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Lower Columbia River
Aquatic Ecosystem
Monitoring Strategy

I. Introduction

he mission of the Lower Columbia River Estuary Program (Estuary Program) is “to preserve
and enhance the water quality of the estuary to support its biological and human

communities.” The Comprehensive Conservation Management Plan (Volume I) provides the
framework for accomplishing this mission. The Management Plan recognizes that a key
component in determining whether this mission is being met is environmental monitoring.
Comprehensive environmental monitoring is critical to further our understanding of the river, track
trends in the health of the river and its resources, pinpoint problem areas, assure compliance with
water quality standards, and assess the effectiveness of management actions over time.

The Aquatic Ecosystem Monitoring Strategy (Monitoring Strategy) details how this effort will be
accomplished. Building on existing monitoring programs, the strategy provides a structure for
coordinated monitoring of the lower Columbia River. It represents a very important step in
establishing a cooperative, long-term approach to understanding the complex ecosystem of the
Columbia River. Comprehensive monitoring at this scale has not been attempted on the lower
Columbia. It is an ambitious undertaking and will require an unprecedented level of cooperation,
coordination, and commitment among all the involved parties. The Estuary Program will play a
critical role in making it happen by supporting the continuation and enhancement of existing
monitoring programs, initiating new monitoring efforts, and providing the structure to ensure an
ongoing, comprehensive approach to ecosystem monitoring.

II. Background
The lower Columbia River and estuary have suffered significant degradation over the years.
Hydropower development, irrigated agriculture, logging, mining, stream channelization, industrial
discharges, stormwater runoff, and urbanization are all recognized factors contributing to the
degradation of the river. In 1989, the Governors of Oregon and Washington established the
Bi-State Water Quality Program to assess the health of the lower river and estuary. The study
evaluated the water quality to determine if beneficial uses were being met. The project produced
a report in 1995 titled “The Health of the River” that identified a variety of water quality and land
use problems which have resulted in impaired wildlife and ecosystems. The conclusions of that
report supported a nomination to the National Estuary Program.

The Lower Columbia River Estuary Program became part of the National Estuary Program (NEP)
in 1995, and a three year conference agreement was signed between EPA and the two Governors
in 1996. The conference agreement called for development of a comprehensive management
plan for the lower river.

Water quality monitoring to track trends and evaluate the effectiveness of various activities was
recognized as a key element of the plan. Under the lead of the US Geological Survey in coordi-
nation with the Estuary Program, a multi-agency subcommittee completed a draft report titled

T
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“Interagency Long-Term Monitoring Plan to Assess Water Quality, Sediment Quality, Aquatic
Health, and Biological Integrity in the Lower Columbia River.”  That plan, referred to from now
on as the “monitoring plan”, was accepted by the Estuary Program Management Committee and
forms the basis of this strategy.

The monitoring plan provides a detailed assessment of the monitoring needs of the lower river
based on the priority issues identified by the Estuary Program Management Committee, the
technical expertise of subcommittee members, knowledge of existing programs and the availabil-
ity of existing information. The subcommittee identified four general monitoring areas: water
column, toxics in sediments, toxics in tissues, and habitat and biological integrity. It then devel-
oped recommendations for the specific monitoring actions and special studies needed to provide
critical information and support the monitoring objectives. The monitoring plan offers the recom-
mendations and a relative priority for each.

The monitoring plan provides the technical information to support the Monitoring Strategy. It
takes the recommendations of that group and outlines an approach to implementation. The
collaborative development of the monitoring plan represents an important precedent in develop-
ing an integrated, comprehensive monitoring program for the lower river. It shows a clear com-
mitment on the part of all key partners to the concept of studying the ecosystem as a whole
rather than as a number of independent parts as has been done in the past.

III. Purpose
The Monitoring Strategy establishes a process for implementing the monitoring plan for the
lower Columbia River. Over time, monitoring will provide the data necessary to routinely evalu-
ate the environmental health of the river. To meet this goal, the process must ensure that the
following objectives, identified in the long term monitoring plan, are successfully accomplished.
These objectives will evolve as more data becomes available and our understanding of the
ecosystem improves.

The objectives are to:

• incorporate and augment existing monitoring and assessment programs;

• develop specific approaches for addressing specific monitoring questions;

• develop hypotheses that can be tested as part of the monitoring strategy;

• select monitoring variables as appropriate for sampling locations, sampling frequency, media,
chemical and biological parameters, and quality control;

• provide for coordinated data management and assessment;

• assure the gathering of comparable, high quality baseline data and issue-specific data by all
participating programs;

• provide for the processing and analysis of data to address immediate information needs and
determine seasonal, annual and long term trends; and

• provide for periodic assessment of all data and re-evaluation of the Monitoring Strategy.

IV. Scope
The Monitoring Strategy focuses on the Estuary Program study area which includes the tidal
portions of the Columbia River, its tributaries downstream from Bonneville Dam, and the tidal
portion of the Willamette River and its tributaries downstream of Willamette Falls. The study area
is large and complex and is influenced by a multitude of factors outside its bounds, including
upper basin activities such as water impoundments, irrigation withdrawals and returns, farming
and forestry activities, and many more. Thus, although most actual data collection will occur
downstream of Bonneville Dam, these upstream influences will have to be considered.
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Although the Monitoring Strategy is meant to be comprehensive and all inclusive, the complexity,
the costs, and the resources needed to effect an exhaustive monitoring program of the lower
river extend beyond the short term. As resources become available and as our knowledge base
increases, however, it is envisioned that the scope and coverage of the program will expand, as
will our ability to understand the ecosystem and its overall health. It is expected that this docu-
ment will be periodically updated to reflect new knowledge, changing priorities, and emerging
issues.

V. Approach
The Monitoring Strategy takes the recommendations from the monitoring plan and establishes a
step by step, phased approach to implementing those recommendations. Sections VI and VII
provide the context for the Monitoring Strategy, Section VIII describes the monitoring compo-
nents; Section IX discusses the phased approach; Section X describes the implementation strategy
for each of the monitoring components; Section XI discusses costs; and the conclusions are
contained in Section XII.

The overall approach is based on key decision factors. Those factors (discussed in more detail in
Section IX B) include funding, priority ranking, availability of existing programs and resources,
critical information needs, and the existence of established protocols and procedures for measur-
ing desired parameters. Section IX C describes the phased approach, initially establishing a
coordination structure and developing agency cooperative agreements. As the program gets
underway, other proposed actions will commence based on available resources. Over time, as
sustained funding is secured, the entire program will be implemented.

There are numerous decisions regarding actual monitoring that will not be made in this docu-
ment. Such aspects as appropriate quality assurance and quality control procedures, and actual
sample design and procedures will have to be developed through agreements with the participat-
ing partners in the monitoring program.

This strategy does identify:

• what decisions need to be made;

• a process for coming to agreement;

• a proposed structure and oversight role to ensure that implementation moves forward in a
consistent and organized manner; and

• recommendations for how, when, and at what scale monitoring activities should occur.

VI. Relationship to the Management Plan
The Monitoring Strategy is one aspect of the implementation phase of the Management Plan.
It is key to determining whether the goals of the Estuary Program are being met.

The Management Plan identifies seven priority issues related to the health of the Lower Columbia
River. The issues are:

• biological integrity;

• impacts of human activities and growth;

• habitat loss and modification;

• conventional pollutants;

• toxic contaminants;

• institutional constraints; and

• public awareness and stewardship.
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The issues are clearly interrelated. At the core is the Estuary Program’s fundamental goal to
achieve a high level of biological integrity. Biological integrity has been degraded by human
activity and growth over the last hundred years. The degradation is evidenced by habitat loss and
modification, the presence of toxic contaminants in fish tissue and sediments, and problems with
conventional pollutants (such as elevated temperature, increased dissolved gases, bacteria, and
sediment). Institutional constraints posed by multiple jurisdictions and lack of public awareness
and stewardship make protection of the river challenging. The following flow chart (Figure 1)
depicts that relationship.

FIGURE 1
INTERRELATIONSHIP OF PRIORITY ISSUES

The Management Plan describes 43 specific actions to address the problems associated with the
seven priority issues. The implementation of all the actions should result in the improvement of
the biological integrity of the lower river. The 43 actions are grouped into three broad categories.

• Habitat and Land Use:  Loss of habitat and wetlands was identified in the Estuary Program
planning process as the number one risk to public health, ecological health, and quality of life
in the lower river and estuary. The Estuary Program will primarily encourage and assist other
entities in implementing these actions, although it will directly implement some aspects of the
actions.

• Education and Management:  Several actions call for increased education and improved
consistency and coordination among government agencies with responsibility for the lower
river and estuary. The Estuary Program will take the lead in implementing these actions.

• Conventional and Toxic Pollutants:. These actions involve the regulatory authority of a
variety of local, state, and federal agencies. In some cases, the actions reinforce existing
activities, and in other cases call for increased regulatory activity. The Estuary Program’s
primary role will be to monitor the progress of the responsible entities to ensure that the
actions are implemented and the goals are met. This involves watching, encouraging, assisting
where possible, and motivating where needed. In a few cases, the Estuary Program may
initiate minor aspects of these actions, such as conducting additional studies.

The Monitoring Strategy plays a critical assessment role in many of these actions as well as an
important role in promoting government consistency and coordination. In 31 of the 43 actions,
there is a clear relationship between monitoring and the implementation, evaluation, or tracking
of a specific action. The following series of diagrams attempts to depict these relationships.
Figure 2 (page 6) shows the components of the Estuary Plan directed at improving biological
integrity with monitoring depicted as one arm of the system. Figure 3 (page 7) shows the rela-
tionship of the 43 actions to the components of the Estuary Plan.  Figure 4 (page 11) shows the
basic elements of the Monitoring Strategy.

Biological Integrity of the System

Institutional Constraints Public Awareness & Stewardship

Habitat Loss Toxic Contaminants Conventional Pollutants

Impacts of Human Activity and Growth

Goal

Obstacles

Indicators

Cause
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FIGURE 2
BASIC COMPONENTS OF THE MANAGEMENT PLAN

Using these simplified depictions, the interrelationship between the Estuary Plan and Monitoring
Strategy is very clear. One cannot operate successfully without the other. As the various actions
are implemented and pieces of information gathered and evaluated, a more complete under-
standing of the ecosystem emerges and a healthier river system results. Just as the Management
Plan cannot be implemented without unprecedented cooperation and commitment, so it is with
the Monitoring Strategy.

FIGURE 3
MANAGEMENT PLAN ACTIONS

B I O L O G I C A L

I N T E G R I T Y

Conventional Pollutants

Institutional Constraints Public Awareness

Toxic Contaminants

Monitoring

Human ImpactsHabitat Loss/Modification

B I O L O G I C A L

I N T E G R I T Y

Conventional
Pollutants

• Bacteria
• Drawdowns and Spills
• Flows
• In-stream Structure
• Non-Point

- BMP’s

• Pollution Prevention
• Sedimentation
• Temperature
• Total Dissolved Gas

Habitat Loss/
Modification

• Acquire
• Identify and Prioritize
• Native and Exotic Species
• Preserve/No Further Loss
• Protection Standards
• Restore
• Riparian and Wetlands

Institutional
Constraints

• Alternative Dispute
Resolution

• Compliance and Enforcement
• Consistent Protection
• Information Access
• Overall Coordination/

Common Purpose

Public
Awareness

• Awards and Recognition
• Education/Information
• River Access
• Volunteer Monitoring

Human
Impacts

• Environmentally Sensitive
Development

• Floodplain Development
• Runoff

- Agriculture
- Construction
- Forestry
- Stormwater

• Urban Growth

Monitoring

• Evaluate Effectiveness
• Interagency Coordination
• Sound Science
• Trend Analysis

Toxic
Contaminants

• Bioaccumulation
- Dioxin/Furans
- PAH
- PCB
- Pesticides

• Chlorine
• Hazardous Site Clean-up

- Hanford/Trojan
- Superfund

• Health Impacts
• Marine Facility Spills
• Pollution Prevention
• Recycling/Hazardous
   Waste Tracking
• Toxic Run-off

- Metals
- PAH
- Pesticides



A-6

VII. Relationship to Other Monitoring Programs
The Monitoring Strategy does not propose establishing a new monitoring entity for the lower
Columbia River. Rather, it proposes a comprehensive, coordinated framework that builds on
existing monitoring programs and ongoing studies. Many of the existing programs are adminis-
tered by organizations that were involved in development of both the Management Plan and the
Monitoring Strategy. With the support of the Estuary Program, existing agency programs would
continue and, where appropriate and feasible, these efforts would be augmented by Estuary
Program initiatives which would advance our understanding of the lower river ecosystem. Where
new efforts are called for, the Estuary Program will contract for their implementation.

The Estuary Program is a coordinating body with no legislative authority to direct the actions and
programs of the agencies involved in monitoring. Those programs exist for a variety of reasons
that may or may not coincide with Estuary Program goals and objectives. However, to the extent
that common purposes can be identified, the Monitoring Strategy will use those commonalties to
develop a more coordinated monitoring system. Such a coordinated system does not exist at
present but most participants in the project agree that it is needed. Clearly it will involve a
commitment and agreement by all the partners to the processes for the sharing of information
and resources, collecting and analyzing data, and quality control.

The following discussion briefly examines existing monitoring programs that may either meet
some aspect of the Estuary Program needs or could meet program needs with the commitment of
additional resources and the development of appropriate agreements. Table 6 (see Appendix)
provides more detail on these programs. Chart 1 found in the Appendix shows existing and
proposed sample sites.

A. State Agency Programs

1. Oregon Department of Environmental Quality

The Oregon Department of Environmental Quality (DEQ) has an extensive statewide network of
water quality ambient monitoring sites. In addition to one site on the mainstem Columbia River
near the mouth of the Willamette, DEQ maintains sites on many of the lower Columbia River
tributaries. These are monitored on a monthly basis or on rotation (see Table 6 and Chart 1).
DEQ supports additional monitoring which will help support agency programs. However, the
current program is fiscally limited as it tries to meet the requirements of assessing Total Maxi-
mum Daily Load (TMDL) requirements compliance statewide, and the additional monitoring
commitments of the Oregon Plan for Salmon and Steelhead.

2. Washington Department of Ecology

The Washington Department of Ecology (Ecology) currently has ambient monitoring sites on the
major tributaries on the Washington side of the lower Columbia and the upper Columbia. There
are no sites on the main stem (see Table 6 and Chart 1). Like DEQ, Ecology is required to meet
TMDL requirements statewide and address declining salmon and steelhead populations. Ecology
supports monitoring efforts on the lower Columbia River which help meet agency needs regard-
ing these two issues.

3. Other State Agency Programs

Because of the Endangered Species Act listing of the Lower Columbia River Steelhead, the
Departments of Fish and Wildlife in Washington and Oregon are either implementing or planning
to implement extensive habitat enhancement and restoration efforts in the study area. These
activities are limited to the tributaries of the lower river but may ultimately provide long term
water quality benefits to the estuary and the lower river. The habitat protection, enhancement,
and restoration efforts of these agencies have monitoring components to assess habitat condition
and success of implementation.
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B. Federal Programs

1. US Geological Survey (USGS)

USGS is primarily a data gathering and research organization. It provides cost sharing so it can
cooperate with local agencies to undertake monitoring needs beyond the compliance bounds of
the state agencies and can thus implement special studies and research projects given sufficient
support. The USGS, through its National Stream Quality Accounting Network (NASQAN) pro-
gram, currently maintains four ambient water quality sampling sites on the Columbia River, one
on the Snake, and one on the Willamette. These sites have provided most of the data for long-
term trend analysis for the lower river and now provide a backbone to the Estuary Program
Monitoring Strategy (see Table 6 and Chart 1). Currently there are discussions within USGS to
discontinue these sites in favor of other program objectives that would focus on primary produc-
tivity in the Columbia River. This is also an important objective for the program and meets other
monitoring needs. Unfortunately, without the existing USGS sites, the only ambient site remain-
ing on the lower river would be operated by DEQ.

The Estuary Program has a cooperative agreement with USGS to conduct a Semi-Permeable
Membrane Device (SPMD or Lipid Bag) monitoring survey for the entire Columbia River to trace
the level of lipid-soluble organics in the water column throughout the system. This new sampling
technique holds considerable promise for future application on the river.

The USGS Biological Resources Division is also conducting a long-term monitoring study
throughout the Columbia Basin including several sites in the study area for the occurrence and
distribution of contaminants in biota tissues (see Table 6). This will provide information critical to
our understanding of toxics in animal tissue.

2. US Environmental Protection Agency (EPA)

The EPA is currently conducting a temperature study of the Columbia River above Bonneville
Dam. Using historic temperature data, EPA is developing a model for predicting water tempera-
ture and will attempt to answer questions regarding what causes elevated mainstem water tem-
peratures  and what management actions might be taken to reduce them. No actual field work is
being done. The results, however, may help address current temperature problems in the lower
river.

In 1997 EPA also undertook a one-time survey of contaminants in fish flesh in the river system
above Bonneville, looking specifically at the exposure of Native Americans to toxic contaminants
through fish consumption. The results have not been released, but this information may help
direct fish tissue sampling efforts in the lower river.

3. US Army Corp of Engineers (USACE)

The USACE conducts routine monitoring for temperature and total dissolved gas at 11 sites in the
lower river. This effort provides long-term information on two parameters that are of particular
concern because of non-compliance with water quality standards and the probable negative
impacts on migrating salmonids.

The USACE, because of its responsibilities for channel maintenance dredging and the proposed
channel deepening project, also conducts sediment sampling for toxic contaminants. This infor-
mation provides background data on toxic contaminants in the sediments of the navigation
channel.
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C. Other Monitoring Efforts

1. Portland Harbor Contaminated Sediments

A recent joint DEQ/EPA survey of sediments in the Willamette River in the Portland Harbor area
identified areas of extensive toxic contamination. It is possible that this contamination provides
the source of sediment contamination found in the lower Columbia.

2. Research

The Columbia River Inter Tribal Fish Commission, the National Marine Fisheries Service, the
University of Washington, Oregon State University, Portland State University, and perhaps others
have research projects in the lower river. These projects are specific to certain research needs
and they add valuable pieces of about the lower river.

3. Oregon Graduate Institute

The Oregon Graduate Institute has an ongoing project in the Columbia River estuary with con-
tinuous monitoring stations for temperature, salinity, and conductivity. This system, known by
the acronym CORIE, provides instantaneous water quality data for these constituents.

4. Permitted Dischargers

All municipal and industrial facilities with permitted discharges are required to do routine moni-
toring of their outfalls. The extent of the monitoring required and the constituents monitored
vary on a case-by-case basis.

VIII. Components of the Monitoring Strategy
The basic components of the Monitoring Strategy include coordinating and overseeing the pro-
gram; developing a data management system; monitoring for and assessing the impacts of con-
ventional pollutants and toxic contaminants; measuring and assessing habitat health; measuring
primary productivity; developing an understanding of food web relationships; and evaluating the
impacts of exotic species (see Figure 4). The following pages describe the components in some
detail. Figure 5 provides a visual representation of the overall monitoring strategy.

A. Coordination and Oversight
Coordination, collaboration, and cooperation are the key elements of the Monitoring Strategy.
The monitoring plan identified a series of work elements related to coordination including
organizing and overseeing the efforts of multiple agencies and multiple projects; administering
multiple contracts; tracking large amounts of data; evaluating and storing data; and communicat-
ing findings to the public, decision makers, and participants. Managing the development of
interagency agreements on items such as Quality Assurance/Quality Control (QA/QC) proce-
dures, sampling protocols, data evaluation and storage, data assessment, and, ultimately, program
evaluation are all significant undertakings that will require considerable time, energy, and re-
sources (see Figure 5). It is anticipated that the Estuary Program will provide the mechanisms to
ensure that the Monitoring Strategy is implemented and sustained.
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FIGURE  4
BASIC COMPONENTS OF THE MONITORING STRATEGY

B. Managing Data and Information
It is essential to effectively manage the large volume of existing information as well as the new
information that will be developed. This is a large and complicated task. Information now exists
in a multitude of formats located in a variety of places. No real effort has been made to organize
this information and make it available. Currently, those organizations collecting information on
the lower river do so to meet their own missions. They have different procedures and protocols
for data collection, analysis and storage. There is no coordination of data management among
agencies.

The Estuary Program issued a report titled “Information Management Strategy” in August 1998.
(The complete report is Part 2 of Volume 2). This strategy envisions providing a home for all
types of information related to the lower river. Managing the monitoring data is the key compo-
nent (see Figure 5).

The goals of the Information Management Strategy are to:

• improve the transfer and exchange of information among potential users;

• improve accessibility of data to the public and develop tools to present the results in
meaningful ways; and

• track the implementation of Management Plan actions.

The data would include:

• water quality monitoring data (chemical, biological, physical);

• habitat data and information (extent, type, condition);

• fish and wildlife data and information (species, condition, including exotic species);

• pollutant loading data (point and non-point source information);

• quality assurance data for each data type;

• metadata; and

• other data such as hydrologic data, geographic data, and historic data.

M o n i t o r i n g

Conventional Pollutants

Primary Production/Food Web Data Management

Habitat

CoordinationExotic Species

Toxic Contaminants
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C. Quality Assurance Program
Quality assurance (QA) programs are critical to the success of monitoring. Good quality control
(QC) data, and assessments of those data, can allow the comparison over time of data among
agencies. Poor or non-existent quality control data can prevent such comparisons. As part of the
implementation of the monitoring strategy, detailed QA1  plans and performance criteria will
need to be developed and put into practice as appropriate for each component of the plan.

There are three facets of quality assurance.

1. Quality Assurance elements are procedures that are used to control the unmeasurable
components of a monitoring program such as sampling the wrong site or area; sampling at the
wrong time; using the wrong equipment or materials; applying an inappropriate method or
sequence of procedures for sample processing or sample analysis; switching samples; or
incorrectly identifying samples.

2. Quality Control data are those data generated to estimate the magnitude of bias and variability
in processes used to obtain environmental data. These processes include sample collection,
field processing, shipping, storage, and laboratory analysis.

3. Quality Assessment is the overall process of assessing the quality of the environmental data by
reviewing the application of the QA elements and the analysis of the QC data.

D.  Performance Criteria

One objective of any monitoring plan is to establish performance criteria. For the Monitoring
Strategy this will be accomplished in two ways.

1. All final sampling plans will specify those criteria that are quantifiable in advance. (Examples
include frequency of sampling, geographic space between samples, number of samples used
to make up a composite, hydrologic conditions to be sampled, and detection levels of
analytical methods.)

2. All final sampling plans will include sufficient quality control data to estimate the magnitude of
bias and variability that is associated with environmental sampling.

Specifying criteria is relatively easy to accomplish. Including sufficient quality control data may
be more difficult because the variability and bias for many of the plans’ components are un-
known. This makes it difficult to establish performance criteria in advance of data analysis for all
topics. It does not, however, prevent collecting sufficient QC data to estimate the bias and vari-
ability associated with each planned constituent. As the magnitudes of bias and variability be-
come more quantified, then more specific performance criteria can be established.

E. Monitoring for Conventional Pollutants
Conventional pollutants are those constituents or characteristics of the water that occur naturally but
as a result of human activity or, in some cases, as the result of natural events, have been altered in
such a way as to have become problems for either the survival of aquatic organisms or a threat to
human health. Conventional pollutants include bacteria, temperature, total dissolved gas, pH, dis-
solved oxygen, nutrients, total organic carbon, and sedimentation. Not included in this grouping are
trace elements. Although they may occur naturally, in excess amounts they become toxic and are
therefore included in the toxic contamination discussion. The following discussion provides a brief
background on why the various conventional pollutants are of concern.2

1. Bacteria - Fecal coliform bacteria, an indicator of contamination by human or animal wastes,
have, on occasion, been found at levels high enough to suggest a possible health risk for
those having contact with the water.

2. Temperature - Late summer and early fall water temperatures in the lower river routinely
exceed the water quality standard of 20 degrees C  (68°F). The temperatures are sufficiently
high to present a serious risk to native cold water species such as salmonids, particularly the
juvenile downstream migrants.
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3. Total Dissolved Gas (TDG) - During high flow periods in late spring and early summer,
spillage over the dams causes excessive entrainment of dissolved gases, particularly nitrogen.
The resulting supersaturation is significant enough to threaten the survival of juvenile
salmonids and has caused large numbers of mortalities.

4. Sedimentation - Sediments can carry contaminants downstream and may be one of the
mechanisms contributing to high toxic levels in some lower river sediments. Excessive levels
of suspended sediments are not usually a problem in the lower river.

5. Nutrients - Nutrient concentrations in the lower river are at high enough levels to potentially
cause nuisance algal blooms. This has typically not been a problem, but a better
understanding of the river nutrient cycle, primary productivity, and food webs would enhance
our understanding of the ecosystem and allow a determination of the adequacy of existing
food webs to support native species.

6. pH and Dissolved Oxygen - On occasion there have been exceedances of water quality
standards for both of these parameters. There seems to be little cause for concern, but they
are easily tracked as part of an ambient program and should be assessed regularly to identify
any significant changes. They also affect and are affected by primary productivity.

The conventional pollutant monitoring objectives (see Figure 5) are as follows:

Temperature

• Determine spatial, daily, and seasonal variability and long term trends.

• Determine if water temperatures exceed state standards.

• Determine effect of current management practices.

• Determine effect of proposed management alternatives.

Total Dissolved Gas

• Determine spatial and seasonal variability of TDG in Columbia and lower Snake rivers.

• Determine annually if TDG values exceed state standards.

• Determine effects of current management activities.

• Determine effects of proposed management alternatives.

Bacteria

• Determine the spatial and short-term variability of indicator bacteria concentrations associated
with areas of water contact activities.

• Identify sources of contamination that can be minimized.

• Provide better quantification to the random reporting of rashes and itching associated with
water contact recreation.

Nutrients, Dissolved Oxygen, pH, Major Ions, Suspended Solids,
Total Organic Carbon, Chlorophyll

• Determine spatial and seasonal variability and long term trends.

• Develop baseline data for determining primary productivity.
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F. Monitoring for Toxic Contaminants
Toxic contaminants tend to be human in origin with the exception of some naturally occurring
trace metals. Regardless of the origin, however, they are toxic to aquatic life or humans if one is
exposed to sufficient quantities or concentrations. The toxic contaminants of concern specifically
identified in the Management Plan include dioxins/furans, PCBs, DDT and its metabolites, DDE
and DDD, and Polycyclic Aromatic Hydrocarbons (PAHs). Several other pesticides and some
trace metals are also of possible concern. In addition, recent monitoring of the sediments in the
lower Willamette River in the Portland Harbor area indicate serious toxic contamination. The
impacts of these findings remain unknown but will need to be addressed as more information
becomes available. The following discussion provides a brief background on issues of concern
related to toxics.

1. Pesticides - Concentrations of DDT and its metabolites DDE and DDD have been found in
fish tissues in sufficient quantities to warrant concern for those who consume large amounts
of fish. It is also suspected that these are passed up the food chain causing shell thinning in
bald eagle eggs and possibly affecting the reproductive capability of other top predators such
as otters and mink. A variety of other pesticides have been detected at low levels. The Bi-State
Study identified aldrin, dieldrin, parathion, and chlordane as pesticides of possible concern.

2. PCBs - Concentrations of PCBs in fish tissue have been found in high enough levels to
adversely affect wildlife and humans consuming the fish. There is concern that PCBs could be
affecting the reproductive success of lower river eagles and otters.

3. Dioxins/Furans - Concentrations of dioxins and furans in sediments and fish tissue may be
another contributing factor in the poor reproductive success of eagles, mink and otter. They
may also pose a cancer threat to humans who consume large quantities of fish.

4. Metals - There are elevated levels of cadmium and chromium in the kidneys of otters,
elevated levels of lead, mercury and cadmium in bald eagle eggs, elevated levels of mercury
and arsenic in some fish tissues, and elevated levels of arsenic, cadmium, and copper in some
backwater sediments.

5. Radionuclides - Radionuclides have been monitored in the lower river from 1961 to 1993.
During this time no standards have been exceeded. There remains a concern, however,
because of the storage of radioactive wastes and their possible movement in the groundwater.

For the purposes of monitoring, the toxic contaminants can be divided into three subgroups
based on the type of medium: water column, sediments, and tissues. Each medium has a set of
monitoring objectives (see Figure 5).

Water Column3  - Contaminants in the water column can be separated broadly into organic
compounds and trace elements. Organic compounds can be further divided into hydrophobic
(low water solubility) and hydrophilic (water-soluble). Hydrophobic compounds include many
pesticides, such as DDT and its metabolites, and PCBs. The Bi-State Study detected few of these
constituents in the water column and recommended that further monitoring of this class of
contaminants be conducted using tissues and sediments. Hydrophilic compounds include soluble
pesticides and some industrial organics such as petroleum products. The Bi-State Study and
others have observed detections for approximately 20 compounds of this class in the
lower river.

Trace elements include metals such as arsenic, cadmium, chromium, copper, iron, lead, manga-
nese, and zinc. The Bi-State Study and others found generally low trace element concentrations
in filtered water, with the exception of iron and arsenic. Suspended trace elements also appear to
be in low concentrations.

The toxic contaminant monitoring objectives for the water column are:
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• Describe the spatial and temporal characteristics of contaminant concentrations in the water
column, including both dissolved and particulate phases.

• Describe factors that are associated with transport of contaminants into, within, and from the
study area. These include regional sources areas, hydrologic conditions, and potential
management activities such as dredging and reservoir drawdown.

Sediments - A variety of contaminant problems may often be associated with sediments, both in
the streambed and in the water column. In the lower Columbia River Basin, previously docu-
mented contaminants included a suite of organic compounds and trace elements. Notable among
these have been several trace metals (cadmium, copper, and zinc), dioxins, furans, pesticides,
and chlorinated organic compounds (including dieldrin, lindane, chlordane, PCBs, and DDT and
its metabolites), and various industrial organic compounds such as PAHs and other semivolatile
compounds.  Many of the contaminants found in the lower river may have been transported
from various point and non-point sources upstream of Bonneville Dam and from the Willamette
River and other tributaries.

The toxic contaminant monitoring objectives for sediments are:

• Characterize the concentrations and characteristics of streambed sediment and associated
contaminants within the study area. Contaminant characteristics include:

- spatial distributions of sediments and contaminants;

- correlations between grain size and/or organic content with contaminant concentrations; and

- changes in contaminant concentrations over time, both seasonally (for suspended sediment)
and annually (for both suspended and streambed sediments).

• Characterize the fate and transport of sediments (including associated contaminants) to,
within, and from the study area.

• Characterize the impacts of selected upstream reservoirs on the transport of sediment and
associated contaminants to the study area.

Tissues - From both an ecological and a human health perspective, contaminants in animal
tissues in the lower Columbia River system are important. Previous studies, including the Bi-State
Study, identified trace elements, dioxins and furans, chlorinated organic compounds such as PCB
congeners, and DDT and PAHs in tissue from otters and bald eagles. In some cases, reported
contaminant concentrations in the lower river have exceeded reference levels, causing concern
for the health of a given species or for the humans consuming them. Bioaccumulation of con-
taminants in tissues is a particular concern.

The monitoring objectives for toxic contaminants in tissues are:

• Characterize the concentrations, distribution, and variability of contaminants in selected
species of aquatic biota and wildlife with the food chain.

• Characterize the impacts of contaminants, using biological endpoints, in aquatic biota and
wildlife in the study area.

• Characterize the relationships between biological endpoints and contaminant concentrations in
aquatic biota and contaminant concentrations in sediment and water.

• Characterize human health risks from exposure to toxic chemicals in fish and shellfish in the
lower Columbia River Basin.
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Radionuclides

The toxic contaminant monitoring objectives for radionuclides are:

• Determine long term trends of radionuclide concentrations in water and sediments in the
lower river.

• Determine exceedances of water and sediment standards by radionuclides in the lower river.

G. Habitat Monitoring
The Columbia River has lost a significant amount of habitat over the last century. The loss of
natural habitat is closely related to the increase in urban and agricultural land and to activities
that have altered river flow such as dams, diking, and irrigation withdrawals. Characterizing
stream habitat is an important component of many water quality assessment programs, yet few
detailed protocols exist for large rivers.

Habitat monitoring and assessment help identify the natural and anthropogenic factors that affect
water quality and aquatic biological communities. Habitat assessments also are done to under-
stand the physical, chemical, and biological consequences of altering stream conditions, or large
changes in land use. Effective habitat monitoring consists of measuring physical and biological charac-
teristics on several different scales. Habitat monitoring includes, but is not limited to, assessment of
instream physical conditions, riparian areas, floodplains, wetlands, and land use activities.

The monitoring plan identifies six attributes of habitat for monitoring in the lower Columbia
River. These are: channel configuration; vegetative state; bottom composition; floodplain and
estuarine function, including wetlands and riparian zones; disturbed areas; and bathymetry.
These attributes are not necessarily independent but are categories of assessment that may be
studied in common manners and/or at common scales (see Figure 5).

The habitat monitoring objectives are:

• Determine the current status of each of six habitat attributes and relate them to baseline data
to assess whether there have been significant changes in the type of habitat in the lower
Columbia River.

• Determine the quality and function of these habitat components. Are there areas or processes
that are dysfunctional and that may need special attention or restoration?

H. Exotic Species Monitoring
Although it is recognized that there are numerous aquatic non-indigenous species in the lower
Columbia River, the exact number is unknown. One national data base identifies 120 aquatic
non-indigenous species in Oregon. The accuracy of this information is suspect, but the possibility
of a very significant problem for native species is quite real. Organisms such as the European
Green Crab, Chinese Mitten Crab, Purple Loosestrife, Spartina, and others represent potentially
serious threats to the ecological balance of the lower river.

Since species can just as easily reach the lower river from upstream as from the ocean, the whole
river system needs to be monitored for introduced species. Unfortunately, that scope of monitor-
ing is well beyond the range of the Monitoring Strategy. As a result, it is particularly important
that the program maintain close communication and coordination with those groups who are
addressing non-indigenous species issues throughout the entire system. Currently these include
the US Coast Guard, Washington Department of Fish and Wildlife, and a regional effort adminis-
tered by the Pacific States Marine Fisheries Commission.

The objectives for monitoring non-indigenous species in the lower river are:

• determine the populations of individual non-indigenous species and their distributions.

• determine and monitor mechanisms of introduction (e.g., ballast water discharge, recreational
boats, etc.).
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I.  Monitoring for Nutrients, Primary Production and Food Webs
The Columbia River is home to a complex array of native species, including invertebrates, fish,
raptors and seabirds, and mammals. Under historical conditions, many complex food web path-
ways supported these species. One important source of organic matter to these food webs is
energy input through microalgal (phytoplankton) production. This provides a food source for
invertebrate grazing, with subsequent consumption of the invertebrates by fish.

There is some scientific evidence that the estuary has shifted to a phytoplankton-derived food
web in contrast to a historic, pre-development food web based more on wetland and intertidal
production. The estuarine turbidity maximum (ETM), a zone of high productivity associated with
resuspension of sediments near the interface of tidal saline and fresh water inputs, appears to
have an overemphasis on phytoplankton production compared to historic conditions. The ETM
in the Columbia River Estuary is considered to be one of the most important processes support-
ing food webs in the estuary, and its alteration could have important consequences for animals
that depend on it. Other food webs supporting invertebrates originate from organic material,
such as leaf litter, woody debris, and other detritus, as well as benthic macroalgae.

Algal and macroinvertebrate species data can be used to assess water quality, because both
groups of organisms are sensitive to water quality conditions. Alterations in physical or chemical
conditions have important implications on community structure, structural changes in aquatic
food webs, and the survival and reproductive success of native species. However, although some
data have been collected on algal populations, macroinvertebrates, and fish in the lower Colum-
bia River, the systematic and comprehensive use of these data has been difficult because of the
complete lack of a long-term sampling series. It has been further hampered by inconsistent
basin-wide representation, sampling methodologies, and levels of taxonomic identification
among studies. These studies are made more difficult in large rivers such as the Willamette and
the Columbia because most established protocols for collection of invertebrates are designed for
smaller rivers where the entire cross-sections can easily be assessed. There have been few, if
any, attempts to describe the connections between physical and chemical conditions, primary
production, and community structure of algae, macroinvertebrates, and fish populations.

The monitoring objectives for nutrients, primary productivity, and food webs are:

• Develop baseline information for indicator parameters reflecting food web structure, including
suspended particulate matter, nutrients, dissolved oxygen and pH, primary productivity, and
macroinvertebrates.

• Assess the temporal changes in water quality constituents associated with primary production,
including dissolved oxygen, pH, nutrients, total suspended solids, biochemical oxygen
demand, chlorophyll-a, and total organic carbon. Include diurnal, seasonal, and annual
changes, determine the main factors controlling their variability, and determine whether these
parameters meet water quality standards.

• Assess the overall biological integrity of the lower Columbia River by relating indicators of
food web structure and production to higher trophic levels.

• Assess the long-term, cumulative impact of changes in hydrosystem operations and basin-wide
watershed restoration activities on habitat and water quality improvement.
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The diagram below provides a visual representation of the various components of the monitoring
strategy and their relationships.

FIGURE 5
MONITORING STRATEGY DETAILS

IX. Proposed Implementation Process
The following discussion provides the rationale and approach for the actual implementation of
the Monitoring Strategy. It identifies decision factors that need to be considered and proposes a
phased implementation process for each of the Monitoring Strategy components.

A. Prioritization of Monitoring Plan Recommendations
The recommendations in the monitoring plan were developed from an analysis of issues identi-
fied by the Bi-State Water Quality Report, the seven priority issues of the Management Commit-
tee, and from the Environmental Indicators papers. All recommendations are essential to achiev-
ing a comprehensive, sustained monitoring effort that will ultimately provide an ongoing analysis
of river health.

To help further refine the recommendations in the monitoring plan and identify their priority for
implementation, the recommendations were prioritized by the experts based on the degree to
which each:

• adds information to highly valued topics;

• fills data gaps;

• is mandated or is already being done;

• fulfills management needs;

• is cost effective; and

• whether other actions depend on its implementation.

M o n i t o r i n g

Conventional
Pollutants

• Bacteria
• DO
• Nutrients
• pH
• Sedimentation
• Temperature
• Total Dissolved Gas

Exotic Species

• Impacts
• Mechanisms of Introduction

- Ballast Water
- Boaters
- Pet Stores

• Public Education
• Species Compostion

Productivity/
Food Web

• Benthic Algae
• Chlorohyll-a
• Fish
• Macroinvertebrates
• Nutrients
• Plankton

Data Management

• Analysis and Reports
• Consistent Protocols
• Interactive Web Access
• Linked Systems
• Standard Format
• Storage

Coordination

• Assessment
• Contacts
• Data Management
• Implementation
• Outreach
• Oversight
• QA/QC Plans

Toxic
Contaminants

• Sediments
- Dioxin/Furans
- Metals
- PAHs
- PCBs
- Pesticides
- Phenols
- Radionuclides

• Tissues
- Dioxin/Furans
- Metals
- PAHs
- PCBs
- Pesticides
- Phenols
- Radionuclides

• Water Column
- Dioxin/Furans
- Metals
- Pesticides
- Radionuclides

Habitat

• Bathymetry
• Bottom Composition
• Channel Configuration
• Disturbed Areas
• Vegetative State
• Wetlands
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B. Other Decision Factors

1. Estuary program Objectives

First and foremost, the Monitoring Strategy must meet and be consistent with the objectives of
the Estuary Program. Thus, all monitoring actions need to have a clear relationship to the seven
priority issues and, more specifically, to those 31 actions that have monitoring implications.
Monitoring actions which most clearly and directly address management concerns and needs
would logically rise to the top of the implementation strategy.

2. Need for Information

The Bi-State Water Quality Study and the Estuary Program Management Plan identified a number
of areas where information was lacking or needed further development. Monitoring actions that
address these information gaps are essential.

3. Funding

Funding is one of the primary keys to successful implementation of the Monitoring Strategy.
Decisions regarding which actions to implement will be highly dependent on the amount of
money available, the sources of that funding, and the priority placed on the element under
consideration. The Monitoring Strategy reflects this reality with its proposed phased implementation.

The Estuary Program anticipates funding from EPA for plan implementation, including monitor-
ing. The Program has also requested funding from the States of Oregon and Washington for the
1999 biennium to assist with implementing both the Management Plan and the Monitoring
Strategy. However, the funds anticipated from EPA and the states will not cover full implementa-
tion. They would support two thirds of a full-time employee in the first year which would ensure
that, at a minimum, initial coordination efforts focused at setting up the monitoring structure and
developing interagency agreements, could begin. Clearly, however, State and federal NEP funds
will need to be augmented by other funds before any significant monitoring can be undertaken.

4. Cost

The costs of specific plan elements is also a factor in deciding what should be implemented and
when. Prioritizing an action solely on cost would be inappropriate; the return on the investment
should be paramount. If a key element must be completed before other work can be done and
that item is expensive, its cost should not preclude it from having a high priority for implementa-
tion. Similarly, if the cost of an action is high, but the environmental improvement to be gained
is high, cost should not preclude implementation. Likewise, if the cost of an action is high, but
the cost of delaying the action is high in terms of ecological or public health, the action should
not be precluded because of cost.

5. Existing Versus New Initiatives

There are existing monitoring activities on the river. Coordinating with and supporting these
activities, if they meet program objectives, will be important to maximize the use of our monitor-
ing dollars. By coordinating with existing programs we achieve not only cost savings, but we
open up avenues of communication and data sharing. New initiatives will require time to de-
velop and implement, and new funding to support them. Where such initiatives are necessary to
provide missing data or basic data to support other needs, they must be prioritized accordingly.

6. Timing

The timing of the various monitoring components is also an important decision factor. Because
certain programs already exist, some data collection can occur immediately. However, as noted
earlier, some elements of the Monitoring Strategy are dependent on the implementation of
others. Clearly, the timing of implementation will have to reflect both realities.
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7. Benefits

The benefits derived from the implementation of a particular action will also carry weight in the
decision process. Monitoring elements that need to be accorded special consideration include
those most directly related to priority issues or management needs, those that are cornerstones of
a number of other monitoring elements, and those that may be directly related to an important
political objective, such as saving salmon. Both the short and long term benefit of implementing
the action should be considered. Again, the cost of not acting must also be considered.

8. Agency Missions

Because the strategy will actually rely on agencies such as DEQ, Washington Department of
Ecology, and USGS undertaking monitoring activities, the missions of those agencies will be a
factor in decisions regarding implementation. As noted in an earlier section, agencies will likely
be most supportive of monitoring actions that dovetail with their respective program needs.

9. Other Factors

Other factors that may affect the decision process include the needs and concerns of Estuary
Program stakeholders. As information becomes available, needs may change or evolve.

C. Phases of Implementation
The Estuary Program will almost assuredly not have sufficient resources to implement the entire
set of recommendations at once. It is in fact likely that there will be very limited resources
available during the first year of implementation. Recognizing that fact, and recognizing that a
number of decision factors must continue to be assessed as the strategy progresses, it seems that
the best, most logical approach is to implement the program in phases.

The discussion that follows identifies four broad implementation phases. They are not meant to
be absolute; they need to be highly flexible based on resources, timing, management needs,
information needs, and other presently unforeseen circumstances. Figure 6 depicts how the
phases relate to the various components of the monitoring strategy.
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FIGURE 6
PHASES OF IMPLEMENTATION

Description of Phases
1. Phase One would begin once the Management Plan is approved and the program

implementation budget is available (on or shortly after July 1, 1999). Phase One would entail
setting up the monitoring coordination structure and developing cooperative agreements
between the monitoring partners. The coordination of existing ambient monitoring activities
that can be linked to the Estuary Program would begin. Once the oversight structure is in
place, Phase One could begin to address some of the first priority activities recommended in
the monitoring if more resources are available. Decisions regarding the order in which the
priority activities would be undertaken will be based on an evaluation of the decision factors
described above.

2. Phase Two can be initiated as the funding base expands. Phase Two would include some
high priority special studies, those elements of the monitoring recommendations that need
more development (i.e., historic data analysis, determination of protocols or methods) and
those needing information resulting from Phase One analysis. Assuming that sufficient
resources are available, all first priority recommendations that are economically feasible
should be implemented during Phase Two. Some of those ranked second priority may also be
implemented.

3. Phase Three would include those elements that had not been previously funded, those
ranked third priority, and those that are dependent on the development of information from
Phase Two monitoring efforts. Phase Three would also include special studies and any other
remaining elements. The development of new or more complete information under Phases
One and Two will likely lead to a need for new studies or revisions to the existing
recommendations. These needs could alter the priorities for Phase Three.

4. Phase Four would occur when the assessment of the original plan is completed in year five
of the project. At this point, it is hoped that sufficient data will have been collected to allow
for meaningful trend analysis and provide answers to some of the original management
questions. It is assumed that a new set of recommendations would be developed during the
assessment and that Phase Four would address those recommendations.

The phases and monitoring activities associated with each phase are detailed in Section X and in
Table 7 in the Appendix.
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D. Responsibilities for Implementation
A number of parties will implement aspects of the Monitoring Strategy. As described earlier,
several agencies currently monitor at a number of sites. It is anticipated that existing ambient
monitoring will continue. When the Monitoring Strategy calls for collecting additional data at
existing agency monitoring sites, it may be feasible for that agency to extend its sampling to
include the additional data needs. When the strategy calls for new efforts, those efforts could be
completed by an existing agency or contracted out. In either case, new efforts will require new funds.

Some of the factors to consider in assigning responsibility for implementation include:

• Capability -  does the agency or organization have expertise and knowledge to undertake
the task?

• Capacity - does the agency or organization have the lab capacity and field staffing necessary
to accomplish the task?

• History - has the agency or organization been involved in monitoring the Columbia River
previously?

• Commitment - can the agency or organization commit to a long term program?

• Existing efforts - does the agency or organization have on-going programs that can be built
upon?

• In-kind resources - can the agency or organization bring additional resources to the project
such as matching funds or in-kind services?

• Mission - is the project consistent with the agency or organization’s main mission?

The Estuary Program will take the lead in overseeing the implementation of the Monitoring
Strategy. This will include convening and coordinating appropriate parties to seek the commit-
ment and support to ensure that the strategy is implemented.

X. Implementation Recommendations
The section that follows recommends an approach for implementating each of the Monitoring
Strategy components based on the four phases described in Section IX.

A. Monitoring Oversight
1. Phase One—establish a coordinated structure since there is currently no overall coordination

of monitoring efforts on the lower Columbia River. This first step would include:

• setting up the coordination structure and organizing a monitoring committee comprised of
appropriate scientists and stakeholders;

• working with the implementing committee of the Estuary Program and the monitoring
committee to identify and allocate monitoring resources appropriately;

• reaching agreement with existing ambient monitoring programs to coordinate their efforts
with the Estuary Program, to share data, and to develop comparable procedures for
sampling, quality assurance, data storage and assessment;

• developing and overseeing any contracts for expanded monitoring work and special
projects; and

• beginning discussions with partners regarding expansion of existing programs.
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2. Phase Two—expand monitoring activities and increased coordination and oversight Activities
would include:

• continuing oversight;

• expanding special projects and overseeing implementation of Phase Two
monitoring components;

• beginning the assessment and evaluation of data; and

• ensuring information is made available to the public and decision makers.

3. Phase Three—continue oversight and implementation of the recommendations for Phase
Three monitoring components. Begin the process of re-evaluating the monitoring plan and
developing a 5-year monitoring assessment report.

4. Phase Four—continue monitoring program oversight, implementation of any remaining
recommendations from the original monitoring plan, and implementation of the
recommendations from the 5-year monitoring assessment report.

B. Data Management
1. Phase One—Data Storage. Focus on locating all existing data, improving access to the

existing data, and heightening public awareness of the information available.

2. Phase Two—Data Organization. Focus on creating uniform procedures for establishing
protocols and procedures for collecting, analyzing and recording data that ensure consistency
with data management standards; developing strategies for linking monitoring agency
databases; storing all data on STORET X; and tracking the development of other relevant data.

3. Phase Three—Data Management (short-term). Over a period of up to three years, implement
a short-term approach to managing data. It would include using the Estuary Program
homepage to link a networked system of databases, and working with DEQ, Ecology and EPA
to analyze data and develop reports.

4. Phase Four—Data Management (long-term). With the completion of the 5-year monitoring
assessment report, seek resources for implementing the data recommendations from that
report and for developing a totally interactive data management system for the lower
Columbia River basin.

By design, this approach coincides with the phases of the Monitoring Strategy. However, data
management needs may move at a different schedule than monitoring. Early monitoring needs
will include gaining access to historic data and data storage capabilities, as well as achieving
agreements on comparable protocols, procedures, data entry, and storage.  Data assessment,
trend analysis, and report needs will not occur for at least the first two to three years of data
gathering. Clearly, if more funds are available, it would be desirable to establish a comprehensive
data management system as soon as possible. Likewise, if the ability to analyze historic data is
established early in the process, it would facilitate the development of monitoring strategies.

C. Conventional Pollutants
 The recommendations for monitoring conventional pollutants based on the objectives described
in Section IX are:

Temperature

1. Continue current ambient monitoring.

2. Conduct synoptic study of temperature in August at mouths of tributaries, causal sources, and
within lower Snake and Columbia main stem.

3. Monitor temperatures in tributaries to complement existing ambient programs.
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4. Fund an extension of USEPA temperature model to include the river below Bonneville Dam.

5. Continue the Estuary Program’s participation in USEPA temperature modeling effort and the
states’ TMDL processes.

Total Dissolved Gas

1. USACE to continue current, continuous TDG monitoring operations for next 5 years.

2. USACE to adopt QA/QC plan for TDG program.

3. USACE to assess annually the number of days a site exceeds standards, noting whether the
dam was voluntarily or involuntarily spilling water.

4. The Estuary Program to participate as reviewer and decision process for TMDL.

Bacteria

1. Continue current ambient monitoring, ensuring inclusion of indicator bacteria.

2. Develop comparable standards for Oregon and Washington.

3. Conduct bacterial survey at selected beaches (special study).

4. Conduct survey of water contact recreationalists to determine relationship between bacteria
levels and incidences of rash, disease, etc.

Nutrients, Dissolved Oxygen, pH, Major Ions, Suspended Solids, Total Organic
Carbon, Chlorophyll

1. Continue current ambient monitoring activities.

2. Add additional monitoring sites to provide better coverage of the ecosystem.

Decision Tables 1-5:  Following each set of monitoring component recommendations is a
decision table which takes each of the monitoring recommendations and broadly assesses the
current status of the measure, what other pieces of information are needed to accomplish the
task, what it will accomplish, its priority ranking, and what Management Plan actions are ad-
dressed. Darkened spaces indicate a positive response. Numbers refer to recommendations listed
on the previous pages. As an example, in Table 1, “Temp 1” is the first recommendation for
temperature and is found on the previous page. “Bact 4” is the fourth bacteria recommendation
found above.
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TABLE  1
CONVENTIONAL POLLUTANTS DECISION MATRIX

The following is a proposed phased approach for conventional pollutants:

1. Phase One

a) Monitoring Partners: Ecology, DEQ, USGS, USACE, OGI.

• Continue existing ambient monitoring for temperature.

b) USACE:

• Continue existing monitoring for TDG.

c)  Monitoring Partners:  Ecology, DEQ, USGS.

• Continue existing ambient monitoring for temperature, bacteria, nutrients, DO, pH, SS, TOC,
major ions, and C.

d)  Estuary Program:

• Establish coordination structure, maintaining liaison with and supporting efforts of
monitoring partners.

• Develop cooperative agreements to share data and develop comparable procedures for
sampling, quality assurance, data storage, and assessment.
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3

3

2
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3

3

3
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• Track development of TMDLs for temperature and TDG.

• Explore increasing the number of state ambient sites on the main stem of the lower river.

• Develop agreements and implement expanded ambient system with DEQ and Ecology.

• Begin discussions with Ecology and DEQ on a consistent standard for bacteria.

Recommendations Addressed:   Temp 1,5    TDG 1,4    Bact 1,2    Conv 1

2. Phase Two

a) Monitoring Partners: Ecology, DEQ, USGS, OGI and USACE.

• Continue existing ambient monitoring for temperature and TDG.

b) Monitoring Partners:  Ecology, DEQ, USGS.

• Begin expanded ambient monitoring for temperature, bacteria, nutrients, DO, pH, SS, TOC,
major ions, and TOC.

c) Estuary Program:

• Maintain liaison with and support efforts of monitoring partners.

• Provide overall coordination of interagency ambient monitoring and data assessment.

• Contract to conduct synoptic study of August temperatures in mouths of tributaries.

• Reach agreement with monitoring partners to expand ambient temperature monitoring to
include mouths of tributaries as necessary to further define TMDL issues.

• Help coordinate bi-state implementation of TMDLs for temperature and TDG.

• Facilitate adoption of Ecology and DEQ agreement on consistent standard for bacteria.

• Work with USACE to adopt QA/QC for TDG.

Recommendations Addressed:  Phase One ongoing   Temp 2,3    Conv 2    TDG 2

3. Phase Three

a)  Monitoring Partners: Ecology, DEQ, USGS, OGI and USACE.

• Continue existing ambient monitoring for temperature and TDG.

b)  Monitoring Partners: Ecology, DEQ, USGS.

• Continue expanded ambient monitoring for temperature, bacteria, nutrients, DO, pH, SS,
TOC, major ions, and TOC.

c)  Estuary Program:

• Maintain liaison with and support efforts of monitoring partners.

• Provide overall coordination of interagency ambient monitoring and assessment of data.

• Continue implementing TMDL management actions for temperature and TDG.

• Contract to conduct bacterial survey at selected beaches.

• Fund an extension of EPA temperature model below Bonneville Dam.

• Contract to conduct survey of water contact recreationalists for water contact diseases.

• Conduct major evaluation of data, develop status report and recommendations for next
phases of the monitoring program.

• Work with USACE to assess exceedances of TDG standards.

Recommendations Addressed:  Phases One, Two ongoing   Bact 3,4  Temp 5   TDG 3
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4. Phase Four

a) Estuary Program and Monitoring Partners:

• Evaluate the results of 5-year monitoring assessment report and implement permanent
program for monitoring conventional pollutants.

b) Monitoring Partners:

• Continue existing ambient monitoring programs and modify as appropriate to meet new
Estuary Program directions.

Recommendations Addressed:  Phases One, Two, and Three ongoing

D. Toxic Contaminants
The recommendations for monitoring toxic contaminants in the water column, sediments, and
tissues are:

Water Column

1. Use state and NASQAN ambient monitoring programs and their sites as the basis for
developing monitoring program for contaminants in water. Augment state ambient programs
to include monitoring for toxics at existing stations at mouths of key tributaries.

2. Estuary Program work with USGS in the redesign of NASQAN program in the Columbia
River Basin.

3. Evaluate existing data to describe current conditions and guide development of sampling
strategy for suspended and filtered water trace elements, hydrophillic pesticides, and
hydrophobic compounds in water.

4. Consider periodic sample collection with 5-year intervals if ongoing programs are not
augmented for toxics in water.

Sediments

1. Develop a baseline by sampling a few locations for a wide variety of constituents. Over time,
scale back the number of constituents sampled and increase the number of locations and/or
frequency. Fourteen sites are identified for initial sampling, and the following factors are noted
for sampling design (see Chart 1, Appendix C, Map 1):

• coordinate with tissue contaminant and habitat surveys wherever possible;

• sample during low flow;

• include boundaries of study area;

• do not target specific point sources;

• include both sides of river;

• sample with variable frequency at different sites depending on contaminant levels;

• target both backwater and main stem sites; and

• focus on fine grained sediments.

2. Establish discharge measuring stations in tidally-affected portions of lower Willamette, and
support the existing station in the lower Columbia to help determine fate and transport
of contaminants.

3. Conduct reconnaissance sampling for toxic contaminants in water and suspended sediment in
the lower Columbia River to define the optimum sample volumes and to develop sampling
and analytical methods (special study).
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4. Develop and implement a sampling program for contaminants in suspended sediment, based
upon results of reconnaissance studies and analysis of existing data, which will also allow
calculation of loads at the boundaries of the study area and the mouths of key tributaries.
Coordinate this program with existing ambient monitoring programs whenever possible and
augment those programs to include toxic contaminants as necessary (special study).

5. Evaluate the influence of identified “hot spots,” contaminant spills, and dredging on
contaminant transport (special study).

6. At selected sites, establish and maintain continuous measurement of turbidity as a surrogate
for suspended sediment.

7. Estuary Program to promote a process providing guidance on management of contaminated
materials in non-dredged sediments.

8. Conduct coring studies as an attempt to identify trends in contaminant concentrations in
sediments (special study).

9. Conduct a study of sediment cores to determine the effect of extreme hydrologic events on
the redistribution of sediment contaminants, especially into the estuary (special study).

10. Characterize contaminants in bed sediments within reservoir pools to evaluate the potential
effect of sediment and contaminant mobilization due to dam draw down or removal
(special study).

Tissues

1. Implement a phased approach by starting with amphipod/bivalve sampling in conjunction
with streambed sediment sampling (recommendation Sed 1).

2. Develop stratified random network design for sampling fish populations. As they become
available, use new data as well as data from ongoing USGS and EPA studies to modify
network design.

• Establish sampling strata that reflect differences in physical or biological characteristics and
are organized into segments as defined by the Bi-State Study.

• Sample constituents that are generally of the same groups as those included in the sediment
studies, but allow modification for specific compounds.

3. Chose a final target species for monitoring.

• Include fish species for sampling that represent a variety of niches and food webs in the
river and estuary. Include both anadromous as well as resident fish.

• Select species that are located throughout the specified reach, are important food sources for
animals or humans or important indicator species, and have healthy sustaining populations
that will not be impacted by sampling or overlapping food chain members.

4. Conduct statistical analysis of existing and new data to modify network (special study).

5. Examine human health risks from consumption of contaminated organisms.

6. Document fish and other species’ life history/migratory patterns (special study).

7. Evaluate the impact of native verses hatchery fish on tissue contaminant data, including effects
of barging, location of rearing, and contamination of hatchery fish by contaminants in food,
especially PCBs (special study).

Radionuclides

1. Current monitoring by Washington Department of Health is adequate. No new sampling
is recommended.

2. Include radionuclide data collected by the WDH during periodic Monitoring Strategy
assessment to determine need to add the future monitoring.
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TABLE  2
TOXIC CONTAMINANTS DECISION MATRIX

2

2

3

3

1

1

1

1

1

2

2

3

3

3

1

1

2

1

2

3

3

3

3

WC 1

WC 2

WC 3

WC 4

Sed 1

Sed 2

Sed 3

Sed 4

Sed 5

Sed 6

Sed 7

Sed 8

Sed 9

Sed 10

Tis 1

Tis  2

Tis  3

Tis  4

Tis  5

Tis  6

Tis  7

Rad 1

Rad 2

8, 9, 16, 17, 29, 30

30

8, 9, 26, 30, 35

8, 9, 12, 22, 25, 30, 35

8, 12, 34, 35

10

2, 10, 32

29, 30, 34, 35

8, 12, 30, 35

29, 32

2, 32

23, 29, 35

29, 39

39

29

12, 29, 34

29, 34

12, 29, 30

29

43

43
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The following is a proposed phased approach for toxic contaminants.

1.  Phase One

a) Estuary Program:

• Establish monitoring coordination structure and maintain liaison with monitoring partners.

• Develop cooperative agreements with monitoring partners to share data and to develop
comparable procedures for sampling, quality assurance, data storage, and assessment.

• Begin discussions with ambient monitoring partners to include monitoring for toxics at
existing stations in study area.

• Work with USGS to redesign NASQAN program to include toxic constituents or to develop
separate monitoring program.

• Work with monitoring advisory committee to finalize baseline sampling network for toxics in
sediments.

• Work with monitoring advisory committee to develop stratified random network design for
monitoring toxics in fish tissue and choose final target species for monitoring.

• Participate in discussions on establishing discharge monitoring stations on lower Willamette
River and lower Columbia River.

b) Monitoring Partners:  DEQ, Ecology, USGS.

• Participate in discussions to develop cooperative agreements for sampling toxics.

Recommendations Addressed:  WC 1,2   Sed 1,2    Tis  1,2

2.  Phase Two

a) Estuary Program:

• Maintain monitoring coordination structure and liaison with monitoring partners.

• Implement baseline sampling for sediment toxics through contract or agreement with
monitoring partners.

• Implement sampling for toxics in fish tissue through contract or agreement with monitoring
partners.

• Contract for special study to analyze existing data, develop sampling design, and conduct
reconnaissance sampling for toxics in water and suspended sediment in lower river to
define optimum sample volumes and to develop sampling and analytical methods.

• Contract for special study to evaluate the influence of identified “hot spots,” contaminant
spills, and dredging on contaminant transport.

• Reach agreement with USGS and other partners regarding discharge monitoring stations on
lower Willamette and Columbia to help determine fate and transport of contaminants.

• Coordinate with Washington Department of Health on radionuclide monitoring.

b) Monitoring Partners:  DEQ, Ecology, USGS.

• Begin sampling for toxics as part of regular ambient monitoring.

Recommendations Addressed:  Phase One ongoing   WC 3   Sed 3,5   Tis 3  RAD 1
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3.  Phase Three

a) Estuary Program:

• Maintain monitoring coordination structure and liaison with monitoring partners.

• With monitoring partners, evaluate results of baseline sampling program for sediment toxics
and modify/cut back monitoring accordingly to include key constituents and sample sites
enabling evaluation over time.

• With monitoring partners, evaluate results of the fish tissue study and existing data. Conduct
statistical analysis to determine direction for continued long-term fishtissue monitoring.

• Based on the results of the reconnaissance sampling for toxics in water and suspended
sediments and an analysis of existing data, develop an agreement with monitoring partners
DEQ, Ecology, USGS to implement long-term sampling program to track trends.

• Through agreement with monitoring partners, establish and maintain continuous
measurement of turbidity at selected sites.

• Contract for a special study of human health risks associated with the consumption of
contaminated organisms and correlate it to fish and other species’ life history/migratory
patterns.

• With monitoring partners, stakeholders and other interested parties, develop a process to
provide guidance on management of contaminated materials in non-dredged sediments.

b) Monitoring Partners:  DEQ, Ecology, USGS.

• Continue ambient sampling for toxics and implement new studies based on agreements with
Estuary Program.

Recommendations Addressed:  Phases One and Two ongoing  Tis 4,5   Sed  4,6,7

4.  Phase Four

a) Estuary Program:

• Maintain monitoring coordination structure and liaison with monitoring partners.

• Contract for special study to attempt to identify trends in contaminants in sediments through
core sampling and analysis.

• Contract for special study of sediment cores to determine the effect of extreme hydrologic
events on the redistribution of sediment contaminants.

• Contract for special study to evaluate the impact of sampling native versus hatchery fish on
tissue contaminant data.

• Contract for study to characterize contaminants in bed sediments within reservoir pools.

• Assess radionuclide monitoring to determine if more effort is needed.

b) Estuary Program and Monitoring Partners:

• Evaluate the results of the 5-year reassessment report.

• Adjust existing toxic monitoring programs, and develop and implement new toxic
monitoring strategies.

Recommendations Addressed: Phases One, Two, Three ongoing    Sed 8,9,10    Tis 6    Rad 2
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E. Habitat
The recommendations for aquatic habitat monitoring are:

1. Conduct remote sensing, at high resolution (1 meter scale), to characterize habitat conditions
and use the information to evaluate indicator sites and subsequent sampling schemes.

2. Complete a metadata survey to allow assessment of existing data from which to establish a
baseline and establish current status and trends (special study).

3. Analyze existing data to reconstruct historical landscape patterns (special study).

4. Based on survey of existing data, develop and implement a sampling scheme that addresses
sites, frequency, and approach. One set of sites should be located by stratified random
sampling and one set should be added in a deterministic manner based on need.

5. Conduct aerial photography or high-resolution video multiple-spectral scanning. Consider
repeating annually.

6. Conduct system wide bathymetry survey (special study).

7. Convene a habitat-and biological-monitoring workshop to solicit input on:

• the habitat monitoring plan, including consideration of habitat component categories;

• indicator sites, site selection, and methods of control of non-indigenous species;

• large river habitat and Index of Biotic Integrity (IBI) monitoring protocols;

• the use of the Hydrogeomorphic (HGM) approach for wetland assessment; and

• Identification of additional key data gaps.

TABLE  3
AQUATIC HABITAT MONITORING DECISION MATRIX

The following is a proposed phased approach for monitoring aquatic habitat.

1

1

1

1

1

1

1

Hab 1

Hab 2

Hab 3

Hab 4

Hab 5

Hab 6

Hab 7

1, 2, 3, 4, 5, 7, 9, 31, 32

1, 3, 9, 31

1

1

2, 3, 4, 5, 7, 9, 12, 31, 32

12

1, 2, 6
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1. Phase One

a) Estuary Program:

• Establish monitoring coordination structure and maintain liaison with monitoring partners.

• Develop cooperative agreements with monitoring partners (including US Fish and Wildlife,
Oregon and Washington Fish and Wildlife Departments, and others) to share data on habitat
and to develop comparable procedures for sampling, quality assurance, data storage and
assessment.

• Contract for a special study to survey existing habitat metadata and, as resources allow,
analyze the data to establish a baseline and determine current status and trends.

• Conduct a workshop to identify ways to measure the biological integrity of lower Columbia
River (workshop to be held in May 1999).

b) Monitoring Partners:

• Participate in workshop and the development of habitat assessment techniques.

Recommendations Addressed:  Hab 2,3,7

2.  Phase Two

a) Estuary Program:

• Maintain monitoring coordination structure and liaison with monitoring partners.

• Complete analysis of habitat metadata and begin development of aquatic habitat sampling
scheme with monitoring partners and monitoring committee.

• Depending on results of May 1999 workshop, conduct a second habitat monitoring
workshop as necessary to further refine sampling scheme and monitoring techniques.

• Contract to conduct remote sensing to characterize habitat conditions and to assist in
developing sampling schemes.

• Contract for aerial photography or high-resolution video multiple-spectral scanning to better
characterize habitat in study area (special study).

• Through contract or interagency agreement, begin implementation of aquatic habitat
monitoring scheme using both stratified random sampling and deterministic approaches.

b) Monitoring Partners:

• Participate in development of habitat monitoring scheme.

• Participate in developing interagency agreements to implement habitat monitoring.

Recommendations Addressed:  Phase One ongoing  Hab 1,4,5

3.  Phase Three

a) Estuary Program:

• Maintain monitoring coordination structure and liaison with monitoring partners.

• Provide overall coordination of interagency habitat monitoring and assessment of data.

• Contract for system wide bathymetry if not completed during Phase Two (special study).

• Contract for an analysis of habitat metadata to reconstruct historical landscape patterns and
contrast them with existing conditions.

• Use data that has been gathered to begin overall assessment of habitat monitoring scheme
for inclusion in 5-year reassessment report.

b) Monitoring Partners:

• Continue habitat monitoring and assessment.

Recommendations Addressed:  Phases One and Two ongoing  Hab 3,6



A-32

4.  Phase Four

a) Estuary Program:

• Maintain monitoring coordination structure and liaison with monitoring partners.

• Provide overall coordination of interagency habitat monitoring and assessment of data.

b) Estuary Program and Monitoring Partners:

• Evaluate the results of the 5-year reassessment report.

• Adjust existing habitat monitoring program, and develop and implement new habitat
monitoring strategies.

Recommendations Addressed:  Phases One, Two and Three ongoing

F. Exotic Species
The recommendations for monitoring exotic species are:

1. Monitor mechanisms of introduction.

2. Sample at least once every 5 years. For those organisms that are not currently being
adequately sampled, sample more frequently. For introduced benthic macroinvertebrates,
sample at same time as sampling for contaminants in sediments. The following organism
groups should be sampled:

• Plants including terrestrial, wetland, and aquatic macrophytes

• Zooplankton

• Benthic macroinvertebrates

• Amphibians

• Fish

• Reptiles

3. Create and promote an education program directed at recreational boaters, aquarium trade
retailers and their customers, schools, and the public.

4. Evaluate the impacts of introduced species, such as the Asiatic clam and shad, to determine
whether they compete with species such as salmon (special study).

5. Conduct a thorough review of existing efforts to sample non-indigenous organisms (special
study).

6. In conjunction with the US Coast Guard, conduct an investigation of ballast water (special
study).

7. In conjunction with the Oregon and Washington Fish and Wildlife Departments, investigate
the introduction of non-indigenous species by recreational boaters (special study).

8. Examine the potential impacts of organisms that may just be reaching the estuary, such as
green crabs, mitten crabs, and zebra mussels (special study).
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TABLE  4
EXOTIC SPECIES MONITORING DECISION MATRIX

The following is a proposed phased approach for monitoring exotic species.

1. Phase One

a) Estuary Program:

• Establish monitoring coordination structure and maintain liaison with monitoring partners.

• Develop cooperative agreements with monitoring partners (including Oregon and
Washington Fish and Wildlife Departments, US Fish and Wildlife Service, US Coast Guard,
and National Marine Fisheries Service) to share data on non-indigenous species and to
develop comparable procedures for sampling, quality assurance, data storage, and
assessment.

• As resources permit, evaluate results of US Coast Guard study and other information to
begin developing strategy for exotic species monitoring.

b) Monitoring Partners:

• Assist in assessing existing information and developing monitoring strategy.

Recommendations Addressed:  Ex 5

2.  Phase Two

a) Estuary Program:

• Maintain monitoring coordination structure and liaison with monitoring partners.

• If not completed under Phase One, complete thorough review of existing efforts to sample
non-indigenous species and finalize monitoring strategy.

• Through contract or interagency agreement, implement a sampling program directed at
those species not currently being sampled through other programs.

• Contract to evaluate the impacts of introduced species to determine whether they compete
with species such as salmon.

2

2

2

2

3

3

3

3

Ex 1

Ex 2

Ex 3

Ex 4

Ex 5

Ex 6

Ex 7

Ex 8

1, 11

2, 4, 5, 11

11, 15, 18

11

11

11

11, 18

11
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• Work with Fish and Wildlife agencies and the US Coast Guard to develop strategy for
monitoring mechanisms of introduction.

• Work with Sea Grant, Oregon Marine Board, Fish and Wildlife agencies to create and
promote an education program directed at recreational boaters, aquarium-trade retailers and
their customers, schools, and the public.

b) Monitoring Partners:

• Assist in the monitoring and assessment of the impacts of non-indigenous species in the
lower river.

Recommendations Addressed:  Phase One ongoing  Ex 1,2,3,4

3.  Phase Three

a) Estuary Program:

• Maintain monitoring coordination structure and liaison with monitoring partners.

• Through agreement with monitoring partners or through contract, implement a strategy to
monitor the mechanisms of introduction including ballast water, recreational boating, and
other possible mechanisms.

• Use the information developed through the sampling program and special studies in Phase
Two to develop agreements with monitoring partners to implement an ongoing program to
assess the impacts of introduced species, including the impacts of those organisms that may
just be reaching the estuary.

• Continue and expand educational efforts with all partner agencies.

b) Monitoring Partners:

• Continue and expand efforts to assess and address impacts of non-indigenous species in the
lower Columbia River and the Columbia River basin.

Recommendations Addressed:  Phases One and Two ongoing  Ex 6,7,8

4.  Phase Four

a) Estuary Program:

• Maintain monitoring coordination structure and liaison with monitoring partners.

b) Estuary Program and Monitoring Partners:

• Evaluate the results of the 5-year reassessment report.

• Adjust existing non-indigenous species monitoring efforts based on the findings of the report
and develop and implement new strategies as needed.

Recommendations Addressed:  Phases One, Two, and Three ongoing

G. Nutrients, Primary Production, and Food Webs
The recommendations for monitoring primary production and food webs are:

1. Develop a large Columbia River Index of Biotic Integrity (IBI) for macroinvertebrates as
indicators of food web relationships.

• Follow standard criteria and protocols for shallow and backwater habitats and other habitat
types as necessary.

• Developed and stratify IBI by habitat type.

• For long-term monitoring, use the shallow and backwater sites used to develop IBI.
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2. Conduct targeted studies of suspended particulate matter, nutrients, and primary production,
both benthic and planktonic. Include interactions with macroinvertebrates and high trophic
levels. Emphasize food web parameter assessments for tributaries and shallow and backwater
habitats as highest priority over mainstem sites. Data collection may include:

• remote sensing and continuous monitoring for chlorophyll, augmented with frequent profile
sampling (consider continuous monitoring for nutrients, especially ammonia and nitrate, as
technology improves);

• analysis of primary production rates using C14 consumption or DO production;

• analysis of coarse and fine grained particulate organic matter and benthic biomass;

• analysis of algal community composition including multivariate statistical techniques to
indicate water quality;

• macroinvertebrate grazer populations in relation to primary production rates;

• analysis of a variety of habitats including mainstem, shallow backwater areas, tidal reaches
and mouths of tributaries; and

• analysis of seasonal and daily variability.

3. Add chlorophyll-a to Ecology and NASQAN sample collection programs.

4. Complete a survey of metadata to fully assess the historical data and current sampling plans
(special study).

5. Model (at large scale) primary production in above habitat areas (special study).

6. Assess food webs from benthic invertebrates through fish. Maximize amount of information
and understanding of links between habitat, water quality, macroinvertebrates, and fish by
doing assessments at same sites (special study).

7. Reconstruct history of water quality in the estuary and behind selected reservoirs by
examination of diatoms in sediments (special study).

8. Reconstruct organic matter source of food webs by studying multiple stable isotope ratios in
consumers and sediments, including cores (special study).
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TABLE 5
NUTRIENTS, PRIMARY PRODUCTIVITY, AND FOOD WEBS

MONITORING DECISION MATRIX

The following is a proposed phased approach for monitoring nutrients, primary productivity, and
food webs.

1. Phase One

a) Estuary Program:

• Establish monitoring coordination structure and maintain liaison with monitoring partners.
With monitoring partners, develop cooperative agreements to include dissolved oxygen, pH,
total organic carbon, nutrients, chlorophyll-a, and biological oxygen demand as part of
ambient monitoring programs. Based on the results of the May 1999 workshop on biological
integrity, work with monitoring partners and monitoring advisory committee to begin
development of large Columbia River Index of Biotic Integrity for macroinvertebrates.

b) Monitoring Partners:

• Support development of cooperative monitoring agreements and development of IBI for
macroinvertebrates.

Recommendations Addressed:  Prod 1,3

2. Phase Two

a) Estuary Program:

• Provide oversight and coordination of cooperative ambient monitoring program.

• Develop agreements with monitoring partners to incorporate IBI into sediment sampling for
toxics identified in toxics monitoring program.

• Contract for special study of suspended particulate matter, nutrients and primary production,
including interactions with macroinvertebrates and higher trophic levels.
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b) Monitoring Partners:

• Implement expanded monitoring to help assess primary productivity and food webs.

Recommendations Addressed:  Phase One ongoing  Prod 2

3.  Phase Three

a) Estuary Program:

• Provide oversight and coordination of expanded cooperative ambient monitoring program.

• Work with monitoring partners to assess results of special study to monitor primary
production and food webs to determine if this provides a reasonable assessment of
biological integrity.

• Depending on results of analysis of special study in previous bullet, develop agreements to
implement long term assessment of primary productivity.

• Contract to undertake the following special studies as resources allow:

- a complete survey of metadata to assess fully the historical data and current
sampling plans;

- an assessment of food webs from benthic invertebrates through fish

- maximize amount of information and understanding of links between habitat, water
quality, macroinvertebrates, and fish by doing assessments at same sites; and

- development of a model of primary production in above habitat areas.

b) Monitoring Partners:

• Participate in cooperative agreements for the long-term assessment of primary production.

Recommendations Addressed:  Phase One and Two ongoing  Prod 4,5,6

4. Phase Four

a) Estuary Program:

• Provide oversight and coordination of expanded cooperative ambient monitoring program.

• Contract for a reconstruction of the history of water quality in the estuary and behind
selected reservoirs by examination of diatoms in sediments.

• Contract for a reconstruction of organic matter sources of food webs through studies of
multiple stable isotope ratios in consumers and sediments, including cores.

b) Estuary Program and Monitoring Partners:

• Evaluate the results of the 5-year reassessment report.

• Adjust existing primary production and food webs monitoring efforts based on the findings
of the report and develop and implement new strategies as needed.

Recommendations Addressed:  Phases One, Two, and Three ongoing  Prod 7,8

(Table 7 shows the entire monitoring strategy. It is included in the Appendix.)
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H. Assessment
Assessing the data on a regular basis and evaluating the effectiveness of the Monitoring Plan and
Monitoring Strategy are critical to the viability and relevance of the monitoring program. Much of
the sampling scheme is premised on the fact that data gaps exist and that modifications will be
needed as existing and new information is processed, as trends become apparent, or as manage-
ment needs change.

The Estuary Program will work with its monitoring partners to comprehensively assess the
Monitoring Plan and Monitoring Strategy to update our understanding of the river and to identify
and implement any major changes that might be needed.  That comprehensive review will occur
at a minimum every five years. In addition, the monitoring plan and Monitoring Strategy will be
assessed every two years as part of a biennial review of the Estuary Program. The 5-year compre-
hensive review will very likely result in a significant updating of the monitoring plan. The Estu-
ary Program, in cooperation with its partners, will evaluate the information generated and the
recommendations and provide direction for future efforts.

Some factors to consider in that review include:

• the current understanding of environmental conditions;

• any new or emerging problems for monitoring to track;

• the implementation of the existing plan and whether it is meeting goals and expectations,
schedules, etc.;

• the overall working relationship between the partners;

• interpretation of the data to date to include trends, sources of pollutants;

• the success of the data management strategy;

• information dissemination to the public, decision makers, and others;

• the adequacy of funding and resources;

• design problems and successes;

• scheduling and logistics problems;

• contractual concerns;

• QC data review including a review of procedures;

• data surprises and information gaps that need to be addressed; and

• new information available.

XI. Costs
The numbers below attempt to provide some indication of how much the various elements of
the Monitoring Strategy in each of the four phases will cost. Some of the figures are fairly accu-
rate, but most are only gross estimates. (Note: the costs are not cumulative from phase.) A key
activity under Phase One of the Monitoring Strategy will be to work with the members of the
monitoring advisory group to develop a detailed scope of work for each monitoring element in
Phase Two, identify anticipated costs, and develop a schedule for implementation based on
available resources, priority needs, etc. Similarly, the staffing levels needed to implement Phase
Two will have to be developed as a part of that process.
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A. Phase One Phase One Ongoing
Year One Costs Costs

Oversight & Coordination $48,000  .67  FTE $48,000

Data Management

Interagency Agreements

Establish Advisory Committee

Followup Biological
Integrity Workshop $10,000

Data Management Contract
(enhanced access) $20,000 $20,000

Habitat Metadata Analysis $30,000

TOTAL $108,000 $68,000

B. Phase Two Phase 2 Ongoing
Year One Costs Costs

Oversight & Coordination $72.000  1.0 FTE $72,000

Project Support $45,000  1.0 FTE $45,000

Data Management Contract $50,000 $50,000

Add DEQ ambient site w/toxics $7,500 @  6 samples/yr $7,500

Add Toxics to existing DEQ ambient sites
(one Willamette, one Columbia) $12,000/yr $12,000

Fund USGS ambient site w/toxics
(possible cost share available) $70,000 @ 6 samples/yr $70,000

Synoptic Temperature Study $50,000

Tributary Temperature Study
(5 new sites + existing ambient trib sites) $5,000

USACE  - TDG  - QA/QC $2,500

Sample plan for toxics
in sediments, tissues $20,000

Baseline sampling for
sediment toxics (20 sites) $64,000 @ 3,200/site $25,000

Boat & Crew $17,000 for 4 days $8,500

QA review $15,000 $5,000

Baseline for toxics in fish tissue
(100 samples) $320,000 @ $3,200/each $64,000

Boat & Crew $12,500 for 8 days $6,000

QA review $15,000 $5,000
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Reconnaissance sampling for
toxics in water and suspended sediments $10,000 existing data

analysis & sample design,
sample costs covered above

Develop discharge monitoring stations $30-40,000 installation
$30,000  2 sites/yr $30,000

Develop habitat sampling scheme $20,000

Implement habitat sampling  (10 sites) $50,000  4 times/yr $50,000

Conduct remote sensing $145,000

Conduct aerial photography or video scanning $80,000

Review of existing exotic species monitoring $30,000

Develop & implement sample program for
target exotics (10 sites) $15,000

Determine impacts of introduced species $100,000

Create exotic species education program $10,000 $10,000

Develop strategy to monitor mechanisms of
introduction existing staffing

Develop large Columbia River IBI $30,000

Initial primary productivity sampling (3 sites) $7,500  analysis $15,000

$5,000  field work $10,000

TOTAL $1,345,000 $485,000

C. Phase Three Phase 3 Ongoing
Year One Costs  Costs

Oversight & Coordination $72,000 $72,000

Project Support $45,000 $45,000

Data management $50,000 $50,000

Data analysis & evaluation report $100,000

Ongoing DEQ ambient site w/toxics $7,500 $7,500

Continue toxics @ existing DEQ ambient sites $12,000/yr $12,000

Ongoing USGS ambient site w/toxics
(possible cost share available) $70,000 $70,000

Bacterial survey @ selected beaches $175,000 $175,000

Extend EPA temperature model
below Bonneville EPA funds

Survey for water contact diseases $60,000

Evaluate sediment & tissue toxics sampling $25,000
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Modify sediment sampling program
(est 5 sites) $8,000 @ $1,600/site $8,000

Boat & Crew, QA review $6,000 $6,000

Modify fish tissue sampling program
(20 samples) $32,000 @ $1,600/site $32,000

Boat & Crew, QA review $8,000 $8,000

Ongoing sampling for toxics in water
based on Reconnaissance survey costs covered above

Continue habitat sampling  (10 sites) $50,000  4 times/yr $50,000

Continue discharge monitoring stations $30,000 $30,000

Establish continuous turbidity monitoring
(3 sites) $30,000 @ $10,000/site $30,000

Health risk study on effects of consuming
contaminated organisms $100,000

Develop guidance on management
of contaminated materials in
non-dredged sediments coordination costs

Conduct system wide bathymetry $75,000

Reconstruct historical landscape patterns $50,000

Monitor mechanisms of exotic
species introduction $60,000 $60,000

Implement program to assess impacts
of introduced species $100,000 $100,000

Expand educational efforts targeting
exotic species $20,000 $20,000

Analyze results of initial primary
productivity work $15,000

Implement ongoing primary
productivity assessment $25,000 $25,000

Survey metadata related to primary
productivity $10,000

Assess food webs from
macroinvertebrates to fish $150,000

TOTAL $1,385,500 $800,500

D. Phase Four Phase 4 Ongoing
Year One Costs Costs

Oversight & Coordination $72,000 $72,000

Project support $45,000 $45,000

Data management $50,000 $20,000
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Develop revised monitoring strategy existing staff &
partner agencies

Ongoing DEQ ambient site
6 samples w1/toxics $2,500 $2,500

Continue toxics 1/yr at existing DEQ sites $2,000 $2,000

Ongoing USGS ambient site 6 samples
w1/toxics (possible cost share available) $35,000 $35,000

Continuous turbidity monitoring $30,000 $30,000

Ongoing discharge monitoring $30,000 $30,000

Core analysis for trends in sediment
contaminants (5 sites) $30,000

Core analysis for extreme hydrologic
events (5 sites) $10,000

Evaluate contamination of native
vs hatchery fish tissue $100,000

Characterize contaminants in bed
sediments within $40,000

Assess existing radionuclide
monitoring efforts $5,000

Use diatoms to reconstruct history of
water quality behind selected reservoirs $30,000

Reconstruct organic matter sources of
food webs through studies of multiple
stable isotopes $70,000

TOTAL $551,500 $234,500

Continuation of the following monitoring to be determined as part of revised strategy.

Sediment sampling for toxics $14,000

Tissue sampling for toxics $40,000

Habitat sampling $50,000

Exotic species sampling for impacts,
extent and new introductions $70,000

Primary productivity assessment $25,000

TOTAL $199,000

Total Program Costs

Entire package one time cost approximately: $3.5 million

Ongoing portion of package approximately: $450,000/year
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XII. Conclusions
Comprehensive, long term environmental monitoring is critical to further our understanding of
the lower Columbia River, track trends in the health of the river and its resources, pinpoint
problem areas, assure compliance with water quality standards, measure biological integrity, and
assess the effectiveness of management actions over time.

With the exception of one-time studies, most of the elements of the Strategy, once it reaches full-
scale implementation, are long term features. Such things as measuring trends in water quality,
assessing river health and tracking the success of management actions can only be accomplished
with persistent, consistent sampling efforts over the long run. The Estuary Program and its par-
ticipating partners need to seek sustained, dependable funding from a variety of sources to
maintain the monitoring effort over time.

A comprehensive, coordinated Monitoring Strategy, built upon existing ambient monitoring programs,
is the most resource efficient way to implement long term environmental monitoring on the lower
river. The Strategy should support the continuation and enhancement of existing monitoring programs
and provide the framework for a cooperative, collaborative monitoring effort by all monitoring
organizations as well as an oversight mechanism to ensure effective coordination.

Because it is a two-state stakeholder process, the Estuary Program plays a critical role in ensuring
the full and long-term implementation of monitoring for the lower Columbia River and estuary.
The Estuary Program will take the lead by adopting this Monitoring Strategy.

Cooperative agreements between all involved parties will be needed to ensure commitments for:

• implementing the monitoring strategy;

• developing comparable sampling protocols and procedures;

• developing comparable quality assurance procedures;

• storing and sharing data;

• analyzing and assessing data; and

• disseminating information to the public.

The Estuary Program will take the lead in developing cooperative agreements with all organiza-
tions participating in the monitoring to ensure their commitment and participation. All those
involved in implementing the Estuary Plan should commit to supporting the Monitoring Strategy
for the long term.

Effectively managing the large volume of existing information, and that which will be developed
as the Monitoring Strategy is implemented, is critical to the success of the program, as is making
that information readily available to all interested parties. The Estuary Program will take the lead
in coordinating information management.

A phased approach to implementation that supports and augments existing programs, and
implements top priority monitoring recommendations as resources are available, is the most
logical approach in light of limited funding and resources. A stable, long-term funding source is
needed to ensure the viability of the Monitoring Strategy.

The Monitoring Strategy is meant to be here for the long run. Continued monitoring will be
needed to track trends over time, and to make sure that the public and decision-makers are
continually appraised of the health of the river. Constant vigilance in the form of monitoring will
be needed, or gains made today will be lost to the continuing, insidious onslaught of population
growth. The Willamette River is a case in point. Forty years ago, we celebrated saving it from the
brink of extinction, only to face the reality that, once again, it is in need of saving. Constant
surveillance and aggressive natural resource management will be needed to prevent the incre-
mental deterioration of the lower Columbia River. Stable funding and a long-term commitment
from the project participants and supporters are the only way this effort can be meaningful.
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Footnotes
1 A more detailed discussion of this is located in the monitoring plan, page 39. All monitoring organizations have

their own QA/QC procedures and they may not be the same. Efforts will have to be made to ensure that the
procedures of the monitoring partners are comparable.

2 More detailed discussions on all the components, e.g., conventional pollutants, toxic contaminants, etc., can be
found in the monitoring plan along with a complete list of references. Discussions can also be found in the
Environmental Indicators papers. These are both available from the Estuary Program office.

3 A detailed technical discussion on toxic contaminants in water is contained in the monitoring plan, pages 103-111.
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XV. Appendix

A.   Table 6: Summary of ongoing data collection and
monitoring activities in the Columbia River Basin

B.  Table 7: Monitoring Implementation Strategy

C.  Map 1: Existing and proposed monitoring sites
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Table 7:  Monitoring Implemention Strategy
Note: Year 1 is in bold.

Phases of
Implementation

Monitoring
Oversight

Data
Management

Conventional
Pollutants

Phase One • set up coordination
structure & monitoring
committee,

• develop interagency
agreements and  contracts,
process to identify and
allocate resources,

• begin discussions on
expansion of existing
programs

• locate all existing data,
• improve access to data,
• heighten public

awareness

• continue existing ambient
 programs for temp., TDG,
bacteria,  DO, pH, SS, TOC,
C, nutrients,

• track TMDLs for temp and
TDS,

• explore increasing scope and
number of ambient sites,

• begin discussions on consistent
bacteria standards

Phase Two • continue oversight,
• expand ambient programs,
• expand special projects,
• implement phase two

components,
• begin assessment of data,
• ensure information reaching

public,
• add extra staff as needed

• agreements on consistent
monitoring protocol and
procedures and data
management standards,

• develop strategies for
linking databases,

• all data on STORET X,
• track development of other

relevant data

• expand existing ambient
monitoring for other
parameters and more sites,

• conduct synoptic study of
temp in mouths of tributaries,

• further define temp TMDL,
• facilitate adoption of

consistent bacteria standard,
• work with USACE for QA/QC

for TDG

Phase Three • continue oversight,
implement phase three
monitoring components

• begin developing 5-year
monitoring assessment report

• implement short-term
approach to managing data
using Estuary Program
homepage to link a
networked system of
databases,

• work with DEQ, Ecology and
EPA to analyze data and
develop reports

• continue expanded ambient
monitoring, implement TMDL
management actions for temp
and TDG,

• contact to conduct bacterial
survey at selected beaches,

• conduct survey of water
contract recreationists,

• conduct evaluation of data
and status report

Phase Four • continue oversight,
• implement any remaining

monitoring components,
• seek resources for and

implement recommendations
from 5-year monitoring
assessment report

• seek resources to implement
the data recommendations
from the 5-year report to
possibly include totally
interactive data management
system

• continue existing ambient
programs

• implement permanent
program for monitoring
conventional pollutants based
on recommendations of
5-year report
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Toxic
Contaminants

Habitat
Monitoring Exotic Species

Nutrients, Primary
Productivity, Food Web

• work w/USGS to redesign
NASQAN to include toxics,

• explore expanding
existing ambient programs
to include toxics,

• establish baseline sampling
network for toxics in
sediments,

• develop random network for
monitoring toxics in fish tissue,

• begin discussions on discharge
monitoring stations

• expand existing sites to include
toxics,

• implement sampling for toxics
in sediment and fish tissue,

• contract for special study to
analyze existing data,

• develop sampling design and
conduct reconnaissance
sampling for toxics in water
and suspended sediments,

• contract for special study on
hot spots,

• establish discharge monitoring
stations,

• coordinate on radionuclide
monitoring

• evaluate results and adjust
sediment toxic monitoring,

• evaluate fish tissue study and
conduct statistical analysis to
determine future direction,

• evaluate results of
reconnaissance sampling and
implement long-term program
to track trends,

• establish continuous turbidity
sampling at selected sites,

• contract for health study of
human health risks associated
with consumption of
contaminated organisms,

• develop guidance on
management of contaminated
non-dredge sediments

• contract for study to identify
trends in sediments through
core sampling and analysis,

• use cores to determine the
effect of extreme hydrologic
events,

• contract to evaluate the
impact of native versus
hatchery fish on tissue
contaminant data,

• contract for study of bed
sediments in reservoir pools,

• evaluate recommenda-tions
from 5-year report and adjust
program

• continue coordination of
interagency habitat
monitoring and assessment
of data,

• evaluate results of 5-year
report and adjust existing
habitat monitoring
program,

• develop and implement
new strategies

• evaluate results of 5-year report
and adjust existing non-
indigenous species monitoring
efforts based on findings of
the report

• contract for reconstruction
of history of water quality
in estuary and behind
selected reservoirs using
diatoms in sediments,

• contract for a reconstruction
of organic matter sources
for food webs using multiple
stable isotopes,

• evaluate recommendations
of 5-year report and adjust
monitoring efforts

• contract for system wide
bathymetry,

• contract for analysis of
habitat metadata to
reconstruct historical
landscape patterns,

• begin assessment of overall
habitat monitoring scheme

• implement program to monitor
mechanisms of introduction

• develop agreements to
implement ongoing program
to assess impacts of introduced
species,

• continue and expand
educational efforts

• assess results of special study
on primary production and
food webs to determine if
useful way to measure
biological integrity,

• develop agreements to
implement long-term
monitoring of productivity
depending on assessment,

• complete survey of metadata
to assess historic and current
sampling plans,

• conduct an assessment of food
webs from benthic
invertebrates through fish,

• develop a model of primary
production

• complete analysis of
metadata

• begin development of
habitat monitoring scheme,

• conduct second habitat
monitoring workshop,

• contract to conduct remote
sensing,

• contract to begin habitat
monitoring

• contract for aerial
photography or high-
resolution video multiple-
spectral scanning to
characterize habitat

• complete review of existing
data and finalize monitoring
strategy,

• implement sampling program
aimed at species not currently
being sampled,

• contract to evaluate impacts
of introduced species,

• develop strategy for monitoring
introduction,

• create educational program

• expand existing sites to
include productivity
parameters,

• develop agreements with
monitoring partners to
incorporate IBI into sediment
sampling for toxics,

• contract for special study of
suspended particulate mater,
nutrients, and primary
production including
interactions with
macrioinvertebrates

• conduct workshop on
measuring biological
integrity,

• develop agreements to
share habitat data with
all parties,

• develop habitat monitoring
procedures,

• contract for special study
to survey existing habitat
metadata

• develop agreements with all
involved entities to share
data and develop
comparable procedures for
monitoring exotic species,

• evaluate existing information
on exotic species to begin
developing strategy for
monitoring

• explore expanding existing
ambient monitoring
programs to include
productivity parameters
DO, pH, TOC, nutrients,
chlorophyll a,  and BOD,

• work with monitoring partners
to begin development of
index of biotic integrity for
macroinvertebrates
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