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Executive Summary
Monitoring programs are generally designed to provide information about on-the-ground
conditions at specified locations to help assess a specific objective. A stream flow
monitoring program designed to assess the effects of an instream flow transaction (or
water transaction) should provide more information: in addition to quantifying the actual
on-the-ground stream flow responses, it should support an analysis of what conditions
may have been if the water transaction had never occurred. To make this assessment,
targeted data collection and specific tools may be applied to better quantify stream
conditions with and without the flow transaction. These protocols were developed to
guide monitoring activities in a range of hydrologic settings to support the analysis of
instream flow transactions.
The instream flow monitoring protocol described in this document identifies the
assessment tools, data needs, and monitoring programs necessary to examine three
potential transaction objectives: streamflows (discharge), water temperature, and aquatic
habitat. Generally, all instream flow transactions involve streamflow objectives,
specifically focused on the quantification of water rights and their associated flow rates
or volumes. Instream flow transactions may also have water temperature and/or aquatic
habitat objectives. Depending on the objective, one or more tools may be applied to
assess the environmental response of the water transaction. These tools may include a
stream-discharge rating curve, the Water Temperature Transaction Tool (W3T), or an
aquatic habitat rating curve. The data needs to apply these tools and assess the
environmental response of an instream flow transaction guide the design of the
monitoring program.
The stream flow monitoring methods described in this document can provide information
that quantifies the effects of those transactions to the flow transaction project
stakeholders. These assessments may occur prior to the implementation of a flow
transaction to determine whether the transaction is an effective action to meet predetermined objectives, or after the transaction has been implemented to confirm, or
validate, its effects. Each phase (i.e., pre-transaction assessments or validation), has
similar data needs; however, depending on available data and resources, the monitoring
strategies may vary. Monitoring strategies that rely on limited or regional (rather than
local) data or estimates may increase the amount of uncertainty in the assessment. For
pre-transaction assessments, a higher level of uncertainty is acceptable as the purpose is
to estimate a transaction’s environmental potential. However, when evaluating an actual
transaction, less uncertainty is desirable so as to accurately quantify its actual
environmental effect.
Fundamentally, the process of evaluating instream flow transactions requires experienced
professional judgment. Identifying potential instream flow transactions; designing,
implementing, and maintaining a monitoring program; and applying the data to evaluate
their effects are all phases in the evaluation process that benefit from extensive
background knowledge and training in the scientific methods that have been developed to
examine flow, water temperature, and aquatic habitat characteristics. It should also be
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noted that those interested in conducting or attempting to implement a water transaction
should additionally have or seek expertise with a strong background and/or understanding
of state water laws, water right management, and the surface water management
conditions of the targeted stream reach. While implementing these monitoring protocols
and analysis methods can help inform managers and other policy-level stakeholders, the
analysis process is designed for scientists, researchers, and other technical professionals
with a strong background in stream flow monitoring and data analysis. These protocols
can help guide experienced technical professionals through the process of gathering data
to better evaluate and communicate actual stream flow response from an instream flow
transaction.
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Water Transaction Monitoring Protocols
1.

Introduction

Water transactions are increasingly used in water management strategies to help balance
competing demands of limited water resources across the western United States. A water
transaction describes an agreement between two parties to transfer a specific water
volume to the buyer from the seller, and provide a mechanism to apply water to
alternative uses (e.g., instream environmental flows) in otherwise restrictive water right
or regulatory frameworks. Water transaction programs, such as the Columbia Basin
Water Transactions Program, have demonstrated how incentive-based approaches can
successfully bring water resource use into balance with the natural ecosystem while
preserving existing water rights. However, while the concept and potential of water
transactions are becoming more widely understood, in practice, the actual benefit of these
water transactions has at times been poorly quantified. By clearly quantifying the benefit
of these water transactions, potential opportunities can be identified to successfully
navigate through complex water resources challenges.
To address this need, The National Fish and Wildlife Foundation (NFWF) partnered with
the Natural Resource Conservation Service (NRCS) through a Conservation Innovation
Grant (CIG) to develop a standardized and targeted methodology to help quantify and
evaluate the environmental effects of instream flow transactions. Over a three-year
period from 2011-2013, NFWF collaborated with a range of water users and stakeholders
throughout northern California and Oregon to study experimental transactions for the
purpose of developing monitoring protocols to support emerging water markets. These
monitoring protocols focus on three stream characteristics, and describe how to assess the
effect of a water transaction using data collected through a monitoring program that is
designed specifically to monitor the effectiveness of water transactions.
This water transaction monitoring protocol handbook begins by presenting some
background information about water transactions, examples of environmental objectives,
and a conceptual description of their general spatial and temporal scale – that is, how the
stream reach affected by the transaction is defined, and the potential period when a
transaction can occur. Next, an overview is presented of how a monitoring program that
is designed for a transaction differs from more typical monitoring programs that are
designed to monitor general stream conditions. Then, each stream characteristic is
identified that can be used to evaluate a water transaction using these protocols. For each
characteristic, an assessment tool, the tool’s data needs, and monitoring approaches to
address those data needs are identified. Finally, a summary is presented of how these
protocols can be used to quantify the effects of a water transaction. Appendices with
example monitoring methodologies, equipment, and datasheets for each stream
characteristic are also included. With these protocols, experienced technical professionals
can develop monitoring programs that provided the data needed to assess the effect of
those transactions.
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2.

Water transactions

There are several components of water transactions that are helpful to understand before
examining potential assessment tools and monitoring programs. Understanding potential
water transaction objectives helps identify important elements of the monitoring program
to assess the effect of the water transaction. Similarly, a conceptual understanding of a
water transaction’s general spatial and temporal scale helps identify the spatial and
temporal scale of the associated monitoring program. By defining potential objectives, as
well as spatial and temporal characteristics of a transaction, the framework is established
to illustrate the differences between monitoring programs that are designed to assess
general stream conditions and those that are designed to evaluate the effects associated
with the water transaction.

2.1. Objectives
Water transactions generally meet one or more objectives. These objectives include
changes to existing:
•

fish passage – enhanced flow may target critical riffles, enhance dewatered
stream systems for migratory fish movements, or cue a migratory response for
particular fish species.

•

fish oversummering / rearing habitat – added flow would provide enhanced
flow depth and area, maintain desirable water temperature, enhance pool volumes,
extend habitat and/or prolong flow rates during the summer period for all
aquatic/fishery life stages.

•

channel geomorphic maintenance – supplementing or re-creating high flow
conditions, typically during a run-off event with the intent of changing or
maintaining functional geomorphic processes and/or enhancement of stream
substrate conditions for aquatic species.

•

fish over-wintering – enhancing stream flow during critical winter periods to
provide available and/or adequate conditions for winter fishery needs.

•

water quality – enhanced flow may improve water temperature, improve
biological components, or reduce nutrient inputs into the stream system.

Depending on the objective of the flow transaction, one or more physical characteristics
may need to be monitored. The specific protocol(s) implemented for a water transaction
will depend on the transaction’s objective, and will be determined by the project partners
or implementing organization on an individual basis.

2.2. Spatial and temporal scale
The area affected by the water transaction is generally referred to as the “beneficial” or
“protected” reach. For purposes of this document, the term “beneficial reach” refers to
the stream reach in which instream flows are augmented via water transactions to provide
environmental benefits. Specifically, the beneficial reach is a defined stream reach for a
2
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specific water right, which begins at its associated point of diversion (POD), and extends
downstream to an identified location where the flow could be legally diverted or the
effects of the additional water (e.g., on discharge volumes, water temperature, or physical
habitat characteristics) are no longer measureable, generally whichever occurs first
(Figure 1). Since this document focuses on surface water transactions, diversions will
similarly be limited to surface water use only, excluding groundwater transactions or
groundwater pumps. The most common example of a POD in water transactions is a
diversion ditch with a constructed headgate diversion structure (Figure 2); however,
dams, pumps, and other water management infrastructure can at times function as a POD.

Figure 1. An example of a beneficial reach for a flow transaction.
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Figure 2. An example of a POD. Pictured is an irrigation headgate with a continuous stage recorder
located directly downstream.

The extent of a beneficial reach varies for multiple reasons. The legal elements of an
associated water right, such as its priority date, diversion location, flow rate, and place
and period of use, primarily determine when and where water may be put instream during
a transaction to enhance a beneficial reach. Secondary considerations are within the
design of the water transaction itself. Water transactions may be as simple as leasing one
water right for one environmental objective in a targeted beneficial reach, which would
require basic compliance flow monitoring at the POD location in addition to the
environmental monitoring of the beneficial reach; or a water transaction may be much
more complex with multiple lease agreements with multiple water right holders for
multiple environmental objectives, requiring monitoring of multiple POD locations as
well as various types of environmental monitoring of the targeted beneficial reach
attempting to measure response. Identifying these objectives before the water transaction,
then designing a plan or road map for project success, will further assist managers with
determining the various costs necessary to implement a successful water transaction as
well as how to best allocate limited project resources.
The timeline, or temporal scale, of a water transaction is firmly limited to when the water
right holder may utilize the water right for its recognized beneficial use, referred to as the
“period of use.” In the western U.S., this period tends to reflect the growing season for
agriculture, especially for “irrigation use” water rights. This generally occurs from April
through October. However, most streams tend not to be flow limited or in need of
enhancement until later in the summer season. Therefore, water transaction monitoring
can occur over a period of months, weeks, or less, depending on when the instream flow
enhancement is needed. Ultimately, water transactions may occur throughout the period
of use, or for a portion of the potential diversion period. By specifying the water
transaction objective, opportunities may then be identified to balance water use and
instream flow needs in a way that benefits both.
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2.3. Monitoring
There are some key differences between monitoring plans that are developed for
assessing general stream conditions versus assessing the effects of a water transaction.
General monitoring programs can evaluate spatial and temporal trends in flow, habitat
quality or water quality. However, transaction monitoring is used to evaluate changes in
flow, aquatic habitat or water quality associated with a specific transaction. The timing
and goals of the transaction determine monitoring parameters.
Three stream features may be targeted by water transactions: flow, water temperature,
and physical aquatic habitat. Analytical approaches have been developed to assess the
effects of a transaction on each characteristic. These approaches generally include the
application of tools that provide information about the relationship between streamflow
and another characteristic, such as water temperature or physical aquatic habitat elements
(e.g., width, depth, wetted area, etc.). Transaction monitoring programs provide the data
needed to apply these assessment tools and quantify the effects of individual transactions.
The following sections identify how each of the three stream features may be assessed
during a water transaction and what components are recommended for their associated
monitoring programs. For each feature, the assessment tool used to quantify the effect of
a transaction is identified, including each tool’s data needs and how it can be applied to
evaluate instream flow transactions. Based on the data needs identified for each tool,
various monitoring approaches are presented to illustrate how each parameter can be
quantified using a range of potential data sources. Specific information is provided in the
appendices.
Ultimately, the monitoring program that is designed and implemented for a transaction
will depend on the objectives of the transaction. By identifying the transaction objective,
limited resources can be effectively directed to monitoring activities that support the
evaluation of the transaction, and limits the collection of extraneous data. Also, the
elements that are included in a monitoring program to assess a transaction will be
identified by project partners or the implementing organization on a case-by-case basis.
Experienced technical professionals can refer to the appendices for examples of
monitoring methodologies, equipment, and documentation; however, the final
determination of monitoring approaches should be informed by on-the-ground knowledge
of the transaction area, and should consider available resources.

3.

Flow

Flow (or discharge) monitoring is a critical component of a water transaction monitoring
program and should be implemented for all transactions to ensure protections of project
water rights and project investments. Accurately accounting for contracted water rights
and/or flow then provides the basis for quantifying relationships between flow
magnitudes and other stream characteristics (e.g., water temperature, aquatic habitat). It
also provides a method with which to document the events of the transaction (e.g., the
time when diversions cease and the contracted flow is left instream). To make this
assessment, detailed flow records over the period of the transaction are recommended. A
monitoring approach that provides data to develop rating curves and time series flow
records can provide a robust foundation for a transaction assessment.
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In this section, an overview of the assessment tool used to develop flow records is
presented, including its data needs and how it can be applied to a water transaction
assessment. Then, the recommended monitoring approach is described to illustrate a
comprehensive program to quantify flow during a water transaction. In some situations,
limited resources may preclude the implementation of the recommended monitoring
approach. To illustrate how to address those situations, examples of transaction analyses
are presented in which alternative approaches were used to quantify flow at critical
locations were made. By understanding the assessment goals, transaction stakeholders
can decide how to best allocate limited resources to target high-value monitoring
objectives.

3.1. Assessment tool: Discharge rating curves
Because water transactions generally occur over extended periods such as weeks or
months, flow volumes typically change in response to daily and seasonal meteorological
and hydrologic conditions. As the natural hydrograph fluctuates and instream flows
change, so do the potential effects of a water transaction by influencing the allowable
diversion rates of active water rights. To examine how the effect of a water transaction
might change during the transaction period, detailed discharge records are important.
However, allocating resources to manually take sub-daily flow measurements is often
impractical. Instead, rating curves are used to develop a relationship between two
parameters. For flow monitoring, rating curves typically relate stream stage to discharge.
Automated monitoring of stream stage, combined with periodic manual measurements of
discharge, is an inexpensive and efficient approach to developing detailed time series
flow records, improving the transaction analysis and project assessment.
In some cases, discharge records may be available from alternative sources and rating
curves may not be necessary. If the transaction is taking place in a reach where a rated
monitoring station has already been established, then the discharge record from that
station may be used in lieu of developing a separate rating curve. Also, other approaches
may be used to develop discharge records, such as implementing equipment that
automatically calculates discharge based on channel geometry (e.g., sonar devices
installed in culverts). Ultimately the final method should be identified based upon
monitoring needs, project costs, and transaction stakeholders. However, for the purposes
of this document, developing a rating curve using time series stage data and periodic
discharge measurements suits a broad range of potential transaction groups, making it the
most appropriate approach for this application.
3.1.1. Data needs
The data needs to develop rating curves are relatively minimal (Table 1). Rating curves
are developed using stream stage data at a specified monitoring location and discharge
measurements taken over a range of flow volumes. To confidently apply rating curves to
a wide range of flows, gathering discharge measurements at varying stage heights over
the course of the transaction is recommended (i.e. ranging from peak flows to minimum
flows). Additional details describing rating curves and their data needs can be found in
Rantz et al. (1982b).
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Table 1. A summary of the parameters needed to develop rating curves to assess stream flows associated with a
transaction.

Category

Parameter(s)

Potential source

Discharge

Stage
Channel depth
Channel width
Velocity

Field measurements
Existing stations
Stage recorder

Robust rating curves include at least five measurements taken over the course of the
water transaction, at a range of flow conditions (Figure 3). The rating curve illustrated in
Figure 3 was developed using multiple measurements taken over a range of flows, mostly
between 0 ft3/s and 150 ft3/s. A power function is used to define the curve, and the R2
value indicates how well the function fits the pattern of measured flows (R2 values of
approximately 0.9 or greater are desirable; R2 values lower than 0.8 are considered weak
and associated rating curves should be applied conservatively). Within this range, the
curve can be confidently applied; however, the single measurement taken at 300 ft3/s
indicates that the curve should be applied with caution above 150 ft3/s. While the fitted
curve illustrated on the figure extends beyond 300 ft3/s, the lack of data indicates that
applying the curve for higher flows is not recommended. However, it should be noted
that rating curves with power functions are best for low to moderate flow conditions
contained within a single channel, and are not ideal for rating flows during periods of
overbank flooding. Because most flow transactions are necessary due to “flow limiting”
conditions, this approach was deemed more practical and acceptable for flow transaction
monitoring.

Figure 3. An example of a rating curve relating stream stage to discharge.

3.1.2. Application
Once instruments have been installed and the flow measurement data has been collected,
the rating curve can be developed and applied to a time series stage dataset to develop a
7
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time series flow record. Care should be taken to apply the rating curve to the appropriate
range of stage data. An examination of the rating curve and the points used to develop the
curve can indicate where more conservative applications are warranted, as illustrated by
the example in the previous section.
Developing a time series flow record allows transaction stakeholders to examine the
continuous stream conditions and the effects of a transaction over a range of flows using
a modest amount of monitoring resources. Applying the rating curve in this manner can
provide valuable insight to the transaction, such as whether the transaction had a
diminishing effect as flow volumes decreased, or whether there was a critical threshold at
which the transaction provided high value. Such findings can help maximize
opportunities for water users and project managers by identifying high value flow
objectives for instream conditions.

3.2. Monitoring
A monitoring program that is designed to consider the objectives of a water transaction
can provide valuable information with which to evaluate the transaction. Examining a
project’s targeted beneficial reach for existing monitoring equipment is strongly
recommended to efficiently allocate resources. However, in the absence of existing
monitoring equipment, several key locations should be considered for flow monitoring as
part of a water transaction. Conducting a pre-project site visit is again strongly
encouraged to help determine project needs and requirements prior to implementing these
monitoring protocols.
To best quantify and track surface water flows during a flow transactional project, a
minimum of two locations should be selected and gaged for flow monitoring:
1. The upstream boundary of the beneficial reach (located at, or within 100ft
downstream of the POD)
2. The POD at which the water right is diverted from the stream (e.g. headgate, dam
outlet gates, or pump diversion), and
For most water right flow transactions, the primary area of flow monitoring will be in the
stream channel at or near the POD location of the water right (Figure 4). Monitoring
stream flow at this location helps quantify the flow contributed by associated water rights
within the beneficial reach at a specific place and time. The absence streamflow records
at the upstream boundary of the beneficial reach creates considerable uncertainty and
results in a relatively weak evaluation of the transaction. The POD site is the legal
location where water right is diverted from its water source (e.g. stream), and may
already be monitored for quantification and appropriation compliance by a water agency,
however, without this diversion record, and measurement records for stream flows at the
POD, no evaluation or understanding of the water transaction can be determined. For
transactions in which a portion of the water right is contributed to instream flows (while
the remaining portion is still diverted), automated monitoring of the POD is
recommended. While transactions in which the entire water right is leased to augment
instream flows, visual confirmation that no diversions are occurring at the POD is
8
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sufficient. Finally, if resources permit, an additional monitoring site is recommended at
the downstream boundary of the beneficial reach, which may provide valuable
information about potential gains or losses in the transaction’s project area. In the
absence of other streamflow data, assumptions about the water rights volume and
gains/losses through the protected reach can be made to evaluate the transaction. If
additional inflows or outflows of surface water occur anywhere in the flow transactional
project’s targeted beneficial reach, these locations should also be monitored for flow
discharge with continuous flow gaging instrument.

Figure 4. An example of a beneficial reach for a flow transaction.

3.3. Summary
Flow monitoring is important to quantifying, documenting, and administering a water
transaction. Several methods can be used to evaluate streamflows; however, developing
rating curves to create time series flow records is an approach that is widely used
throughout the scientific community, requires relatively modest resources to implement,
and is suitable for a broad range of basins. In the absence of existing rated flow
monitoring sites, monitoring streamflows using rating curves is recommended. By
monitoring key sites, including the upstream boundary of the beneficial reach, the POD,
and the downstream boundary of the beneficial reach, stakeholders can quantify the
hydrologic conditions during the transaction with minimal uncertainty. In the event that
limited resources prevent the implementation of the recommended monitoring design,
alternative approaches may be used. These alternatives should be identified in
cooperation with all transaction stakeholders and clearly documented.
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4.

Water temperature

Addressing water temperature conditions is often a primary objective of flow
transactions. However, determining the effect of a transaction on water temperatures
requires more information than simply monitoring water temperature conditions in the
beneficial reach during the transaction period. To evaluate the benefit of a transaction
effectively, water temperature conditions during the transaction must be compared to
conditions that would have occurred without the transaction. To make this comparison,
the Water Temperature Transaction Tool (W3T) can be used to simulate water
temperature conditions in the beneficial reach for a range of flows. With a modest
amount of data, this tool can be used to evaluate the potential benefit of a transaction
before the transaction has been implemented. To evaluate a completed transaction, a
more robust data set is required. The results of those simulations can help evaluate
whether a transaction is an effective action to address a specific water temperature
objective with various hydrologic scenarios. A monitoring program that supports the
application of W3T can provide the information needed to effectively characterize the
water temperature benefit of a flow transaction prior to or following its implementation.
In this chapter, an overview of the W3T and its role in evaluating flow transactions will
be provided. Then, the data needs to implement and apply W3T will be identified. Once
the data needs to evaluate the water temperature benefit of a flow transaction have been
identified, examples of monitoring programs will be presented that demonstrate the
process of assessing the water temperature benefits of a flow transaction. While the
recommended monitoring programs all include the same monitoring elements, the
resolution of the data needed to quantify those elements varies depending on whether a
transaction is being pre-screened at a regional level (i.e., assessed prior to implementation
to determine its potential effects) or validated on-the-ground (i.e., evaluated after the
transaction has been implemented to evaluate its actual benefit). Examples of data used to
pre-screen or validate transactions are provided to help identify potential approaches,
limitations, or considerations that may apply to other flow transactions.

4.1. Assessment tool: W3T
The Water Temperature Transaction Tool (W3T) is a spreadsheet model that was
developed to assess the water temperature benefit of a flow transaction by simulating
water temperature conditions given various instream flow management strategies. A
user’s guide (Watercourse 2013) detailing its background, technical development, and
operating instructions was developed separately from this document. To operate, this tool
requires some data describing channel geometry, meteorology, shading, flow, and water
temperature. While traditional monitoring programs can inform water users about the
water temperatures during a flow transaction, they generally do not provide enough
information to demonstrate how the transaction changed water temperatures from
baseline conditions – that is, what water temperatures would have been if the transaction
had not occurred. Without this information, the effectiveness of a transaction cannot be
assessed, creating uncertainty about the value of the investment. Because water is
valuable to many users, including agricultural or environmental uses, a clear
understanding of the benefits associated with a specific transaction is critical to ensure
that limited resources are managed effectively.
10
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4.1.1. Data needs
To operate W3T, field data and other information must be provided. Data sources depend
on the user’s objective. W3T can be used to “pre-screen” transactions to estimate whether
the transaction has potential to be effective. For pre-screening applications, historical data
or estimates based on aerial photographs, maps, flow records or comparable features in
similar stream systems may be a sufficient starting point. W3T can also be used to
validate a transaction; that is, data collected during the transaction can be used in W3T to
confirm that the transaction provided the desired effect. For validation, a higher level of
data collection is required, and the transaction monitoring program should be designed
with that consideration. A summary of the data needs and potential sources, depending
on whether the transaction is being pre-screened or validated, is provided in Table 2.

11
Water Transaction Monitoring Protocols

December 5, 2013

Table 2. A summary of the data needs and potential data sources for the W3T model.
Category

Parameter(s)

Recommended potential sources
Pre-Screening

Validation

Meteorology

Air temperature
Wet bulb or dew point
temperature
(calculated)
Wind speed
Relative humidity

Weather station
(regional)

Weather station
(local)
GPS

Geometry

Planform (x-y
description)
Elevation
Channel gradient
Channel cross-section
Channel roughness

Google Earth
Proxy
Literature values

Field surveys
GIS

Flow

Boundary conditions
(in)
Upstream inflow
Tributary, return flows,
and discharges
Seeps/springs etc.
Boundary conditions
(out)
Diversions
Losses
Validation
Downstream flows at
end of protected reach

Modeled flows
Watershed models
Rainfall models
Other models
Estimates
Watershed area
Minimum flow
Field observations
Existing flow gages

Field observations
Existing flow gages
Spot measurements
Stage recorder and
rated section

Water Temperature

Boundary conditions
(in)
Upstream inflow
Tributary, return flows
and discharges
Seeps/springs etc.
Validation data
Downstream
temperature at end of
protected reach

Modeled temperatures
Various models
Estimates
Equilibrium
Nearby systems
Field observations
Spot measurements
FLIR/TIR

Field observations
Existing loggers
Deployed loggers

Shade

Left bank and right
bank vegetation
assemblage types and
density (see Shade-alator requirements)

Google Earth
Proxy/estimate
Literature

Field surveys
GIS/Lidar
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4.1.2. Application
During the pre-screening phase, a potential transaction is evaluated to estimate its effect
on water temperature. Ideally, this phase would occur after the transaction area (or
beneficial reach) had been characterized using data from a baseline assessment program;
that is, previous studies had been completed that identified the beneficial reach as an area
where a water temperature impairment (e.g., elevated water temperatures) occurred, and
some effort had been made to characterize different elements that can affect the heat
budget in that reach, including geometry, vegetation (aquatic and riparian), and various
inflows and outflows. In reality, though, available data is often limited, or was collected
for a different study objective and does not necessarily provide optimal information that
can be used to pre-screen a flow transaction. While limited data increases the uncertainty
of a pre-screening assessment, it does not preclude the assessment. Specific categories of
data are required to pre-screen a transaction, but a broad range of sources, including
estimates made using regional monitoring stations, aerial photos, or proxy systems, may
be utilized and deemed appropriate for this level of analysis.
During the validation phase, a completed water transaction is assessed to quantify the
effect on stream temperatures. This validation requires more information than would be
needed to assess stream conditions during the transaction; the objective is to evaluate the
effectiveness of the transaction as a strategy to address water temperature objectives in a
particular location and during a specific period. In this way, resources can be allocated to
effective water management activities, while less valuable activities can be phased out of
broader management strategies.
While the same types of data are needed to use W3T, the data sources and collection
methods are designed to provide a higher resolution of information that can be used to
evaluate specific transactions. In this section, monitoring recommendations to help
evaluate flow transactions are presented for each parameter in W3T. In some cases,
limited resources may preclude monitoring of each element to a high level of detail.
Depending on the amount and type of data available, some transactions can still be
evaluated for water temperature even if the monitoring program was not specifically
designed for validation.

4.2. Monitoring
For flow transactions that are designed to address water temperature objectives, the scope
of a monitoring program varies depending on whether transaction is in the pre-screening
or validation phase, as well as available resources. During the pre-screening phase, a
potential transaction is evaluated to determine whether its implementation may warrant
the time and resources to implement, monitor, and administer the transaction given its
potential effect on water temperatures. Because the benefit of the transaction is unknown,
balancing the resources needed to collect preliminary data to evaluate the transaction and
the desire not to overinvest in a potentially less effective transaction is critical. Once a
transaction has been implemented, though, collecting a robust dataset is critical to
determining the benefit of the transaction with a narrow range of uncertainty. Thus, a
more robust monitoring program is recommended for implemented transactions to gather
the more-refined dataset.
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To illustrate how a monitoring program could be designed for the pre-screening or
validation phase of a flow transaction, a conceptual design of each is presented, followed
by examples based on experimental flow transactions that were proposed or implemented
to address water temperature. In each example, the available data is identified as well as
areas where alternative approaches were developed to estimate unknown parameters.
4.2.1. Meteorology
Meteorology describes the daily weather conditions that affect the daily and seasonal heat
budget, and is characterized by a wide range of elements. Some of these elements, like
solar radiation, are calculated by W3T. However, information describing other elements
is necessary to operate the tool. These elements include:
•

Air temperature

•

Wet bulb or dew point temperature

•

Wind speed

•

Relative humidity

Air temperature, wind speed, and relative humidity are commonly monitored at
meteorological stations. Wet bulb or dew point temperatures can be calculated. During
the pre-screening process, a flow transaction can be evaluated using data collected from
regional meteorological stations. While stations located near the beneficial reach are
preferred, others located within the basin are acceptable sources of meteorological data.
Differences between the location of the beneficial reach and the meteorological station,
such as elevation and the distance from each other, should be noted to document potential
sources of uncertainty in the results.
Because meteorological conditions can strongly influence the daily and seasonal heat
budget of a stream, data collected near the stream site can provide insight to microclimate
influences that may not be captured by regional meteorological stations. For example,
local differences in air temperature can result in statistically significant differences in
simulated water temperatures (Willis and Deas 2010). If the monitoring objective were
to generally characterize meteorological conditions during a specified period, then
regional meteorological data may be sufficient. However, to evaluate a flow transaction,
small differences in simulated water temperatures may be important, particularly if the
potential temperature reductions are small (i.e., < 1°C) and occur near important
thresholds for aquatic ecosystems. Therefore, to accurately validate the effect of a flow
transaction on water temperatures, collecting meteorological data near the protected reach
is preferred where possible.
4.2.2. Geometry
Geometry describes the direction, shape, gradient, and elevation of the stream channel, all
of which are critical to determining heating and cooling trends. The data needed to
describe stream geometry includes:
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•

planform description (x-y coordinates)

•

elevation

•

channel gradient

•

channel cross-section (wetted width, side slope)

•

channel roughness

While some or all of this data may be available from previous characterizations, much of
this information can be estimated from aerial photographs or publically available
resources like Google Earth to pre-screen transactions. The planform description provides
a general description of the direction of flow; for example, north to south, east to west,
etc. This can be easily determined from aerial photography or a map. Elevation and
channel gradient can also be estimated from Google Earth or topographic maps. By
calculating the difference in elevation at different points in the stream, the channel
gradient can be estimated. Channel cross-section information can also be estimated using
aerial photography, though this method can be imprecise. W3T considers the wetted
width in the channel given a specified flow, rather than the full channel width (which
may not be fully wetted at low flows). Side slopes and channel roughness can be
estimated from literature values.
To validate the effects of a transaction, geometry data collected in the protected reach is
desirable. Width and depth data can be collected concurrently with flow measurements to
provide a coarse description of channel cross-sections. Cross-section surveys taken at
several locations throughout the protected reach using equipment such as real-time
kinematic (RTK) survey equipment would provide high-resolution data, reducing one
potential source of uncertainty in the transaction analysis. However, depending on
available resources, alternative approaches may be sufficient.
4.2.3. Flow
Quantifying flow in the beneficial reach is highly important to accurately assess the
effects of a flow transaction. During the pre-screening phase, flow rates may be estimated
when little or no data is available to characterize the water transaction project area.
Models, minimum flow estimates, or existing flow gages may be potential sources of
information to help guide or refine pre-screening analyses. However, when validating an
implemented transaction, each inflow and outflow in the beneficial reach should be
identified, including the upstream and downstream boundaries of the reach, tributaries,
diversions, return flows, and other flow sources or losses (Table 2). A detailed
description of flow monitoring is presented in section 3. While the recommended
monitoring array identifies three locations (e.g., top of beneficial reach, bottom of
beneficial reach, and POD), some transactions can be quantified by monitoring discharge
using alternative approaches. In some cases, fewer monitoring locations are acceptable to
monitor flow during a transaction. However, for other transactions, following the
recommended flow monitoring guidelines provides a robust foundation on which to
assess flow transactions.
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4.2.4. Water temperature
Water temperature data is important for making an accurate assessment of a potential or
actual instream flow transaction. An analysis of existing water temperature data can
indicate whether the transaction is addressing water temperature conditions near a critical
threshold (i.e., such as reducing elevated water temperature near the threshold between
sub-optimal to optimal, or detrimental to sub-optimal), and can also indicate how much
of an effect is necessary for the transaction to be effective. This information provides the
criteria for evaluating the effectiveness of a transaction.
Several data sources can be used to characterize water temperature conditions in the
protected reach. Ideally, sub-daily (e.g., hourly or half-hourly) water temperature data is
recommended as W3T evaluates sub-daily changes to water temperature through the
protected reach. Important monitoring locations include the upstream and downstream
boundary of the protected reach, tributary inflows, point of return flows, and other
inflow/accretion locations. A conceptual example of water temperature monitoring
locations in the protected reach is provided in Figure 5. To assess potential transactions,
other sources of data may be used, including modeled water temperatures, estimates, or
spot measurements. However, to assess an implemented transaction, water temperature
data gathered at the recommended locations in the protected reach is important to
completing an accurate assessment.

Figure 5. An example of a water temperature monitoring array.

4.2.5. Shade
Shade is the last parameter in W3T, and is quantified by the riparian vegetation (or land
cover) features in the beneficial reach. Unlike the other parameters, which require
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measured data, a simple conceptual description of shade features is needed to assess a
potential or implemented transaction. Once a vegetation or land cover type has been
selected, W3T calculates the shade (i.e. solar radiation reduction) based on height and
density features that are predefined in W3T. As such, the monitoring needs to quantify
shade are minimal. Estimates of riparian vegetation or land cover can be made using
images from Google Earth or proxy stream systems. Field surveys can provide more
precise inventories of riparian vegetation and may indicate any potential discrepancies
between observed conditions and W3T assumptions. For example, a field survey may
indicate that a vegetation type has a difference density or height than the ones defined in
W3T. This information allows users to identify potential sources of uncertainty.

4.3. Summary
The purpose of transaction monitoring is to provide information to evaluate the effects of
the transaction. To evaluate transactions with water temperature objectives, W3T can be
used to assess potential or implemented transactions. Thus, monitoring programs for
these transactions are designed to collect data needed to apply W3T, and extend beyond
monitoring water temperature and instream flow conditions. Meteorology, geometry, and
shade data or estimates are also needed to assess the effects of a transaction on water
temperatures. Potential sources for this information range from field measurements to
estimates based on aerial photography, literature values, proxy watersheds, model results,
and others. Limited resources may preclude extensive monitoring of the transaction;
however, uncertainty of the results increases with the number of estimates/assumptions.
For transactions that are being pre-screened to estimate their potential effectiveness, but
have not been implemented, results with a wider range of uncertainty can still yield
valuable insight. However, for analyses that focus on verifying implemented transactions,
less uncertainty is desirable to accurately quantify the actual effect of the transaction.
Experienced professional judgment plays a large role in an analysis of instream flow
transactions to determine which assumptions are acceptable for pre-screening or
verification objectives.

5.

Aquatic habitat

Some water transactions have specific aquatic habitat objectives such as increasing
available physical habitat for fish passage and/or rearing. To assess the effect of
transactions with aquatic habitat objectives, rating curves are developed to relate aquatic
habitat physical parameters to stream flows at selected channel cross-section locations.
These rating curves can then be applied to determine how much physical aquatic habitat
was gained with the addition of the contracted water volume. An overview of aquatic
habitat rating curves, their data needs, and application is presented in this section,
followed by a description of the monitoring activities that support the development of
aquatic habitat rating curves.

5.1. Assessment tool: Aquatic habitat rating curves
Aquatic habitat rating curves represent relationships between flows and specified
physical aquatic habitat parameters. Based on water transaction experiments, two
parameters were identified that provided valuable insight to the effect of a water
transaction when related to flow: wetted area and pool volume (Nichols et al. 2013). The
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analysis approach and methodologies provided in this document can be adapted to use
other parameters. The parameter that is selected to support the analysis of a water
transaction should be identified by experienced technical professionals in collaboration
with transaction stakeholders.
5.1.1. Data needs
The data needs to support the development and application of aquatic habitat rating
curves focus on a few key parameters that characterize cross-section topography and the
wetted channel. Stream flow, wetted channel width, average channel depth, and
depending on transaction, pool length, are all used to characterize the effects of a water
transaction (Table 3). Stream flow data is required for all aquatic habitat rating curves as
it provides the basis to evaluate changes in habitat parameters due to changes in stream
flow. Wetted width and average depth data are also required to assess the effects of a
transaction, and are used to characterize wetted area. For transaction in which habitat
volumes are of interest (e.g., transactions that are designed to increase the amount of
available pool volume habitat), additional data describing the length of the specified
habitat reach is also required.
Table 3. A summary of the parameters need to assess the effect of water transactions on aquatic habitat.

Category

Parameter(s)

Potential source

Discharge

Channel depth
Channel width
Velocity

Field measurements
Existing stations
Stage recorder

Aquatic habitat

Channel depth
Channel width
Reach length

Field measurements

5.1.2. Application
The primary hydrologic variable that is used to assess aquatic habitat is wetted area.
While other aquatic habitat parameters, such as wetted perimeter, also quantify aquatic
habitat, the results of experimental water transactions illustrated that related stream flow
to wetted area (or pool volumes) provided a robust assessment of water transactions in a
broad range of hydrologic settings (Nichols et al, 2013). By applying standard
hydrologic rating methods (Leopold and Maddock, 1953), the relationship between
stream flow and aquatic habitat conditions can be evaluated. These analytical techniques
are based on hydraulic geometry data, and are commonly used to identify desired
instream flows (e.g. Jowett, 1997; Gippel and Stewardson, 1998; Reinfelds et al., 2004).
Using this empirical approach, hydraulic-streamflow rating curves are developed using
power functions (see Dunne and Leopold, 1978) of the general form
y = aQb ,
where:
y = hydraulic variable;
Q = mean daily discharge;
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“a” and “b” = empirically derived coefficients and exponents, respectively.
An example of an aquatic habitat rating curve is presented in Figure 6.

Figure 6. An example of an aquatic habitat rating curve, where the wetted area of the monitoring
location is related to mean daily discharge.

Analytical procedures to examine the relationship between pool volumes and stream flow
are largely derived from those presented by Hilton and Lisle (1993). During each survey
period (i.e., unique streamflow), wetted area is calculated for each surveyed cross-section
transects (details describing monitoring approaches and methodologies are included in
section 5.2 and Appendix A). The average wetted area for the upstream and downstream
cross-section of the targeted pool is multiplied by the channel centerline distance between
each pair to calculate the pool volume. Using hydraulic rating methods similar to those
previously discussed, a streamflow-pool volume rating curve can be developed.
Once the curves have been developed, changes in aquatic habitat that are associated with
transaction flows can be evaluated. This assessment can be made at a specific location
(e.g., a reach where aquatic habitat limitations have been identified, such as a generally
dewatered reach), or examine the general change across a habitat type use one or more
representative monitoring locations (e.g., pools, riffles, etc.). To evaluate the general
effect of the transaction across all habitat types, rating curves should be developed for
each cross-section included in a randomized set of aquatic habitat monitoring locations.
Additional guidance regarding the number and types of cross-sections that should be
monitored to evaluate aquatic habitat is provided in Appendix A.
It should be noted that the location and duration of a transaction can affect the application
of aquatic habitat rating curves. Channel geometry may affect the strength of the rating
curve, suggesting that alternative approaches may better characterize the relationship
between stream flow and aquatic habitat in some systems, particularly if alternative
parameters (e.g., wetted perimeter) are selected to characterize aquatic habitat (Gippel
and Stewardson, 1998). Also, short duration flow transactions (several days to weeks)
typically do not enable the generation of habitat rating curves using hydraulic rating
methods, largely due to an inability to measure habitat variables across a sufficient range
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of flows. Results from experiments performed to develop these protocols indicated that
power relationships between discharge and wetted area could be applied across a broad
range of stream systems as they are least sensitive to geometry and because water
transactions generally occur over a period of weeks or months. However, alternative
relationships may be developed given specific transaction objectives; in such cases,
experienced technical professionals should identify and document the reasoning and
methodologies used for the alternative approach in collaboration with transaction
stakeholders.

5.2. Monitoring
To support a robust analysis of the effect of a water transaction on aquatic habitat, field
data should be gathered to develop the aquatic habitat rating curve. Alternative methods
can be used to develop flow records and have been described in detail in previous
sections; however, flow through each cross-section should be well-characterized. Aquatic
habitat data is gathered via manual field surveys. Details describing methodologies,
documentation, and data sheets are included in Appendix A. Because aquatic habitat
changes focus on the wetted dimensions of the channel (as opposed to the dimensions of
the general channel shape), and because accurate relationships between aquatic habitat
and discharge are critical to any evaluation of a transaction, alternative methods to
develop the rating curve are generally unsuitable for this type of analysis.
Generally, 11 cross-section sites are recommended as per U.S. Environmental Protection
Agency’s Environmental Monitoring Assessment Program (EMAP) (). However,
available resources may limit the number of field visits that can be completed to conduct
the aquatic habitat surveys. At least five cross-sections are recommended to develop
aquatic habitat rating curve. When fewer cross-section surveys occur, site visits may be
timed so that the surveys occur over a range of streamflow conditions. The data collected
over the range of conditions supported the development of rating curves that related
wetted area to discharge at multiple habitat types, including riffles (Figure 6) and pools
(Figure 8). Using these curves, the water transaction may be evaluated for individual
monitoring locations, and the general effect may be characterized through the beneficial
reach.

20
Water Transaction Monitoring Protocols

December 5, 2013

Figure 7. An example of an aquatic habitat monitoring array.

Figure 8. A rating curve that was developed with the minimum recommended survey events to examine the
relationship between discharge and wetted area for a pool located in Patterson Creek.

5.3. Summary
Water transactions that are designed to address physical aquatic habitat objectives can be
evaluated by examining the relationship between stream flows and a specified parameter,
such as wetted area. This relationship is quantified using a rating curve. Aquatic habitat
rating curves that have been developed for relatively stable cross-sections can be used to
assess completed transactions as well as estimate potential benefits of future transactions.
Generally, relationships between discharge and wetted area of pool volumes provide a
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robust assessment of the effects of a flow transaction. Consideration of the transaction
objective as well as local channel features can help identify appropriate alternative
aquatic habitat parameters.
Monitoring activities to support the development of aquatic habitat rating curves can be
completed with relatively low-tech field sampling methods; however, no alternative
approaches have been identified that provide a suitable level of certainty to support water
transaction analyses for this objective. Gathering data over a range of flows improves the
resolution of the rating curve. Similarly to discharge rating curves, aquatic habitat rating
curves are generally applicable to transactions that occur within the range of flow
volumes for with physical habitat parameters were monitored. Applying these rating
curves outside of the monitored flow range should be done with caution.

6.

Summary

Water transactions introduce a flexible mechanism with which to address instream flow
objectives while working within current water right frameworks. Tools have been
developed to assess the effect of water transactions on instream flows, water
temperatures, and physical aquatic habitat. By using these tools to quantify the effects of
a transaction, proponents of instream flows can demonstrate to water right holders the
value of leasing their water, and water right holders can assess the value of their
respective water rights for specific transaction objectives. Such quantifications could
provide valuable insight to water users who are affected by regulatory objectives for
instream conditions.
The monitoring programs for transactions with instream flows, water temperature, or
aquatic habitat objectives are designed to collect data that supports the analysis of the
transaction. As such, these programs include elements that go beyond a general
characterization of on-the-ground conditions. For some assessments, alternative
approaches may be used to quantify each parameter; for others, such as aquatic habitat
assessments, direct field measurements are the only recommended approach to gather the
appropriate monitoring data. As with any assessment, trade-offs between available
resources and desired accuracy in the results should be considered when alternative
approaches are implemented. Details describing example monitoring methodologies,
transaction documentation, and data sheets are provided in Appendix A.
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Appendices
Appendix A. Monitoring methodologies,
documentation, and data sheets
The monitoring methodologies recommended in these protocols generally reflect
common industry practices. An overview of those methods is provided for stream flow,
water temperature, and aquatic habitat assessments to illustrate the general approaches
that may be taken to gather the appropriate field data. Local considerations may indicate
that certain aspects of these methods should be adapted; the final monitoring
methodology should be determined by experienced technical professionals.
Documentation of monitoring activities and data organization is important to ensuring an
accurate assessment of instream flow transactions. Generally, items that should be
documented include:
1. A monitoring plan, developed prior to implementation of monitoring activities,
that details the instream flow transaction and its objective(s), monitoring
elements, locations, methodologies, and periods;
2. A map or aerial photo of the monitoring area, on which the protected reach and
monitoring site(s) of each parameter are identified;
3. Electronic databases of all data collected for each parameter; and
4. Photopoints (upstream and downstream) of all monitoring locations.
Additional documentation may be required by the administering body overseeing the
water transaction. For example, the Columbia Basin Water Transaction Program provides
a checklist to transaction stakeholders in which participants provide details of the
transaction, including the transaction flow rate, volume, period, objective, costs, and
other information. Also, local, state, or federal agencies that are responsible for managing
aquatic resources in the transaction basin may request information to ensure that the
transaction complies with aquatic resource management policies. Potential water
transaction participants should coordinate with relevant groups and agencies to ensure
that the relevant documentation is completed for each transaction. Sample datasheets are
provided in this appendix.
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A.1. Flow
Flow monitoring is required for any flow transaction, regardless of the transaction
objective. Flow monitoring allows transaction participants to confirm the quantity and
timing of flow transactions. Due to the critical nature of flow monitoring data, selecting
appropriate flow monitoring equipment (i.e. flow current meters, stage recorders, and
staff gauges) is important. Flow monitoring equipment selection will depend on both the
hydrologic conditions and available resources in the potential transaction location. As
such, no specific brand or model of flow monitoring equipment are recommended. To
illustrate the different characteristics of flow monitoring equipment, an overview of
several flow current meters, pressure transducers, and staff gauges are presented.
A.1.1. Objective
The objective of the discharge monitoring is to monitor instream flow conditions prior to,
during, and following the initiation of a flow transaction. The monitoring effort will
determine whether the augmented flow volume can be detected throughout the beneficial
reach using the protocols defined in this program1.
A.1.2. Site selection
Site selection for flow monitoring is discussed in detail in section 2.3. Continuous stream
gauging should be done at site locations where hydraulic conditions are as uniform as
possible, with straight glide-like conditions, free of obstacles which otherwise might alter
or influence stream velocity at the surface or sub-surface (Rantz et al. 1982). It is also
suggested that during low flow periods, gauging sites be selected with a downstream
stage control. Establishing stream cross-section discharge measurement locations using
stakes, flagging and GPS coordinates from a local surveyed benchmark is recommended
for long-term stream discharge or flow transaction monitoring in order to replicate
consistent monitoring techniques and adequately monitor temporal flow changes.
A.1.3. Sampling schedule
Periodic discharge measurements will be taken at established channel cross-section
locations. Water depths and corresponding flow velocities will be collected to enable the
periodic calculation of discharge at each established discharge measurement crosssection. These measurements will be used, along with time series stage data obtained at
continuous stream gauging locations, to develop discharge rating curves, which can be
applied to develop time series flow records. Stage data will be gathered on a sub-hourly
interval. No less than five discharge measurements per site, taken over a range of
discharge volumes, should be collected during the entire flow transaction to establish
strong discharge-stage relationships.
A.1.4. Equipment
Equipment needed to complete discharge monitoring on stream reaches includes:
1

These results will be analyzed for changes that go beyond background noise and natural variability. The
results of these changes will also be examined for their applicability to future phases in this pilot effort.
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•

a flow current meter,

•

a USGS top setting wading rod,

•

continuous stage recorders (Appendix B)

•

measuring tape,

•

GPS unit,

•

stakes,

•

camera,

•

staff gauges, and

•

field notebook.

A brief overview of the different types of available current meters, stage recorders, and
staff gauges are presented in Appendix B. Equipment selection will depend on available
resources and the study basin’s hydrologic characteristics.
A.1.5. Calibration
Calibration and maintenance of flow metering and stream gauging equipment should be
conducted prior to initiating the project monitoring, then periodically throughout the field
season, and according to equipment instructional or operational manuals and recorded in
field notebooks or equipment log books. It is also suggested that a staff gauge be
installed with stage recorders to assist with calibration and rating curve development.
Information such as date/time of calibration, equipment serial number, and the field
technician responsible for calibration should be recorded.
A.1.6. Monitoring methodology
Stream discharge is measured as the volume of water that passes through an identified
stream cross-section per a specified unit of time, and is expressed as cubic feet per second
(cfs) or cubic meters per second (cms) Stream discharge (Q) measurements will be
conducted per U.S. Geological Survey (USGS) protocols and methods whenever possible
(Rantz, et al. 1982). If measurements are taken outside of the USGS protocol due to site
complications, then documentation and a thorough explanation should accompany the
data. and field notebooks. Stream gauging equipment and methods will be determined by
site cross-section depth and estimated stream discharge at the time of gauging, per the
USGS protocols for equipment and such site conditions.
When using the velocity area method, the surveyed cross-section should be divided up
with a minimum of twenty sub-sections (ideally 20-30 sub-sections), with no greater than
10% of the volume of water being gauged per any one sub-section. At each of these
identified sub-sections, velocity measurements should be averaged over a 40-second
period per sub-section.
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When using a standard portable flow meter, if the stream cross-section depths are less
than approximately 0.8 m (2.5 ft), the sixth-tenths- depth (0.6) point velocity-area
measurements typically would be used. This method measures stream velocity at 60% of
the stream depth at one point (for 40 seconds) using a USGS top setting wading rod at
each sub-section within the stream cross-section (minimum 20 sub-sections).
If the stream’s vertical cross-section depths were greater than approximately 0.8 m (2.5
ft.), a two-point method would be recommended, which requires velocity measurements
at 20% and 80% stream profile depths then averaging the two for mean velocity.2
All flow meters and stage recorders should be used according to their operational
manuals and relevant USGS protocols and recommendations. Discharge measurement
data collection should always be recorded in field notebooks and in addition to
appropriate handheld computer equipment such as computer laptops or personal digital
assistant (PDA) using the standardized USGS data sheets if so chosen. Information
typically recorded includes:
•

site name / location

•

date /

•

starting time / end time

•

field technician

•

flow current meter (serial number/ or ID)

•

stream condition

•

weather conditions

•

gauge heights (before measurement and after measurements)

•

edge of water for measurement (left edge of water (LEW), or right edge of water
(REW), when looking downstream)

Other relevant information, remarks about site or conditions should be noted. An example
of a discharge data sheet is provided in Appendix A.
*Note: For low flow discharge monitoring (i.e. less than 2 cfs), it is suggested that
entities utilize a portable flume or weir to attain the desired accuracy for flow rate/volume
accounting. Portable flow current meters tend to increase in error in depths less than 2”
(dependent upon the meter type) and flows less than 2 cfs often display these shallow
depths making discharge gauging more challenging and increase of error more likely.

2

If using a pygmy current meter or an Acoustic Doppler Velocimeter (ADV), the two-point method is
sometimes recommended for depths greater than 1.5 ft.
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Attention and care to site location is extremely important when flow gauging small
stream systems. Portable flumes and weirs set up instream temporarily confine flows
through their fixed throat width areas of the device to quantify flow rate. Attention to
fragile stream environments should be incorporated when assessing streamflow and care
not to “dam” the small streamflow when installing the portable flumes and/or weirs
should be observed.
A.1.7. Photo-point monitoring
Photo-point monitoring should also be incorporated to provide a visual context for
monitoring data gathered during the flow transactional monitoring period. When gauging
stream discharge, a photo should be taken looking upstream from the center of every
cross-section. While all photos should be taken during a single sampling event, photopoints do not have to be repopulated during every sampling event. The camera used,
time, date, picture number, stream location, and any other relevant information should be
recorded in field note-books at the time of documentation. Holding up signs with date
and location in the corner of the photo field is helpful for quick identification (include
photo example; OWEB 2007).
A.1.8. Discharge protocol documentation
To evaluate and quantify the effect of the flow transaction on instream flow volume,
several pieces of information should be documented. These include:
•

A monitoring plan, developed prior to the implementation of monitoring
activities, that details monitoring locations, stream features, methodologies, and
periods,

•

A map or aerial photo of the monitoring area, with relevant irrigation
infrastructure, relevant stream attributes, hydrography data, with each monitoring
site indicated, (e.g. Flow, Temperature and/or Habitat Cross-sections),

•

A photo of each monitoring location, and

•

Stage and discharge records for the monitoring period for each monitoring site,
including spot measurements, rating curves, and time-series stage and discharge
data.
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A.1.9. Data sheet
DISCHARGE MEASUREMENT NOTES
NFWF CIG Field Monitoring

River

______________________

Station ID _____________________

Date

______________________

Time _____________________
Begin

Method

End

______________________ Gauge Height _____________________

Location _______________________________________________________
Sampler

_______________________________________________________

**Remember to note REW and LEW from tape measure
Distance
from initial
point
UNITS:

Depth

Velocity

UNITS:

UNITS:

Distance
from initial
point
UNITS:

Depth

Velocity

UNITS:

UNITS:
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A.2. Water Temperature
Water temperature is one aspect of aquatic habitat that can be used to assess the quality of
the existing habitat. The water quality protocols are based on the federal USFS guidelines
for water temperature sampling established by Dunham et al. (2005). This protocol
establishes the objective of water temperature monitoring activities; standards for
equipment; sampling schedule; calibration, launching, deployment, and collection of
water temperature data loggers.
A.2.1. Objective
The data gathered from the water temperature monitoring is used to address a specific
objective: to determine the benefit of a flow transaction with regards to species-specific
water temperature objectives. These objectives are established based on the target species
identified in each watershed and standard metrics that are commonly used to assess the
quality of habitat. The specific metric that is applied will depend on the hydrologic
regime of the stream reach.
A.2.2. Site Selection
Water temperatures should be monitored at several locations in the beneficial reach of a
flow transaction, including:
•

the upstream boundary of the beneficial reach, in the thalweg,

•

all point-flow inflow sources to the beneficial reach (i.e. tributaries, returns flows,
and spring sources), and

•

the thalweg at the downstream boundary of the beneficial reach.

In systems where water temperature trends, such as heating rates or vertical/lateral water
temperature profiles, have not been characterized for the protected reach, or for
transactions that focus on augmenting a specific habitat type (e.g. cool-water pools),
additional monitoring sites can include:
•

along the thalweg at approximately 500 m (1640 ft) intervals,

•

the top and bottom of the water column at the upstream boundary of the beneficial
reach, in the thalweg, and/or

•

transects across representative habitat locations (e.g. pool, run, riffle) coinciding
with survey monitoring transect locations.

A schematic of water temperature monitoring sites, including the optional additional
sites, is provided in Figure A-1.
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Figure A-1. An example of a water temperature monitoring array.

A.2.3. Sampling Schedule
Water temperatures should be monitored on a sub-hourly interval (e.g. 30 min) to ensure
that diurnal maximum and minimum temperatures are well-characterized. Ideally, water
temperature data will be available for several years prior to the flow transaction to
characterize water temperatures during typical seasonal flows for the transaction period
and location to determine if a flow transaction with a water temperature objective is
appropriate. Regardless of historical data availability, monitoring is recommended for
approximately two weeks prior to the transaction to characterize temperature trends
during the current season – this data can be used to determine whether the flow
transaction follows a period of moderate or rapid warming or cooling. Water temperature
monitoring should occur during the flow transaction period and continue for
approximately two weeks following the end of the flow transaction to similarly
characterize the return to the thermal regime during typical seasonal flows.
A.2.4. Equipment
A variety of water temperature data logging devices are approved for water temperature
monitoring. As water temperature loggers tend to have similar accuracy, specific makes
and models should be selected based on available resources. Currently, Watercourse
Engineering, Inc. (Watercourse) uses HOBO® Pro v2 Water Temperature Data Loggers
(HOBO loggers) from Onset Computer Corporation to gather water temperature data.
HOBO loggers can be used to collect data at 30-minute increments throughout the study
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area. These loggers have an accuracy of ±0.2oC over the range from 0oC to 40oC, and a
90 percent response time of 5 minutes in water (Onset 2009).
A.2.5. Calibration
Data loggers should be calibrated prior to the monitoring season to ensure they are
operating properly. Loggers should be calibrated according to manufacturer’s
recommendations. The “bucket” method is a simple and effective procedure for
calibrating HOBO loggers (Dunham 2005, Onset 2009). The calibration steps are as
follows (adapted from Dunham 2005):
1. Deploy the loggers at a short sampling interval (for example, 1 minute).
2. Submerge the loggers in a well-mixed fresh water bath (e.g. a 5-gallon bucket
filled with hose or tap water)
3. After at least an hour, remove the data loggers and download the data. If the data
loggers are calibrated correctly, they should all report data within the reported
accuracy range.
A.2.6. Monitoring methodology
All loggers are launched prior to deployment using manufacturer’s software. During the
launch process, the user can select the logging interval for each logger as well as the time
to start logging. Generally, the logging interval is set at a 30 minutes. The start date is set
for the expected day of deployment. The start time is set for several hours prior to
anticipated arrival at the study site to ensure the data collection captures the start of the
deployment period.
Temperature loggers are deployed underwater where they record and store water
temperature. In a stream mainstem, loggers are secured to a housing (e.g., a section of
PVC pipe or metal pipe) to ensure they sink to the bed surface, reduce biofouling, and to
reduce the effects of sunlight. The housing is then secured to the river bank using a stake
and a chain leash. When monitoring water temperature at boundary conditions or
regularly spaced downstream intervals, temperature loggers are placed in the main flow
channel where water temperature is well mixed (i.e. the thalweg) (Figure A-2). When
monitoring transects, temperature loggers are placed at increments approximately 1020% of the total channel width. When monitoring the water column, temperature loggers
are attached to stakes with the sensor facing downward. This is done to prevent direct
sunlight from influencing the sensor in shallow water environments.
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Figure A-2. A conceptual diagram of the deployment configuration of a water temperature data
logger.

When the data logger is deployed to its monitoring site, several pieces of information are
recorded in the project’s field log or data sheet. An example of the field data sheet is
provided at the end of this section. Take photo of site to help relocate; painting a rock
nearby or placing a flag can also help, if vandalism is not a threat. The recorded
information includes the serial number of the logger, a general description of the location,
the GPS coordinates of the location, the time of deployment, and tethering method. A
spot measurement is also taken to help assess the point prior to which data should be
disregarded. If the logger is replacing another logger previously deployed to the site, the
serial number of the previous logger is also recorded.
Water temperature data is downloaded monthly from all temperature loggers and data
loggers are replaced in the channel to continue monitoring water temperature. Although
temperature loggers can store 43,000 records, monthly downloads are important to ensure
high quality data. Problems that affect temperature monitoring, such as aquatic
macrophyte growth, sediment, logger movement within the channel, or defective loggers,
can then be discovered and corrected before affecting the entire monitoring period.
When a data logger is retrieved, several pieces of information are recorded in the
project’s field log or data sheet including the serial number of the retrieved logger, the
time of retrieval, and whether a new logger was deployed in its place. If a new logger was
deployed, the information listed in the previous section must also be noted in the field
log.
A.2.7. Documentation
To evaluate the effect of the flow transaction on instream water temperatures, several
pieces of information should be documented by the monitoring team for assessment.
These include:
•

A monitoring plan, developed prior to implementation of monitoring activities,
that details monitoring locations, methodologies, and periods,

•

A map or aerial photo of the monitoring area, with each monitoring site indicated,
and

•

Time-series water temperature data at each monitoring site.
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A.3. Aquatic Habitat
Stream habitat data is typically collected at a mesoscale level (< 1km (0.6 mi)) using
protocols from monitoring programs established by federal and state agencies. Federal
protocols and methods include those established by the U.S. Forest Service (USFS)
Aquatic and Riparian Effectiveness Monitoring Program (AREMP 2005) and U.S.
Environmental Protection Agency (USEPA) Environmental Monitoring Assessment
Program (EMAP) (Kaufmann and Robison 1998). Applicable state protocols and
methods are included in the California State Water Resources Control Board Surface
Water Ambient Monitoring Program (SWAMP) bioassessment protocols (Ode 2007) and
the Oregon Department of Fish and Wildlife (ODFW) Aquatic Inventories Project (AIP)
(Moore et al. 2006). Existing assessment protocols are typically employed to establish
“baseline” habitat conditions and facilitate trend monitoring over several years and/or
decades. The scope and methods of physical habitat assessments described in the
aforementioned federal and state protocols vary considerably, particularly with regards to
sampling intensity and survey tools. Physical habitat data collection protocols
established as part of the NFWF CIG assessment project will generally conform to
existing state and federal protocols, facilitating data transferability between users.
Habitat data will be collected using tape measures and surveyors rods to facilitate use by
multiple field crews
Physical habitat monitoring methodologies presented herein are to be used by multiple
field crews during the summer and fall of 2012. Below, the objectives of habitat
monitoring activities are described, and metrics of habitat change following a flow
transaction are presented. Furthermore, methods for pre-assessment site preparation are
established, as are methods for “stick and tape” habitat survey techniques.
A.3.1. Objective
Aquatic habitat monitoring protocols presented herein are intended to measure and
quantify changes to aquatic habitat in response to changes in streamflow associated with
a given flow transaction. As such, this effort is project-level monitoring rather than trend
monitoring. Most state and federal aquatic habitat assessment protocols [e.g. EMAP
(USEPA); AREMP (USFS); SWAMP (SWRCB); AIP (ODFW)] call for the collection of
a wide variety of physical habitat data including, but not limited to, channel
slope/sinuosity, substrate size/distribution and visual estimation of fish cover components
(e.g.: large-woody debris tallies, riparian canopy, undercut banks, aquatic plants). While
such data is critical to assessing habitat suitability for aquatic organisms (particularly
fish), it will not be collected under this experimental framework, as such data is not
anticipated to measurably change over the short temporal periods (days to weeks) of
summer or fall flow transactions. However, it is generally expected that habitat
suitability assessments will be conducted by others prior to identification of possible flow
transactions. These pre-transaction assessments should identify existing habitat structure
(e.g. cover elements) necessary for a given flow transaction to hypothetically provide
additional habitat that is useable by fish.
Metrics of aquatic habitat changes associated with a flow transaction will be based
principally on hydraulic rating methods (e.g. Gordon, 2004). Such methods
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quantitatively relate discharge with measurable habitat characteristics, allowing for the
development of habitat-discharge rating curves. Implicit in this method is that
measureable hydraulic variables function as surrogates for changes in aquatic habitat, and
that increases in potential habitat – vertically, horizontally or volumetrically – will
enhance specific life stages of fish and any alternative objective of the flow transaction.
Proposed hydraulic variables include the following parameters:
•

wetted cross-sectional area

•

wetted width

•

mean depth

•

wetted perimeter

•

width to depth ratio

•

pool volume

Each of the aforementioned variables can be quantified from physical habitat survey data
collected using the survey methodologies described below. However, due the variability
of hydrologic regimes and channel cross-section geometries in different streams, each
metric of change may not be appropriate for developing site-specific rating curves
relating physical habitat changes with flow alterations associated with a given flow
transaction. Following the conclusion of a flow transaction, data processing will
calculate each of the aforementioned metrics of change and identify the specific metrics
appropriate to quantify habitat alteration following each flow transaction. Appropriate
metrics will be those from which a mathematical relationship between discharge and the
hydraulic variable can be developed.
A.3.2. Site Selection – Standard Cross-Section Surveys
Prior to habitat survey efforts, the upstream and downstream extent of each “aquatic
habitat survey reach” will be established (Figure 3). The extent of this survey reach will
vary depending on project conditions, but will always be less than or equal to the
longitudinal extent of the “beneficial reach” described in Section 3.2. Habitat survey
reach length will largely depend on professional judgment and local knowledge regarding
the hypothesized downstream extent of impact for a given flow transaction. Following
EMAP protocols, a “primary” aquatic habitat survey reach will be established below the
proposed flow transaction location (e.g., point of diversion/augmentation or other
specified location). The length of this primary survey reach be established at 40 times the
average wetted channel width at the time of the first survey effort (with a minimum reach
length of 150 m (492 ft), and maximum reach length of 500 m (1640 ft)). If local
conditions suggest longer downstream effects from a flow transaction, reach length will
be extended farther downstream through the addition of surveyed transects. The distance
of this “extended” survey reach will be determined by professional judgment or legal
requirements associated with the negotiated flow transaction and should be recorded with
a Global Positioning System (GPS) or identified on maps prior to the transaction.
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Benchmarked channel cross-sections will be established to facilitate repeatable habitat
assessments throughout the “primary” and “extended” survey reaches over the course of
the flow transaction. “Aquatic habitat” cross-sections are different from “discharge
monitoring” cross-sections that were previously discussed. Herein, “cross-section(s)”
refers to aquatic habitat monitoring locations and not to discharge monitoring locations.
For flow transactions with unspecified aquatic habitat objectives, 11 cross-sections will
be systematically located throughout the portions of the primary survey reach length
corresponding to 40 channel widths (between 150 m (492 ft) and 500 m (1,640 ft) in
length) downstream from the upstream boundary of the survey reach. If project budgets
or labor constraints prohibit the completion of 11 cross-section surveys during each
aquatic habitat sampling period, a subset of the 11 identified cross-sections should be
selected. It is recommended that a minimum of 5 cross-sections be chosen for aquatic
habitat surveys. This will allow for a systematic randomized sample design that
generally conforms with existing EMAP protocols. In such cases, cross-sections will be
established at the top and bottom of the primary survey reach, with nine (9) additional
cross-sections placed at equidistant intervals between the top and bottom sections.
Distances between sections will be measured along the curvature of the river bank.
Further, it is imperative that the most stable channel cross-sections be selected for aquatic
habitat assessment to help insure the development of useable habitat-discharge rating
curves. Bank pins will be monumented (using rebar) above the highest expected water
level anticipated during the period of the flow transaction on each side of the channel to
allow repeatable topographic surveys during the field season. At each cross-section, bank
pin monuments will be located at the same elevation, using standard topographic
surveying methods. Elevated rebar will be placed adjacent to these bank pins to enable a
level, constant elevation measuring tape or rope to be strung across each section,
allowing for elevation control during subsequent habitat surveys conducted with only a
tape and surveyors rod. Cross-sections within the primary survey reach will be identified
alphabetically, with the top section identified as cross-section “A” and the bottom section
identified as cross-section “K” (see Figure A-3).
For flow transactions with established aquatic habitat objectives (e.g. riffle crest passage,
pool connectivity, etc.) additional cross-sections may be required to monitor aquatic
habitat change at critical channel locations that may have not been encountered during
the aforementioned systematic sampling efforts. In such cases the cross-section array
may be altered as follows:
•

Survey additional targeted cross-sections within the extended survey reach, or;

•

Replace cross-sections B, D, F, H, and J with cross-section surveys located at
targeted habitat features (e.g. riffle crests) found within either the primary or
extended survey reaches. These cross-sections are to be considered part of the
extended survey reach.

The location and number of these additional targeted cross-sections will be subjective and
entirely based on professional judgment. These cross-sections will be identified
alphabetically moving downstream, with the top section identified as cross-section “L”.
Be careful about avoiding location of cross-sections through active or potential spawning
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redds to avoid disturbance. These cross-sections may be located within the primary
survey reach (40 channel widths downstream from the flow transaction location), or
along channel reaches farther downstream within the extended survey reach. Avoid
locating targeted cross-sections through unstable channel reaches (e.g. salmon redd
locations, extensive foot or vehicular traffic, etc.). Changes to channel morphology over
the course of a flow transaction can prohibit the development of aquatic habitat-discharge
rating curves necessary for the quantification of flow transaction effects.These crosssections will be identified alphabetically moving downstream, with the top section
identified as cross-section “L”.

Figure A-3. An example of an aquatic habitat monitoring array, including the primary reach (crosssections “A” through “K”) and the extended reach (“L” through “P”).

A.3.3. Site Selection – Pool Volume surveys
Criteria for defining the areal extent of a pool can vary considerably. Hilton and Lisle
(1993) suggest three (3) criteria for defining pools, including: 1) generally flat water
surface during low water conditions (i.e. free of surface obstructions); and 2) a maximum
depth that is more than twice the depth of the water flowing out of the pool. Regardless
of the methods used to determine pools and their areal boundaries, the methods must be
objectively implemented in the channel reach to be affected by a flow transaction.
Subsequently, cross-section surveys must be located throughout the length of an
identified pool in order to calculate volumetric changes associated with a flow
transaction.
Determining the upstream and downstream boundaries of a pool is of critical importance
to measuring changes in pool volume associated with a flow transaction. While the
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length of a given pool may change depending on the volume of flow through the pool, at
lower flows during which most transactions are conducted, the dominant geometric
change in pool will likely be associated with widths and depths. Once the upstream and
downstream boundaries of a pool are identified, channel cross-section surveys should be
placed at the following locations (Figure A-4):
1. Upstream and downstream boundaries of an identified pool (in low gradient
streams, pools are often bounded by shallow riffles). These measurement
locations may be considerably shallower than much of the pool;
2. Three to five locations along the length of the pool. In pools exhibiting
homogenous channel cross-section shape, cross-sections may be systematically
placed at equidistant intervals throughout the pool. However, if channel shape is
more complex, cross-sections may be manually placed to help generate more
accurate volume estimates.
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Figure A-4. Spatial layout of cross-section surveys within a pool.

A.3.4. Sampling Schedule
Aquatic habitat sampling schedules will be largely dictated by the range of streamflows
observed during the water transaction. For short duration (i.e.,. days) water transactions,
where “snapshot” quantification of aquatic habitat changes associated with a flow
transaction, aquatic habitat data will be collected to capture the widest range of flows that
occur and may take place frequently over a few days or weeks. For “snapshot” flow
transactions, it is necessary that flows above the P.O.D. remain as stable as possible (e.g.,
are unaffected by upstream diversions that may off-set the flow contributed by the water
transaction and result in a narrow range of streamflows) to enable accurate quantification
of habitat changes associated with transacted volume of water. Additional sampling
events will be required for longer flow transactions where discharge often exhibits large
seasonal variations. At a minimum, the established sampling frequency must allow for
quantification of habitat changes associated with the range of discharges observed during
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the period of the flow transaction. It is recommended that aquatic habitat data be
collected a minimum of four times over the course of longer (i.e. weeks to months) flow
transactions. Efforts should be made to ensure that habitat data are collected across the
entire range of flows observed during the course of a transaction (Figure A-5).
Ultimately, sampling schedules should be dictated by the number of measurement periods
needed to develop quantitative relationships between measured hydraulic variables and
discharge, however, collecting stream-discharge data at varying stage levels is necessary
and recommended to accurately capture stream-flow changes.

Figure A-5. Appropriate distribution of aquatic habitat data collection periods (green stars) such
that habitat data is collected across the range of streamflows observed during a flow transaction.

A.3.5. Equipment
Assessment activities may initially require some topographic surveying during site
preparation prior to the beginning of each flow transaction. Following site preparation,
habitat assessment activities will require only the use of a surveyor’s rod and a measuring
tape3. Topographic surveying will require the use of an autolevel (with telescoping
surveyors rod), robotic total station, or real-time kinematic (RTK) GPS survey
equipment. Equipment choice will depend on availability, time constraints and survey
precision needs. Harrelson (1994) presents detailed methods regarding topographic
surveying. Survey site preparation will require, at a minimum, twenty five 0.6 m (2 ft)
lengths and twenty five 0.3 m (1 ft) lengths of 3/8 inch rebar, to establish channel crosssection bank pins and elevation benchmarks. During subsequent habitat assessment, a
minimum of 11 copies of the “channel cross-section profile form” (Table 1) will be
needed. Two field personnel will likely be required to perform surveying and note-taking
activities.

3

A metric measuring tape or cable/rope should be chosen that allows for repeatable survey locations (± 0.1
m) along each cross-section. In this regard, attempts should be made to place the measuring tape/rope
under the same amount of tension during each survey visit.
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A.3.6. Calibration
No calibration of the sampling equipment is required.
A.3.7. Monitoring methodology
The following methods will be followed during each survey. Channel depth
measurements will be conducted at repeatable locations to facilitate comparison of
measurements.
A.3.7.1. Channel Cross-Sections:
Depth measurements will be systematically performed across each of the monumented
cross-sections. Measurement transects will be conducted perpendicular to the observed
discharge, traversing from the left bank pin to the right bank pin. To enable consistent
elevation control, a level measuring tape will be strung across each section at the
elevation of the bank pins. The depth from the tape to the stream bed and the depth from
the tape to the water surface will be measured using a metric surveyors rod at a minimum
of 22 points located between the left and right bank pins, including the left edge of water
(LEW), right edge of water (REW) and the channel thalweg (deepest part of the channel).
The remaining 19 survey points will be located at intervals of 5% of the distance between
both bank pins (5, 10, 15…95%) (Figure A-6). This will allow cross-section
measurement locations to be reoccupied during subsequent surveys. Depth measurement
data for each cross-section will be recorded on an individual “channel cross-section
profile form” (see the end of this section). For measurement points located out of the
water, only the distance below the measuring tape will be recorded.

Figure A-6. Channel cross survey schematic illustrating measurement locations.

Measurement protocols may be abridged when surveying cross-sections where the
channel bed is anticipated to remain stable over the course of the flow transaction. In
such cases, the first habitat survey will be conducted according to the aforementioned
survey methodologies. Following the initial cross-section surveys, subsequent survey
efforts can be minimized by collecting data from measuring locations at only the right
and left-edge of the water (REW and LEW). These data will allow for the determination
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of the width and elevation of the water surface, enabling subsequent quantification of
habitat variables using the bed topography measurements from the initial surveys. Also,
measurement protocols may be adjusted when surveying cross-sections that are actively
used (e.g., spawning areas). In these situations, water surface elevations are recorded, as
well as the relative location of the wetted edges of the channel on each bank relative to
the monumented survey pins.
A.3.7.2. Pool Volume
Pool volumes are calculated from a series of habitat cross-section surveys along the
length of a selected pool. Each cross-section will be surveyed following methodologies
presented in Section 4.2.7.1.
A.3.8. Documentation
To evaluate the effect of the flow transaction on aquatic habitat, several pieces of
information should be documented by the monitoring team for assessment. These
include:
•

A monitoring plan, developed prior to the implementation of monitoring
activities, that details monitoring locations, methodologies, and periods,

•

A map or aerial photo of the survey reach, with each monitoring site indicated,

•

Upstream and downstream photographs of every surveyed cross-section, and

•

Aquatic habitat surveys for all transects and survey events, documented both in
hard copy (i.e. data sheets) and electronic (i.e. spreadsheet) form.
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Channel Cross-section Profile Form
NFWF CIG Field Monitoring

Site Name:______________ Date:________________ Team:__________________
Transect ID: A B C D E F G H I J K L M N O P Q ___
Cross-Sectional Information:
Location ID
Distance
from
LBP(m)
0% (LBP)
5%
10%
15%
20%
25%
30%
35%
40%
45%
50%
55%
60%
65%
70%
75%
80%
85%
90%
95%
100% (RBP)
LEW
REW
Thalweg

Stadia Rod Depth(m)
Water
Tape Line
Surface
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Velocity
(m/s)

Notes
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A.3.9. Summary
Various monitoring protocols may be implemented depending on the objective of a flow
transaction. No matter what the objective, flow monitoring is required for any
transaction. Each protocol includes guidelines for a monitoring array that is designed to
quantify changes related to the flow transaction. These changes may relate to aquatic
habitat, water temperature, or water quality characteristics.
Though a flow transaction may not require the implementation of all monitoring
protocols, an example of a monitoring array that includes monitoring sites for all
potential elements of a flow transaction monitoring program is illustrated in Figure A-7.
A discussion of the individual protocol set-ups is provided in previous sections.

Figure A-7. An example of a flow transaction monitoring array that includes flow, aquatic habitat,
water temperature, and water quality.
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Appendix B. Flow monitoring equipment
8.1. Flow current meters
A variety of current meters are available and tend to be the most widely used for
measuring in-stream velocity. Typical meters use a top-setting wading rod to allow for
depth adjustment and measure velocity by mechanical, electromagnetic, or ultrasonic
doppler design. Mechanical meters operate where stream velocity is related to the
angular velocity of the rotor, with the rotors operating on a vertical (cup-type) or
horizontal (propeller-type) axis counting the revolutions of the rotor over a defined period
of time (Herschy 1985). The Price-AA and pygmy current meters discussed below
operate on a vertical axis. Electromagnetic meters, such as the Marsh-McBirney Flow
Mate series, have a bulb or head with two electronic contact points which measures
stream velocity using electronic magnetic induction (Marsh-McBirney 1994). Ultrasonic
(acoustic) doppler meters integrate a velocity sensor, depth sensor, data logger, and crosssection information to estimate discharge based on the velocity area-method for
calculating flow (SonTek - www.sontek.com).
To identify the optimal flow meter for a specific project, one must determine the
anticipated stream velocities and cross-sectional depths. Below are several common
current meters and their recommended specifications for in-stream gauging to better
assist with determining the optimal current meter for a specific project or monitoring
program.
(i) Marsh McBirney – Flo Mate 2000 – Specified operating range is 0.5 feet per
second (ft/s) to 19.99 ft/s, with an accuracy of +/- 2% of the measured velocity +
zero stability. The zero stability is estimate to be +/- 0.05 ft/s, and is the
variability of the velocity readings in still water (Marsh-McBirney 1994).
(ii) Price-AA Meter Model 6200 – Designed by the USGS, this mechanical
meter’s range is .1 ft/s to 25 ft/s (Rickly Hydrological Company http://www.rickly.com/sgi/AA.htm) . It comes with a USGS standard rating table
to convert revolutions to stream velocity in either feet per second (English) or
meters per second (metric).
(iii) Price Pygmy Current Meter – this meter is designed for small, shallow
stream gauging with less than 1 ft depths. It is similar in design to the Price-AA
meter developed by the USGS, however, it is two-fifths the size and has no tailpiece. Its velocity ranges are 0.20 ft/s to 4 ft/s or less.
(iv) Son Tek – Flow Tracker ADV – this acoustic doppler velocimeter is
designed for depths down to 2 cm (1 in.) with velocity ranges of +/- .0003 ft/s to
13 ft/s, making it ideal for small flow rates or small stream flow gaging.

8.2. Continuous stage recorders
Continuous stage recorders are devices that collect time-series water depth (stage) data
for a specified interval. With daily discharge fluctuations, stage recorders allow for the
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ability to capture this variability as well as displaying points of maximum and minimum
stage height over a certain time period.

Figure B-1. An example of a continuous stage recorder deployed with a pipe housing and staff gauge.

There are a variety of continuous stage recorders that represent a range of costs, accuracy,
software requirements, and deployment hardware requirements. The latter should be
taken into account prior to deciding which stage recorder is optimal for a specific
monitoring program. Steel pipe or PVC pipe housing (Error! Reference source not
found.), is typically required to protect the instruments and act as a “stilling well,”
however, these hardware configurations and installations can be costly for organizations
with restricted monitoring budgets. Most stage height recorders are generally
programmed to function over a specific depth range. The accuracy for each recorder is a
percentage of the maximum recommended depth. Some continuous stage recorders
currently available are:
(i)

Solinst – Levelogger Gold Model 3001

(ii)

Geo Scientific Ltd - Aqua-Rod

(iii)

TruTrack ltd – WT-HR Water Height Data Logger

(iv)

Global Water Instrumentation Inc. – WL 16 Data Logger

8.3. Staff gauges
There are two types of staff gauges, vertical and inclined. The vertical staff gauge is the
most commonly used and will be what is referenced in this document. Staff gauges are
typically a metal, plastic, or fiberglass plate with calibrated incremental lengths usually
expressed in tenths of a foot, which are used to measure stage height. Usually, a staff
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gauge is used to reference other continuous stage recording devices to check for
calibration, however, they can be used instream with periodic flow measurements to
develop discharge rating curves.
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