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2.0 Abstract

The purpose of this project is to understand habitat suitability, status, and trends in water
temperature within bull trout habitat across the Yakima River Basin. We will conduct
continuous water temperature monitoring at approximately 45 sites located within bull trout
spawning, rearing, foraging, migration, and overwintering (FMO) habitat (Appendix B).

Data will be used to evaluate current thermal conditions in the Yakima Core Area and assess
habitat conditions in locations proposed for bull trout reintroduction. Long-term temperature
monitoring in portions of the Yakima headwaters has been limited in recent years, and existing
model outputs (e.g., NorWest Summer Stream Temperature Model; Isaak et al. 2017) are based
on older datasets. Updated empirical temperature data are needed to support management
decisions related to bull trout recovery, particularly given the species’ sensitivity to elevated
water temperatures (Rieman and Mcintyre 1993).

3.0 Background

3.1 Introduction and problem statement

Stream temperature is a primary limiting factor for bull trout (Salvelinus confluentus), the most
thermally sensitive salmonid in the Yakima River Basin (Rieman and Mclntyre 1993). The
persistence of bull trout in the watershed is dependent on high-elevation headwater tributaries
that maintain cold water and deliver it to the habitat downstream (Isaak et al. 2022). Observed
warming trends and projected climate change threaten the extent, connectivity, and
persistence of cold-water habitat. Existing water temperature data for headwater tributaries in
the Yakima Basin are outdated and spatially uneven. Most existing data are concentrated in one
or few seasons of monitoring, not lending well to long-term trend analysis. Monitoring water
temperature is instrumental in providing baseline data for habitat protection and restoration
efforts and this project will address a large data gap that is critical to Endangered Species Act
(ESA) recovery of threatened bull trout.

3.2 Study area and surroundings

The Yakima River drains the Eastern slope of the Cascade Mountain Range for over 200 miles
and has a snowmelt-dominated hydrograph. There are strong elevation and temperature
gradients between the headwaters and the river’s mouth. High peaks between 4000-8000 feet
drain water to the Columbia River, sitting at 550 feet in elevation. Headwater tributaries where
bull trout spawn and rear are characterized by snow and glacier melt, cold groundwater inputs,
forested riparian cover, and relatively intact channel morphology (compared to the mainstem
rivers in the system). Bull Trout critical habitat, as highlighted in Figure 1, is designated as
specifically containing physical or biological features essential to the conservation of
threatened bull trout. Sites for this study will be within or adjacent to designated critical habitat
in the Yakima River Basin.
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Currently around 400,000 people live in the basin, relying on water infrastructure to supply
homes, businesses, and crop irrigation for a multi-billion-dollar agricultural industry (Ecology,
2024).

Bull Trout Critical Habitat in the Yakima River Basin

Washington
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Figure 1. Study Area: Bull Trout habitat in the Yakima River Basin.
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3.2.1 History of study area

Human habitation within the Yakima River watershed has occurred for thousands of years.
Indigenous peoples from throughout the basin later joined to form the Yakama Nation, whose
traditional lands encompass much of the watershed. The Yakama people managed and utilized
the landscape from headwater streams to the mouth of the Yakima River for subsistence
hunting, fishing, and gathering. Anadromous fish runs, including sockeye salmon (Oncorhynchus
nerka), spring Chinook salmon (Oncorhynchus tshawytscha), and steelhead (Oncorhynchus
mykiss), have historically been a vital food and cultural resource. The tribe considers bull trout a
culturally significant native species as well, primarily because they are an important indicator of
ecosystem health. The bull trout is held in high regard as a critical component of the ecosystem.

Euro-American settlement in the Yakima River Basin began in the early nineteenth century,
following the passage of the Lewis and Clark expedition through the region in 1805. By the late
1800s, private irrigation companies had constructed an extensive network of canals and
conveyance systems to support agricultural development in the Yakima Valley. By 1900,
irrigation infrastructure supplied water to more than 120,000 acres of agricultural lands.

Between 1905 and 1958, the U.S. Bureau of Reclamation constructed major storage reservoirs,
diversions, and canals throughout the basin, including Kachess, Keechelus, Cle Elum, Tieton,
Bumping, and Clear Creek dams. These facilities continue to play a vital role in water storage,
flood control, and irrigation supply within the watershed.

The development of reservoirs, increased irrigation withdrawals, flow regulation, and extensive
riparian and channel modifications in valley bottom reaches have contributed to altered
hydrologic regimes and degraded water quality and habitat conditions in portions of the Yakima
River Basin. These changes have been associated with declines in native fish populations,
including bull trout (Salvelinus confluentus) and Mid-Columbia steelhead, both of which are
currently listed as threatened under the ESA. Increasing human reliance on water resources in
the region has heightened the relative importance of headwater tributaries as remaining cold-
water habitats that support spawning, rearing, migration, and thermal refuge for these species.

3.2.2 Summary of previous studies and existing data

Water temperature monitoring has occurred within bull trout habitat in the Yakima River Basin
for several decades. Monitoring has been conducted by multiple agencies and project leads,
resulting in numerous individual datasets distributed across the basin. While these historical
efforts provide important context, data are decentralized and not consistently maintained as an
active long-term monitoring network.

Recent coordination with partner entities produced a metadata inventory identifying previous
monitoring locations, years of deployment, and responsible entities (Figure 2). This inventory
was used to inform site selection for the current project. Where feasible, temperature loggers
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will be reinstalled at previously monitored locations to maintain spatial consistency and
improve the potential for long-term trend evaluation.

This project does not involve compilation or synthesis of historical datasets. Instead, it focuses
on the implementation and reimplementation of continuous temperature monitoring at
selected sites to establish a consistent and ongoing dataset moving forward.

Historical Temperature Monitoring in Bull Trout Critical
Habitat

Most Recent Year of Data
i Sy “Ratonat ® 1990 - 2020
© 2021 - 2025

Figure 2. Map of current and known historical water temperature monitoring sites in bull
trout habitat.
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3.2.3 Parameters of interest and potential sources

This monitoring program will focus on monitoring continuous water temperature to evaluate
suitability of bull trout spawning, rearing, FMO habitat, and habitat with high probability of
occupancy (Isaak et al. 2022).

Currently, temperature is identified as a category 5 (polluted waters) on Ecology’s 303d list
along segments of the mainstem Yakima River, Tieton River, Naches River, Cle Elum River, and
in some tributaries (listing numbers: 48217, 93535, 48455, 73582, 13920, 8370, 93636, 8311,
48229, 3727,48224, 48472, 15023, 48444, 73577, 16092, 8346, 93436, 9632, 8300, 48474,
39334, 48209, 93433, 48445, 73014, 48438, 8347, 8227, 93251, 13912, 93501, 48220, 8307,
48458, 48429, 73589, 93485, 9629, 93562, 93497, 93276, 73003, 93349, 48430, 74037, 73578,
73591, 9631, 8336, 35354, 8302, 48214, 9616, 48446, 73583, 48443, 11226, 66747, 3726,
48221, 8305, 48471, 93612, 9621, 35358, 73588, 93515, 93735, 93253, 11204, 93332, 48495,
73580, 15067, 16091, 74038, 73005, 48437, 93329, 13916, 48228) (Ecology 2018). These high
temperature zones have already reduced or eliminated the ability of bull trout to migrate
through regions of their critical habitat during warmer parts of the year.

It is essential to evaluate water temperature in occupied bull trout habitat and habitat
modelled as high probability for occupancy, so that managers can make decisions regarding
restoration, protection, and reintroduction.

3.2.4 Regulatory criteria or standards

Statewide water quality criteria as outlined in WAC 173-201A-600 (WAC 2014), including
supplemental criteria detailed by Payne (2011), designate surface water quality criteria based
on designated aquatic life, recreation, water supply and miscellaneous uses of the stream
segments. Specific aquatic life use designations (which are most relevant to our study) for the
Yakima and Naches Rivers and their tributaries Rivers are presented in Table 1. Table values are
based on standards for surface waters of the State of Washington (Table adapted from Payne
2011; WAC 173-201A-200 and 173-201A-602).

Table 1. Water quality aquatic life use designations for bull trout streams in the Yakima
River Basin (WRIAs 37-39)

Stream Segment Char Spawning and rearing (9°C) Core Summer Habitat (16°C)

Mainstem Ahtanum Creek X

North Fork Ahtanum Creek X

Middle Fork Ahtanum Creek X

South Fork Ahtanum Creek X

American River X

Indian Creek X
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Stream Segment Char Spawning and rearing (9°C) Core Summer Habitat (16°C)
South Fork Tieton River X

Clear Creek X

Crow Creek X

Rattlesnake Creek X

Bumping River X X
Deep Creek X

Yakima River X X
Little Naches X

Naches River Mainstem X
Tieton River Mainstem X
South Fork Tieton River X

Taneum Creek Mainstem X

Streams listed in this table represent named water bodies that are both identified by Payne
(2011) as requiring supplemental spawning and incubation temperature protection and
included within designated bull trout habitat. Streams not shown in Payne (2011), including the
North Fork Tieton River, Upper Kachess River, Box Canyon Creek and Gold Creek, are not
designated for supplemental spawning/incubation protection but remain subject to applicable
aquatic life use criteria under WAC 173-201A.

3.3 Water quality impairment studies

Not applicable. This project is not designed to assess compliance with water quality standards
or to support development of TMDL.

3.4 Effectiveness monitoring studies

Not applicable. Data collected through this project may inform future restoration prioritization
and effectiveness evaluations but are not intended to directly assess project outcomes.
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4.0 Project Description

The Continuous Water Temperature Monitoring in Bull Trout Habitat Project will collect
continuous water temperature data at 47 monitoring locations distributed throughout the
Yakima River watershed within designated bull trout critical habitat or connected waters that
have potential bull trout use. Monitoring supports bull trout recovery planning and
implementation of the Yakima Basin Bull Trout Action Plan, Basin-wide Action #9 (Habitat
Monitoring), Next Step #2 (Stream Temperature Monitoring) (Reiss et al. 2012).

This QAPP governs the collection of new, continuous water temperature data during the
contract period January 2026 through December 2027, and the quality assurance review of
recent water temperature datasets collected at the same sites by the project team during the
preceding three years (the past three years of data were collected under the guidance of the
Washington Department of Fish and Wildlife, WDFW).

Existing historical temperature datasets collected by other entities may be reviewed for context
or site selection; however, comprehensive compilation or synthesis of external datasets is not a
primary objective of this project and would be addressed through a QAPP amendment or
separate quality assurance document if pursued.

4.1 Project goals

The goal of the Continuous Water Temperature Monitoring in Bull Trout Habitat project is to
monitor and document the status and trend of stream water temperature in the Yakima River
watershed within bull trout habitat.

Project results will be used to support bull trout recovery efforts, including but not limited to:
¢ Identification of cold-water thermal refuges requiring protection or restoration

e Evaluation of long-term temperature trends relevant to habitat suitability in existing and
potential bull trout reintroduction areas

o Detection of warming trends that may increase vulnerability to invasion by non-native
Eastern brook trout (Salvelinus fontinalis)

e Assessment of the influence of instream and riparian habitat restoration actions on
stream temperature

Monitoring will primarily occur in tributaries to the Yakima River that support or are adjacent to
key bull trout spawning, rearing, migration, foraging, and overwintering habitats. A central
component of this project is the re-implementation and maintenance of existing monitoring
sites to build upon established datasets and improve the ability to detect long-term trends.

4.2 Project objectives

Project objectives include:

QAPP: Continuous Water Temperature Monitoring in Bull Trout Habitat
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1. Implement continuous, year-round water temperature monitoring in the Yakima River
watershed within bull trout habitat. 47 existing temperature monitoring locations will
be prioritized, with additional sites added in the future if data collected in nearby sites
indicates a strong potential of bull trout usage. A list of priority and potential sites is in
section 7.

4.3 Information needed and sources

This project has been developed to monitor stream water temperature, a key water quality
variable influencing bull trout distribution, survival, and recovery in the Yakima River
watershed. Data generated through this project will be used to:

Evaluate current thermal conditions and long-term trends

e Support assessments of habitat suitability for bull trout
e Inform planning and prioritization of instream and riparian restoration actions

e Provide temperature data relevant to evaluating the effectiveness of restoration actions
intended to improve water quality and habitat conditions

Temperature data collected through this project may also support broader watershed-scale
assessments and management decisions related to climate change and aquatic habitat
resilience.

4.4 Tasks required
The primary task required to complete this project is presented in table 2.

Table 2. Required primary task to complete the Continuous Water Temperature
Monitoring in Bull Trout Habitat Project

Objective Approach Timeframe
1. Continuous Continue implementation and maintenance | May 2026 through December
temperature | of the existing water temperature network, | 2027
monitoring including data management and quality
control.
4.5 Systematic planning process

The systematic planning process for this project is documented within this Quality Assurance
Project Plan. If significant changes are required to meet project goals or objectives, such
changes will be addressed through a formal amendment to this QAPP in accordance with
Washington State Department of Ecology requirements.

QAPP: Continuous Water Temperature Monitoring in Bull Trout Habitat
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5.0
5.1

Table 3 shows the key individuals and their responsibilities.

Organization and Schedule

Key individuals and their responsibilities

Table 3. Organization of project staff and responsibilities.

Recovery Board
Phone: 509-453-6007

Executive Director

Staff Title Responsibilities
Alex Conley
Yakima Basin Fish and Wildlife Recipient Project oversight. Provides internal review of

the QAPP and approves the final QAPP.

Bull Trout Recovery Coordinator
Mid-Columbia Fisheries Enhancement
Group

Phone: 530-416-1193

Bull Trout
Recovery
Coordinator

Writes the QAPP. Oversees temperature
logger deployment, and retrieval. QA review
of data, analyzes and interprets data, and
enters data into EIM. Writes the draft report
and final report.

BTTF Lead Technician
Mid-Columbia Fisheries Enhancement
Group

Email:
Bulltrouttech@midcolumbiafisheries.org

Lead Field
Technician

Staff may change on a seasonal basis. Will
be trained in field data collection and data
management. May assist in QA review of

data and EIM database uploads.

BTTF Technician
Mid-Columbia Fisheries Enhancement
Group

Phone: NA

Field Assistant

Helps coordinator and lead field technician
with temperature logger deployment,
retrieval, maintenance, and data recording.

Shawna Warehime
Department of Ecology

Phone: 509-490-7508

Ecology Project
Manager

Reviews the draft QAPP and recommends
the final QAPP for approval.

McKenna Murray
Department of Ecology

Phone: 509-823-0996

Quality Assurance
Coordinator

Reviews and approves the draft QAPP and
the final QAPP.

QAPP: Quality Assurance Project Plan

EIM: Environmental Information Management database

5.2

Special training and certifications

Aimee Taylor, Bull Trout Recovery Coordinator, has experience as a field biologist and has been
involved in water quality monitoring for several agencies and entities over the past decade. In
her current role, she has been leading the water temperature monitoring described in this
QAPP, but under the direction of the Washington Department of Fish and Wildlife since Fall of
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2023. She has extensive experience coordinating sampling plans, maintaining equipment, and
deploying loggers. She is skilled in data management, quality control, and analysis using GIS and
R software. Aimee personally trains and works with her lead field technician to ensure project
objectives are met.

5.3 Organization chart
Alex Conley Shawna Warehime McKenna Murray
YBFWRB WA Department of Ecology WA Department of Ecology
Recipient Executive Director Project Manager Quality Assurance Coordinator

Bull Trout Recovery
Coordinator
MCF

BTTF Field Lead
MCF

BTTF Technician

Figure 3. A visual organization chart of the key individuals for this project

5.4 Proposed project schedule

Table 4 lists key activities, due dates, and lead staff for this project.

Table 4. Proposed schedule for completing field work, EIM data entry, and reports

Field Monitoring Due date Lead staff

Bull Trout Recovery Coordinator and

Field work initiated 6/2026 BTTE Field Lead

QAPP: Continuous Water Temperature Monitoring in Bull Trout Habitat
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Field Monitoring Due date Lead staff

Field work complete 12/2027 Bull Trout Recovery Coordinator
and BTTF Field Lead

Environmental Information System (EIM) Database

EIM Study ID OCR_2026_YBFWRM_0001
QAPP Preparation February/March 2026 Aimee Taylor
EIM data loaded 2x/year, 2026-2027 BTTF Lead/ Bull Trout Recovery
Coordinator
EIM Data entry review 2x/year 2026-2027 Bull Trout Recovery Coordinator
EIM complete 12/2027 Bull Trout Recovery Coordinator

Final Monitoring Report

Lead Author Bull Trout Recovery Coordinator
Draft due to Ecology 12/2027
Final due to EAGL 3/31/28
5.5 Budget and funding

The funding for the water quality monitoring component of this project is derived from two
agreements. One agreement is between Yakima Basin Fish and Wildlife Recovery Board
(YBFWRB) and Ecology (WRYBIP-2527-YaBaFw-00084) and the other agreement is between
Mid-Columbia Fisheries Enhancement Group (MCF) and Ecology (WRYBIP-2325-MCFEG-00063),
the Bull Trout Task Force project. Water quality monitoring and data management activities are
contained within both project budgets. The agreements listed above involve other work not
limited to temperature monitoring. The combined budget that would include temperature
logger deployment, retrieval, maintenance and data management is seen below in Table 5.
While this QAPP is prepared under the agreement between YBFWRB and Ecology, its upload to
EAGL and adherence to the project plan is deliverable 2.9 for the Bull Trout Task Force project.
Both agreements are for bull trout recovery and coordination work.

Table 5. Project budget and funding

Agreement number Task Task Total
00084 Coordinate BTWG Activities = $69,958.00
00084 Participate in meetings / field work = $15,557.00
00063 Bull trout recovery activities = $368,079.67
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6.0 Quality Objectives

6.1 Data quality objectives -

The key data quality objective is to collect representative, precise, and accurate information
that details spatial and temporal aspects of water temperature across bull trout habitat in the
Yakima River watershed.

6.2 Measurement quality objectives

6.2.1 Targets for precision, bias, and sensitivity

6.2.1.1 Precision

Precision of the water temperature loggers will be based on the manufacturer targets listed
below in Table 6. Although Ecology’s standard operating procedure (SOP), EAPO8O Version 2.2
for Continuous Temperature Monitoring of Freshwater Rivers and Streams (Nelson and Duggar
2022) suggests pre-deployment calibration and regular accuracy checks, recent research has
shown that the modern data logger manufacturer guarantee for precision and bias is sufficient
in an ecological context (Staines et al. 2022, Jackson et al. 2025). According to the authors, the
accuracy and precision of most commercially available data loggers (including HOBO brand)
provide reliable and useful temperature data, even without calibration, and that only in rare
situations where temperature must be accurate to less than 0.5°C (i.e. fish egg incubation in
hatcheries) will very high accuracy loggers be needed. Because this project is focused on
characterizing spatial patterns and long-term trends in stream temperature, rather than
detecting very small differences at fine temporal or spatial scales, the level of accuracy
provided by manufacturer specifications is sufficient to meet project objectives.

6.2.1.2 Bias

As stated above for precision, bias targets for this study will be equal to the manufacturer
targets listed in Table 6. Manufacturer-specified accuracy is sufficient for this project, which is
focused on broad temperature patterns and trends rather than fine-scale differences.

Table 6. Manufacturer Targets for range, precision, accuracy (bias), and resolution
(sensitivity) for the HOBO MX2203 Model

Sensor Range Precision Accuracy Resolution
HOBO TidbiT MX -20°Cto | £0.5°C from 10.2°C from 0° 0.01°C
Temperature 400 (MX2203) | 50°C 0° to 70°C to 70°C

QAPP: Continuous Water Temperature Monitoring in Bull Trout Habitat
Page 17 Pub. No. 26-12-008



6.2.1.3 Sensitivity

We define sensitivity for this project as the smallest resolution to which temperature can be
measured. This varies across instruments (for temperature) but for the purpose of this project,
the resolution described in Table 6 will be followed.

6.2.2 Targets for comparability, representativeness, and
completeness

6.2.2.1 Comparability

Standardized field protocols are used for all data collected under this project (see sections 7
and 8). Any person or organization should be able to read the protocols and repeat the study.

6.2.2.2 Representativeness

This project is designed to capture temperature conditions relevant to bull trout life-history use
and movement.

Representativeness will be achieved by:

e Placing temperature loggers along key migratory, spawning, rearing, and overwintering
corridors, including multiple locations within selected tributaries to characterize
longitudinal temperature patterns.

¢ Installing supplemental monitoring sites in mainstem river reaches and tributaries near
occupied habitat where existing temperature data are limited, to address spatial data
gaps.

¢ Maintaining a spatially distributed network across subbasins and elevations and re-
implementing historical monitoring locations where feasible.

¢ Deploying sensors in well-mixed channel locations to avoid localized thermal anomalies,
unless such features are the explicit focus of monitoring.

Collected data will represent thermal conditions experienced by bull trout across priority
habitats and movement corridors.

6.2.2.3 Completeness

Completeness is a measure of the amount of valid data obtained relative to the amount of data
planned to meet project goals. This project will deploy a minimum of 47 HOBO TidbiT MX400
temperature data loggers to collect continuous, year-round water temperature data.
Completeness will be evaluated by comparing the number of valid days of data collected (or
number of valid data points) to the total number of possible days of deployment for each
monitoring location. Periods of data loss due to equipment malfunction, loss, or environmental
conditions will be documented and excluded from completeness calculations.
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6.3 Acceptance criteria for quality of existing data

Existing water temperature data within the Yakima River Basin have been collected by multiple
entities over several decades, with varying levels of quality, documentation, and accessibility.
Where existing datasets are reviewed under this project, their suitability for use will be
evaluated based on the following acceptance criteria:

e Availability of basic metadata (monitoring location, deployment period, sensor type)
e Documentation of sampling interval and time standard

e Evidence of reasonable sensor performance (e.g., absence of sensor drift or unrealistic
values)

o Sufficient temporal coverage for the intended use (e.g., seasonal or interannual
comparison)

Existing datasets that meet these criteria may be used to provide historical context, support
comparison with newly collected data, or inform site selection. Datasets that do not meet
minimum quality or documentation standards will not be used for quantitative analysis.
Evaluation of existing datasets is intended to support contextual understanding and does not
constitute a comprehensive historical data synthesis under the current project scope.

6.4 Model quality objectives

Not Applicable
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7.0 Study Design
7.1 Study boundaries

The study area includes stream reaches within occupied and potential bull trout habitat in the
Yakima River watershed, spanning multiple subbasins and water resource inventory areas
(WRIAs 37—-39). Monitoring locations occur primarily in tributaries and selected mainstem
reaches that support bull trout spawning, rearing, migration, foraging, and overwintering.

The spatial extent of the study area is defined using geographic coordinates (latitude and
longitude) for each monitoring location and will be documented in a centralized metadata
table. The study boundaries are shown in Figure 4, which illustrates the current distribution of
monitoring sites within bull trout habitat.

The 47 current priority monitoring sites is in Table 7. Priority monitoring sites have already been
implemented by the project team under former guidance of WDFW and will continue under the
governance of this QAPP. If time and funding allow, the 8 secondary sites listed in Appendix A
will be implemented under the protocols listed in this QAPP. One reason secondary sites may
be implemented is if data from this project or partner projects indicate a strong potential of
either current or predicted bull trout usage. The data collected from just priority sites will be
valid and sufficient to meet the project goals if secondary sites do not get implemented.

Table 7. Priority water temperature monitoring sites

Stream SitelD Latitude Longitude
American River ARUSGS (46.978 -121.168
American River ARUM  [46.901 -121.415
American River ARUC 46.931597 -121.358051
Bear Creek SFTB2 46.53803642 -121.2611552
Box Canyon Creek BOX3 47.37551438 -121.2584109
Bumping River BUMP 46.870322 -121.29719
Crow Creek CRWM [47.01492681 -121.1508428
Deep Creek DEEP 46.834 -121.311
Deep Creek DEEP2 [46.801552 -121.321781
Deep Creek DEEP3  |46.791778 -121.326406
Deep Creek DEEP1 [46.81587 -121.309139
Deep Creek Spring DSPR 46.829849 -121.308129
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Stream SitelD Latitude Longitude
Gold Creek UCG3 47.43915135 -121.3501257
Hellbender Creek HBC 46.55189157 -121.3816905
Hindoo Creek HNDO  |46.78465972 -121.1645876
Indian Creek IND2 46.66379924 -121.2864681
Indian Creek INDBF  |46.67604868 -121.2988214
Kettle Creek KECM 46.941 -121.328
Little Wildcat creek LWCM  |46.7307772 -121.2352827
Lower South Spring INDLSS [46.66357446 -121.287194
Main Stem Little Naches LNBC 47.07368404 -121.2439791
Main Stem Little Naches LNMCF |47.01833705 -121.1365758
Middle Fork Ahtanum MA1 46.5080615 -121.0232236
Middle Fork Ahtanum MFADS |46.49616 -121.08129
Middle Fork Ahtanum MFAUS (46.49777 -121.10845
Middle Fork Little Naches |MFLN 47.0883508 -121.2830187
North Fork Ahtanum NF3 46.528948 -121.122961
North Fork Ahtanum NF4 46.52903 -121.151681
North Fork Ahtanum NF1 46.5137093 -121.0346291
North Fork Little Naches NFLN1 |47.09836455 -121.3178025
North Fork Taneum NFTAN |47.11215271 -120.9344099
North Fork Tieton NFTBF  |46.53576198 -121.3902816
North Fork Tieton NFTHB |46.55351745 -121.3767816
North Spring INDNS |46.66322756 -121.2824989
Rattlesnake Creek RATC2 [46.751018 -121.177992
Rattlesnake Creek RATC3 |46.73653432 -121.2189698
Rattlesnake Creek RATC1 |46.77208391 -121.1681094
Rattlesnake Creek RC1502 |46.809 -121.068
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Stream SitelD Latitude Longitude
Shell Creek SHCM 46.73677125 -121.2183985
Shellneck Creek SLNK 46.528486 -121.165657
South Fork Little Naches SFLN 47.06534219 -121.2274363
South Fork Taneum SFTAN  |47.11148807 -120.9344514
South Fork Tieton SFTG 46.58948039 -121.2275372
South Fork Tieton SFTBF 46.52194269 -121.2622721
South Fork Tieton SFT1050 (46.54722218 -121.2544998
Union Creek UNION1 |46.93282434 -121.3583023
Upper South Spring INDUSS [46.66955913 -121.2948377
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Active Stream Temperature Monitoring Sites Operated by
the Project Team within Bull Trout Critical Habitat

i eig p Active monitoring sites

Figure 4. Map showing the boundary of the project study area and current
monitoring locations within bull trout habitat in the Yakima River Basin.
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7.2 Field data collection

This project involves in-stream deployment of continuous temperature loggers at fixed
monitoring locations. No laboratory analyses are conducted as part of this project.

7.2.1 Sampling locations and frequency

Sampling locations consist of a combination of historic monitoring sites and newly established
sites. Historic sites are locations where temperature loggers have been reinstalled at stream
reaches previously monitored by the project team or other entities. These sites were selected
to maximize the potential for evaluating long-term temperature trends through repeated
monitoring at consistent locations, regardless of whether historical datasets are currently
available. New sites were selected to address spatial data gaps or improve coverage along key
bull trout habitat corridors.

The sampling strategy is subjective and fixed-site, based on professional judgment and
management relevance rather than random or probabilistic selection. Multiple loggers may be
placed along a single stream to characterize longitudinal temperature patterns along migratory,
spawning, and rearing corridors. See Table 7, which indicates multiple monitoring sites in
streams like South Fork Tieton and Rattlesnake Creek. Sites were selected to be representative
of each spawning index, and along the migratory corridor to the spawning grounds.

Water temperature will henceforth be recorded at 30 minutes intervals at each monitoring
location. Monitoring has historically occurred on a seasonal basis and at hourly intervals.
However, winter temperature data is limited, so we will extend monitoring through the winter
where site conditions allow. Winter monitoring poses the risk of equipment loss, so monitoring
will only occur during the winter at the pre-determined sites listed above if the field team
believes the equipment will be safe from the risk of high flows and/or debris burial.
Deployment duration and data gaps will be documented for each site and year.

7.2.2 Field parameters and laboratory analytes to be measured
The only environmental parameter measured under this project is stream water temperature

(degrees Celsius). No laboratory analytes are collected or analyzed.

7.3 Modeling and analysis design
Not applicable.
7.3.1 Analytical framework

Not Applicable. This project does not involve statistical modeling, GIS-based modeling, or
predictive simulations. Data collected under this project are intended to support descriptive
analysis, status and trend evaluation, and future management decisions

7.3.2 Model setup and data needs
Not Applicable.
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7.4 Assumptions of study design

The study design assumes that temperature loggers deployed near the thalweg in well-mixed
channel locations accurately represent ambient stream temperature conditions experienced by
aquatic organismes. It is also assumed that fixed monitoring locations provide a consistent basis
for evaluating temporal trends, recognizing that natural variability in flow, climate, and access
conditions may influence data completeness. We also assume the QA/QC process will allow for
meaningful and precise data interpretation.

7.5 Possible challenges and contingencies

Field conditions in the Yakima River Basin present logistical and environmental challenges that
may affect monitoring activities including floods, drought (unusual stream dewatering) and
wildfire. These challenges are addressed through adaptive field practices and documentation of
site-specific conditions.

7.5.1 Logistical problems

Potential logistical challenges include limited site access due to seasonal road closures,
snowpack, high flows, ice formation, or safety concerns. To reduce the likelihood of data loss,
loggers are secured using cables attached to stable or permanent features. When access
constraints prevent year-round deployment, seasonal retrieval is used, and deployment
duration is documented.

7.5.2 Practical constraints

Practical constraints include availability of staff time, potential staff turnover, and field access.
Prioritization of monitoring locations is used to maximize spatial coverage within available
resources. Existing equipment and standardized procedures are used to minimize costs and
ensure consistency.

7.5.3 Schedule limitations

Field schedules may be affected by weather, access conditions, and the timing of QAPP
approval. These factors may influence deployment and retrieval timing but are not expected to
prevent completion of project objectives. Any schedule deviations will be documented as part
of routine project management.
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8.0 Field Procedures

8.1 Invasive species evaluation

We will conduct monitoring work entirely within the Yakima River watershed. We will designate
monitoring equipment for use in-basin only to eliminate cross basin spread of invasive aquatic
plants, organisms, or disease. Currently, there are no identified aquatic invasive species present
within the monitoring locations that could adhere to monitoring equipment, but field staff will
remain vigilant to the potential for invasive species presence. Field staff will utilize Ecology’s
SOP EAPOQ70 (Parsons et al. 2024) to minimize the spread of invasive species.

8.2 Measurement and sampling procedures

We will conduct water temperature monitoring in accordance with Ecology’s SOP EAP0O80
Version 2.2 for Continuous Temperature Monitoring of Freshwater Rivers and Streams (Nelson
and Duggar 2022) except for calibration procedures and post-deployment accuracy checks. See
section 6.2.1.1 above regarding data precision for this study.

8.3 Containers, preservation methods, holding times

Not applicable. We will not be taking any samples.

8.4 Equipment decontamination

Between streams, waders and boots will be decontaminated by freezing or drying completely,
in accordance with EAP 070.

8.5 Sample ID

Not applicable. We will not be taking any samples.

8.6 Chain of custody

Not applicable. We will not be taking any samples.

8.7 Field log requirements
Field notes will be captured digitally via the Survey123 application. In the event the device fails
or batteries die, information will be recorded on paper.

e Dateand Time

e Field personnel

e Reason for visit (Logger deploy, download, verify operation and submergence, and/or
retrieval).

e Site ID and GPS coordinates
e Photo of the logger placement
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e Notes to describe any unusual circumstances or possible bias which may affect
interpretation of the data (i.e. "logger was out of the water"). Notes on any other useful
observations like weather, access limitations, etc.

8.8 Other activities

e Loggers will be cleaned of biological organisms and fine sediment at least once yearly
during site visits.
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9.0 Laboratory Procedures

There is no laboratory procedure associated with this project.

9.1 Lab procedures
Not applicable

9.2 Sample preparation method(s)
Not applicable

9.3 Special method requirements
Not applicable

9.4 Laboratories accredited for methods
Not applicable
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10.0 Quality Control Procedures

Our quality control procedures will consist of in-situ site assessments and data review. Water
temperature logger locations will be visited two to three times a year (generally May, July, and
October) to check that they are present at the site, fully submerged, and in the proper location
in the channel (Table 7). Instruments at higher elevations where snow and ice usually prevent
site access in March will be visited at least twice a year, generally in late June and October or
when conditions allow. Loggers will be checked more frequently based on need, or in response
to an unusual event such as flooding or lower than expected water levels.

Occasionally, water quality monitoring instruments, especially temperature loggers that are
deployed continuously and during periods of rapidly changing water levels, can become
stranded above the water line. We will check all loggers for submersion during site checks. If a
logger is observed to be dry, or if the potential for a dry event to have occurred, we will review
the data to determine the range of time that the logger was recording air (not water)
temperature. To properly identify dry conditions, we will deploy three air monitoring loggers in
representative locations. The locations of these monitors are presented in Table 8.

Additionally, any data that reveals a >1.0°C between readings (30 minutes), or data that is
determined to be too cold (<-0.2°C) or too warm (>28°C), will be flagged with a rejected term
(“REJ”) and not entered EIM.

10.1 Table of field and laboratory quality control
Table 8. Field quality controls
Parameter Instrument function check
Water Temperature (HOBO At minimum 2x/year field check for submergence,
TidBit MX400) battery life, and storage capacity.

Table 9. Site names and locations of air temperature loggers

Site Name | WRIA and Subbasin | Approx. Latitude | Approx. Longitude

Tieton Air 38 Naches 46.547419 -121.255203

Bumping Air | 38 Naches 46.977494 -121.168551

Gold Air 39 Upper Yakima 47.412908 -121.365203
10.2 Corrective action processes

The project manager and field technician will work together to address any data collection
issues that may require corrective action. We will review and quality check all data and flag
them (if necessary), prior to uploading them into EIM. If, for any reason, it is believed that data
collected at a given site are in error, these data will not be uploaded to EIM. In these instances,
an observation will be entered into EIM to cover the period of data error. Data flagged as
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rejected will not be submitted to EIM. Rather, these data events will be entered as an
observation with no associated data.
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11.0 Data Management Procedures

111 Data recording and reporting requirements

The Bull Trout Recovery Coordinator will oversee project data management activities in
consultation with the project manager. The following steps will be followed:

1. Download the water quality data from field equipment bi-annually and then subsequently
upload those data into Microsoft Excel.

2. Back up all data (on an external device and cloud-based) and store it in a safe location to
safeguard against data loss.

3. Perform Data QAQC checks using Microsoft Excel and R Statistical Software. Identify data
anomalies and reject the data if necessary.

4. Upload QAQC’d data to EIM ~2x/year.

11.2 Laboratory data package requirements

Not applicable. We will not be taking laboratory samples.

11.3 Electronic transfer requirements

Not applicable. We will not have any data from a lab.

114 Data upload procedures

The Bull Trout Recovery Coordinator will upload water temperature data to Ecology’s EIM
database as instructed by the Ecology Project Manager.

11.5 Model information management

Not applicable. This project does not involve modeling of environmental data.
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12.0  Audits and Reports
12.1 Audits

Not Applicable.

12.2 Responsible personnel

Not Applicable.

12.3 Frequency and distribution of reports

Quarterly reports (PRPR in EAGL) will keep Ecology updated on the status of the Continuous
Water Temperature Monitoring in Bull Trout Habitat project. The final report for the grant
agreement will address project outcomes in more detail.

12.4 Responsibility for reports

Alex Conley and Aimee Taylor will contribute to the final report.
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13.0 Data Verification

13.1 Field data verification, requirements, and
responsibilities

We will follow routine maintenance and proper deployment of monitoring equipment, as
specified by our protocols, to minimize data errors. The field technician will ensure proper
metadata collection and take good field notes. In case of missing or improbable measurements,
field notes will be examined for the site and data will be corrected as needed. Field notes can
also assist in verifying that proper procedures were followed and whether the quality objectives
were met. All data transfers from instruments to storage devices will be completed
electronically.

We will qualify any estimated or variable results and include them with the data set prior to
submission to Ecology. QA/QC checks will occur and we will move valid and qualified data to a
separate file and folder labeled as “Final.” Following review and approval by the project
manager, we will enter data into the EIM database.

Our Bull Trout Recovery Coordinator will be responsible for overseeing field leads and
technicians in all aspects of on-going monitoring, including upload of data to Ecology’s EIM
database. The Bull Trout Recovery Coordinator will be responsible for data management
oversight, data summaries, and report development.

13.2 Laboratory data verification

Not applicable, we will not be collecting lab samples.

13.3 Validation requirements, if necessary

Not applicable. We will not be doing any modelling.

13.4 Model quality assessment
Not applicable.

13.4.1 Calibration and validation

Not applicable.

13.4.1.1 Precision
Not applicable.

13.4.1.2 Bias
Not applicable.
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13.4.1.3 Representativeness

Not applicable.

13.4.1.4 Qualitative assessment
Not applicable.
13.4.2 Analysis of sensitivity and uncertainty

Not applicable.
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14.0 Data Quality (Usability) Assessment

14.1 Process for determining project objectives were met

Data reviewers will review all data to ensure that it meets quality objective standards. They will
flag all data that do not meet MQOs as “rejected.” They will conduct reviews to evaluate any
data that does not meet quality objective standards and take corrective actions. We will use the
following methods to assess data usability:

1) Measure completeness by the number of possible deployment days relative to the actual
days of deployment. Select measurement collection sites according to protocol to assure that
measurements are representative of the well-mixed stream condition at the collection site. Flag
any data that are not representative of site conditions.

2) Utilize established monitoring locations so that data is comparable over time.

14.2 Treatment of non-detects

Not applicable.

14.3 Data analysis and presentation methods

We will present data in a final report at the end of the grant period and upload them to
Ecology’s EIM database about twice per year. We will include a quality assurance section in the
final report that will summarize quality control results and the procedures we used to ensure
data quality during the project.

Data collected under this project will be stored for use in a long-term temperature monitoring
database. We will examine these data and analyze them as needed to support assessment of
bull trout habitat suitability and effectiveness of habitat restoration efforts aimed at improving
water quality and instream fish habitat.

14.4 Sampling design evaluation

The monitoring design employed by this project is an improvement upon two years of similar
data collection that occurred between September2023- December 2025. Improvements include
an increased sampling interval from 1 hour to 30 minutes, and deployment of some sites year-
round vs. seasonally. We conducted previous data collection in conjunction with WDFW, in the
same locations and environmental conditions expected for this project.

We also selected sites based on historical monitoring efforts, such that data dating back to the
1990s could be used for comparisons to modern data if that data is made available from prior
monitoring entities.
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14.5 Documentation of assessment

The Bull Trout Recovery Coordinator will oversee and be responsible for the documentation of
the data usability assessment. Data usability documentation will be submitted to Ecology as
needed during twice yearly uploads to EIM, and in the final report.
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16.0 Appendices

Appendix A. Secondary Water Temperature Logger Locations

Table 10. Secondary water temperature monitoring sites

*Note that GPS Coordinates are proposed, and depending on the conditions at the site may
change (within ~100 meters).

Stream SitelD [Latitude Longitude
South Fork Ahtanum Creek [SA2 46.4660755 -121.0351244
Crow Creek CRW2 |47.022497 -121.301678
Crow Creek CRWU (47.015 -121.228
Salmon Creek SALM |47.243408 -121.227781
Waptus River WAP2 |47.51684 -121.20879
Waptus River WAP1 |47.48333 -121.14475
Cooper River COOP1 |47 45758 -121.215542
Big Creek BCS  |47.14519 -121.27538

Appendix B. Glossaries, Acronyms, and Abbreviations

Glossary of General Terms

Designated uses: Those uses specified in Chapter 173-201A WAC (Water Quality Standards for
Surface Waters of the State of Washington) for each water body or segment, regardless of
whether or not the uses are currently attained.

Geometric mean: A mathematical expression of the central tendency (an average) of multiple
sample values. A geometric mean, unlike an arithmetic mean, tends to dampen the effect of
very high or low values, which might bias the mean if a straight average (arithmetic mean) were
calculated. This is helpful when analyzing bacteria concentrations, because levels may vary
anywhere from 10 to 10,000 fold over a given period. The calculation is performed by either:
(1) taking the nth root of a product of n factors, or (2) taking the antilogarithm of the arithmetic
mean of the logarithms of the individual values.

Pollution: Contamination or other alteration of the physical, chemical, or biological properties
of any waters of the state. This includes change in temperature, taste, color, turbidity, or odor
of the waters. It also includes discharge of any liquid, gaseous, solid, radioactive, or other
substance into any waters of the state. This definition assumes that these changes will,

or are likely to, create a nuisance or render such waters harmful, detrimental, or injurious to
(1) public health, safety, or welfare, or (2) domestic, commercial, industrial, agricultural,
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recreational, or other legitimate beneficial uses, or (3) livestock, wild animals, birds, fish, or
other aquatic life.

Reach: A specific portion or segment of a stream.

Riparian: Relating to the banks along a natural course of water.

Salmonid: Fish that belong to the family Salmonidae. Species of salmon, trout, or char.
Streamflow: Discharge of water in a surface stream (river or creek).

Thalweg: The deepest and fastest moving portion of a stream.

Total Maximum Daily Load (TMDL): A distribution of a substance in a water body designed to
protect it from not meeting (exceeding) water quality standards. A TMDL is equal to the sum of
all of the following: (1) individual wasteload allocations for point sources, (2) the load
allocations for nonpoint sources, (3) the contribution of natural sources, and (4) a margin of
safety to allow for uncertainty in the wasteload determination. A reserve for future growth is
also generally provided.

Watershed: A drainage area or basin in which all land and water areas drain or flow toward a
central collector such as a stream, river, or lake at a lower elevation.

303(d) list: Section 303(d) of the federal Clean Water Act, requiring Washington State to
periodically prepare a list of all surface waters in the state for which beneficial uses of the water
— such as for drinking, recreation, aquatic habitat, and industrial use — are impaired by
pollutants. These are water quality-limited estuaries, lakes, and streams that fall short of state
surface water quality standards and are not expected to improve within the next two years.

Acronyms and Abbreviations

BTTF Bull Trout Task Force

EIM Environmental Information Management
EPA Environmental Protection Agency

ESA Endangered Species Act

FMO Foraging, Migration, Overwintering

GIS Geographic Information Systems

GPS Global Positioning System

ID Identification

MCF Mid-Columbia Fisheries Enhancement Group
MQO Measurement Quality Objective

NEP National Estuary Program

NIST National Institute of Science and Technology
NTA Near-Term Action

QA/QC Quality Assurance/Quality Control

QAPP Quality Assurance Project Plan

SOP Standard Operating Procedure
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TMDL Total Maximum Daily Load

WAC Washington Administrative Code

waQx Water Quality Exchange

WRIA Water Resource Inventory Area

YBFWRB Yakima Basin Fish and Wildlife Recovery Board

Units of Measurement
°C degrees centigrade
Quality Assurance Glossary

Accreditation: A certification process for laboratories, designed to evaluate and document a
lab’s ability to perform analytical methods and produce acceptable data (Kammin, 2010). For
Ecology, it is defined according to WAC 173-50-040: “Formal recognition by [Ecology] that an
environmental laboratory is capable of producing accurate and defensible analytical data.”

Accuracy: The degree to which a measured value agrees with the true value of the measured
property. USEPA recommends that this term not be used, and that the terms precision and bias
be used to convey the information associated with the term accuracy (USEPA, 2014).

Analyte: An element, ion, compound, or chemical moiety (pH, alkalinity) which is to be
determined. The definition can be expanded to include organisms, e.g., fecal coliform, Klebsiella
(Kammin, 2010).

Bias: Discrepancy between the expected value of an estimator and the population parameter
being estimated (Gilbert, 1987; USEPA, 2014).

Blank: A synthetic sample, free of the analyte(s) of interest. For example, in water analysis,
pure water is used for the blank. In chemical analysis, a blank is used to estimate the analytical
response to all factors other than the analyte in the sample. In general, blanks are used to
assess possible contamination or inadvertent introduction of analyte during various stages of
the sampling and analytical process (USGS, 1998).

Calibration: The process of establishing the relationship between the response of a
measurement system and the concentration of the parameter being measured (Ecology, 2004).

Check standard: A substance or reference material obtained from a source independent from
the source of the calibration standard; used to assess bias for an analytical method. This is an
obsolete term, and its use is highly discouraged. See Calibration Verification Standards, Lab
Control Samples (LCS), Certified Reference Materials (CRM), and/or spiked blanks. These are all
check standards but should be referred to by their actual designator, e.g., CRM, LCS (Kammin,
2010; Ecology, 2004).

Comparability: The degree to which different methods, data sets and/or decisions agree or can
be represented as similar; a data quality indicator (USEPA, 2014; USEPA, 2020).
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Completeness: The amount of valid data obtained from a project compared to the planned
amount. Usually expressed as a percentage. A data quality indicator (USEPA, 2014; USEPA
2020).

Continuing Calibration Verification Standard (CCV): A quality control (QC) sample analyzed
with samples to check for acceptable bias in the measurement system. The CCV is usually a
midpoint calibration standard that is re-run at an established frequency during the course of an
analytical run (Kammin, 2010).

Control chart: A graphical representation of quality control results demonstrating the
performance of an aspect of a measurement system (Kammin, 2010; Ecology 2004).

Control limits: Statistical warning and action limits calculated based on control charts. Warning
limits are generally set at +/- 2 standard deviations from the mean, action limits at +/- 3
standard deviations from the mean (Kammin, 2010).

Data integrity: A qualitative DQI that evaluates the extent to which a data set contains data
that is misrepresented, falsified, or deliberately misleading (Kammin, 2010).

Data quality indicators (DQI): Commonly used measures of acceptability for environmental
data. The principal DQIs are precision, bias, representativeness, comparability, completeness,
sensitivity, and integrity (USEPA, 2006).

Data quality objectives (DQO): Qualitative and quantitative statements derived from
systematic planning processes that clarify study objectives, define the appropriate type of data,
and specify tolerable levels of potential decision errors that will be used as the basis for
establishing the quality and quantity of data needed to support decisions (USEPA, 2006).

Data set: A grouping of samples organized by date, time, analyte, etc. (Kammin, 2010).

Data validation: The process of determining that the data satisfy the requirements as defined
by the data user (USEPA, 2020). There are various levels of data validation (USEPA, 2009).

Data verification: Examination of a data set for errors or omissions, and assessment of the Data
Quality Indicators related to that data set for compliance with acceptance criteria (MQOs).
Verification is a detailed quality review of a data set (Ecology, 2004).

Detection limit (limit of detection): The concentration or amount of an analyte which can be
determined to a specified level of certainty to be greater than zero (Ecology, 2004).

Duplicate samples: Two samples taken from and representative of the same population, and
carried through and steps of the sampling and analytical procedures in an identical manner.
Duplicate samples are used to assess variability of all method activities including sampling and
analysis (USEPA, 2014).

Field blank: A blank used to obtain information on contamination introduced during sample
collection, storage, and transport (Ecology, 2004).
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Initial Calibration Verification Standard (ICV): A QC sample prepared independently of
calibration standards and analyzed along with the samples to check for acceptable bias in the
measurement system. The ICV is analyzed prior to the analysis of any samples (Kammin, 2010).

Laboratory Control Sample (LCS)/LCS duplicate: A sample of known composition prepared
using contaminant-free water or an inert solid that is spiked with analytes of interest at the
midpoint of the calibration curve or at the level of concern. It is prepared and analyzed in the
same batch of regular samples using the same sample preparation method, reagents, and
analytical methods employed for regular samples. Monitors a lab’s performance for bias and
precision (USEPA, 2014).

Matrix spike/Matrix spike duplicate: A QC sample prepared by adding a known amount of the
target analyte(s) to an aliquot of a sample to check for bias and precision errors due to
interference or matrix effects (Ecology, 2004).

Measurement Quality Objectives (MQOs): Performance or acceptance criteria for individual
data quality indicators, usually including precision, bias, sensitivity, completeness,
comparability, and representativeness (USEPA, 2006).

Measurement result: A value obtained by performing the procedure described in a method
(Ecology, 2004).

Method: A formalized group of procedures and techniques for performing an activity (e.g.,
sampling, chemical analysis, data analysis), systematically presented in the order in which they
are to be executed (USEPA, 2001).

Method blank: A blank prepared to represent the sample matrix, prepared and analyzed with a
batch of samples. A method blank will contain all reagents used in the preparation of a sample,
and the same preparation process is used for the method blank and samples (Ecology, 2004;
Kammin, 2010).

Method Detection Limit (MDL): The minimum measured concentration of a substance that can
be reported with 99% confidence that the measured concentration is distinguishable from
method blank results (USEPA, 2016). MDL is a measure of the capability of an analytical method
of distinguished samples that do not contain a specific analyte from a sample that contains a
low concentration of the analyte (USEPA, 2020).

Minimum level: Either the sample concentration equivalent to the lowest calibration point in a
method or a multiple of the method detection limit (MDL), whichever is higher. For the
purposes of NPDES compliance monitoring, EPA considers the following terms to be
synonymous: “quantitation limit,” “reporting limit,” and “minimum level” (40 CFR 136).

Parameter: A specified characteristic of a population or sample. Also, an analyte or grouping of
analytes. Benzene and nitrate + nitrite are all parameters (Kammin, 2010; Ecology, 2004).

Population: The hypothetical set of all possible observations of the type being investigated
(Ecology, 2004).
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Precision: The extent of random variability among replicate measurements of the same
property; a data quality indicator (USGS, 1998).

Quality assurance (QA): A set of activities designed to establish and document the reliability
and usability of measurement data (Kammin, 2010).

Quality Assurance Project Plan (QAPP): A document that describes the objectives of a project,
and the processes and activities necessary to develop data that will support those objectives
(Kammin, 2010; Ecology, 2004).

Quality control (QC): The routine application of measurement and statistical procedures to
assess the accuracy of measurement data (Ecology, 2004).

Relative Percent Difference (RPD): RPD is commonly used to evaluate precision. The following
formula is used:

RPD = [Abs(a-b)/((a + b)/2)] * 100%

where “Abs()” is absolute value and a and b are results for the two replicate samples. RPD can
be used only with 2 values. Percent Relative Standard Deviation is (%RSD) is used if there are
results for more than 2 replicate samples (Ecology, 2004).

Relative Standard Deviation (RSD): A statistic used to evaluate precision in environmental
analysis. It is determined in the following manner:

RSD = (100% * s)/x

where s is the sample standard deviation and x is the mean of results from more than two
replicate samples (Kammin, 2010).

Replicate samples: Two or more samples taken from the environment at the same time and
place, using the same protocols. Replicates are used to estimate the random variability of the
material sampled (USGS, 1998).

Reporting level: Unless specified otherwise by a regulatory authority or in a discharge permit,
results for analytes that meet the identification criteria (i.e., rules for determining qualitative
presence/absence of an analyte) are reported down to the concentration of the minimum level
established by the laboratory through calibration of the instrument. EPA considers the terms
“reporting limit,” “quantitation limit,” and “minimum level” to be synonymous (40 CFR 136).

Representativeness: The degree to which a sample reflects the population from which it is
taken; a data quality indicator (USGS, 1998).

Sample (field): A portion of a population (environmental entity) that is measured and assumed
to represent the entire population (USGS, 1998).

Sample (statistical): A finite part or subset of a statistical population (USEPA, 1992).
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Sensitivity: In general, denotes the rate at which the analytical response (e.g., absorbance,
volume, meter reading) varies with the concentration of the parameter being determined. In a
specialized sense, it has the same meaning as the detection limit (Ecology, 2004).

Spiked blank: A specified amount of reagent blank fortified with a known mass of the target
analyte(s); usually used to assess the recovery efficiency of the method (USEPA, 2014).

Spiked sample: A sample prepared by adding a known mass of target analyte(s) to a specified
amount of matrix sample for which an independent estimate of target analyte(s) concentration
is available. Spiked samples can be used to determine the effect of the matrix on a method’s
recovery efficiency (USEPA, 2014).

Split sample: A discrete sample subdivided into portions, usually duplicates (Kammin, 2010).

Standard Operating Procedure (SOP): A document which describes in detail a reproducible and
repeatable organized activity (Kammin, 2010).

Surrogate: For environmental chemistry, a surrogate is a substance with properties similar to
those of the target analyte(s). Surrogates are unlikely to be native to environmental samples.
They are added to environmental samples for quality control purposes, to track extraction
efficiency and/or measure analyte recovery. Deuterated organic compounds are examples of
surrogates commonly used in organic compound analysis (Kammin, 2010).

Systematic planning: A step-wise process which develops a clear description of the goals and
objectives of a project, and produces decisions on the type, quantity, and quality of data that
will be needed to meet those goals and objectives. The DQO process is a specialized type of
systematic planning (USEPA, 2006).
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	2.0 Abstract
	The purpose of this project is to understand habitat suitability, status, and trends in water temperature within bull trout habitat across the Yakima River Basin. We will conduct continuous water temperature monitoring at approximately 45 sites located within bull trout spawning, rearing, foraging, migration, and overwintering (FMO) habitat (Appendix B).
	Data will be used to evaluate current thermal conditions in the Yakima Core Area and assess habitat conditions in locations proposed for bull trout reintroduction. Long-term temperature monitoring in portions of the Yakima headwaters has been limited in recent years, and existing model outputs (e.g., NorWest Summer Stream Temperature Model; Isaak et al. 2017) are based on older datasets. Updated empirical temperature data are needed to support management decisions related to bull trout recovery, particularly given the species’ sensitivity to elevated water temperatures (Rieman and McIntyre 1993).
	3.0 Background
	3.1 Introduction and problem statement
	3.2 Study area and surroundings
	3.2.1  History of study area
	3.2.2  Summary of previous studies and existing data
	3.2.3  Parameters of interest and potential sources
	3.2.4  Regulatory criteria or standards

	3.3 Water quality impairment studies
	3.4 Effectiveness monitoring studies

	Stream temperature is a primary limiting factor for bull trout (Salvelinus confluentus), the most thermally sensitive salmonid in the Yakima River Basin (Rieman and McIntyre 1993). The persistence of bull trout in the watershed is dependent on high-elevation headwater tributaries that maintain cold water and deliver it to the habitat downstream (Isaak et al. 2022). Observed warming trends and projected climate change threaten the extent, connectivity, and persistence of cold-water habitat. Existing water temperature data for headwater tributaries in the Yakima Basin are outdated and spatially uneven. Most existing data are concentrated in one or few seasons of monitoring, not lending well to long-term trend analysis. Monitoring water temperature is instrumental in providing baseline data for habitat protection and restoration efforts and this project will address a large data gap that is critical to Endangered Species Act (ESA) recovery of threatened bull trout. 
	The Yakima River drains the Eastern slope of the Cascade Mountain Range for over 200 miles and has a snowmelt-dominated hydrograph. There are strong elevation and temperature gradients between the headwaters and the river’s mouth. High peaks between 4000-8000 feet drain water to the Columbia River, sitting at 550 feet in elevation. Headwater tributaries where bull trout spawn and rear are characterized by snow and glacier melt, cold groundwater inputs, forested riparian cover, and relatively intact channel morphology (compared to the mainstem rivers in the system). Bull Trout critical habitat, as highlighted in Figure 1, is designated as specifically containing physical or biological features essential to the conservation of threatened bull trout. Sites for this study will be within or adjacent to designated critical habitat in the Yakima River Basin.
	Currently around 400,000 people live in the basin, relying on water infrastructure to supply homes, businesses, and crop irrigation for a multi-billion-dollar agricultural industry (Ecology, 2024).
	Figure 1. Study Area: Bull Trout habitat in the Yakima River Basin. 
	Human habitation within the Yakima River watershed has occurred for thousands of years. Indigenous peoples from throughout the basin later joined to form the Yakama Nation, whose traditional lands encompass much of the watershed. The Yakama people managed and utilized the landscape from headwater streams to the mouth of the Yakima River for subsistence hunting, fishing, and gathering. Anadromous fish runs, including sockeye salmon (Oncorhynchus nerka), spring Chinook salmon (Oncorhynchus tshawytscha), and steelhead (Oncorhynchus mykiss), have historically been a vital food and cultural resource. The tribe considers bull trout a culturally significant native species as well, primarily because they are an important indicator of ecosystem health. The bull trout is held in high regard as a critical component of the ecosystem.
	Euro-American settlement in the Yakima River Basin began in the early nineteenth century, following the passage of the Lewis and Clark expedition through the region in 1805. By the late 1800s, private irrigation companies had constructed an extensive network of canals and conveyance systems to support agricultural development in the Yakima Valley. By 1900, irrigation infrastructure supplied water to more than 120,000 acres of agricultural lands.
	Between 1905 and 1958, the U.S. Bureau of Reclamation constructed major storage reservoirs, diversions, and canals throughout the basin, including Kachess, Keechelus, Cle Elum, Tieton, Bumping, and Clear Creek dams. These facilities continue to play a vital role in water storage, flood control, and irrigation supply within the watershed.
	The development of reservoirs, increased irrigation withdrawals, flow regulation, and extensive riparian and channel modifications in valley bottom reaches have contributed to altered hydrologic regimes and degraded water quality and habitat conditions in portions of the Yakima River Basin. These changes have been associated with declines in native fish populations, including bull trout (Salvelinus confluentus) and Mid-Columbia steelhead, both of which are currently listed as threatened under the ESA. Increasing human reliance on water resources in the region has heightened the relative importance of headwater tributaries as remaining cold-water habitats that support spawning, rearing, migration, and thermal refuge for these species.
	Water temperature monitoring has occurred within bull trout habitat in the Yakima River Basin for several decades. Monitoring has been conducted by multiple agencies and project leads, resulting in numerous individual datasets distributed across the basin. While these historical efforts provide important context, data are decentralized and not consistently maintained as an active long-term monitoring network.
	Recent coordination with partner entities produced a metadata inventory identifying previous monitoring locations, years of deployment, and responsible entities (Figure 2). This inventory was used to inform site selection for the current project. Where feasible, temperature loggers will be reinstalled at previously monitored locations to maintain spatial consistency and improve the potential for long-term trend evaluation.
	This project does not involve compilation or synthesis of historical datasets. Instead, it focuses on the implementation and reimplementation of continuous temperature monitoring at selected sites to establish a consistent and ongoing dataset moving forward.
	Figure 2. Map of current and known historical water temperature monitoring sites in bull trout habitat. 
	This monitoring program will focus on monitoring continuous water temperature to evaluate suitability of bull trout spawning, rearing, FMO habitat, and habitat with high probability of occupancy (Isaak et al. 2022). 
	Currently, temperature is identified as a category 5 (polluted waters) on Ecology’s 303d list along segments of the mainstem Yakima River, Tieton River, Naches River, Cle Elum River, and in some tributaries (listing numbers: 48217, 93535, 48455, 73582, 13920, 8370, 93636, 8311, 48229, 3727, 48224, 48472, 15023, 48444, 73577, 16092, 8346, 93436, 9632, 8300, 48474, 39334, 48209, 93433, 48445, 73014, 48438, 8347, 8227, 93251, 13912, 93501, 48220, 8307, 48458, 48429, 73589, 93485, 9629, 93562, 93497, 93276, 73003, 93349, 48430, 74037, 73578, 73591, 9631, 8336, 35354, 8302, 48214, 9616, 48446, 73583, 48443, 11226, 66747, 3726, 48221, 8305, 48471, 93612, 9621, 35358, 73588, 93515, 93735, 93253, 11204, 93332, 48495, 73580, 15067, 16091, 74038, 73005, 48437, 93329, 13916, 48228) (Ecology 2018). These high temperature zones have already reduced or eliminated the ability of bull trout to migrate through regions of their critical habitat during warmer parts of the year.
	It is essential to evaluate water temperature in occupied bull trout habitat and habitat modelled as high probability for occupancy, so that managers can make decisions regarding restoration, protection, and reintroduction.
	Statewide water quality criteria as outlined in WAC 173-201A-600 (WAC 2014), including supplemental criteria detailed by Payne (2011), designate surface water quality criteria based on designated aquatic life, recreation, water supply and miscellaneous uses of the stream segments. Specific aquatic life use designations (which are most relevant to our study) for the Yakima and Naches Rivers and their tributaries Rivers are presented in Table 1. Table values are based on standards for surface waters of the State of Washington (Table adapted from Payne 2011; WAC 173-201A-200 and 173-201A-602).
	Table 1. Water quality aquatic life use designations for bull trout streams in the Yakima River Basin (WRIAs 37–39)
	Streams listed in this table represent named water bodies that are both identified by Payne (2011) as requiring supplemental spawning and incubation temperature protection and included within designated bull trout habitat. Streams not shown in Payne (2011), including the North Fork Tieton River, Upper Kachess River, Box Canyon Creek and Gold Creek, are not designated for supplemental spawning/incubation protection but remain subject to applicable aquatic life use criteria under WAC 173-201A.
	Not applicable. This project is not designed to assess compliance with water quality standards or to support development of TMDL.
	Not applicable. Data collected through this project may inform future restoration prioritization and effectiveness evaluations but are not intended to directly assess project outcomes.
	4.0 Project Description
	4.1  Project goals
	4.2  Project objectives
	4.3  Information needed and sources
	4.4  Tasks required
	4.5  Systematic planning process

	The Continuous Water Temperature Monitoring in Bull Trout Habitat Project will collect continuous water temperature data at 47 monitoring locations distributed throughout the Yakima River watershed within designated bull trout critical habitat or connected waters that have potential bull trout use. Monitoring supports bull trout recovery planning and implementation of the Yakima Basin Bull Trout Action Plan, Basin-wide Action #9 (Habitat Monitoring), Next Step #2 (Stream Temperature Monitoring) (Reiss et al. 2012).
	This QAPP governs the collection of new, continuous water temperature data during the contract period January 2026 through December 2027, and the quality assurance review of recent water temperature datasets collected at the same sites by the project team during the preceding three years (the past three years of data were collected under the guidance of the Washington Department of Fish and Wildlife, WDFW).
	Existing historical temperature datasets collected by other entities may be reviewed for context or site selection; however, comprehensive compilation or synthesis of external datasets is not a primary objective of this project and would be addressed through a QAPP amendment or separate quality assurance document if pursued.
	The goal of the Continuous Water Temperature Monitoring in Bull Trout Habitat project is to monitor and document the status and trend of stream water temperature in the Yakima River watershed within bull trout habitat.
	Project results will be used to support bull trout recovery efforts, including but not limited to:
	 Identification of cold-water thermal refuges requiring protection or restoration
	 Evaluation of long-term temperature trends relevant to habitat suitability in existing and potential bull trout reintroduction areas
	 Detection of warming trends that may increase vulnerability to invasion by non-native Eastern brook trout (Salvelinus fontinalis)
	 Assessment of the influence of instream and riparian habitat restoration actions on stream temperature
	Monitoring will primarily occur in tributaries to the Yakima River that support or are adjacent to key bull trout spawning, rearing, migration, foraging, and overwintering habitats. A central component of this project is the re-implementation and maintenance of existing monitoring sites to build upon established datasets and improve the ability to detect long-term trends.
	Project objectives include:
	1. Implement continuous, year-round water temperature monitoring in the Yakima River watershed within bull trout habitat. 47 existing temperature monitoring locations will be prioritized, with additional sites added in the future if data collected in nearby sites indicates a strong potential of bull trout usage. A list of priority and potential sites is in section 7.
	This project has been developed to monitor stream water temperature, a key water quality variable influencing bull trout distribution, survival, and recovery in the Yakima River watershed. Data generated through this project will be used to:
	 Evaluate current thermal conditions and long-term trends
	 Support assessments of habitat suitability for bull trout
	 Inform planning and prioritization of instream and riparian restoration actions
	 Provide temperature data relevant to evaluating the effectiveness of restoration actions intended to improve water quality and habitat conditions
	Temperature data collected through this project may also support broader watershed-scale assessments and management decisions related to climate change and aquatic habitat resilience.
	The primary task required to complete this project is presented in table 2. 
	Table 2. Required primary task to complete the Continuous Water Temperature Monitoring in Bull Trout Habitat Project
	Timeframe
	Approach
	Objective
	May 2026 through December 2027
	Continue implementation and maintenance of the existing water temperature network, including data management and quality control.
	1. Continuous temperature monitoring
	The systematic planning process for this project is documented within this Quality Assurance Project Plan. If significant changes are required to meet project goals or objectives, such changes will be addressed through a formal amendment to this QAPP in accordance with Washington State Department of Ecology requirements.
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	Table 3 shows the key individuals and their responsibilities.
	Table 3. Organization of project staff and responsibilities.
	Responsibilities
	Title
	Staff
	Alex ConleyYakima Basin Fish and Wildlife Recovery Board
	Project oversight. Provides internal review of the QAPP and approves the final QAPP.
	Recipient Executive Director
	Phone: 509-453-6007
	Writes the QAPP. Oversees temperature logger deployment, and retrieval. QA review of data, analyzes and interprets data, and enters data into EIM. Writes the draft report and final report.
	Bull Trout Recovery CoordinatorMid-Columbia Fisheries Enhancement Group
	Bull Trout Recovery Coordinator
	Phone: 530-416-1193
	BTTF Lead TechnicianMid-Columbia Fisheries Enhancement Group
	Staff may change on a seasonal basis. Will be trained in field data collection and data management. May assist in QA review of data and EIM database uploads.
	Lead Field Technician
	Email: Bulltrouttech@midcolumbiafisheries.org
	BTTF TechnicianMid-Columbia Fisheries Enhancement Group
	Helps coordinator and lead field technician with temperature logger deployment, retrieval, maintenance, and data recording.
	Field Assistant
	Phone: NA
	Shawna WarehimeDepartment of Ecology
	Reviews the draft QAPP and recommends the final QAPP for approval.
	Ecology Project Manager
	Phone: 509-490-7508
	McKenna Murray Department of Ecology
	Reviews and approves the draft QAPP and the final QAPP.
	Quality Assurance Coordinator
	Phone: 509-823-0996
	QAPP: Quality Assurance Project Plan
	EIM: Environmental Information Management database
	Aimee Taylor, Bull Trout Recovery Coordinator, has experience as a field biologist and has been involved in water quality monitoring for several agencies and entities over the past decade. In her current role, she has been leading the water temperature monitoring described in this QAPP, but under the direction of the Washington Department of Fish and Wildlife since Fall of 2023. She has extensive experience coordinating sampling plans, maintaining equipment, and deploying loggers. She is skilled in data management, quality control, and analysis using GIS and R software. Aimee personally trains and works with her lead field technician to ensure project objectives are met.
	/
	Figure 3. A visual organization chart of the key individuals for this project
	Table 4 lists key activities, due dates, and lead staff for this project.
	Table 4. Proposed schedule for completing field work, EIM data entry, and reports
	Lead staff
	Due date
	Field Monitoring
	Bull Trout Recovery Coordinator and BTTF Field Lead
	6/2026
	Field work initiated
	Bull Trout Recovery Coordinator and BTTF Field Lead
	12/2027
	Field work complete
	Environmental Information System (EIM) Database
	OCR_2026_YBFWRM_0001
	EIM Study ID
	Aimee Taylor
	February/March 2026
	QAPP Preparation
	BTTF Lead/ Bull Trout Recovery Coordinator
	2x/year, 2026-2027
	EIM data loaded
	Bull Trout Recovery Coordinator
	2x/year 2026-2027
	EIM Data entry review
	Bull Trout Recovery Coordinator
	12/2027
	EIM complete
	Final Monitoring Report
	Bull Trout Recovery Coordinator
	Lead Author
	12/2027
	Draft due to Ecology
	3/31/28
	Final due to EAGL
	The funding for the water quality monitoring component of this project is derived from two agreements. One agreement is between Yakima Basin Fish and Wildlife Recovery Board (YBFWRB) and Ecology (WRYBIP-2527-YaBaFw-00084) and the other agreement is between Mid-Columbia Fisheries Enhancement Group (MCF) and Ecology (WRYBIP-2325-MCFEG-00063), the Bull Trout Task Force project. Water quality monitoring and data management activities are contained within both project budgets. The agreements listed above involve other work not limited to temperature monitoring. The combined budget that would include temperature logger deployment, retrieval, maintenance and data management is seen below in Table 5. While this QAPP is prepared under the agreement between YBFWRB and Ecology, its upload to EAGL and adherence to the project plan is deliverable 2.9 for the Bull Trout Task Force project. Both agreements are for bull trout recovery and coordination work. 
	Table 5. Project budget and funding
	Task Total
	Task
	Agreement number
	6.0 Quality Objectives
	6.1 Data quality objectives 0F
	6.2 Measurement quality objectives
	6.2.1 Targets for precision, bias, and sensitivity
	6.2.1.1 Precision
	6.2.1.2 Bias
	6.2.1.3 Sensitivity

	6.2.2  Targets for comparability, representativeness, and completeness
	6.2.2.1 Comparability
	6.2.2.2 Representativeness
	6.2.2.3 Completeness


	6.3 Acceptance criteria for quality of existing data
	6.4 Model quality objectives

	The key data quality objective is to collect representative, precise, and accurate information that details spatial and temporal aspects of water temperature across bull trout habitat in the Yakima River watershed.
	Precision of the water temperature loggers will be based on the manufacturer targets listed below in Table 6. Although Ecology’s standard operating procedure (SOP), EAP080 Version 2.2 for Continuous Temperature Monitoring of Freshwater Rivers and Streams (Nelson and Duggar 2022) suggests pre-deployment calibration and regular accuracy checks, recent research has shown that the modern data logger manufacturer guarantee for precision and bias is sufficient in an ecological context (Staines et al. 2022, Jackson et al. 2025). According to the authors, the accuracy and precision of most commercially available data loggers (including HOBO brand) provide reliable and useful temperature data, even without calibration, and that only in rare situations where temperature must be accurate to less than 0.5°C (i.e. fish egg incubation in hatcheries) will very high accuracy loggers be needed. Because this project is focused on characterizing spatial patterns and long-term trends in stream temperature, rather than detecting very small differences at fine temporal or spatial scales, the level of accuracy provided by manufacturer specifications is sufficient to meet project objectives.
	As stated above for precision, bias targets for this study will be equal to the manufacturer targets listed in Table 6. Manufacturer-specified accuracy is sufficient for this project, which is focused on broad temperature patterns and trends rather than fine-scale differences.
	Table 6. Manufacturer Targets for range, precision, accuracy (bias), and resolution (sensitivity) for the HOBO MX2203 Model
	Resolution
	Accuracy
	Precision
	Range
	Sensor
	0.01°C
	±0.2°C from 0° to 70°C
	±0.5°C from 0° to 70°C
	-20°C to 50°C
	HOBO TidbiT MX Temperature 400 (MX2203)
	We define sensitivity for this project as the smallest resolution to which temperature can be measured. This varies across instruments (for temperature) but for the purpose of this project, the resolution described in Table 6 will be followed.
	Standardized field protocols are used for all data collected under this project (see sections 7 and 8). Any person or organization should be able to read the protocols and repeat the study.
	This project is designed to capture temperature conditions relevant to bull trout life-history use and movement.
	Representativeness will be achieved by:
	 Placing temperature loggers along key migratory, spawning, rearing, and overwintering corridors, including multiple locations within selected tributaries to characterize longitudinal temperature patterns.
	 Installing supplemental monitoring sites in mainstem river reaches and tributaries near occupied habitat where existing temperature data are limited, to address spatial data gaps.
	 Maintaining a spatially distributed network across subbasins and elevations and re-implementing historical monitoring locations where feasible.
	 Deploying sensors in well-mixed channel locations to avoid localized thermal anomalies, unless such features are the explicit focus of monitoring.
	Collected data will represent thermal conditions experienced by bull trout across priority habitats and movement corridors.
	Completeness is a measure of the amount of valid data obtained relative to the amount of data planned to meet project goals. This project will deploy a minimum of 47 HOBO TidbiT MX400 temperature data loggers to collect continuous, year-round water temperature data. Completeness will be evaluated by comparing the number of valid days of data collected (or number of valid data points) to the total number of possible days of deployment for each monitoring location. Periods of data loss due to equipment malfunction, loss, or environmental conditions will be documented and excluded from completeness calculations.
	Existing water temperature data within the Yakima River Basin have been collected by multiple entities over several decades, with varying levels of quality, documentation, and accessibility. Where existing datasets are reviewed under this project, their suitability for use will be evaluated based on the following acceptance criteria:
	 Availability of basic metadata (monitoring location, deployment period, sensor type)
	 Documentation of sampling interval and time standard
	 Evidence of reasonable sensor performance (e.g., absence of sensor drift or unrealistic values)
	 Sufficient temporal coverage for the intended use (e.g., seasonal or interannual comparison)
	Existing datasets that meet these criteria may be used to provide historical context, support comparison with newly collected data, or inform site selection. Datasets that do not meet minimum quality or documentation standards will not be used for quantitative analysis. Evaluation of existing datasets is intended to support contextual understanding and does not constitute a comprehensive historical data synthesis under the current project scope.
	Not Applicable 
	7.0 Study Design
	7.1 Study boundaries
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	7.2.1 Sampling locations and frequency
	7.2.2 Field parameters and laboratory analytes to be measured

	7.3 Modeling and analysis design
	7.3.1 Analytical framework
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	7.4 Assumptions of study design
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	The study area includes stream reaches within occupied and potential bull trout habitat in the Yakima River watershed, spanning multiple subbasins and water resource inventory areas (WRIAs 37–39). Monitoring locations occur primarily in tributaries and selected mainstem reaches that support bull trout spawning, rearing, migration, foraging, and overwintering.
	The spatial extent of the study area is defined using geographic coordinates (latitude and longitude) for each monitoring location and will be documented in a centralized metadata table. The study boundaries are shown in Figure 4, which illustrates the current distribution of monitoring sites within bull trout habitat.
	The 47 current priority monitoring sites is in Table 7. Priority monitoring sites have already been implemented by the project team under former guidance of WDFW and will continue under the governance of this QAPP. If time and funding allow, the 8 secondary sites listed in Appendix A will be implemented under the protocols listed in this QAPP. One reason secondary sites may be implemented is if data from this project or partner projects indicate a strong potential of either current or predicted bull trout usage. The data collected from just priority sites will be valid and sufficient to meet the project goals if secondary sites do not get implemented. 
	Table 7. Priority water temperature monitoring sites
	Longitude
	Latitude
	SiteID 
	Stream
	-121.168
	46.978
	ARUSGS
	American River
	-121.415
	46.901
	ARUM
	American River
	-121.358051
	46.931597
	ARUC
	American River
	-121.2611552
	46.53803642
	SFTB2
	Bear Creek
	-121.2584109
	47.37551438
	BOX3
	Box Canyon Creek
	-121.29719
	46.870322
	BUMP
	Bumping River
	-121.1508428
	47.01492681
	CRWM
	Crow Creek
	-121.311
	46.834
	DEEP
	Deep Creek
	-121.321781
	46.801552
	DEEP2
	Deep Creek
	-121.326406
	46.791778
	DEEP3
	Deep Creek
	-121.309139
	46.81587
	DEEP1
	Deep Creek
	-121.308129
	46.829849
	DSPR
	Deep Creek Spring
	-121.3501257
	47.43915135
	UCG3
	Gold Creek
	-121.3816905
	46.55189157
	HBC
	Hellbender Creek
	-121.1645876
	46.78465972
	HNDO
	Hindoo Creek
	-121.2864681
	46.66379924
	IND2
	Indian Creek
	-121.2988214
	46.67604868
	INDBF
	Indian Creek
	-121.328
	46.941
	KECM
	Kettle Creek
	-121.2352827
	46.7307772
	LWCM
	Little Wildcat creek
	-121.287194
	46.66357446
	INDLSS
	Lower South Spring
	-121.2439791
	47.07368404
	LNBC
	Main Stem Little Naches
	-121.1365758
	47.01833705
	LNMCF
	Main Stem Little Naches
	-121.0232236
	46.5080615
	MA1
	Middle Fork Ahtanum
	-121.08129
	46.49616
	MFADS
	Middle Fork Ahtanum
	-121.10845
	46.49777
	MFAUS
	Middle Fork Ahtanum
	-121.2830187
	47.0883508
	MFLN
	Middle Fork Little Naches
	-121.122961
	46.528948
	NF3
	North Fork Ahtanum
	-121.151681
	46.52903
	NF4
	North Fork Ahtanum
	-121.0346291
	46.5137093
	NF1
	North Fork Ahtanum
	-121.3178025
	47.09836455
	NFLN1
	North Fork Little Naches
	-120.9344099
	47.11215271
	NFTAN
	North Fork Taneum
	-121.3902816
	46.53576198
	NFTBF
	North Fork Tieton
	-121.3767816
	46.55351745
	NFTHB
	North Fork Tieton
	-121.2824989
	46.66322756
	INDNS
	North Spring
	-121.177992
	46.751018
	RATC2
	Rattlesnake Creek
	-121.2189698
	46.73653432
	RATC3
	Rattlesnake Creek
	-121.1681094
	46.77208391
	RATC1
	Rattlesnake Creek
	-121.068
	46.809
	RC1502
	Rattlesnake Creek
	-121.2183985
	46.73677125
	SHCM
	Shell Creek
	-121.165657
	46.528486
	SLNK
	Shellneck Creek
	-121.2274363
	47.06534219
	SFLN
	South Fork Little Naches
	-120.9344514
	47.11148807
	SFTAN
	South Fork Taneum
	-121.2275372
	46.58948039
	SFTG
	South Fork Tieton
	-121.2622721
	46.52194269
	SFTBF
	South Fork Tieton
	-121.2544998
	46.54722218
	SFT1050
	South Fork Tieton
	-121.3583023
	46.93282434
	UNION1
	Union Creek
	-121.2948377
	46.66955913
	INDUSS
	Upper South Spring
	This project involves in-stream deployment of continuous temperature loggers at fixed monitoring locations. No laboratory analyses are conducted as part of this project.
	Sampling locations consist of a combination of historic monitoring sites and newly established sites. Historic sites are locations where temperature loggers have been reinstalled at stream reaches previously monitored by the project team or other entities. These sites were selected to maximize the potential for evaluating long-term temperature trends through repeated monitoring at consistent locations, regardless of whether historical datasets are currently available. New sites were selected to address spatial data gaps or improve coverage along key bull trout habitat corridors. 
	The sampling strategy is subjective and fixed-site, based on professional judgment and management relevance rather than random or probabilistic selection. Multiple loggers may be placed along a single stream to characterize longitudinal temperature patterns along migratory, spawning, and rearing corridors. See Table 7, which indicates multiple monitoring sites in streams like South Fork Tieton and Rattlesnake Creek. Sites were selected to be representative of each spawning index, and along the migratory corridor to the spawning grounds.
	Water temperature will henceforth be recorded at 30 minutes intervals at each monitoring location. Monitoring has historically occurred on a seasonal basis and at hourly intervals. However, winter temperature data is limited, so we will extend monitoring through the winter where site conditions allow. Winter monitoring poses the risk of equipment loss, so monitoring will only occur during the winter at the pre-determined sites listed above if the field team believes the equipment will be safe from the risk of high flows and/or debris burial. Deployment duration and data gaps will be documented for each site and year. 
	The only environmental parameter measured under this project is stream water temperature (degrees Celsius). No laboratory analytes are collected or analyzed.
	Not applicable.
	Not Applicable. This project does not involve statistical modeling, GIS-based modeling, or predictive simulations. Data collected under this project are intended to support descriptive analysis, status and trend evaluation, and future management decisions 
	Not Applicable.
	The study design assumes that temperature loggers deployed near the thalweg in well-mixed channel locations accurately represent ambient stream temperature conditions experienced by aquatic organisms. It is also assumed that fixed monitoring locations provide a consistent basis for evaluating temporal trends, recognizing that natural variability in flow, climate, and access conditions may influence data completeness. We also assume the QA/QC process will allow for meaningful and precise data interpretation.
	Field conditions in the Yakima River Basin present logistical and environmental challenges that may affect monitoring activities including floods, drought (unusual stream dewatering) and wildfire. These challenges are addressed through adaptive field practices and documentation of site-specific conditions.
	Potential logistical challenges include limited site access due to seasonal road closures, snowpack, high flows, ice formation, or safety concerns. To reduce the likelihood of data loss, loggers are secured using cables attached to stable or permanent features. When access constraints prevent year-round deployment, seasonal retrieval is used, and deployment duration is documented.
	Practical constraints include availability of staff time, potential staff turnover, and field access. Prioritization of monitoring locations is used to maximize spatial coverage within available resources. Existing equipment and standardized procedures are used to minimize costs and ensure consistency.
	Field schedules may be affected by weather, access conditions, and the timing of QAPP approval. These factors may influence deployment and retrieval timing but are not expected to prevent completion of project objectives. Any schedule deviations will be documented as part of routine project management.
	8.0 Field Procedures
	8.1 Invasive species evaluation
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	We will conduct monitoring work entirely within the Yakima River watershed. We will designate monitoring equipment for use in-basin only to eliminate cross basin spread of invasive aquatic plants, organisms, or disease. Currently, there are no identified aquatic invasive species present within the monitoring locations that could adhere to monitoring equipment, but field staff will remain vigilant to the potential for invasive species presence. Field staff will utilize Ecology’s SOP EAP070 (Parsons et al. 2024) to minimize the spread of invasive species.
	 Loggers will be cleaned of biological organisms and fine sediment at least once yearly during site visits.
	9.0 Laboratory Procedures
	9.1 Lab procedures
	9.2 Sample preparation method(s)
	9.3 Special method requirements
	9.4 Laboratories accredited for methods

	There is no laboratory procedure associated with this project. 
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	10.0 Quality Control Procedures
	10.1  Table of field and laboratory quality control
	10.2 Corrective action processes

	Our quality control procedures will consist of in-situ site assessments and data review. Water temperature logger locations will be visited two to three times a year (generally May, July, and October) to check that they are present at the site, fully submerged, and in the proper location in the channel (Table 7). Instruments at higher elevations where snow and ice usually prevent site access in March will be visited at least twice a year, generally in late June and October or when conditions allow. Loggers will be checked more frequently based on need, or in response to an unusual event such as flooding or lower than expected water levels.
	Occasionally, water quality monitoring instruments, especially temperature loggers that are deployed continuously and during periods of rapidly changing water levels, can become stranded above the water line. We will check all loggers for submersion during site checks. If a logger is observed to be dry, or if the potential for a dry event to have occurred, we will review the data to determine the range of time that the logger was recording air (not water) temperature. To properly identify dry conditions, we will deploy three air monitoring loggers in representative locations. The locations of these monitors are presented in Table 8.
	Additionally, any data that reveals a >1.0℃ between readings (30 minutes), or data that is determined to be too cold (<-0.2°C) or too warm (>28°C), will be flagged with a rejected term (“REJ”) and not entered EIM.
	Table 8. Field quality controls
	Table 9. Site names and locations of air temperature loggers
	The project manager and field technician will work together to address any data collection issues that may require corrective action. We will review and quality check all data and flag them (if necessary), prior to uploading them into EIM. If, for any reason, it is believed that data collected at a given site are in error, these data will not be uploaded to EIM. In these instances, an observation will be entered into EIM to cover the period of data error. Data flagged as rejected will not be submitted to EIM. Rather, these data events will be entered as an observation with no associated data. 
	11.0 Data Management Procedures
	11.1 Data recording and reporting requirements
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	11.4 Data upload procedures
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	The Bull Trout Recovery Coordinator will oversee project data management activities in consultation with the project manager. The following steps will be followed:
	1. Download the water quality data from field equipment bi-annually and then subsequently upload those data into Microsoft Excel.
	2. Back up all data (on an external device and cloud-based) and store it in a safe location to safeguard against data loss. 
	3. Perform Data QAQC checks using Microsoft Excel and R Statistical Software. Identify data anomalies and reject the data if necessary. 
	4. Upload QAQC’d data to EIM ~2x/year.
	Not applicable. We will not be taking laboratory samples. 
	Not applicable. We will not have any data from a lab. 
	The Bull Trout Recovery Coordinator will upload water temperature data to Ecology’s EIM database as instructed by the Ecology Project Manager.
	Not applicable. This project does not involve modeling of environmental data.
	12.0 Audits and Reports
	12.1 Audits
	12.2 Responsible personnel
	12.3 Frequency and distribution of reports
	12.4 Responsibility for reports

	Not Applicable.
	Not Applicable. 
	Quarterly reports (PRPR in EAGL) will keep Ecology updated on the status of the Continuous Water Temperature Monitoring in Bull Trout Habitat project. The final report for the grant agreement will address project outcomes in more detail.
	Alex Conley and Aimee Taylor will contribute to the final report.
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	13.1 Field data verification, requirements, and responsibilities
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	13.4.2 Analysis of sensitivity and uncertainty


	We will follow routine maintenance and proper deployment of monitoring equipment, as specified by our protocols, to minimize data errors. The field technician will ensure proper metadata collection and take good field notes. In case of missing or improbable measurements, field notes will be examined for the site and data will be corrected as needed. Field notes can also assist in verifying that proper procedures were followed and whether the quality objectives were met. All data transfers from instruments to storage devices will be completed electronically.
	We will qualify any estimated or variable results and include them with the data set prior to submission to Ecology. QA/QC checks will occur and we will move valid and qualified data to a separate file and folder labeled as “Final.” Following review and approval by the project manager, we will enter data into the EIM database.
	Our Bull Trout Recovery Coordinator will be responsible for overseeing field leads and technicians in all aspects of on-going monitoring, including upload of data to Ecology’s EIM database. The Bull Trout Recovery Coordinator will be responsible for data management oversight, data summaries, and report development. 
	Not applicable, we will not be collecting lab samples. 
	Not applicable. We will not be doing any modelling.
	Not applicable.
	Not applicable. 
	Not applicable.
	Not applicable.
	Not applicable.
	Not applicable.
	Not applicable. 
	14.0  Data Quality (Usability) Assessment
	14.1 Process for determining project objectives were met
	14.2 Treatment of non-detects
	14.3 Data analysis and presentation methods
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	14.5 Documentation of assessment

	Data reviewers will review all data to ensure that it meets quality objective standards. They will flag all data that do not meet MQOs as “rejected.” They will conduct reviews to evaluate any data that does not meet quality objective standards and take corrective actions. We will use the following methods to assess data usability:
	1) Measure completeness by the number of possible deployment days relative to the actual days of deployment. Select measurement collection sites according to protocol to assure that measurements are representative of the well-mixed stream condition at the collection site. Flag any data that are not representative of site conditions.
	2) Utilize established monitoring locations so that data is comparable over time. 
	Not applicable.
	We will present data in a final report at the end of the grant period and upload them to Ecology’s EIM database about twice per year. We will include a quality assurance section in the final report that will summarize quality control results and the procedures we used to ensure data quality during the project.
	Data collected under this project will be stored for use in a long-term temperature monitoring database. We will examine these data and analyze them as needed to support assessment of bull trout habitat suitability and effectiveness of habitat restoration efforts aimed at improving water quality and instream fish habitat.
	The monitoring design employed by this project is an improvement upon two years of similar data collection that occurred between September2023- December 2025. Improvements include an increased sampling interval from 1 hour to 30 minutes, and deployment of some sites year-round vs. seasonally. We conducted previous data collection in conjunction with WDFW, in the same locations and environmental conditions expected for this project. 
	We also selected sites based on historical monitoring efforts, such that data dating back to the 1990s could be used for comparisons to modern data if that data is made available from prior monitoring entities.
	The Bull Trout Recovery Coordinator will oversee and be responsible for the documentation of the data usability assessment. Data usability documentation will be submitted to Ecology as needed during twice yearly uploads to EIM, and in the final report.
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	Table 10. Secondary water temperature monitoring sites
	*Note that GPS Coordinates are proposed, and depending on the conditions at the site may change (within ~100 meters).
	Longitude
	Latitude
	SiteID 
	Stream
	-121.0351244
	46.4660755
	SA2
	South Fork Ahtanum Creek
	-121.301678
	47.022497
	CRW2
	Crow Creek
	-121.228
	47.015
	CRWU
	Crow Creek
	-121.227781
	47.243408
	SALM
	Salmon Creek
	-121.20879
	47.51684
	WAP2
	Waptus River
	-121.14475
	47.48333
	WAP1
	Waptus River
	COOP1
	Cooper River
	-121.215542
	47.45758
	BC5
	Big Creek
	-121.27538
	47.14519
	Designated uses: Those uses specified in Chapter 173-201A WAC (Water Quality Standards for Surface Waters of the State of Washington) for each water body or segment, regardless of whether or not the uses are currently attained.
	Geometric mean: A mathematical expression of the central tendency (an average) of multiple sample values. A geometric mean, unlike an arithmetic mean, tends to dampen the effect of very high or low values, which might bias the mean if a straight average (arithmetic mean) were calculated. This is helpful when analyzing bacteria concentrations, because levels may vary anywhere from 10 to 10,000 fold over a given period. The calculation is performed by either: (1) taking the nth root of a product of n factors, or (2) taking the antilogarithm of the arithmetic mean of the logarithms of the individual values.
	Pollution: Contamination or other alteration of the physical, chemical, or biological properties of any waters of the state. This includes change in temperature, taste, color, turbidity, or odor of the waters. It also includes discharge of any liquid, gaseous, solid, radioactive, or other substance into any waters of the state. This definition assumes that these changes will, or are likely to, create a nuisance or render such waters harmful, detrimental, or injurious to (1) public health, safety, or welfare, or (2) domestic, commercial, industrial, agricultural, recreational, or other legitimate beneficial uses, or (3) livestock, wild animals, birds, fish, or other aquatic life. 
	Reach: A specific portion or segment of a stream. 
	Riparian: Relating to the banks along a natural course of water.
	Salmonid: Fish that belong to the family Salmonidae. Species of salmon, trout, or char. 
	Streamflow: Discharge of water in a surface stream (river or creek).
	Thalweg: The deepest and fastest moving portion of a stream.
	Total Maximum Daily Load (TMDL): A distribution of a substance in a water body designed to protect it from not meeting (exceeding) water quality standards. A TMDL is equal to the sum of all of the following: (1) individual wasteload allocations for point sources, (2) the load allocations for nonpoint sources, (3) the contribution of natural sources, and (4) a margin of safety to allow for uncertainty in the wasteload determination. A reserve for future growth is also generally provided.
	Watershed: A drainage area or basin in which all land and water areas drain or flow toward a central collector such as a stream, river, or lake at a lower elevation.
	303(d) list: Section 303(d) of the federal Clean Water Act, requiring Washington State to periodically prepare a list of all surface waters in the state for which beneficial uses of the water – such as for drinking, recreation, aquatic habitat, and industrial use – are impaired by pollutants. These are water quality-limited estuaries, lakes, and streams that fall short of state surface water quality standards and are not expected to improve within the next two years.
	BTTF Bull Trout Task Force
	EIM Environmental Information Management
	EPA Environmental Protection Agency 
	ESA Endangered Species Act
	FMO Foraging, Migration, Overwintering
	GIS  Geographic Information Systems
	GPS Global Positioning System
	ID  Identification
	MCF Mid-Columbia Fisheries Enhancement Group
	MQO Measurement Quality Objective
	NEP National Estuary Program
	NIST National Institute of Science and Technology
	NTA Near-Term Action
	QA/QC Quality Assurance/Quality Control
	QAPP Quality Assurance Project Plan 
	SOP Standard Operating Procedure
	TMDL Total Maximum Daily Load 
	WAC Washington Administrative Code
	WQX Water Quality Exchange
	WRIA Water Resource Inventory Area
	YBFWRB Yakima Basin Fish and Wildlife Recovery Board
	°C degrees centigrade
	Accreditation: A certification process for laboratories, designed to evaluate and document a lab’s ability to perform analytical methods and produce acceptable data (Kammin, 2010). For Ecology, it is defined according to WAC 173-50-040: “Formal recognition by [Ecology] that an environmental laboratory is capable of producing accurate and defensible analytical data.”
	Accuracy: The degree to which a measured value agrees with the true value of the measured property. USEPA recommends that this term not be used, and that the terms precision and bias be used to convey the information associated with the term accuracy (USEPA, 2014).
	Analyte: An element, ion, compound, or chemical moiety (pH, alkalinity) which is to be determined. The definition can be expanded to include organisms, e.g., fecal coliform, Klebsiella (Kammin, 2010).
	Bias: Discrepancy between the expected value of an estimator and the population parameter being estimated (Gilbert, 1987; USEPA, 2014).
	Blank: A synthetic sample, free of the analyte(s) of interest. For example, in water analysis, pure water is used for the blank. In chemical analysis, a blank is used to estimate the analytical response to all factors other than the analyte in the sample. In general, blanks are used to assess possible contamination or inadvertent introduction of analyte during various stages of the sampling and analytical process (USGS, 1998).
	Calibration: The process of establishing the relationship between the response of a measurement system and the concentration of the parameter being measured (Ecology, 2004).
	Check standard: A substance or reference material obtained from a source independent from the source of the calibration standard; used to assess bias for an analytical method. This is an obsolete term, and its use is highly discouraged. See Calibration Verification Standards, Lab Control Samples (LCS), Certified Reference Materials (CRM), and/or spiked blanks. These are all check standards but should be referred to by their actual designator, e.g., CRM, LCS (Kammin, 2010; Ecology, 2004).
	Comparability: The degree to which different methods, data sets and/or decisions agree or can be represented as similar; a data quality indicator (USEPA, 2014; USEPA, 2020).
	Completeness: The amount of valid data obtained from a project compared to the planned amount. Usually expressed as a percentage. A data quality indicator (USEPA, 2014; USEPA 2020).
	Continuing Calibration Verification Standard (CCV): A quality control (QC) sample analyzed with samples to check for acceptable bias in the measurement system. The CCV is usually a midpoint calibration standard that is re-run at an established frequency during the course of an analytical run (Kammin, 2010).
	Control chart: A graphical representation of quality control results demonstrating the performance of an aspect of a measurement system (Kammin, 2010; Ecology 2004).
	Control limits: Statistical warning and action limits calculated based on control charts. Warning limits are generally set at +/- 2 standard deviations from the mean, action limits at +/- 3 standard deviations from the mean (Kammin, 2010).
	Data integrity: A qualitative DQI that evaluates the extent to which a data set contains data that is misrepresented, falsified, or deliberately misleading (Kammin, 2010).
	Data quality indicators (DQI): Commonly used measures of acceptability for environmental data. The principal DQIs are precision, bias, representativeness, comparability, completeness, sensitivity, and integrity (USEPA, 2006).
	Data quality objectives (DQO): Qualitative and quantitative statements derived from systematic planning processes that clarify study objectives, define the appropriate type of data, and specify tolerable levels of potential decision errors that will be used as the basis for establishing the quality and quantity of data needed to support decisions (USEPA, 2006).
	Data set: A grouping of samples organized by date, time, analyte, etc. (Kammin, 2010).
	Data validation: The process of determining that the data satisfy the requirements as defined by the data user (USEPA, 2020). There are various levels of data validation (USEPA, 2009).
	Data verification: Examination of a data set for errors or omissions, and assessment of the Data Quality Indicators related to that data set for compliance with acceptance criteria (MQOs). Verification is a detailed quality review of a data set (Ecology, 2004).
	Detection limit (limit of detection): The concentration or amount of an analyte which can be determined to a specified level of certainty to be greater than zero (Ecology, 2004).
	Duplicate samples: Two samples taken from and representative of the same population, and carried through and steps of the sampling and analytical procedures in an identical manner. Duplicate samples are used to assess variability of all method activities including sampling and analysis (USEPA, 2014).
	Field blank: A blank used to obtain information on contamination introduced during sample collection, storage, and transport (Ecology, 2004).
	Initial Calibration Verification Standard (ICV): A QC sample prepared independently of calibration standards and analyzed along with the samples to check for acceptable bias in the measurement system. The ICV is analyzed prior to the analysis of any samples (Kammin, 2010).
	Laboratory Control Sample (LCS)/LCS duplicate: A sample of known composition prepared using contaminant-free water or an inert solid that is spiked with analytes of interest at the midpoint of the calibration curve or at the level of concern. It is prepared and analyzed in the same batch of regular samples using the same sample preparation method, reagents, and analytical methods employed for regular samples. Monitors a lab’s performance for bias and precision (USEPA, 2014).
	Matrix spike/Matrix spike duplicate: A QC sample prepared by adding a known amount of the target analyte(s) to an aliquot of a sample to check for bias and precision errors due to interference or matrix effects (Ecology, 2004).
	Measurement Quality Objectives (MQOs): Performance or acceptance criteria for individual data quality indicators, usually including precision, bias, sensitivity, completeness, comparability, and representativeness (USEPA, 2006).
	Measurement result: A value obtained by performing the procedure described in a method (Ecology, 2004).
	Method: A formalized group of procedures and techniques for performing an activity (e.g., sampling, chemical analysis, data analysis), systematically presented in the order in which they are to be executed (USEPA, 2001).
	Method blank: A blank prepared to represent the sample matrix, prepared and analyzed with a batch of samples. A method blank will contain all reagents used in the preparation of a sample, and the same preparation process is used for the method blank and samples (Ecology, 2004; Kammin, 2010).
	Method Detection Limit (MDL): The minimum measured concentration of a substance that can be reported with 99% confidence that the measured concentration is distinguishable from method blank results (USEPA, 2016). MDL is a measure of the capability of an analytical method of distinguished samples that do not contain a specific analyte from a sample that contains a low concentration of the analyte (USEPA, 2020).
	Minimum level: Either the sample concentration equivalent to the lowest calibration point in a method or a multiple of the method detection limit (MDL), whichever is higher. For the purposes of NPDES compliance monitoring, EPA considers the following terms to be synonymous: “quantitation limit,” “reporting limit,” and “minimum level” (40 CFR 136).
	Parameter: A specified characteristic of a population or sample. Also, an analyte or grouping of analytes. Benzene and nitrate + nitrite are all parameters (Kammin, 2010; Ecology, 2004).
	Population: The hypothetical set of all possible observations of the type being investigated (Ecology, 2004).
	Precision: The extent of random variability among replicate measurements of the same property; a data quality indicator (USGS, 1998).
	Quality assurance (QA): A set of activities designed to establish and document the reliability and usability of measurement data (Kammin, 2010).
	Quality Assurance Project Plan (QAPP): A document that describes the objectives of a project, and the processes and activities necessary to develop data that will support those objectives (Kammin, 2010; Ecology, 2004).
	Quality control (QC): The routine application of measurement and statistical procedures to assess the accuracy of measurement data (Ecology, 2004).
	Relative Percent Difference (RPD): RPD is commonly used to evaluate precision. The following formula is used:
	RPD = [Abs(a-b)/((a + b)/2)] * 100%
	where “Abs()” is absolute value and a and b are results for the two replicate samples. RPD can be used only with 2 values. Percent Relative Standard Deviation is (%RSD) is used if there are results for more than 2 replicate samples (Ecology, 2004).
	Relative Standard Deviation (RSD): A statistic used to evaluate precision in environmental analysis. It is determined in the following manner:
	RSD = (100% * s)/x
	where s is the sample standard deviation and x is the mean of results from more than two replicate samples (Kammin, 2010).
	Replicate samples: Two or more samples taken from the environment at the same time and place, using the same protocols. Replicates are used to estimate the random variability of the material sampled (USGS, 1998).
	Reporting level: Unless specified otherwise by a regulatory authority or in a discharge permit, results for analytes that meet the identification criteria (i.e., rules for determining qualitative presence/absence of an analyte) are reported down to the concentration of the minimum level established by the laboratory through calibration of the instrument. EPA considers the terms “reporting limit,” “quantitation limit,” and “minimum level” to be synonymous (40 CFR 136).
	Representativeness: The degree to which a sample reflects the population from which it is taken; a data quality indicator (USGS, 1998).
	Sample (field): A portion of a population (environmental entity) that is measured and assumed to represent the entire population (USGS, 1998).
	Sample (statistical): A finite part or subset of a statistical population (USEPA, 1992).
	Sensitivity: In general, denotes the rate at which the analytical response (e.g., absorbance, volume, meter reading) varies with the concentration of the parameter being determined. In a specialized sense, it has the same meaning as the detection limit (Ecology, 2004).
	Spiked blank: A specified amount of reagent blank fortified with a known mass of the target analyte(s); usually used to assess the recovery efficiency of the method (USEPA, 2014).
	Spiked sample: A sample prepared by adding a known mass of target analyte(s) to a specified amount of matrix sample for which an independent estimate of target analyte(s) concentration is available. Spiked samples can be used to determine the effect of the matrix on a method’s recovery efficiency (USEPA, 2014).
	Split sample: A discrete sample subdivided into portions, usually duplicates (Kammin, 2010).
	Standard Operating Procedure (SOP): A document which describes in detail a reproducible and repeatable organized activity (Kammin, 2010).
	Surrogate: For environmental chemistry, a surrogate is a substance with properties similar to those of the target analyte(s). Surrogates are unlikely to be native to environmental samples. They are added to environmental samples for quality control purposes, to track extraction efficiency and/or measure analyte recovery. Deuterated organic compounds are examples of surrogates commonly used in organic compound analysis (Kammin, 2010).
	Systematic planning: A step-wise process which develops a clear description of the goals and objectives of a project, and produces decisions on the type, quantity, and quality of data that will be needed to meet those goals and objectives. The DQO process is a specialized type of systematic planning (USEPA, 2006).
	40 CFR 136. Title 40 Code of Federal Regulations, Part 136: Guidelines Establishing Test Procedures for the Analysis of Pollutants. Available at: https://www.ecfr.gov/cgi-bin/text-idx?SID=3cf9acace214b7af340ea8f6919a7c39&mc=true&node=pt40.25.136&rgn=div5 (accessed 26 Feb. 2020).
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