics describe the degree of which a system or process possesses a given attribute.  

Measurements can be metrics alone, but metrics are also calculated from a number of 

measurements.  In reporting measurements and metrics, indicators may be developed to relate 

how conditions compare to prescribed standards of quality. 

Determining which measurements and metrics are most applicable to answering monitoring 

questions related to each project is done using the tables that follow.  For implementation 

monitoring and questions about the project elements themselves, see Table 1.  For assessing 

project function, refer to the matrices in Tables 2-10. 

For Implementation monitoring, follow the first column from top to bottom to identify the 

project category.  There may be more than one category targeted by a project.  For each 

project category, move across the table from left to right to identify the primary objectives 

implemented, and the suggested measurements and metrics that describe whether and how 

those objectives have been met.   

Similarly, for functional performance monitoring, select the matrix by project category in 

Section 5.  Moving from top to bottom of each matrix, identify the primary objectives the 

project was intended to accomplish.  Then follow the matrix from left to right to determine 

which functional performance questions address the goals of the project, and which 

measurements and metrics are suggested for collection to assess whether the goals of the 

project have been met. 

The ability to collect only the metrics that apply to the project of interest, rather than a 

comprehensive set of metrics for every project allows a more efficient data collection effort.  

Once these metrics have been identified, the crew leader should select the relevant data sheets 

from Appendix B (to be developed) to have on hand in the field.  It is wise to make several sets 

of data sheets that will be needed and store them in a clipboard or the vehicle in case one gets 

lost during the course of field work.  With the set of questions and measurements tailored to 

each specific project, it should take two days or less to set up and complete monitoring at a 

given site per monitoring event.   
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Implementation Monitoring Metrics 

A post-construction evaluation is completed through field surveys to determine: 

 What was actually built? (Completed project description and quantification) 

 Does the as-built match the design?  (Comparison of proposed vs. built) 

o If not, what was the reason?  Examples: 

 Construction management oversight lapse 

 Design changed in response to unanticipated site conditions  

 Undocumented/unsupported reason 

 River processes affected structure/action 

 Regulatory agency process influenced design 

This assessment includes both qualitative and quantitative components.  Implementation 

monitoring metrics include all PCSRF metrics, as well as additional metrics to more fully 

describe the project elements.  Implementation metrics describe the project scope and scale 

(area affected, numbers of units, etc.)  Some metrics may be common to multiple project types 

while others may be unique.  Implementation monitoring metrics are identified in Table 1. 

Table 1. Key project implementation monitoring metrics. 

Project 
Category Primary Objective Implementation Metric(s) 

In
-s

tr
ea

m
 H

ab
it

at
 

Instream Structures (Rock, 
Wood) 

Number, Type, and Location of structures 

Length of Stream Treated 

Dimension of structures 

Anchoring/Ballast Method 

Distance Keyed in to Bank (if applicable) 

Pool Excavation Number, Type, Residual Depth, Location of Pools;  

Amount of habitat 
(spawning, rearing, holding)  

Depth, Velocity, substrate, cover, location of patch, 
and target species 

Physically Change Planform Planform Layout 

Cross-section Modification Cross-Section Profile at 10 XS's 

Grade Control/Reverse 
Incision 

Structure Type 

Long Profile, Grade  

Spawning Gravel Addition Locations, Area of Bed Covered 

Source of substrate 

Average Depth of Deposit(s) 

Grain Size Distribution 

Spawning Gravel Cleaning Locations, Area of Bed Cleaned 

% Embeddedness in site and upstream riffle 

Project 
Category Primary Objective Implementation Metric(s) 

O
ff

-

C
h

an
n

el
/

Si
d

e-

C
h

an
n

el
 

H
ab

it
at

 Access into side channel Describe period of accessibility 

Side Channel Connection Number, Type, and Location of structures 

Width, Profile of inlet control 

Bankfull Depth at Inlet/Outlet Control 
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R
ip

ar
ia

n
 

C
o

n
d

it
io

n
 &

 
Fu

n
ct

io
n

/V
eg

et

at
io

n
 

M
an

ag
em

en
t Replanting (Active) Length and Width of the  treatment on each bank 

Area planted by vegetation community type 

Number of plants by species and stock (bare root, 
seedlings, potted 

Livestock exclusion fencing 
(passive) 

Location, Length and type of fencing 

Average Width of Riparian Zone Excluded 

Side Channel 
Enhancement/Creation 

Number, Type, and Location of structures 

Cross-Section Profile Excavated 

Length of channel treated 

Amount of habitat 

(spawning, rearing, holding)  
Depth, Velocity, substrate, cover, location of patch, 
and target species 

Floodplain Connectivity Number, Dimension of Connectivity Points 

Riparian enhancement Length and width of Riparian enhancement on each 
bank 

Vegetation density total and by species 

B
an

k 
St

ab
ili

za
ti

o
n

 Riprap Removal Length of Riprap/Structure Removed 

Any Residual Material? 

Bank Structures Length of Stream Treated 

Number, Type, and Location of structures/plantings 

Area Regraded 

Vegetation density (plants per acre) 

Dimension of structures 

  Length of Bank Protected/Restored on each bank 

Fl
o

o
d

p
la

in
 F

u
n

ct
io

n
/C

h
an

n
el

 M
ig

ra
ti

o
n

 Overall metrics Width of Floodplain pre-restoration 

Width of Floodplain proposed 

Actions taken on Left/Right/Both banks 

Levee Removal/Setback Width between levee(s)/floodplain terrace on each 
bank at 10 XS's 

Length of levee moved on each bank 

Levee Breach 

Width of Breach(es) on each bank 

Control Elevation of Breach(es) 

Riprap/River Training 
Structure Removal 

Length of Riprap/Structure Removed from each bank 

Any Residual Material? 

Floodplain Topography 
Modification 

Number, Volume of Cut/Fill Locations on each bank 

Terrace Excavation/Channel 
Raising 

Bankfull Width and Depth at 10 XS's 

Cross-Section Profile at 10 XS's 
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Project 
Category Primary Objective Implementation Metric(s) 

W
at

e
rs

h
ed

 c
o

n
d

it
io

n
/ 

H
ill

sl
o

p
e 

P
ro

ce
ss

es
 

Erosion Control/Slope 
Stabilization 

Number, Location of Sediment Delivery Channels 
disconnected 

Type of control measure used (Structures, fill/pullback, 
plantings, slope stabilization) 

Number and type of structures/plants installed 

Length of stream-adjacent slope stabilized 

Road decommissioning Miles treated 

Type of drainage improvement 

Number/length of improvements per mile 

Length of stream-adjacent road treated 

Gravel Recruitment Number and location of Sediment delivery channels 

Evidence of recruited sediments downstream of the 
delivery point Y/N 

Evidence of sediment delivered from the site  

Vegetation Management Type of enhancement/management (invasive removal, 
native establishment, grazing restriction) 

Length, width and acres treated  

Target Invasive Species present/absent 

Number of native plants installed by species 

Predominant land use at the site (Wooded, pasture, 
agriculture) 

Acres of project area in each land use 

Length of stream-adjacent treatment 

Wetland 
Restoration/Groundwater 
Recharge 

Type of wetland restored  

Length of wetland adjacent to stream 

Delineated Acres of wetland restored 

Wetland function restored (Vegetation, hydraulic, 
Restrict animal use) 
 

P
ro

te
ct

io
n

/ 

A
cq

u
is

it
io

n
 Acquisition Acreage 

Stream mileage 

Instrument of sale was (lease, conservation easement, 
etc.) 

Evidence of no adverse land use 

Fi
sh

 P
as

sa
ge

 

Im
p

ro
ve

m
en

t 

Fishways Type & dimensions 

Minimum depth & maximum velocity 

Flow at time of survey 

Bridge, Culvert & Low-water 
Crossing 

Type 

NMFS Criteria/Metrics - length, width, diameter, 
steps, slope, embedment, fill materials, hydraulic 
drop, pool depth, depth, velocity, Energy 
Dissipation Factor 
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Functional Performance Metrics 

Functional Performance Monitoring is based on a before/after monitoring design to describe 

trends in project performance and functional effectiveness.  To efficiently establish temporal 

change of project function (habitat created), monitoring should identify the key habitat 

function(s) that the project was intended to provide, and determine if the project is (or is not) 

achieving those functions. These functions are often measurable through a small set of 

surrogate metrics that represent the target change(s).   

This protocol identifies monitoring questions that pertain to the key goals stated in a given 

project proposal.  Monitoring questions and relevant metrics are identified for different project 

categories in tables 2 through 10.   

The long-term function monitoring protocols are designed around a hierarchical series of 

questions: 

1. What problem is being addressed and what is the goal of the project? 

a. What fish life stages are being targeted? 

b. What are the limiting factors and associated habitat attributes that will be 

addressed? 

Project 
Category Primary Objective Implementation Metric(s) 

N
u

tr
ie

n
t 

En
h

an
ce

m
en

t Fish carcass, analog or 
elemental fertilizer 
introduction 

Area/length of stream treated 

Type of treatment (Analog, carcasses, other nutrient 
source 

Loading rate (lbs./ sq. ft) 

O
u

tr
ea

ch
 

Community/stakeholder/part
icipant Interaction 

Number of Outreach Events 

Purpose of Event 

Date of Event 

Number of Participants at each event 

Format of Event (Round Table, Panel, Mailing, News 
Media, etc.) 

Summary Report Present/Absent and Location 

Monitoring Detecting Change Over Time Number of Monitoring Events 

Type of Monitoring Event (Implementation, function, 
effectiveness, validation) 

Date of event 

Summary Report Present/Absent and Location 

Stewardship Ensuring project 
sustainability 

Project condition (functional, weak) 

Project Elements to Enhance 

Cost of Enhancement 

Summary Report Present/Absent and Location 

Document 10 year stewardship plan 
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c. How will performance success be defined? 

2. How will long-term project function be monitored? 

b. What metrics will be used to measure function? 

c. What protocols will be used to measure metrics? 

Related issues include: 

• What were baseline conditions? 

• Can improvement be observed/quantified relative to baseline? 

• Is the project intent “instant habitat”, or functional improvements that work with river 

processes? 

• At what water level or flood frequency is the project activated? 

• At what phase is the project in its lifespan?  (i.e., just completed, midway, or at the end 

of its expected life) 

• Is project still there/working as intended and if not, why not? 

• How much habitat has been created to date, and what is the relative increase from the 

baseline? 

These questions are integrated into the matrices that follow. Note that this guidance provides 

only implementation metrics for Outreach, Monitoring, and Stewardship project categories and 

not long-term monitoring. 
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Table 2. In-stream Habitat 

Primary 
Action/ 

Function 

Primary Habitat 
Objective 

Performance Success 
Defined in Terms of: 

Functional Performance 
Question(s) 

Metrics 

Instream 
Habitat 
Complexity 

Pool Quality/Quantity 
(depth, velocity) 

Habitat Quantity What are residual depth/volume, 
frequency of pools? 

Number, Residual Depth & Residual 
Volume each pool per 20WBF length 

Instream Habitat  Habitat Quantity How much habitat is available by 
type during the target season 
(spawning, rearing, holding)? 

Area of bed w/ suitable depth, 
velocity, substrate, cover (Spawning, 
Rearing, Holding) 

Improve Pool:Riffle Ratio Habitat Diversity How much diversity exists in reach? Pool:Riffle Ratio 

Available Cover (object, 
overhead, undercut) 

Habitat Quantity Is cover habitat available by type? % of wetted area by cover type 

Channel 
Morphology/ 
Hydraulic 
Geometry 

Forcing Bedform Profile Habitat Quantity 
 

Is pool/riffle morphology created? Gradient, pool-riffle ratio 

How much habitat is available by 
type during the target season 
(spawning, rearing, holding)? 

Area of bed w/ suitable depth, 
velocity, substrate, cover (Spawning, 
Rearing, Holding) 

Channel profile change Is channel profile changing in 
expected direction? 

Gradient, channel shape 

Counter aggradation Summer habitat quantity How much pool habitat is 
available? 

Number, Residual Depth & Residual 
Volume each pool per 20WBF length 

Spawning habitat 
accessibility 

What is frequency that fall 
migrants can pass upstream? 

Stage Rating curve, critical passage 
depth 

Temperature control Summer water 
temperatures 

Does 7DADM exceed stress/lethal 
threshold? 

Water temperature 

Channel 
Planform 
Control 

Channel Split/Island 
Morphology 

Habitat Quantity How much habitat is available by 
type during the target season 
(spawning, rearing, holding)? 

Area of bed w/ suitable depth, 
velocity, substrate, cover (Spawning, 
Rearing, Holding) 
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Primary 
Action/ 

Function 

Primary Habitat 
Objective 

Performance Success 
Defined in Terms of: 

Functional Performance 
Question(s) 

Metrics 

Habitat Quantity Are vegetated islands forming? Area of mid-channel bars w/ woody 
vegetation 

Channel change Are bed elevation changes trending 
in expected direction? 

Gradient, channel shape 

Meandering/Point Bar 
Morphology 

Habitat Quantity Is pool/riffle morphology created? Gradient, channel shape 

Restore habitat 
complexity 

Habitat Quantity How much habitat is available by 
type during the target season 
(spawning, rearing, holding)? 

Area of bed w/ suitable depth, 
velocity, substrate, cover (Spawning, 
Rearing, Holding) 

Pool habitat quantity What is size/residual depth of 
pools? 

Number, Residual Depth & Residual 
Volume each pool per 20WBF length 

Riffle habitat quantity How much riffle area is present at 
low flow? 

Area of riffle at target flow level 

Pool tail/riffle habitat 
quantity 

How much pool/tail riffle area is 
present with spawning potential? 

Area of bed w/ suitable Depth, 
Velocity, Substrate at low flow 

Flow 
Redirection 

Create velocity shear and 
eddy zones 

Channel planform change Are planform/profile changing in 
expected direction? 

Gradient profile,  
Channel shape 

Large Wood 
Retention 
Structures 

Reduce LWD Transport 
out of System 

Quantity of habitat created 
at low flow 

How much habitat is available by 
type during the target season 
(spawning, rearing, holding)? 

Area of bed w/ suitable depth, 
velocity, substrate, cover (Spawning, 
Rearing, Holding) 

Grade Control Sort gravels Amount of large wood 
available for transport later 

Is trapped wood found now or later 
in functional location? 

 Number of pieces of new non-
project wood (not used in 
construction) in project footprint 

Habitat Quantity Is gravel sorting occurring? Area of distinctly predominant 
patches of Fines, Gravel, Cobble  

Fines Transport Habitat Quantity How much habitat is usable during 
spawning season for target 
species? 

Area of bed w/ suitable Depth, 
Velocity, Substrate at low flow 

Fines concentration in 
usable area 

Do fines levels exceed criteria? % Embeddedness, Bulk sampling 

Restore alluvial channel 
form/Reverse Incision 

 Is interstitial winter habitat 
accessible? 

% Embeddedness 
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Primary 
Action/ 

Function 

Primary Habitat 
Objective 

Performance Success 
Defined in Terms of: 

Functional Performance 
Question(s) 

Metrics 

Flood frequency at which 
floodplain/terrace is 
engaged 

What flood elevation is 
geomorphically significant? 

Bankfull flow magnitude, water 
surface elevation 

Gravel 
Addition 

Spawning Habitat 
Improvement 

Cross-section change Is bed rising, or is incision 
continuing? 

Cross section 

Habitat Quantity How much habitat is usable during 
spawning season for target 
species? 

Area of bed w/ suitable Depth, 
Velocity, Substrate at low flow 

Persistence Is gravel replenished naturally and 
sufficiently? 

Area of distinctly predominant 
patches of Fines, Gravel, Cobble 
over time 

Gravel 
Cleaning 

Spawning Habitat 
Improvement 

Habitat Quality Does sedimentation/erosion 
influence survival to emergence? 

Long profile, 10 monumented cross 
sections  
% Embeddedness 

  Habitat Quality Does sedimentation/erosion 
influence survival to emergence? 

Long profile, 10 monumented cross 
sections  
 
% Embeddedness 



 

LCFRB IAM Protocol 30 

Table 3. Off- & Side- Channel Habitat 

Primary 
Action/ 

Function 

Primary Habitat 
Objective 

Performance Success 
Defined in Terms of: 

Top Level Performance 
Question(s) 

Metrics 

Side Channel 
Connection 

Side Channel 
Habitat 
Accessibility 

Connection Duration & 
Frequency 

How long/often does channel stay 
open? 

Changes in S-Q Rating curve at inlet 
control 

Are beaver dams preventing/reducing 
access? 

Dam height/width, head drop, pool 
depth 

Stability What is rate of channel 
refill/regrowth, or 
erosion/enlargement of connection 
point? 

Gradient, channel shape 

Habitat Quality Is predator habitat enhanced? Small Mouth Bass, Northern 
Pikeminnow Habitat Suitability Index 

Is trapping/stranding occurring? Presence/absence 
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Primary 
Action/ 

Function 

Primary Habitat 
Objective 

Performance Success 
Defined in Terms of: 

Top Level Performance 
Question(s) 

Metrics 

Side Channel 
Enhancement/
Creation 

Side Channel 
Habitat Condition 

Habitat Quantity How much habitat is available by type 
during the target season (spawning, 
rearing, holding)? 

Area of bed w/ suitable depth, velocity, 
substrate, cover (Spawning, Rearing, 
Holding) 

Is spawning gravel transported 
into/out of channel at sustainable 
rate? 

Area of distinctly predominant patches 
of Gravel over time 

Habitat Quality Do sedimentation/erosion influence 
survival to emergence? 

Long profile, 10 monumented cross 
sections  
% Embeddedness 

Are there potential water quality 
limitations? 

Summer Temperature, DO 

Has a diverse habitat been created? Riffle:Pool Ratio, LWD Density (# of key 
pieces per 30’ (for bfw<10 m) or per 75’ 
(for bfw>10 m) 

Is predator habitat enhanced? Small Mouth Bass, Northern 
Pikeminnow Habitat Suitability Index 

Is there cover from predation? % of wetted area by cover type 

Stability Have invasive animal species become 
established? 

Yes/No 

What is rate of channel 
refill/regrowth, or 
erosion/enlargement? 

Long profile, 10 monumented cross 
sections  
 

Is sedimentation/regrowth adversely 
affecting habitat availability? 

Long profile, 10 monumented cross 
sections  
 

Floodplain 
Connectivity 

Riparian Condition Revegetation, Growth, 
Species Composition 

Will (or has) avulsion occur(red) 
through side channel? 

Yes/No 

Avoid Impact Avoiding Impact How much of target vegetation has re-
established? 

% of floodplain vegetated by key 
species/class 

   Is trapping/stranding occurring? Presence/absence 
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Table 4. Bank Stabilization 

Primary Action/ 
Function 

Primary 
Habitat 

Objective 

Performance Success 
Defined in Terms of: 

Top Level Performance 
Question(s) 

Metrics 

Bank 
Structures/Flow 
Redirection 

Limit/Reduce 
Lateral Erosion 

Reduced fine sediment 
inputs from banks 

What proportion/length of eroding 
banks is protected? 

L, % per 20WBF length 

Increases in bank stability What proportion/length of eroding 
banks is protected? 

L, % per 20WBF length 

Stability Is river performing an end-run 
around structures? 

Yes/No 

Instream Cover 
(object, 
overhead, 
undercut) 

Habitat Quantity Is cover habitat usable % of wetted area by cover type 

Bank Pull-back 
and Planting 

Return banks to 
a stable slope 

Stable bank slope What proportion/length of bank is at 
a stable slope? 

L, % per 20WBF length, slope estimate 

Adequate survival of plants 
to maintain banks 

What is planting survival rate and 
density 

% of plantings, density per acre 

Grade Control Prevent 
Incision/Maintain 
Grade 

Longitudinal profile stability Does grade of channel change? Long profile, 10 monumented cross 
sections  

Cross-section 
Modification 

Reverse or work 
with channel 
incision 

Flood frequency at/area of 
which floodplain/terrace is 
engaged 

How much floodplain is inundated at 
what flood level? 

Annual duration of inundation by 
elevation 

Revegetation, Growth of 
riparian zone 

How much of target vegetation has 
re-established? 

% of floodplain vegetated by key 
species/class 

Table 5. Riparian Condition & Function 

Primary Action/ 
Function 

Primary 
Habitat 

Objective 

Performance Success 
Defined in Terms of: 

Top Level Performance 
Question(s) 

Metrics 

Regrading 
and/or 

Accelerate 
riparian 

Revegetation success What is planting survival rate for 
target species? 

% of plantings, by species, zone 
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Replanting 
(Active) 

recolonization & 
regeneration 

Large woody debris 
recruitment potential 

What is density of future 
recruitment conifers? 

% on cross section 

Reduced fine sediment 
inputs from banks 

What proportion/length of eroding 
banks is protected? 

Length, % of site length 

Summer 
temperature 
control 

Shading/insulation extent How much shading is provided on a 
given day?  

Angle to canopy top from channel 
centerline 

Summer water temperatures Does 7DADM exceed stress/lethal 
threshold? 

Water temperature 

Livestock 
exclusion fencing 
(passive) 

Let riparian 
vegetation 
recover by itself 

Revegetation success What is planting survival rate for 
target species? 

% of plantings, by species, zone 

Large woody debris 
recruitment potential 

What is density of future 
recruitment conifers? 

% on cross section 

Reduced fine sediment 
inputs from banks 

What proportion/length of eroding 
banks is protected? 

Length, % of reach length 

Summer 
temperature 
control 

Summer water temperatures Does 7DADM exceed stress/lethal 
threshold? 

Water temperature 

Shading/insulation extent How much shading is provided on a 
given day?  

Angle to canopy top from channel 
centerline 
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Table 6. Floodplain/Channel Migration Zone Restoration 

Primary Action/ 
Function 

Primary 
Habitat 

Objective 

Performance Success 
Defined in Terms of: 

Top Level Performance 
Question(s) 

Metrics 

Levee Removal, 
Setback 

Channel 
Migration 
Enhancement 

Channel migration/cross-
section change 

Are juveniles trapped and 
stranded, or do they survive and 
grow? 

Presence/absence, size frequency 
histogram 

Do channel hydraulic geometry 
and/or planform change/trend in 
expected direction? 

Long profile, 10 monumented cross-
sections   
Planform Map boundaries 

Do channel hydraulic geometry 
and/or planform fit within 
expected natural range? 

Long profile, 10 monumented cross-
sections   
Planform Map boundaries 

Levee Breach Floodplain 
Hydraulic 
Connectivity 

Duration/Frequency/Timing of 
Connectivity 

Are juveniles trapped and 
stranded, or do they survive and 
grow? 

Presence/absence, size frequency 
histogram 

Riparian 
Condition 

Revegetation, Growth, Species 
Composition 

How long/often are water/fine 
sediments accessing floodplain ? 

Annual duration of inundation by 
elevation   
% of floodplain w/ fines deposits in 
spring 

Riprap, River 
Training 
Structure 
Removal 

Channel 
Migration 
Enhancement 

Channel migration/cross-
section change 

Do channel hydraulic geometry 
and/or planform change/trend in 
expected direction? 

Long profile   
Planform Map boundaries 

Floodplain 
Hydraulic 
Connectivity 

Duration/Frequency/Timing of 
Connectivity 

Does target incipient flood level 
begin to engage floodplain? 

Bankfull flow magnitude and Water 
Surface Elevation 

Floodplain 
Topography 
Modification 

Floodplain 
Hydraulic 
Connectivity 

Duration/Frequency/Timing of 
Connectivity 

Does target incipient flood level 
begin to engage floodplain? 

Bankfull flow magnitude and Water 
Surface Elevation 

Riparian 
Condition 

Revegetation, Growth, Species 
Composition 

How much of target vegetation has 
re-established? 

% of floodplain vegetated by key 
species/class 

Avoid Impact Avoiding Impact Is trapping/stranding occurring? Presence/absence 

Terrace 
Excavation/Chan

Floodplain 
Hydraulic 

Duration/Frequency/Timing of 
Connectivity 

Does target incipient flood level 
begin to engage floodplain? 

Bankfull flow magnitude and Water 
Surface Elevation 
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Primary Action/ 
Function 

Primary 
Habitat 

Objective 

Performance Success 
Defined in Terms of: 

Top Level Performance 
Question(s) 

Metrics 

nel Raising Connectivity 

Riparian 
Condition 

Revegetation, Growth, Species 
Composition 

How much of target vegetation has 
re-established? 

% of floodplain vegetated by key 
species/class 

Channel 
Migration 
Structures 

Floodplain 
Hydraulic 
Connectivity 

Duration/Frequency/Timing of 
Connectivity 

Does target incipient flood level 
begin to engage floodplain? 

Bankfull flow magnitude and Water 
Surface Elevation 

Channel 
Migration 
Enhancement 

Channel migration/cross-
section change 

Do channel hydraulic geometry 
and/or planform change/trend in 
expected direction? 

Long profile   
Planform Map boundaries 

Do channel hydraulic geometry 
and/or planform fit within 
expected natural range? 

Long profile   
Planform Map boundaries 

 

Table 7. Watershed condition/Hillslope Process 

Primary Action/ 
Function 

Primary Habitat 
Objective 

Performance Success 
Defined in Terms of: 

Top Level Performance 
Question(s) 

Metrics 

Erosion 
Control/Slope 
Stabilization 

Reduce fine 
sediment delivery 

Number of point and 
non-point sources to 
stream eliminated 

Are delivery pathways 
intercepted/removed? 

Number of delivery pathways connecting to 
channel 

Sedimentation in stream Is sediment accumulated in 
the stream bed? 

Pool Tail Fine Sediments 

Road Treatment Slope stability Reduced risk of slope 
failures in project 
footprint 

Has the risk of landslides 
been reduced in project area 

Acres of slope stabilization 
Method of slope stabilization 
Evidence of slope movement 

Reduce fine 
sediment delivery 

Number of point and 
non-point sources to the 
stream eliminated 

Has embedment decreased Riffle and pool tail fine sediments 
Riffle and pool tail embedment 

Wetland 
restoration/ground 
water recharge 

Increase ground 
water recharge 

Reduced runoff-related 
erosion 

Do hillside water and 
materials reach stream at a 
natural rate 

Evidence of overland flow of water 
downslope 
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Increase surface 
water storage 

Reduced run-off related 
erosion 

Is runoff retained or reduced  Type of wetland 
Acres of wetland 
Type of improvement 
Evidence of wetland hydrology in soils? 
Depth of organic layer in Project footprint 
Number of surviving installed plants by 
species 
Density of planted wetland vegetation 
Evidence of grazing? 

Gravel 
Recruitment 

Enhance substrate 
availability in a 
substrate gravel 
starved stream 

Increased sediments 
downstream  
Increased spawning 
habitat  

Has spawning habitat 
increased 
 

Area with appropriate depth, velocity and 
substrate for spawning of target species 
Number and location of spawning habitat 
patches created 
Depth of deposit in each patch. 

Vegetation 
Management 

Provide LWD 
source, shade 
Reduce runoff and 
erosion 
Encourage 
infiltration of 
precipitation 

Coverage of Vegetation 
in project footprint 

Has the project resulted in 
reduced gaps in forest cover? 

Number of surviving plants per species 
Number of acres treated 
Number of acres still cleared 
Evidence of runoff-related erosion? 

 

Table 8. Protection and Acquisition 

Primary Action/ 
Function 

Primary Habitat 
Objective 

Performance Success 
Defined in Terms of: 

Top Level Performance 
Question(s) 

Metrics 

Acquisition Habitat 
Protection/Future 
Project 

Acreage protected.  
Evidence of no adverse 
land use  

Were the acres proposed 
equal to the acres 
purchased? 
No adverse land use 

Number of Acres 
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Table 9. Fish Passage Improvement 

Primary Action/ 
Function 

Primary Habitat 
Objective 

Performance Success 
Defined in Terms of: 

Top Level Performance 
Question(s) 

Metrics 

Fish Passage 
Structures 
(Fishways  
& road crossings) 

Upstream passage Physical conditions 
consistent with fish 
passage 

Are NMFS hydrologic and 
physical passage criteria 
met? 

length, width, diameter, steps, slope, 
embedment, fill materials, hydraulic 
drop, pool depth, depth, velocity, Energy 
Dissipation Factor 

Resilience to stream 
processes 

Do natural passage blockages 
occur (e.g., trapped wood, 
beaver)? 

Yes/No 

 length, width, diameter, steps, slope, 
embedment, fill materials, hydraulic 
drop, pool depth, velocity, 

Diversion screens Prevent 
entrainment or 
mortality of 
juveniles or adults 

Physical conditions 
consistent with fish 
passage 

Are NMFS hydrologic and 
physical passage criteria 
met? 

width, depth, diameter, submergence, and 
screen material/openings 

Demonstrated fish 
effectiveness 

Are fish impinged or injured 
on structures? 

Yes/No 

Resilience to stream 
processes 

Do screens function 
effectively at a range of 
streamflows? 

Low/High passage flow 

Are screens subject to 
blockage? 

Yes/No 

Do diversion structures affect 
river morphology? 

Gradient, channel shape 

Table 10.  Nutrients 

Primary Action/ 
Function 

Primary Habitat 
Objective 

Performance Success 
Defined in Terms of: 

Top Level Performance 
Question(s) 

Metrics 

Carcass 
placement 

Increase primary/ 
secondary 
production 

Increased benthic 
macroinvertebrate (BMI) 
production 

Does BMI production 
increase? 

BMI Density by taxa in Fall before addition 
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5.2 Key Equipment 

Once the project goals, objectives, and measurements are identified, the field crew should 

assemble the necessary datasheets and equipment to take to the field.  Equipment needed to 

outfit a monitoring crew for implementing this monitoring program include the items listed in 

Table 11. 

Table 11.  Field Equipment Checklist 

Check Box (√) Category Item 

 General No. 2 Mechanical Pencils 

 General Additional Pencil Lead 

 General Waders/Boots 

 General Dry Bag Backpacks 

 General This manual 

 General Camera 

 General Calculator 

 General Rite in the Rain field notebook paper 

 General Stopwatch 

 General Calipers 

 Forms and labels To be developed 

 In Situ/Calibration Dissolved Oxygen Probe, components, maintenance kit 

 In Situ/Calibration Multimeter Manuals 

 Calibration De-ionized water (DI) 

 Calibration Collapsible 5 gal container for tap water 

 Calibration Lab tissues (e.g., KimWipes®) 

 Calibration Barometer 

 Discharge Flow Meter 

 Discharge Flow Meter Manual 

 Discharge Batteries 

 Discharge Wading rod (top setting) 

 Benthos sampling Wide-mouth polyethylene jar (128 oz or 3.8 L) 

 Benthos sampling D-Frame kick net with handle and frame 

 Benthos sampling 95% Ethanol (add 3 parts by volume for each part sample) 

 Benthos sampling Clear tape 

 Benthos sampling Electrical tape 

 Habitat GPS 
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Check Box (√) Category Item 

 Habitat Maps 

 Habitat Measuring rod 

 Habitat 50-m tape 

 Habitat Laser rangefinder 

 Habitat Clinometer 

 Habitat PVC ring with 10-cm ID 

 Habitat Modified convex densiometer 

 Habitat Flagging 

 Habitat Permanent marker 

 Habitat Compass 

 

5.3 Field-Based Preparations 

There are a number of preparations that must be made in the field prior to initiating data 

collection.  This includes a site reconnaissance, establishing the sample reach and control 

points, and establishing photo points.  This preparation allows the monitoring crew to 

efficiently collect data in an orderly fashion throughout the sampling reach. 

5.3.1 Site Reconnaissance 

Upon site arrival the crew should conduct a brief walk through of the site to locate the recovery 

project footprint and identify potential monitoring challenges.  When conducting 

Implementation and Functional Performance Monitoring the crew should compare the existing 

site conditions with the project plans, and estimate the site’s area and the extent of the 

required monitoring effort.   

Implementing the following set-up procedure at every project site prior to the start of 

monitoring will increase the likelihood that all required measurements are collected efficiently.  

All crew members should participate in the site walk through.  

1. The crew should assemble project information such as site maps, project information, 

the project description, and plan sets.  This will provide all crew members with a basic 

understanding of project intent, size, layout, and the location of any control points.  

Having this information in the field will allow verification and validation of monitoring 

decisions should questions arise on site.  It is especially important to identify control 

points on plan set site maps and locate any tables or lists of the control point 

name/number and their associated northing, easting, and elevation.  In many cases the 

control point coordinates will not be listed in the plan set and the monitoring will have 

to be developed accordingly.   
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2. Upon arrival at the site, crew members should review the project design documents and 

then perform a brief site walk through to familiarize them with site conditions and 

features.  Site monument locations (property boundary markers, control points/bench 

marks, etc.) should be relocated to re-establish the monitoring boundaries.  If control 

points are found in a location that may be difficult to relocate, the points should be 

marked and stored in the GPS for easy identification during site set-up.  Crew members 

should also analyze site conditions.  Dense vegetation, high water, or other conditions 

can affect the monitoring process and should be mentally noted by each crew member 

so a monitoring strategy can be developed.  Finally, while completing the site walk 

through, crew members should assess the features to be monitored (culvert to be 

removed, logjams installed, etc.) and any specific characteristics that may affect the 

physical ability of the team to make necessary measurements.  This may include 

characteristics like deep pools to be delineated, swift water around rock weirs or barbs 

etc.  These observations should be noted in the field notes on the data sheets.  

3. After visually inspecting the site, the crew should gear-up and make final preparations 

for entering the field.  This will include loading required equipment into the field 

backpack for easy transport to the set-up location.  High visibility vests may be 

necessary if work is being conducted near a roadway, or if monitoring is taking place 

during hunting season. 

5. The crew should then establish the sampling reach and conduct associated site set-up 

procedures, followed by data collection.  On subsequent visits, the reconnaissance can 

include establishing that the site reference features such as control points are still there 

and then proceed directly to data collection.  

5.3.2 Establishing a Sample Reach 

A sample reach is required when conducting baseline pre-construction monitoring of metrics 

including a survey of channel morphology responses or changes.  Bankfull width is used to 

establish a survey reach.  Survey reaches must be no shorter than 150 meters, and no longer 

than 500 meters, consistent with the SRFB’s MC-2 Protocol for establishing reaches (Figure 3).  

In cases that involve surveying and transect-based measurements, the reach may need to be up 

to 20 bankfull channel widths long.  If a different length reach is required to adequately capture 

a metric, that length will be specified in the monitoring protocol in question.  Multiply the 

average bankfull width times 20 to find the length of your reach in whole meters.  For any site 

with an average bankfull width less than 8 meters, the reach will be 150 meters long.  Likewise 

for any site with an average bankfull width greater than 25 meters, the reach will be 500 meters 

long. Width measurements can be made using either a 50-m tape, a measuring rod, or (if the 

channel is wide) with a laser rangefinder. 

Channel bankfull measurements are generally difficult to define in the field.  In alluvial channels 

with a distinguishable floodplain, it may be assumed for purposes of establishing reach length 

that the bankfull elevation corresponds to the lower elevation of the top of the left and right 
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banks, at the points beyond which the floodplain flattens out significantly.  In sites without a 

clear floodplain (e.g., a narrow canyon), the bankfull elevation may be taken to correspond 

roughly to the upper limit of fresh sand deposits.  The bankfull width is perpendicular to the 

channel long axis, at the established bankfull elevation.   

To find the average bankfull width, measure the bankfull width at the access location and use 

that distance to determine where to measure each of 4 additional transects as follows: 

1. Measure the bankfull width (BFW) at the access location (typically in the middle of the 

project footprint) 

2. Move upstream the distance of the width measured in step one, and measure BFW at 

that location 

3. Move upstream another distance of the width measured in step one (2 bankfull widths) 

and measure BFW at that location. 

4. Move downstream the distance of the width measured in step one and measure the 

BFW at that location 

5. Move downstream another distance of the width measured in step one (2 bankfull 

widths) and measure BFW at that location 

Record the average of these 5 BFW measurements as the average bankfull width (to the 

nearest meter).  Space each of 11 transects at 2 times this average bankfull width to give you a 

reach length of 20 bankfull widths per the schematic below (Figure 3).  Measurements taken 

during baseline monitoring will occur at these transects, and additional transects may be 

established between the 11 transects to correspond with structure placement or other project 

design elements that will require pre-construction representation of conditions.  This same 

pattern will be followed after construction to show how the footprint has changed over time. 

 

 Figure 3. Example of process used to lay out transects (SRFB 2011b). 
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5.3.3 Establishing Survey Control Points 

In many if not most cases, some degree of surveying may be required.  A set of control points or 

survey monuments will then be required that tie a project’s survey data to either a local or 

global coordinate system.  Control points are commonly referred to as survey benchmarks 

(BM).  Control points provide the horizontal and/or vertical datum against which survey data 

are referenced.  Existing control points should always be used if they are available to complete 

the site survey.  It is also important to use the same coordinate system in which the site control 

points were established for consistency and easier analysis.  New control points may be 

established as a 2’ section of ½” rebar with a plastic control point cap hammered into the 

ground, a survey hub with mag-nail, a large nail in a large tree, or local permanent points such 

as boulders, concrete, or steel gate posts.  Let one of the control point elevations = 100.00’ to 

establish a stable reference elevation relative to other survey measurements in the reach.   

Use flagging and spray paint (with color chosen to match need; e.g., use more muted colors on 

private property).  Although survey flagging is a convenient way to visually mark a point, it 

should be used sparingly and alternatives to flagging should be considered where viable.  

Flagging should be removed after monitoring is completed unless there are specific reasons to 

leave the flagging on site. 

The control points should be selected to provide a long-term marker that can be relocated for 

future surveys.  Control points should be placed in relatively stable, safe locations that are also 

visible from as many locations as possible to minimize the number needed.  Permanent control 

points should never be installed within the active channel (to minimize human impact on the 

site and reduce the chance of the control point being washed out as the channel changes over 

time).  A minimum of three (3) control points are required, and their elevations should be 

checked each time with a level to ensure that any ground movement or interference by 

biological or physical agents can be accounted for and the reference elevation(s) adjusted 

accordingly. 

Aerial photography mapping can be incorporated into implementation monitoring if the site 

does not have any existing control points and the GPS cannot acquire satellites to establish 

coordinates for new control points.  Field crews can usually locate prominent landmarks on the 

ground initially identified with the aid of aerial photographs.  Objects like large trees, fence 

lines, existing structures, or large boulders may be helpful to ground-truth location.  Featureless 

landscapes such as fields, brush, and scrublands do not lend themselves to this approach 

because they tend to lack distinguishing characteristics.  With this in mind, site characteristics 

must be carefully considered when determining the feasibility of this method. 

5.3.4 Establishing Photo Points 

Photo point monitoring is an easy and inexpensive way of monitoring and communicating 

ecosystem change through repeated photography of an area of interest over time with photos 

taken from the same location and the same field of view.  If a location is adequately marked in 
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the field and documented in the records, photos can be replicated even if taken by different 

people many years apart.  There are 4 key steps to successful photographic monitoring: 

1. Define the objective of each point 

2. Select and establish each location 

3. Take the photograph 

4. Organize and file the data 

Photo points should be established to capture a specific project element or habitat response.  

Once the specific objectives for photographic documentation have been defined, a marked and 

documented location should be established.  This can be accomplished by collecting a GPS 

location of each point and installing some kind of marker.  Markers may range from a 

benchmarking nail or rebar to a steel fence post and/or bracket mounted to a permanent 

stand.  The type of marker used will depend on the willingness of the land owner to allow 

permanent fixtures on their property.  If no markers are allowed, a GPS location in combination 

with a triangulated distance and bearing from a fixed landmark will suffice. 

Each photograph should include the view of the objective, an item to provide scale, and a photo 

id form or chalkboard to link the picture with its project number, site, and objective 

information.  A record of photo points associated with each project should clearly define the 

project, objective of each location, the GPS coordinates and bearing of the image, and narrative 

description of the location sufficient for future photographers to locate the photo point.  The 

record of each photo should include the photographers name and organization, type of camera 

used, date and time the photos were taken. 

Suggested photo points to establish for each project include: 

 Upstream and downstream views on both ends of the project footprint 

 Upstream and downstream views of each structure 

 Long and medium view of left and right stream banks/target off-channel and side 

channel habitats 

 Long and medium views of riparian vegetation 

 Views of sediment source points, hillslopes, or roads to be decommissioned 
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6 DATA MANAGEMENT AND REPORTING 

A data management plan is key to a successful program in its structure for data entry, QA, 

storage, extraction, and sharing.  The SalmonPORT database is designed to serve as the data 

reporting mechanism for site level metrics.  However, a data storage and management 

mechanism should be created to house the raw data collected from each site.  There need not 

be an online interface, however it should support data storage for baseline, implementation 

and functional performance assessments.  It should allow for data entry, QA, and calculating 

derived metrics. 

6.1 Data QaQc and Entry 

There is a distinction between the daily QaQc tasks performed by the field crew, data cleaning 

and entry QaQc, and data summary QaQc.  Daily data QaQc conducted at the end of each site 

visit should focus on completeness and accuracy.  Each value should be noted, and reviewed for 

any values that seem inconsistent with conditions seen in the field.  The correction may be as 

small as moving a decimal, or it may require remeasurement.  It is best to catch this before 

leaving the field rather than trying to return later to verify the data. 

During the office days, the crew will work to clean the data collected through the week.  This 

often involves mapping data, verifying accuracy, fixing incorrectly entered codes or 

descriptions, and scanning all data sheets to create a digital back up.  In addition, on crew 

member will transfer the data from the field sheets to the database, and another will verify that 

the datasheet and the database match. 

The crew lead will spend time calculating metric values, creating shape files of data points, and 

creating tables or figures that can be used in reporting.   

6.2 Reporting 

Reporting occurs on several levels, in part for project management purposes, and in part for 

deliverable development.  For project management purposes, there are weekly progress 

reports, as well as lessons learned reports which are compiled as needed during the year.  In 

addition, a compilation of these reports should be developed for project sponsors at the end of 

the year to keep them apprised of monitoring activities and findings regarding their projects.  

For deliverable development, annual and technical reports are developed summarizing the 

monitoring conducted and associated findings for each project monitored during the season. 

PROJECT MANAGEMENT REPORTING 
Weekly internal reports consist of brief field report documenting site conditions and monitoring 

activities carried out at each site.  Attached should be a compilation of field notes, data sheets, 

and project background info for each site visited.  These reports should be archived in digital 

and hard copy.   
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LESSONS LEARNED  
Lessons learned during each monitoring season should be clearly documented as part of the 

project management reporting.  This document is created to streamline future monitoring 

efforts by noting protocol improvements in either process or safety, common mistakes, and 

expectations for monitoring scenarios not yet encountered or with no guidance developed.  

These documented lessons learned will inform decisions regarding the modification of the 

protocol over time. 

DELIVERABLE DEVELOPMENT 
Annual technical reports are developed at the end of each year to summarize the findings of 

the monitoring conducted at each field site visited that year.  These reports may be cumulative, 

in that they will grow with each monitoring event.  The first report may only consist of the 

project background and baseline assessment reports, describing the rationale, goals and 

objectives, and baseline habitat conditions of a 20 bankfull width reach that coincides with the 

project location.  A post-construction implementation and initial functional performance report 

will be attached as the project progresses to that stage.  Long-term implementation and 

functional performance reports will be generated during the 2, 5, and 10 year post-construction 

sampling interval.   

The annual technical report consists of the compilation of reports generated for each site 

visited in a given year, and a chapter of summary statistics regarding the overarching findings 

including: 

 the number of projects monitored 

 stage of project (pre, post, long-term monitoring) 

 the number of projects by type type 

 age of each project 

 condition of each project (good, fair, in need of maintenance, non-functional) 

 general findings regarding life-span, methods that seem regularly to be successful or 

not). 
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7 COST OF THE IMPLEMENTATION AND FUNCTIONAL PERFORMANCE 
MONITORING PROGRAM 

EQUIPMENT COSTS 
The primary costs of this program are derived from staff time, travel, data analysis and 

reporting, administrative time, and equipment maintenance.  Each project will have a different 

cost of monitoring based on size and complexity.  Should the LCFRB choose to develop an 

internal program, equipment purchase would initially be around $15,000, with annual 

consumables replacement costs of approximately $500.  Most environmental monitoring 

consultants likely already have the equipment needed, minus the consumables.   

This estimate covers the costs of the materials in Table 11, including the supplies for benthic 

sample collection.  Nutrient enhancement projects are the only ones that would require such 

monitoring.  These projects are not present in each year’s grant round, although when they are, 

they are generally a multi-subbasin, multi-year project.  The cost of monitoring these projects 

would depend on the number of subbasins and treatment locations within those basins 

sampled.  The equipment costs per site, once the kick net has been purchased, would amount 

to about $20 in equipment (jars, ethanol, labels and tape), and $300 for the taxonomy and lab 

report.  Depending on where the taxonomy lab is, delivery fees may also apply.  Keep in mind 

there are restrictions involved in shipping chemicals like non-denatured ethanol.  There are 

reputable taxonomists in the Portland area that would be qualified to conduct this work, so 

these postal restrictions could be avoided. 

LABOR COSTS 
The primary expense after equipment for all project types is labor.  For the field work 

component of all project types, it can be assumed that a field crew of 4 would be most efficient 

in the field, and it would require two 10 to 12 hour working days to complete monitoring at 

most sites, or up to 96 man-hours per site.  This includes travel time, site set-up, data 

collection, and data QA prior to leaving the site.  Mileage would also need to be included in this 

calculation. 

In addition there will be office related costs, including administrative costs, and time dedicated 

to data entry, QA, analysis and reporting.  These tasks may also be conducted either in-house or 

by the consultant.  Depending on the complexity of the site, and the amount of monitoring 

(baseline establishment, implementation, functional performance) that is conducted at each 

site, analysis and reporting could require up to 40 hours per site. 
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8 GUIDE TO APPENDICES 

Thus far, this document has provided detailed guidance regarding the context and components 

of the LCFRB Implementation and Functional Performance Monitoring Program.  The field 

protocols for data collection of each measurement, and field form templates are under 

development for inclusion in the future as appendices.  The goal is to create a single, well 

organized guidance document that is complete enough to provide a reference in the field for 

any protocol that may be required for this program. 

 Protocols for baseline project site monitoring will be developed in appendix A. 

 Protocols for implementation monitoring will be developed in appendix B. 

 Protocols for functional Performance will be developed in appendix C. 

 Field forms will be developed in appendix D. 
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