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1.0 INTRODUCTION

1.1 General Description of the Project

The Skagit River Hydroelectric Project (Project), licensed to The City of Seattle, Washington, and
operated through its publicly-owned electric power utility Seattle City Light (City Light), is
located in northern Washington State and consists of three power generating developments on the
Skagit River — Ross, Diablo, and Gorge — and associated lands and facilities. The Project
generating facilities are in the Cascade Mountains of the upper Skagit River watershed, between
Project River Miles (PRM) 94.7 and 127.9 (U.S. Geological Survey [USGS] RMs 94.2 and 127).!
Power from the Project is transmitted via two 230-kilovolt powerlines that span over 100 miles
and end just north of Seattle at the Bothell Substation. The Project also includes two City Light-
owned towns, an Environmental Learning Center (ELC), several recreation facilities, and several
parcels of fish and wildlife mitigation lands.

Project generating facilities are all located in Whatcom County, although Ross Lake, the most
upstream reservoir, crosses the U.S.-Canada border and extends for about one mile into British
Columbia at normal maximum water surface elevation. Gorge Powerhouse, the most downstream
facility, is approximately 120 miles northeast of Seattle and 60 miles east of Sedro-Woolley, the
nearest large town. The closest town is Newhalem, which is part of the Project and just downstream
of Gorge Powerhouse. The primary transmission lines cross Whatcom, Skagit, and Snohomish
counties; the fish and wildlife mitigation lands are in the same counties.

The Project Boundary is extensive, spanning over 133 miles from the Canadian border to the
Bothell Substation just north of Seattle, Washington. In addition, there are “islands” of fish and
wildlife mitigation lands and recreation facilities within the Skagit, Sauk, and South Fork
Nooksack watersheds that are also within the Project Boundary. Project generating facilities are
entirely within the Ross Lake National Recreation Area (RLNRA), which is administered by the
National Park Service (NPS) as part of the North Cascades National Park Complex. The RLNRA
was established in 1968 in the enabling legislation for North Cascades National Park to provide
for the “public outdoor recreation use and enjoyment of portions of the Skagit River and Ross,
Diablo, and Gorge lakes.” The legislation maintains the Federal Energy Regulatory Commission’s
(FERC) jurisdiction “in the lands and waters within the Skagit River Hydroelectric Project,” as
well as hydrologic monitoring stations necessary for the proper operation of the Project (16 United
States Code [U.S.C.] § 90d-4; Public Law 90-544. Sec. 505 dated October 2, 1968, as amended by
Public Law 100-668. Sec. 202 dated November 16, 1988).

1.2 Relicensing Process

The current FERC license for the Project expires on April 30, 2025, and City Light will apply for
a new license no later than April 30, 2023. City Light formally initiated the relicensing process by
filing a Notice of Intent and Pre-Application Document (PAD) with FERC on April 27, 2020 (City
Light 2020a). The PAD includes descriptions of the Project facilities, operations, license

! City Light has developed a standard Project centerline and river mile system to be used throughout the relicensing
process, including the study program, to replace the outdated USGS RM system. Given the long-standing use of the
USGS RM system, both it and the Project River Mile (PRM) system are provided throughout this document. For
further details see Section 7.0 of the main body RSP.
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requirements, and Project lands as well as a summary of the extensive existing information
available on Project area resources and early consultation on potential resource issues to be
addressed during the relicensing. The PAD also includes an outline of the goals and objectives of
this study.

The relicensing process includes the timeframes and deadlines specified in FERC’s Integrated
Licensing Process (ILP), including consultation with interested agencies and Indian tribes related
to study plans, study results, and subsequent analysis of results and effects analysis through the
filing of the Final License Application (FLA). FERC’s process includes steps to satisfy the various
statutory authorities identified in the Federal Power Act (FPA) (e.g., Sections 4(e), 10(j), 10(a)).
Other related regulatory processes including Washington State Department of Ecology’s
(Ecology) Section 401 water quality certification process, the U.S. Fish and Wildlife Service’s
(USFWS) and National Marine Fisheries Service’s (NMFS) Section 7 Endangered Species Act
(ESA) consultation, NMFS’s oversight of Essential Fish Habitat (EFH), as defined by the
Magnuson Stevens Fishery Conservation and Management Act, and consultation pursuant to
Section 106 of the National Historic Preservation Act (NHPA) will continue following filing of
the FLA. With the filing of the PAD, City Light requested that FERC designate City Light as
FERC’s non-federal representative for purposes of initiating and conducting day-to-day
consultation under ESA Section 7 and NHPA Section 106, which was granted by FERC in its June
26, 2020 Notice of Intent to File License Application for a New License and Commencing Pre-
Filing Process.

1.3 Study Plan Development

In 2019-2020, City Light convened a number of Resource Work Groups (RWGs) to engage
agencies and other licensing participants (LPs) in a Study Plan Development Process, which
provided LPs and City Light the opportunity to submit forms that identified potential resource
issues, their potential connection to the Project, information or studies requested, a rationale for
studying the issues, and how the information collected by the study could be used to support
relicensing. Table 5.1-2 of the PAD provides a summary of all the issue forms submitted during
this 2019-2020 process.

Section 5 of the PAD lists the resource studies and management plans proposed by City Light to
address select (but not all) issues identified as part of the Study Plan Development Process. While
acknowledging the broad interests of LPs, City Light focused its initial draft study plans contained
in the PAD on information gaps that were most likely to inform license conditions by a study of
potential Project effects. City Light developed 24 study proposals, including a Water Quality
Monitoring study plan.

On April 10, 2020, City Light released the FA-01 Water Quality Monitoring Draft Study Plan for
LP review and comment. On May 5, 2020, the draft study plan was discussed at a Fish and Aquatic
Resource Work Group (FARWG) meeting. City Light reviewed all comments received and
released a revised version of the draft study plan on June 16, 2020. The revised draft was discussed
on June 24, 2020 at a FARWG meeting. Written comments were received from NPS, Ecology,
Washington Department of Fish and Wildlife (WDFW), USFWS, Upper Skagit Indian Tribe, and
NMEFS and responded to in an attachment to this study plan. A Status Draft of the study plan was
provided to LPs on August 6, 2020.

Skagit River Hydroelectric Project Seattle City Light
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City Light is filing this study plan with FERC as part of its Revised Study Plan (RSP). It is an
update to the version that was filed with the Proposed Study Plan (PSP) on December 8, 2020
(City Light 2020b) and incorporates additional consultation with LPs prior to the filing date.

This study plan addresses, with modifications, elements of the following study requests, as
explained in Section 6 of the RSP: Ecology-01 Water Quality Study, NMFS-01 Water Quality,
NPS-02 Skagit Project Water Quality Assessment and Modeling, USFWS-03 Skagit Project Water
Quality Assessment and Modeling, USIT-07 Water Quality Impacts above and below SCL Project
Infrastructure, and WDFW-17 Water Quality Impacts above and below SCL Project Infrastructure.

PSP comments to this study plan were submitted by American Rivers/Trout Unlimited, Ecology,
NMEFS, NPS, Sauk-Suiattle Indian Tribe, Swinomish Indian Tribal Community, USFWS, and
Upper Skagit Indian Tribe . City Light has addressed the specific comments and suggested edits
in this study plan and responded to comments in the PSP comment/response table appended to the
main body of the RSP. Modifications made to the study plan in response to comments and since
the PSP include adding a total of 13 water quality monitoring locations, which include additional
temperature, dissolved oxygen, pH, turbidity, total suspended solids, fecal coliform, total dissolved
gas, and benthic macroinvertebrate sampling locations. Parameters to be measured at the new
locations vary and are detailed in Table 2.6-1 of this study plan and shown in a mapbook attached
to the study plan. Additionally, sampling periods for some monitoring locations were extended so
that all sampling occurs over a two-year period—though the water quality monitoring record for
some of these locations covers many parameters studied extensively prior to this formal FERC
study period.

The study design described in Section 2.6 of this study plan is structured to identify water quality
data collection which, along with abundant existing water quality information, will support the
license application, including the application to Ecology for certification of the Project under
Section 401 of the Clean Water Act (CWA). A licensee must receive a water quality certification,
or a waiver thereof, before FERC can issue an operating license. The study will also provide data
of value to FERC, other resource agencies, Indian tribes, and other LPs on water quality within
the study area (see Section 2.5 of this study plan).

Following completion of relicensing studies, an integrated environmental analysis will specifically
address links across resource areas. Data collected as part of the Water Quality Monitoring Study,
along with existing water quality information, may also be applicable to other resource areas. City
Light will work with LPs to review and integrate information from related studies as part of the
ILP process in support of its license application filing.

Skagit River Hydroelectric Project Seattle City Light
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2.0 STUDY PLAN ELEMENTS

2.1 Study Goals and Objectives

As noted above, this study plan has been designed to collect water quality data, which along with
existing water quality information, is intended to support Ecology’s certification of the Project
under Section 401 of the CWA and the data needs of FERC, while also addressing other data needs
of City Light, resource agencies, Indian tribes, and other LPs in the context of FERC relicensing.
The goal of this study is to monitor water quality parameters for which existing information is
insufficient to characterize conditions within the study area. A summary of existing data is
presented in Section 2.3 (including Table 2.3-1). City Light proposes to direct resources toward
the collection of data needed to characterize parameters that currently are not well understood. The
water quality parameters listed below will be monitored in the identified waterbodies during the
relicensing study period.

Specific objectives of this study are listed below (sampling design and timeframes, which vary by
waterbody and parameter, are provided in the Methods section of this plan). For all parameters,
data collection will take place over a two-year period.

= Provide a summary and analysis of all relevant existing water quality information identified in
Table 2.3-1, other City Light data (e.g., ongoing data collection in tributaries), and data
obtained from the NPS and other reputable sources.

= Characterize background levels of turbidity and total suspended solids (TSS) in Ross, Diablo,
and Gorge lakes.

= Measure temperature, dissolved oxygen, pH, turbidity, and TSS at one location in the Skagit
River upstream of Ross Lake.

= Measure turbidity and TSS at the mouths of select tributaries to Ross (Big Beaver and Ruby
creeks) and Diablo (Thunder Creek) lakes to characterize conditions during periods of
reservoir drawdown.

= Measure turbidity and TSS at transects positioned parallel to the shoreline at three locations in
Ross Lake to characterize conditions adjacent to areas of shoreline erosion during reservoir
drawdown when erosional faces of the littoral fringe are exposed.

= Measure fecal coliform levels at targeted locations in Ross and Diablo lakes.
=  Measure temperature, dissolved oxygen, and pH in Diablo and Gorge lakes.

= Continuously measure total dissolved gas (TDG) in the Diablo Dam tailrace and Gorge Lake
forebay.

= Continuously monitor temperature, dissolved oxygen, TDG, and turbidity at three locations in
the Gorge bypass reach.

= Continuously measure temperature, dissolved oxygen, pH, TDG, and turbidity below Gorge
Powerhouse. Sample TSS during periods when turbidity levels below Gorge Powerhouse are
considered elevated.

= Continuously measure temperature by installing probes at six locations in the Skagit River
between Gorge Powerhouse and downstream of the Baker River confluence.

Skagit River Hydroelectric Project Seattle City Light
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= Sample benthic macroinvertebrates in riffle habitat at six locations in the Skagit River between
Gorge Powerhouse and downstream of the Baker River confluence.

= Continuously measure temperature at one location in the lower Sauk River.
= Sample benthic macroinvertebrates in riffle habitat at one location in the lower Sauk River.

2.2 Resource Management Goals

The study will provide information for resource agencies and Indian tribes with jurisdiction in the
Project vicinity to address their respective goals and objectives for resource management.
Resource management goals were provided by LPs in their study requests identified in Section 1.3
of this study plan.

2.2.1 Applicable Numeric Water Quality Standards and Designated Uses

In the State of Washington, surface waters are protected by a three-part approach, namely numeric
and narrative criteria, designated uses, and an antidegradation policy. Numeric as well as narrative
criteria both support and protect the designated uses identified in Washington Administrative Code
(WAC) 173-201A-200. Numeric water quality criteria for the Project vicinity are shown in Table
2.2-1, some of which differentiate between lakes/reservoirs and stream reaches defined by Ecology
(WAC 173-201A-600) as follows: “[R]eservoirs with a mean detention time greater than fifteen
days are to be treated as a lake for use designation[.]” By this definition, riverine water quality
criteria (Table 2.2-1) apply to Diablo (detention time = 9.4 days) and Gorge (detention time = 0.8
days) lakes. Ross Lake, with a detention time of 189.4 days, is subject to the lake criteria identified
in Table 2.2-1. Ecology has identified supplemental spawning and incubation criteria for specific
reaches within Water Resources Inventory Area (WRIA) 4 (Figure 2.2-1). The Skagit River from
Gorge Dam PRM 97.2 (USGS RM 96.6) downstream to Gorge Powerhouse (i.e., Gorge bypass
reach) has a special condition status under State water quality standards (WAC 173-201A-600):
Water temperatures are not to exceed 21 °C as a result of anthropogenic activities. City Light will
work with Ecology to understand how the narrative criteria apply to the Project and will identify
an approach to providing the information needed for Ecology to make a determination regarding
its reasonable assurance that water quality criteria will be met at and immediately downstream of
the Project.

Table 2.2-1. Water quality criteria for the Project vicinity (see also Figure 2.2-1).
Parameter Water Quality Criteria
Fecal Coliform Not to exceed a geometric mean value of 100 colony-forming units (CFU) or most probable

number (MPN)/100 milliliter (mL) with not more than 10 percent of all samples (or any
single sample when less than ten sample points exist) obtained for calculating the geometric
mean value exceeding 200 CFU or MPN/100 mL.

E. coli E. coli organism levels within an averaging period must not exceed a geometric mean value
of 100 CFU or MPN per 100 mL, with not more than 10 percent of all samples (or any
single sample when less than ten sample points exist) obtained within the averaging period
exceeding 320 CFU or MPN per 100 mL.

Dissolved Oxygen Lowest 1-Day Minimum:
Char Spawning and Rearing: 9.5 milligrams per liter (mg/L)
Salmon and trout spawning, core rearing, and migration: 9.5 mg/L

Skagit River Hydroelectric Project Seattle City Light
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Parameter

Water Quality Criteria

For lakes/reservoirs, human actions considered cumulatively may not decrease the
dissolved oxygen concentration more than 0.2 mg/L below natural conditions.

Temperature

Maximum 7-day average of daily maximum temperature (7-DADMax):
Char Spawning and Rearing: 12 degrees Celsius (°C)(53.6°F)

Salmon and trout spawning (Sept. 1 to June 15): 13°C (55.4°F)

Core summer salmonid habitat: 16°C (60.8°F)

Skagit River from Gorge Dam to Gorge Powerhouse (Gorge bypass reach). Temperature
shall not exceed a 1-day maximum temperature (1-DMax) of 21°C due to human activities.
When natural conditions exceed a 1-DMax of 21°C, no temperature increase will be allowed
which will raise the receiving water temperature by greater than 0.3°C, nor shall such
temperature increases, at any time, exceed t = 34/(T +9).

For lakes/reservoirs, human actions considered cumulatively may not increase the 7-
DADMax temperature more than 0.3°C (0.54°F) above natural conditions.

Total Dissolved Gas

Not to exceed 110 percent of saturation at any point of sample collection.

pH

Within 6.5 to 8.5 pH units with human caused variation of:
Less than 0.2 units for char and salmon and trout spawning, core rearing, and migration.

Turbidity

Shall not exceed either a 5 nephelometric turbidity unit (NTU) increase over background
when the background is 50 NTU or less; or a 10 percent increase in turbidity when the
background is more than 50 NTU.

Source: WAC 173-201A-200.

Designated uses for protection in fresh surface waters that are relevant to the Project are shown in

Table 2.2-2.
Skagit River Hydroelectric Project Seattle City Light
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Table 2.2-2. Designated uses of water in the Skagit River and designated Water Resource
Inventory Area (WRIA) 4 tributaries.

Recreational Water
Aquatic Life Uses Uses Supply Uses Misc. Uses

Char Spawning/Rearing
Core Summer Habitat
Spawning/Rearing
Rearing/Migration Only
Redband Trout

Warm Water Species
Ex Primary Contact
Primary Contact
Secondary Contact
Domestic Water
Industrial Water
Agricultural Water
Stock Water

Wildlife Habitat
Harvesting
Commerce/Navigation

Boating
Aesthetics

Water Body

Skagit River and all tributaries
upstream of Skiyou Slough except
designated tributaries
Designated WRIA 4 tributaries' v v vIiviiviivivIvIvIVIVY
1 Bacon Cr, Big Beaver Cr, Cascade R, Diobsud Cr, Goodell Cr, Hozomeen Cr, Illabot Cr, Lightning Cr, Little

Beaver Cr, Newhalem Cr., Rocky Cr, Ruby Cr, Sauk R, Silver Cr, Stetattle Cr,, Thunder Cr.
2 See supplemental spawning and incubation map (Figure 2.2-1).
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2.3 Background and Existing Information

At nearly 23 miles long, Ross Lake is the largest reservoir in western Washington. The reservoir
has a surface area of 11,680 acres and a storage volume of 1,435,000 acre-feet at the normal
maximum water surface elevation of 1,608.76 feet North American Vertical Datum 1988 (NAVD
88) (1,602.5 feet City of Seattle Datum (CoSD)].% Between 1991 and 2018, the average low water
surface elevation ranged from 1,453.36 feet NAVD 88 (1,467.1 feet CoSD) (in April) to 1,591.06
feet NAVD 88 (1,584.8 feet CoSD) (in August). Ross Lake has a detention time of 189.4 days
(Connor 2019). Ross Lake is the primary storage reservoir for the Project and is drawn down in
winter to capture water from spring runoff and to provide downstream flood control. City Light
typically begins drawing down the reservoir shortly after Labor Day. Spills are infrequent at Ross
Dam due to the reservoir’s large storage capacity. Spills are typically associated with gate testing,
are of short duration, and average only a few cubic feet per second (cfs). From 2014-2018, Ross
Dam spilled 20 times. Eleven of these spills occurred in August 2015 during the Goodell Creek
Wildfire, which disrupted Project operations and transmission. In 2014, 2016, 2017, and 2018,
average spills ranged from <1-5 cfs per day. Average spills were higher (i.e., 1,540 cfs) in 2015
because the fire disrupted operations.

Diablo Lake has a surface area of approximately 770 acres and gross storage of 50,000 acre-feet
at a normal maximum water surface elevation of 1,211.36 feet NAVD 88 (1,205 feet CoSD).
During summer, the reservoir’s major tributary, Thunder Creek, carries a heavy load of very fine,
suspended glacier-generated sediment, also known as glacial flour, which gives the lake a notable
turquoise color. Diablo Lake has a detention time of 9.4 days (Connor 2019). The primary function
of the Diablo Development is to reregulate flows between the Ross and Gorge developments. The
reservoir typically fluctuates 4-5 feet daily, although drawdowns of 10-12 feet occur occasionally,
as needed for construction projects or maintenance. Because of its role as a reregulation facility,
Diablo Dam spills more frequently than any of the other Project facilities. Spill typically occurs
during periods of high runoff, particularly during the spring or early summer. However, Diablo
Dam also spills on the rare occasion that units are off-line at the Diablo Powerhouse or when
additional water is needed to meet flow requirements downstream of Gorge Powerhouse.

Gorge Lake is 4.5 miles long. At the normal maximum water surface elevation of 881.51 feet
NAVD 88 (875 feet CoSD), the reservoir has a surface area of 240 acres and gross storage of 8,500
acre-feet. Gorge Lake has a detention time of 0.8 days (Conner 2019). Because of Gorge Lake’s
relatively low storage volume, unplanned spills at the dam can occur any time inflow exceeds
generation capacity. In addition, because flows from the Gorge Development are critical for fish
production and protection in the Skagit River downstream of Gorge Powerhouse, water from
Gorge Lake is spilled into the Gorge bypass reach if flows through Gorge Powerhouse are
insufficient to meet downstream flow requirements specified under the 2013 Revised Fisheries
Settlement Agreement (FSA) for salmon or steelhead spawning or rearing.

2 City Light is in the process of converting Project information from its older vertical elevation datum (CoSD) to the
more current and standardized elevation datum (NAVD 88). As such, elevations are provided relative to both data
throughout this RSP. The conversion factor between CoSD and NAVD 88 varies depending on location. A table
converting elevation values of common benchmarks, staff gages, and key Project features from CoSD to NAVD 88
and a map of the same features are appended to this RSP, both of which have been updated since the Pre-Application
Document (PAD).

Skagit River Hydroelectric Project Seattle City Light
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The reach of the Skagit River between Gorge Dam and Powerhouse is referred to as the bypass
reach and is approximately 2.5 miles long. Under the current Project license, City Light is not
required to release any flow into the Gorge bypass reach (FERC 1995). The flow and non-flow
measures incorporated into the FSA were determined by signatories to the settlement to resolve
the effects of the absence of flows and to obviate any need for flow releases in the bypass reach
(City Light 1991). FERC, in its order accepting the settlement agreement, issuing new license, and
terminating the proceeding (FERC 1995), concurred with the proposed action to continue interim
agreement flow measures and to add non-flow enhancement measures in the Skagit River below
Gorge Powerhouse to address continued habitat loss in the bypass reach because “river flows from
the powerhouse are of far more value to the anadromous fishery.” Under the current license, flows
in the bypass reach are limited to accretion flow, spill-gate seepage, tributary input, and
precipitation runoff, except when water is being spilled at Gorge Dam.

From 1991 through 2012, flow releases to the mainstem Skagit River downstream of Gorge
Powerhouse were dictated by the current Project license (FERC 1995), which fully incorporates
the measures included in the Flow Plan of the FSA (City Light 1991). The primary purpose of the
Flow Plan is to minimize the effects of Project operations on salmonids by providing spawning
flows and protecting redds, fry, and yearlings. The Project license was amended in 2013 to
incorporate a Revised FSA Flow Plan (City Light 2011) that included four measures City Light
had been implementing voluntarily since 1995 to further reduce Project effects on steelhead and
salmon. The FSA Flow Plan, as amended, is described in Section 3.5.2 of the PAD.

City Light possesses a large number of data files and accompanying data collection descriptions
for the Project reservoirs (Table 2.3-1).3 Table 2.3-1 also includes an account of existing data
collected in the mainstem Skagit River downstream of the Project near Marblemount, which is
located in the Project vicinity at PRM 78.3 (USGS RM 78). Parameters for which multiple years
of recent data have been collected are considered to be adequately represented by existing
information, and data collection proposed in this study plan will fill data gaps identified in the
body of existing information. A portion of the existing information is presented and discussed in
Section 4.4 of the PAD, and a complete presentation of all relevant existing information will be
provided in the Water Quality Monitoring Study report filed with FERC (with the Initial Study
Report [ISR]).

In addition to existing data for the Project reservoirs and the Skagit River downstream of the
Project, City Light has continuously measured temperature (or funded temperature measurement)
for many years in tributaries to the reservoirs and, more recently, in tributaries flowing into the
Skagit River downstream of the Project. NPS has also collected temperature data in tributaries to
Project reservoirs. Ongoing temperature data collection efforts being conducted in tributaries to
the Project reservoirs are identified in an attachment to this study plan.

In addition to the information shown in Table 2.3-1 below and Tables 2 and 3 attached to this study
plan, City Light will obtain and summarize pertinent water quality data collected by other entities
in the Project reservoirs, tributaries to the reservoirs, and the Skagit River below the Project. (For

3 The NPS’s study request, NPS-02: Skagit Project Water Quality Assessment and Modeling, Attachment 1, includes
a table of existing data, which includes additional data files for the Project reservoirs. City Light will coordinate with
the NPS to procure all files and summarize relevant data in the Water Quality Monitoring Study report.

Skagit River Hydroelectric Project Seattle City Light
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example, City Light is aware of relevant information collected by the NPS, USGS, U.S. Forest
Service [USFS], and WDFW).

The agencies and City Light collect data according to quality assurance and control protocols that
may differ among entities but are all valid. These protocols will be summarized for comparison to
Ecology’s standard operating procedures (SOPs), and any differences will be identified for
consideration of their significance in the ISR. Specifically, City Light will assess and report on
these quality control procedures implemented in the collection of existing water quality data by
the agency stewards of those data.

All reliable existing data will be assessed and used to evaluate thermal regimes above and below
the Project. Temperature data will be evaluated in tandem with abundant fish-related information,
including size-at-age data and data pertaining to the timing of life-history events. These data will
inform the evaluation of potential sublethal effects on fish downstream of the Project, as well as
the consideration of fish species’ introductions above the dams

Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 2-8 April 2021
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Table 2.3-1. Summary of existing water quality data collected since 1991!, Skagit River Hydroelectric Project and Skagit River to
Marblemount.
Timeframe Data Type
Entity
Collection Sampling Collecting
Parameter Location Year Collected Month(s) Collected Approach | Continuous | Discrete Data
Ross Lake
2015 Jun, Jul, Sep, Oct, Nov Profile X
2016 Jun, Jul, Aug, Sep, Oct, Nov Profile X
2017 Jun, Jul, Aug, Sep, Oct, Nov Profile X
2018 Jun, Jul, Aug, Sep, Oct, Nov Profile X
Little Beaver Surface,
2017 Jun—Dec Middle, & X
Bottom
Surface,
2018 Jun—Nov Middle, & X
Bottom
2015 Jun, Jul, Sep, Oct, Nov Profile X
2016 Jun, Jul, Aug, Sep, Oct, Nov Profile X
. ware (°C 2017 Jun, Jul, Aug, Sep, Oct, Nov Profile X City Light,
emperature (°C) 2018 Jun, Jul, Aug, Sep, Oct, Nov Profile X NPS
Skymo Surface,
2017 Jun—Dec Middle, & X
Bottom
Surface,
2018 Jun—Nov Middle, & X
Bottom
2015 May, Jun, Jul, Sep, Oct, Nov Profile
2016 May, Jun, Jul, Aug, Sep, Oct, Profile
Nov
P kin Mountai
umpkin Mountain 2017 May, Jun, Jul, Aug, Sep, Oct, Profile X
Nov
2018 May, Jun, Jul, Aug, Sep, Oct, Profile X
Nov
Skagit River Hydroelectric Project Seattle City Light
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Timeframe Data Type
Entity
Collection Sampling Collecting
Parameter Location Year Collected Month(s) Collected Approach | Continuous | Discrete Data
Surface,
2017 Jun—Dec Middle, & X
Bottom
Surface,
2018 May-Dec Middle, & X
Bottom
Surface,
2019 Jan—Feb? Middle, & X
Bottom
2000 Sep—Dec Surface X
2001 Jan—Feb; Sep—Dec Surface X
2002 Jan—Mar Surface X
2003 Aug-Dec Surface X
2004 Jan—Aug; Nov-Dec Surface X
2005 Jan—Dec Surface X
2006 Jan—Dec Surface X
Log Boom 2007 Jan—Oct Surface X City Light
2008 Sep—Dec Profile X
2009 Jan—Dec Profile X
2010 Jan—Feb Profile X
2014 Nov—Dec Profile X
2015 Jan—Dec Profile X
2016 Jan—Mar; Nov—Dec Profile X
2017 Jan—Sep Profile X
2017 Jun-Oct Surface & X
Bottom
Hozomeen Surface & NPS
2018 Jun-Oct o ace X
Bottom
Dissolved oxygen (mg/L) Little Beaver 2015 Jun, Jul, Sep, Oct, Nov Profile X City Light

Skagit River Hydroelectric Project
FERC No. 553
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Timeframe Data Type
Entity
Collection Sampling Collecting
Parameter Location Year Collected Month(s) Collected Approach | Continuous | Discrete Data
2016 Jun, Jul, Aug, Sep, Oct, Nov Profile X NPS
2017 Jun, Jul, Aug, Sep, Oct, Nov Profile X
2018 Jun, Jul, Aug, Sep, Oct, Nov Profile X
2015 Jun, Jul, Sep, Oct, Nov Profile X
2016 Jun, Jul, Aug, Sep, Oct, Nov Profile X
Skymo

2017 Jun, Jul, Aug, Sep, Oct, Nov Profile X
2018 Jun, Jul, Aug, Sep, Oct, Nov Profile X
2015 May, Jun, Jul, Sep, Oct, Nov Profile X
2016 May, Jun, Jul, Aug, Sep, Oct, Profile X

Nov

P kin Mountai

umpkin Mountain 2017 May, Jun, Jul, Aug, Sep, Oct, Profile X

Nov
2018 May, Jun, Jul, Aug, Sep, Oct, Profile X

Nov
2015 Jun, Jul, Sep, Oct, Nov Profile X
. 2016 Jun, Jul, Aug, Sep, Oct, Nov Profile X

Little Beaver
2017 Jun, Jul, Aug, Sep, Oct, Nov Profile X
2018 Jun, Jul, Aug, Sep, Oct, Nov Profile X
2015 Jun, Jul, Sep, Oct, Nov Profile X
2016 Jun, Jul, Aug, Sep, Oct, Nov Profile X
Skymo
. 2017 Jun, Jul, Aug, Sep, Oct, Nov Profile X City Light,
p 2018 Jun, Jul, Aug, Sep, Oct, Nov Profile X NPS

2015 May, Jun, Jul, Sep, Oct, Nov Profile X
2016 May, Jun, Jul, Aug, Sep, Oct, Profile X

Nov

P kin Mountai

umpkin vountain 2017 May, Jun, Jul, Aug, Sep, Oct, Profile X

Nov
2018 May, Jun, Jul, Aug, Sep, Oct, Profile X

Nov

Skagit River Hydroelectric Project Seattle City Light
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Timeframe Data Type
Entity
Collection Sampling Collecting
Parameter Location Year Collected Month(s) Collected Approach | Continuous | Discrete Data
. 2017 Jun, Jul, Aug, Sep, Oct, Nov Surface X
Little Beaver
2018 Jun, Jul, Aug, Sep, Oct, Nov Surface X
2017 Jun, Jul, Aug, Sep, Oct, Nov Surface X
Skymo
Nutrients 2018 Jun, Jul, Aug, Sep, Oct, Nov Surface X NPS
2017 11\\]/[2\};/’ Jun, Jul, Aug, Sep, Oct, Surface X
Pumpkin Mountain Mav. Jun. Jul. Aus. Sen. O
2018 ay, Jun, Jul, Aug, Sep, Oct, Surface X
Nov
2015 Jun, Jul, Aug, Sep, Oct, Nov Surface X
Little Beaver 2017 Jun, Jul, Aug, Sep, Oct, Nov Surface X
2018 Jun, Jul, Aug, Sep, Oct, Nov Surface X
2015 Jun, Jul, Aug, Sep, Oct, Nov Surface X
Skymo 2017 Jun, Jul, Aug, Sep, Oct, Nov Surface X
Chlorophyll a (ug/L) 2018 Jun, Jul, Aug, Sep, Oct, Nov Surface X NPS
2015 May, Jun, Jul, Aug, Sep, Oct, Surface X
Nov
Pumpkin Mountain 2017 Ililllc?\}/]’ Jun, Jul, Aug, Sep, Oct, Surface X
2018 May, Jun, Jul, Aug, Sep, Oct, Surface X
Nov
. 2017 Jun, Jul, Aug, Sep, Oct, Nov Surface X
Little Beaver
2018 Jun, Jul, Aug, Sep, Oct, Nov Surface X
2017 Jun, Jul, Aug, Sep, Oct, Nov Surface X
. . Skymo
Dissolved Organic Carbon 2018 Jun, Jul, Aug, Sep, Oct, Nov Surface X NPS
(mg/L)
2017 Ili]/lj\},]’ Jun, Jul, Aug, Sep, Oct, Surface X
Pumpkin Mountain Mav. Jun Jul. Aue. Sen. O
2018 ay, Jun, Jul, Aug, Sep, Oct, Surface
Nov
Turbidity (NTU) Log Boom 2016 Aug Profile City Light
Skagit River Hydroelectric Project Seattle City Light
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Timeframe Data Type
Entity
Collection Sampling Collecting
Parameter Location Year Collected Month(s) Collected Approach | Continuous | Discrete Data
2015 Jun, Jul, Sep, Oct, Nov Profile X
. 2016 Jun, Jul, Aug, Sep, Oct, Nov Profile X
Little Beaver
2017 Jun, Jul, Aug, Sep, Oct, Nov Profile X
2018 Jun, Jul, Aug, Sep, Oct, Nov Profile X
2015 Jun, Jul, Sep, Oct, Nov Profile X
2016 Jun, Jul, Aug, Sep, Oct, Nov Profile X
Skymo
Specific conductance Jun, Jul, Aug, Sep, Oct, Nov Profile X City Light,
(mS/cm) Jun, Jul, Aug, Sep, Oct, Nov Profile X NPS
2015 May, Jun, Jul, Sep, Oct, Nov Profile X
2016 May, Jun, Jul, Aug, Sep, Oct, Profile X
Nov
Pumpkin Mountain
ump u 2017 May, Jun, Jul, Aug, Sep, Oct, Profile X
Nov
2018 May, Jun, Jul, Aug, Sep, Oct, Profile X
Nov
Mercury? 2007,2012, 2015 | Summer—Fall Fish tissue* X Ecology
PCBs? 2007,2012,2015 | Summer—Fall Fish tissue X Ecology
Copper® 2007,2012,2015 | Summer—Fall Fish tissue X Ecology
Selenium? 2007,2012,2015 | Summer—Fall Fish tissue X Ecology
Zinc3 2007,2012,2015 | Summer—Fall Fish tissue X Ecology
2015 Jun, Jul, Aug, Sep, Oct, Nov Horizontal X
Tow
Horizontal
2016 Jun, Jul, Aug, Sep, Oct, Nov X
. Tow
Zoonlank Little Beaver Hori | NPS
ooplaniton 2017 Jun, Jul, Aug, Sep, Oct, Nov orizonta X
Tow
2018 Jun, Jul, Aug, Sep, Oct, Nov Horizontal
Tow
Skymo 2015 Jun, Jul, Aug, Sep, Oct, Nov Horizontal
Skagit River Hydroelectric Project Seattle City Light
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Timeframe Data Type
Entity
Collection Sampling Collecting
Parameter Location Year Collected Month(s) Collected Approach | Continuous | Discrete Data
Tow
Horizontal
2016 Jun, Jul, Aug, Sep, Oct, Nov X
Tow
Horizontal
2017 Jun, Jul, Aug, Sep, Oct, Nov X
Tow
Horizontal
2018 Jun, Jul, Aug, Sep, Oct, Nov X
Tow
Horizontal
2015 Jun, Jul, Aug, Sep, Oct, Nov X
Tow
2016 May, Jun, Jul, Aug, Sep, Oct, Horizontal X
. . Nov Tow
Pumpkin Mountain -
May, Jun, Jul, Aug, Sep, Oct, Horizontal
2017 X
Nov Tow
2018 May, Jun, Jul, Aug, Sep, Oct, Horizontal X
Nov Tow
Diablo Lake
2008 Aug-Dec Surface X
2009 Jan—Aug Surface X
2014 See footnote?
Log Boom/Forebay
2015 See footnote?
2016 Nov-Dec Profile X
. 2017 Jan—Sep Profile X City Light,
Temperature (°C) 1-. 15-. and NPS
2018 Jun—Dec >
28-m depths
Thunder Arm 15 q
-, 15-, an
2019 Jan—Aug 28-m depths X
2018 Jun, Jul, Aug, Sep Profile X
Thunder Arm
2019 Jun, Aug, Oct? Profile X
Mid-Lake Buoy 2018 Jul, Aug, Sep Profile X
Skagit River Hydroelectric Project Seattle City Light
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Timeframe Data Type
Entity
Collection Sampling Collecting
Parameter Location Year Collected Month(s) Collected Approach | Continuous | Discrete Data
2019 Jun, Aug, Oct Profile X
2018 Jul, Aug, Sep Profile X
Forebay
2019 Jun, Aug, Oct Profile X
2018 Jun, Jul, Aug, Sep Profile X
Thunder Arm
2019 Jun, Aug, Oct Profile X
. . 2018 Jul, Aug, Sep Profile X
Dissolved oxygen (mg/L) Mid-Lake Buoy
2019 Jun, Aug, Oct Profile X
2018 Jul, Aug, Sep Profile X
Forebay
2019 Jun, Aug, Oct Profile X
2018 Jun, Jul, Aug, Sep Profile X
Thunder Arm
2019 Jun, Aug, Oct Profile X
. 2018 Jul, Aug, Sep Profile X
pH Mid-Lake Buoy
2019 Jun, Aug, Oct Profile X
2018 Jul, Aug, Sep Profile X
Forebay
2019 Jun, Aug, Oct Profile X
2018 Jun, Jul, Aug, Sep Profile X
Thunder Arm
2019 Jun, Aug, Oct Profile X
i 2018 Jul, Aug, Se Profile X
Specific conductance Mid-Lake Buoy ul, Aug, Sep
(mS/cm) 2019 Jun, Aug, Oct Profile X
2018 Jul, Aug, Sep Profile X
Forebay
2019 Jun, Aug, Oct Profile X
Gorge Lake
2014 See footnote?
2015 See footnote? o
Temperature (°C) Log Boom 2016 Nov-Dec Profile X Clt}I:]IIjlsght’
2017 Jan—Jul Profile X
2018 See footnote?
Skagit River Hydroelectric Project Seattle City Light
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Timeframe Data Type
Entity
Collection Sampling Collecting
Parameter Location Year Collected Month(s) Collected Approach | Continuous | Discrete Data
2019 See footnote?
Skagit River downstream of the Project
Temperature (°C)° Newhalem 2007-Ongoing | All Surface USGS
Total dissolved gas Below Gorge 1997 Tul Surface X City Light
(percent saturation) Powerhouse
Skagit River at Marblemount®
Temperature (°C) .
7DADMax 2002-2009 Jun—Sep Surface Ecology
Temperature (°C) Daily 2009-Ongoing |Jan—Dec Surface X Ecology
grab sample
Dissolved oxygen (mg/L) 2009-Ongoing |Jan—Dec Surface X Ecology
pH 2009-Ongoing |Jan—Dec Surface X Ecology
Turbidity (NTU) Marblemount 2009-Ongoing |Jan—Dec Surface X Ecology
Ammonia (mg/L) 2009-Ongoing |Jan—Dec Surface X Ecology
Total phosphorous (mg/L) 2009-Ongoing |Jan—Dec Surface X Ecology
Fecal coliform .
(CFU/100 mL) 2009-Ongoing |Jan—Dec Surface X Ecology
1994 May, Jul, Sep, Nov Surface X Ecology
Metals®
1995 Jan, Mar Surface X Ecology
1 The period 1991-2019 encapsulates the timeframe beginning with the finalization of the Settlement Agreement and ending with the most recent year.
2 City Light is following up to determine if data (or additional data) are available for the period and timeframe shown in this cell of the table.
3 See Seiders and Deligeannis (2018).
4 Bull Trout, Rainbow Trout, Redside Shiner
5 USGS (2019a) https://waterdata.usgs.gov/usa/nwis/uv?12178000
6  USGS (2019b)

https://apps.ecology.wa.gov/eim/search/SMP/RiverStreamSingleStationOverview.aspx ?ResultType=RiverStreamOverviewList&StudyMonitoringProgramUserld=RiverStrea
mé&StudyMonitoringProgramUserldSearchType=Equals&LocationUserlds=04A100&LocationUserldSearchType=Equals.

-2

Measurement within this overall timeframe varies by year.
8  Arsenic, cadmium, chromium, copper, lead, mercury, nickel, zinc; source Ecology (2019); see URL provided in table footnote number 5.
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24 Project Operations and Effects on Resources

The Skagit River drains mountainous and, in some cases, glacial areas located mainly within
national park and wilderness areas; water flowing through the Project remains clean and cold
throughout the year. Existing information indicates that water quality in the Project reservoirs is
in compliance with Ecology’s relevant numeric criteria. The few 303(d) listings for WRIA 4,
which includes the Project and its vicinity, are applicable to reaches that unaffected by the Project,
reflecting the good baseline water quality measured within and downstream of the Project
Boundary. Moreover, data collected by Ecology indicate that water quality in the Skagit River
downstream of the Project (measured at Marblemount and discussed in Section 4.4.5 of the PAD)
also complies with Ecology’s numeric criteria. City Light is aware of no data indicating that the
designated uses shown in Table 2.2-2 are adversely affected by the Project’s operation.

Although there is a large body of existing water quality information for the Project (e.g., Table
2.3-1 and attached tables 2 and 3), targeted data collection is proposed to address water quality
parameters for which existing information is limited. Existing data, combined with data collected
during this proposed study and other qualified ongoing efforts, will be used to inform the Section
401 certification process overseen by Ecology, as well as FERC’s issuance of a new license for
the Project.

2.5 Study Area

The study will be conducted from the upper Skagit River inflow just north of the U.S. Canada
Border, through Ross (within the United States), Diablo, and Gorge lakes, the Gorge bypass reach,
and in the Skagit River downstream to just below the Baker River confluence, and in the lower
Sauk River (Figure 2.5-1). Approximate locations of the proposed water quality
sampling/measurement sites and the rationale for their locations are discussed in Section 2.6 of
this study plan. (See Table 2.6-1 and the attached mapbook that shows locations of sampling sites,
by parameter.)

Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 2-17 April 2021
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2.6 Methodology

The approach to water quality data collection, by location and parameter, is outlined below. The
proposed parameters and locations were selected to augment the body of existing data summarized
in Table 2.3-1 and existing water quality data for tributaries to Project reservoirs and the lower
Skagit River. In addition to new water quality data being collected as part of this study, all reliable,
pertinent existing information will be summarized in the Water Quality Monitoring Study report
that will be filed with FERC. A Quality Assurance Program Plan (QAPP) is attached to this study
plan. The QAPP details technical elements of field sampling and measurement, laboratory
protocols, chain-of-custody procedures, and data management. Table 2.6-1 provides an overview
of parameters to be measured or sampled along with proposed sampling locations, sampling timing
and durations, and approach to data collection. A mapbook showing the proposed locations of all
data collection sites is attached to this study plan.

Skagit River Hydroelectric Project Seattle City Light
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Table 2.6-1. Summary of parameters to be measured or sampled along with proposed sampling locations, sampling periods and
frequencies, and approach to data collection.

Parameter | Location Approximate Lat./Lon. Sampling Period Frequency Sampling Approach
Upper Skagit River
Temperature (°C)
DO (mg/L) U Skait Ri Swi
pH pper aglrti d;ﬁ’r at Swing 49.01927/-121.06065 | Jun2021-May 2023 Monthly Grab Sample (1 m)
Turbidity (NTU);
TSS (mg/L)
Ross Lake
Little Beaver> 48.9274/-121.0625 Grab Sample (1 m and <5 m)
Skymo® 48.8547/-121.0308 Jun 2021-May 2023 Monthly
. ) Grab Sample (1 m and 5 m)
Pumpkin Mountain’ 48.7904/-121.0496
. Big Beaver Creek Confluence® 48.77418/-121.06419

Turbidity (NTU); g Beav i ' Grab Sample (surface and 5 m)
TSS (mg/L) Ruby Creck Arm® 48.73004/-121.02532 Fall, Winter,

Ross Lake Shoreline 2021-2023 and Spring

Erosional Area North!® 48.94838/-121.08508 during
rosional Area No Drawdown 100 m Transegt, 5 m from
Ross Lake Shoreline 48.89389/-121.04398 Shoreline;
Erosional Area Central!!

4 Coincident with established acoustic receiver placement at Swing Bridge (i.e., Acoustic Station RLK05), in Canadian Skagit River at confluence with reservoir.
5 Coincident with established water quality monitoring station used by NPS, with (SEEC funding.

¢ Coincident with established water quality monitoring station used by NPS, with SEEC funding.

7 Coincident with established water quality monitoring station used by NPS, with SEEC funding.

8 Coincident with Big Beaver Confluence zone where fish tagging is annually conducted for ongoing Bull Trout acoustic monitoring study for entrainment and
habitat use.

? Coincident with established acoustic long line receiver placement within Ruby Arm (i.e., Acoustic Station RLK01); coordinates approximate centroid of transect.
10 Coincident with established acoustic long line receiver placement, south of Silver Creek mouth (i.e., Acoustic Station RLK10), west bank; coordinates
approximate centroid of transect.

I Coincident with established acoustic long line receiver placement, south of Desolation Peak trailhead (i.e., Station RLK07), east bank; coordinates approximate
centroid of transect.

Skagit River Hydroelectric Project Seattle City Light
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Parameter Location Approximate Lat./Lon. Sampling Period Frequency Sampling Approach
. 5 Surface Grab Samples
Ross Lake Shoreline 48.76682/-121.04427 Collected Every 25 m along
Erosional Area South
Transect
Hozomeen TBD
Ross Lake Resort '3 48.73890/-121.06072
] Monthly
Little Beaver Boat Access Camp | 48.917841, -121.126283 Jun-Sep 2021 (total of 8
Fecal coliform ’ . Grab Sample Surface
Jun—Sep 2022 collections

Lightning Creek Boat Access
Camp

48.876296, -121.011004

Big Beaver Boat Access Camp

48.774879, -121.066489

over 2 years)

Diablo Lake

Temperature (°C)

DO (mg/L)

pH

Upstream End'* and Forebay '®

48.72961/-121.07244
48.71489/-121.13171

Jun 2021-May 2023

Monthly

Vertical profile at 2-m intervals

Turbidity (NTU);
TSS (mg/L)

Upstream End and Forebay

48.72961/-121.07244
48.71489/-121.13171

Jun 2021-May 2023

Monthly

Grab Sample (1m and 5 m)

Thunder Creek Confluence at
Bridge/Colonial Creek

48.69101/-121.09552

2021-2023

Fall, Winter,

100 m Transect, 5 Surface Grab
Samples Collected Every 25 m

I and Spring along Transect Moving
Campground Upstream
Thunder Creek Confluence at Jun—Sep 2021 (?g?arlltﬁyg
Fecal coliform Bridge/Colonial Creek 48.69101/-121.09552 p ) 22’ llecti Grab Sample Surface
Campground Jun—Sep 20 collections

over 2 years)

12 Coincident with established acoustic long line receiver placement south of Big Beaver Creek confluence (i.e., Acoustic Station RLK02), west bank, opposite

Roland Point

13 Coincident with established acoustic receiver placement along eastern side of resort boom (i.e., Acoustic station RFB02)
14 Coincident with established acoustic receiver placement at northwest corner of boathouse just downstream of Ross Powerhouse discharge (i.e., Acoustic station

DLKO06)

15 Coincident with established acoustic receiver placement at Diablo Dam intake, along northern side of forebay boom (i.e., Acoustic Station DLK10)

16 Coincident with established acoustic receiver location at Thunder Arm Bridge (i.e., Acoustic Station DLKO07), adjacent to Colonial Creek Campground.
Coordinates represent downstream terminus of transect.

Seattle City Light
April 2021
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Parameter Location Approximate Lat./Lon. Sampling Period Frequency Sampling Approach
Monthly
Environmental Learning Center!’ 48.71690/-121.11940 Jun=Sep 2021, (total (.)f 8 Grab Sample Surface
Jun—Sep 2022 collections
over 2 years)
Gorge Lake

Temperature (°C)

48.71188/-121.14317

18 19 B . o
DO (mg/L) Upstream End'® and Forebay 48.69777/-121.20672 Jun 2021-May 2023 Monthly Vertical profile at 2-m intervals
pH
Turbidity (NTU); 48.71188/-121.14317 B
TSS (mg/L) Upstream End and Forebay 48.69777/-121.20672 Jun 2021-May 2023 Monthly Grab Sample (1 m and 5 m)
TDG (% Below Diablo Dam 48.71188/-121.14317 . .
; Jun 2021-May 2023 Continuous Below compensation depth
saturation) Gorge Lake Forebay 48.69777/-121.20672
Gorge Bypass Reach
Temperature (°C)
DO (mg/L) Below Gorge Dam in Plunge Pool -
Turbidity (NTU)
Temperature (°C) )
DO (mg/L) ~ 1.5 Miles above Gorge - Jun 2021-May 2023 | Continuous 1 m Depth
Powerhouse

Turbidity (NTU)
Temperature (°C) 0.6 miles above G

~ 0.6 miles above Gorge )
DO (mg/L) Powerhouse
Turbidity (NTU)
TDG (% Below Gorge Dam in Plunge Pool -

() : . .

saturation) = 1.5 Miles above Gorge i Jun 2021-May 2023 Continuous Below compensation depth?’

Powerhouse

17 Coincident with established acoustic receiver placement offshore of Environmental Learning Center and Diablo Boathouse (i.e., Acoustic Station DLK02)

18 Coincident with established uppermost acoustic monitoring station in Gorge reservoir (i.e. Acoustic Station GLK07), opposite bank from Reflector Bar.

19 Coincident with established lowermost downstream acoustic monitoring station in Gorge inner forebay, (i.e., Acoustic Station GLK11), along southern log boom
just above penstock intake.

20 The depth at which the sum of hydrostatic and atmospheric pressure exceeds the gas pressure of TDG-supersaturated water.
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Parameter Location Approximate Lat./Lon. Sampling Period Frequency Sampling Approach
~0.6 miles above Gorge )
Powerhouse
Skagit River downstream of Gorge Powerhouse
Temperature (°C)
DO (mg/L)
pH Immediately Below Gorge ; Jun 2021-May 2023 | Continuous 2 m Depth
Turbidity (NTU) Powerhouse, right bank
TDG (%
saturation)
TSS (mg/L) tmmediately Below Gorge : Jun2021-May 2023 | As needed I m Depth
PRM 91.6 (USGS RM 91.1)
PRM 85.9 (USGS RM 85.6)
PRM 75.6 (USGS RM 75.4) .
Temperature (°C) - Jun 2021-May 2023 Continuous 1 m Depth
PRM 69.3 (USGS RM 69.1)
PRM 60.8 (USGS RM 60.6)
PRM 54.5 (USGS RM 54.3)
PRM 91.6 (USGS RM 91.1)
PRM 85.9 (USGS RM 85.6)
Benthic PRM 75.6 (USGS RM 75.4) i Jul and Sep 2021, Discrete Streambed
Macroinvertebrate PRM 69.3 (USGS RM 69.1) Jul and Sep 2022
PRM 60.8 (USGS RM 60.6)
PRM 54.5 (USGS RM 54.3)
Sauk River
Temperature (°C) RM 2.8 - Jun 2021-May 2023 Continuous 1 m Depth
f/[e;lctrhc:icnvertebrate RM 238 ) JJ?JII a2111111(31 SSZI; 22(())2212’ Discrete Streambed
Skagit River Hydroelectric Project Seattle City Light
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2.6.1 Upper Skagit River
2.6.1.1 Temperature, Dissolved Oxygen, and pH

Temperature (°C), dissolved oxygen (mg/L and percent saturation),?! pH, turbidity (nephelometric
turbidity units, NTU), and TSS (milligram/liter [mg/L]) will be measured at a depth of 1 m in the
upper Skagit River at Swing Bridge (see attached mapbook), using a Hydrolab® multiparameter
sonde with depth probe or equivalent equipment. Sampling will be conducted once per month from
June 2021-May 2023, as access permits. At this location, the river is fully mixed, so a surface
water sample (i.e., 1 m) will be representative of conditions throughout the water column.

2.6.2 Ross Lake
2.6.2.1 Turbidity and Total Suspended Solids

City Light proposes to collect data from June 2021-May 202322 to establish background turbidity
(NTU) levels within Ross Lake. Sampling will be conducted once per month, at three locations in
the reservoir: Pumpkin Mountain, Skymo, and Little Beaver (see attached mapbook). These
locations are representative of conditions in the downstream, middle, and upstream ends of the
reservoir, respectively, and are used by the NPS in its water quality sampling program funded by
the Skagit Environmental Endowment Council (SEEC). Measurements will be made at depths of
1 m and < 5 m?. Samples for the measurement of TSS (mg/L) will be collected at the same
locations and times as turbidity. TSS samples will be collected according to Ecology’s SOPs
(attached to this study plan) and sent to an accredited laboratory for analysis. The sampling
approach is designed to measure turbidity/TSS during all times of year to characterize background
conditions during minimum water surface elevation in winter, reservoir refill in spring, normal
maximum water surface elevation during summer, and reservoir drawdown in fall.

Turbidity will also be measured at the Big Beaver Creek confluence and in the Ruby Creek arm of
the reservoir during fall, winter, and spring 2021-2023, six times in total, to characterize conditions
when the reservoir is drawn down (TSS samples will be collected when turbidity is measured) (see
attached mapbook). At both locations, grab samples will be collected at the surface and at a depth
of 5 m. The exact timing of the sampling will be identified (in consultation with LPs) in response
to ambient conditions, i.e., to characterize conditions when turbidity is thought by LPs to
potentially influence fish access to tributaries.

City Light will also measure turbidity and TSS during drawdown conditions along three 100-m
transects positioned parallel to the lakeshore (5 m from the shoreline) in three areas where active
shoreline erosion is occurring: Ross Lake Shoreline Erosional Area North, Ross Lake Shoreline
Erosional Area Central, and Ross Lake Shoreline Erosional Area South (see attached mapbook).
Measurements will be made at all three transects during fall, winter, and spring 2021-2023 (six

21 Atmospheric pressure will be measured along with dissolved oxygen.

22 The Updated Study Report (USR) is to be filed by March 2023. City Light recognizes that any data collected beyond
December 2022 are not likely to be included in the USR; all data from the June 2012-May 2023 period will be made
available to Ecology and other LPs and incorporated to the extent possible into the application for Section 401
certification of the Project.

23 Water at the Little Beaver site is sometimes less than 5 m deep.

Skagit River Hydroelectric Project Seattle City Light
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times total). During each sampling event, five measurements will be made, i.e., one every 25 m
along the transect. TSS samples will be collected when turbidity is measured.

2.6.2.2 Fecal Coliform

City Light proposes to collect samples to measure fecal coliform monthly from June—September
2021 (the period of year when recreational use is heaviest) and again from June—September 2022
at the following locations, chosen because they experience relatively high levels of human use:
Hozomeen, Ross Lake Resort, and at three boat access camps managed by the NPS, i.e., Little
Beaver, Lightning Creek, and Big Beaver (see attached mapbook). Surface samples will be
collected according to Ecology’s SOPs (attached to this study plan) and sent to an accredited
laboratory for analysis.

2.6.3 Diablo Lake
2.6.3.1 Temperature, Dissolved Oxygen, and pH

Temperature (°C), dissolved oxygen (mg/L and percent saturation), and pH will be measured at 2-
m intervals along vertical profiles at the upper end of Diablo Lake and in the Diablo Lake forebay
using a Hydrolab® multiparameter sonde with depth probe or equivalent equipment (see attached
mapbook). Sampling will be conducted once per month from June 2021-May 2023.

2.6.3.2 Turbidity and Total Suspended Solids

Turbidity (NTU) and TSS (mg/L) will be measured/sampled at the upper end of Diablo Lake and
in the Diablo Lake forebay (see attached mapbook); measurements will be made and grab samples
will be collected at depths of 1 m and 5 m.

Turbidity will also be measured along a 100-m transect in the Thunder Creek Arm at the bridge
near Colonial Creek Campground (see attached mapbook). Measurements will be made during
fall, winter, and spring 2021-2023, six times in total, to characterize conditions when the reservoir
is drawn down. During each sampling event, five measurements will be made, i.e., one every 25
m along the transect. TSS samples will be collected when turbidity is measured.

2633 Fecal Coliform

Fecal coliform samples will collected monthly from June—September 2021 (the period of year
when recreational use is heaviest) and again from June—September 2022 near Colonial Creek
Campground and near the ELC (see attached mapbook). Samples will be collected according to
Ecology’s SOPs (attached to this study plan) and sent to an accredited laboratory for analysis.

2.6.4 Gorge Lake
2.6.4.1 Temperature, Dissolved Oxygen, and pH

Temperature (°C), dissolved oxygen (mg/L and percent saturation), and pH will be measured at 2-
m intervals along vertical profiles at the upper end of Gorge Lake and in the Gorge Lake forebay
(see attached mapbook) using a Hydrolab® multiparameter sonde with depth probe or equivalent
equipment. Sampling will be conducted once per month from June 2021-May 2023.

Skagit River Hydroelectric Project Seattle City Light
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2.6.4.2 Turbidity and Total Suspended Solids

Turbidity (NTU) and TSS (mg/L) will be measured at the upper end of Gorge Lake and in the
Gorge Lake forebay (see attached mapbook); measurements will be made and samples will be
collected at depths of 1 m and 5 m.

2643 Total Dissolved Gas

TDG (percent saturation) will be measured at two monitoring locations: downstream of Diablo
Dam below the compensation depth?* and in the Gorge Lake forebay (see attached mapbook) using
a Hydrolab® TDG sensor or equivalent equipment. TDG will be measured continuously from June
2021-May 2023.

2.6.5 Gorge Bypass Reach?’
2.6.5.1 Temperature and Dissolved Oxygen

Temperature (°C) and dissolved oxygen (mg/L and percent saturation) will be measured
continuously from June 2021-May 2023 at three locations in the Gorge bypass reach using a
Hydrolab® multiparameter sonde or equivalent equipment: i.e., near Gorge Dam, approximately
1.5 miles upstream of Gorge Powerhouse, and approximately 0.6 miles upstream of Gorge
Powerhouse that stays wet throughout the year (see attached mapbook).

2.6.5.2 Turbidity

Turbidity (NTU) will be measured continuously using a Hydrolab® multiparameter sonde or
equivalent equipment. Measurements will be made at the same locations as temperature and
dissolved oxygen (above) from June 2021-May 2023.

2.653 Total Dissolved Gas

TDG (percent saturation) will be measured continuously below the compensation depth using a
Hydrolab® multiparameter sonde or equivalent equipment. Measurements will be made at the
same locations as temperature and dissolved oxygen (above) from June 202 1-May 2023. Sampling
continuously will allow for the opportunistic measurement of TDG under spill conditions as they
occur. Also, TDG will be monitored during controlled flow releases from Gorge Dam of
approximately 50, 500, and 1,200 cfs (i.e., releases made to develop the Skagit River Gorge Bypass
Reach Hydraulic and Instream Flow Model).

2.6.6 Skagit River below Gorge Powerhouse
2.6.6.1 Temperature, Dissolved Oxygen, and pH

Temperature (°C), dissolved oxygen (mg/L and percent saturation), and pH will be measured
continuously from June 2021-May 2023 in the Gorge Powerhouse tailrace (see attached mapbook)
using a Hydrolab® multiparameter sonde or equivalent.

24 The depth at which the sum of hydrostatic and atmospheric pressure exceeds the gas pressure of TDG-supersaturated
water.

25 A RWG meeting will be held in May/June 2021 to review sampling locations proposed in this RSP and to discuss
the need for benthic macroinvertebrate sampling and other productivity sampling in the bypass reach.
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Temperature (°C) will be measured continuously from June 2021-May 2023 with probes installed
at three stage/discharge gage stations established in the Skagit River downstream of Gorge
Powerhouse for the Instream Flow Model Development Study and at three sites between
Marblemount and just below the Baker River confluence. Temperature measurement stations will
be located at (1) PRM 91.6 (USGS RM 91.1), (2) PRM 85.9 (USGS RM 85.6), (3) PRM 75.6
(USGS RM 75.4), (4) PRM 69.3 (USGS RM 69.1), (5) PRM 60.8 (USGS RM 60.6), and (6) PRM
54.5 (USGS RM 54.3) (see attached mapbook).

2.6.6.2 Turbidity and TSS

Turbidity (NTU) will be measured continuously from June 2021-May 2023 in the Gorge
Powerhouse tailrace (see attached mapbook) using a Hydrolab® multiparameter sonde or
equivalent. TSS (mg/L) will be sampled opportunistically during any periods when turbidity levels
are considered elevated.

2.6.6.3 Total Dissolved Gas

TDG (percent saturation) will be measured continuously from June 2021-May 2023 in the Gorge
Powerhouse tailrace (see attached mapbook) using a Hydrolab® multiparameter sonde or
equivalent.

2.6.6.4 Benthic Macroinvertebrates

Benthic macroinvertebrates (an index of secondary productivity) will be sampled near the six
continuous temperature monitoring locations identified above (i.e., PRMs 91.6, 85.9, 75.6, and
69.3, 60.8, and 54.5) (see attached mapbook) during two periods over two years (for a total of four
sampling events): July and September 2021 and again in July and September 2022. At each
location, benthic macroinvertebrates will be collected with a D-frame kicknet (with an area of 1
ft*> ) over a site length of 2 bankfull widths or more. Eight, 1-ft* kicknet samples will be taken in
multiple riffles at each location during a given sampling period to obtain a single 8-ft> composite
sample. Kicknet samples will be collected and processed according to the relevant field sampling,
preservation, data reporting, records management, and quality assurance and quality control
methods described in Ecology’s SOPs EAP073 included in the QAPP attached to this study plan.

2.6.7 Sauk River
2.6.7.1 Temperature and Benthic Macroinvertebrates

Temperature (°C) will be measured continuously from June 2021-May 2023 with a probe installed
at RM 2.8 in the lower Sauk River (see attached mapbook). Benthic macroinvertebrates will be
sampled at RM 2.8 during two periods over two years (a total of four sampling events): July and
September 2021 and again in July and September 2022. The sampling approach will be the same
as that described for the lower Skagit River (above).

2.6.8 Analysis and Reporting

An interim monitoring report will be filed in March 2022 (with the ISR), and a final study report
will be filed in March 2023 (with the USR) (see Section 2.8 of this study plan). As noted in Section
2.6.1 of this study plan, data collected beyond December 2022 are unlikely to be incorporated into
the USR; however, these data will be made available to Ecology and other LPs and incorporated
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to the extent possible into the application for Section 401 certification of the Project. The final
monitoring report will include:

= A description of the study methodology;

= Maps showing all data collection locations;

= A summary and analysis of existing data sources included in Table 2.3-1, reservoir tributary
temperature data, Skagit River tributary data, and additional data of suitable quality provided
by other entities;

» Summary figures and tables of water quality and benthic macroinvertebrate data collected; and

= A parameter-specific evaluation of results against Ecology’s numeric and narrative criteria.

2.7 Consistency with Generally Accepted Scientific Practice

Methods for data collection, handling, and analysis are in accordance with Ecology guidance and
associated SOPs as detailed in the QAPP attached to this study plan.

2.8 Schedule

Periodic progress reports on fieldwork will be provided to Ecology and LPs.

= Draft QAPP submitted to Ecology for review — Fall 2020

=  RWG meeting to review sampling locations proposed in this RSP and to discuss the need for
benthic macroinvertebrate sampling and other productivity sampling in the bypass reach —
May/June 2021

=  Fieldwork — June 2021 to May 2023

= Data Analysis — August 2021 to August 2023
= ISR — March 2022

= USR —March 2023

2.9 Level of Effort and Cost

The initial estimate for implementation and reporting associated with this study is approximately
$450,000.
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Table 1. City Light responses to LP comments on the study plan prior to PSP.
Commenting
Individual Study Plan
No. | (Organization) Date Section Comment Response
1. Ashley 05/11/2020 General General Comments NPS: 1) City Light agrees that the study plans should
Rawhouser Comment, Title | 1) The study plans should stand alone as an|be stand-alone documents, but there are limits
(NPS) Page independent documents. When referencing the [to what can reasonably be presented in a

PAD or the original Issue Forms submitted by
the LPs a summary of the pertinent information
should be provided.

background or existing information section.
The PAD contains much information, which is
often detailed and nuanced. A summary in this
study plan would not be representative of the
material, and reproducing the content of the
PAD would make the plan unwieldy. City Light
continues to believe that the best approach is for
LPs to reference the PAD (Note” any additional
information located by City Light but not
presented in the PAD will be summarized in the
Water Quality Monitoring Study report).

2) City Light has removed references to the
issue forms from this study plan (consistent
with the approach taken in other study plans).
Text has been added to Section 1.3 to better
explain the role of the issue forms in
contributing to City Light’s suite of study
proposals.

Notwithstanding the restructuring of how issue
forms are represented in study plans, City Light
acknowledges that not every element of water
quality sampling identified in issue forms is
addressed in the proposed study design. The
principal focus of this study as drafted is to
address water quality data gaps needed for 401
water quality certification of the Project. City
Light has demonstrated commitment to long-
term monitoring of other elements requested in
issue forms and will continue to do so through
the partnerships we maintain with LPs in
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No.

Commenting
Individual
(Organization)

Date

Study Plan
Section

Comment

Response

ongoing and future monitoring of water quality
trends, including such metrics that are not
typically conditioned to licenses (e.g., benthos
sampling or reservoir phytoplankton), but for
which long-term trend monitoring is useful for
understanding effects of climate change and
other environmental and operational factors at
play in the watershed. City Light sees these
commitments as largely falling outside of the
401 water quality certification process and best
identified and prioritized through a longer term
strategic management plan that could be
coordinated with LPs and agreed to as part of
license conditions beyond the two-year FERC
study time frame. Long term strategic sampling,
in coordination with City Light’s climate
resilience strategy, and incorporating a shared
data management approach with LPs, is in
keeping with City Light’s environmental
stewardship ethos. City Light would welcome
furthering such an approach following license
issuance in an independent working group that
is expressly focused on strategically prioritized
long-term trend monitoring of appropriate water
quality metrics.

Monika
Kannadaguli
(Ecology)

05/13/2020

Section 1.1,
General
Description of the
Project

“The Project generating facilities are in the
Cascade Mountains of the upper Skagit River
watershed, between river miles (RM) 94 and
127. Power from the Project is transmitted via
two 230-kilovolt pewerlinespower lines that
span over 100 miles and end just north of Seattle
at the Bothell Substation.”

In its documents, including the PAD, City Light
consistently uses “powerlines;” the unedited
version has been retained in this and other study
plans.

Brock
Applegate
(WDFW)

05/11/2020

Section 1.2,
Relicensing
Process

“This study plan reflects the RWG consultation
effert, and City Light will continue to engage
the RWG structure in the preparation of the
Proposed and Revised Study Plans (18 Code of

Section 1.2 and 1.3 were redrafted to better
describe the 2019 collaborative process. Formal
consultation does not begin until after the PAD
is officially submitted. Although the informal
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Commenting
Individual Study Plan
No. | (Organization) Date Section Comment Response
Federal Regulations [CFR] §§ 5.11-5.13), and | 2019 process leading up to the development of
through the relicensing process generally.” draft study plans did not result in consensus
regarding all issues raised by LPs, City Light
New comment provided on 06/24/2020: views this process as a collaborative effort (i.e.,
WDFW does not consider the process as |the action of working together).
collaborative when the licensee tells the
Licensing Participants (LP) to take their issues | Response to comment provided on
to FERC. SCL management would not select|06/24/2020:
the collaborative licensing process, the|City Light appreciates your agency’s input and
Alternative Licensing Process, which most, if | looks forward to working with you to address
not all, licensing participants preferred. SCL [resource issues during the relicensing
can select the licensing process they prefer, but | proceeding.
the ILP operates in consultation, not
collaboration when SCL chooses to separate the
licensing process from the settlement agreement
process. I would agree that we did collaborate
during the collection of study issues.
4. Judy Neibauer 05/13/2020 Section 1.2, “This study plan reflects the RWG consultation, | See revisions to Section 1.3.
(USFWS) Relicensing and City Light will continue to engage the
Process RWG structure in the preparation of the
Proposed and Revised Study Plans (18 Code of
Federal Regulations [CFR] §§ 5.11-5.13), and
through the relicensing process generally.”
Mention here that this information will help
inform NEPA, the BA for ESA consultation,
and the information needed for Section 10j for
the Fish and Wildlife Coordination
Act....similar to your other study plans....
5. Ashley 05/11/2020 Section 1.3 In general, NPS believes the study plans should | City Light agrees that study methods must be
Rawhouser Study Plan standalone as independent documents that|clearly stated so that the study could be
(NPS) Development |contain enough detail so they could be|replicated, and such clarity will be provided as

replicated by an uniformed "outside" party.

the study plan and its associated QAPP are
finalized. A draft QAPP will be included in City
Light’s Proposed Study Plan (PSP), at which
time LPs can provide comments on the QAPP.
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Commenting
Individual Study Plan
No. | (Organization) Date Section Comment Response
The QAPP will describe the technical aspects of
all field, laboratory, and data management
aspects of the study, including the frequency of
instrument calibrations.
6. Judy Neibauer 05/13/2020 Section 1.3 Yes. My experiences with the Chelan PUD | See Comment Response #5.
(USFWS) Study Plan FERC study plans are the if the words are not
Development |accurate in the studies, they continually are
brought up and argued about what was meant or
what was supposed to be studied....Please make
studies clear so that FERC and working groups
will understand them.
(See Comment #5)
7. Ashley 05/11/2020 Section 1.3 “Resource issues to be addressed in part by this | See Comment Response #1.
Rawhouser Study Plan study in combination with existing information
(NPS) Development | are identified in the following issue forms: (1)

FA10 Reservoir Turbidity; (2) FA14 Water
Quality Monitoring; and (3) FA15 Water
Quality Data.”

Please briefly describe or outline the issues to
ensure we are all on the same page. Additional
NPS issue forms that relate to this study plan but
are not listed: FA-08 and FA-05

Current NPS issues include:

1)  The proposed development of pumped
storage will likely change water temperatures,
thermal  stratification, dissolved oxygen
concentrations, nutrient concentrations, and
turbidity in all three reservoirs and downstream
in the Skagit River. These changes will have
cascading effects on the biological communities
and food webs in these waterbodies. In order to
assess the impacts associated with this proposed
development, existing water quality conditions
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need to be established. These data will also be
needed to develop a hydrodynamic model that
will be used to evaluate changes in reservoir
water circulation, stratification, and the water
quality characteristics of project's powerhouses
outflows.

2) Sustained (maximum 7-day average) water
temperatures routinely exceed 20°C in July,
August, and September in Ross Reservoir and
may inhibit the fall spawning migration of Bull
Trout and Dolly Varden and reduce the amount
of suitable habitat for foraging and rearing for
these species.

3) The primary inflow to Diablo, Gorge, and
the Skagit River at Newhalem is from the
hypolimnetic releases from the reservoirs
above. This is likely depressing water
temperatures in these waterbodies reducing
invertebrate productivity and the growth of
native fish species.

4) Due to impoundment, nutrients are likely
sequestered in the reservoirs through biological
uptake and deposition into lake sediments rather
than flowing downstream. This is potentially
reducing invertebrate productivity and the
growth of native fish downstream in Diablo,
Gorge, and the Skagit River below the
Newhalem Powerhouse.

5) The Bypass Reach is currently dewatered
due to hydroproject operations an only receives
limited inflow from dam leakage and small
intermittent tributaries.

6) Increased turbidity during seasonal
drawdowns may impair migration and foraging
of native Bull Trout, Dolly Varden, and
Rainbow Trout.
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7) Accumulation of heavy metals in reservoir
sediment, primarily Ross, and subsequent
uptake into the food web and fish tissue related
to historic and active placer mining in the BC
portion of the Skagit River and the Ruby Creek
watershed.
8. Brock 05/11/2020 Section 1.3 I agree with Ashley. SCL should make more|See Comment Response #1.
Applegate Study Plan specific details on which part of these studies
(WDFW) Development | that they will cover in this study.
(See Comment #7)
9. Judy Neibauer 05/13/2020 Section 1.3 “Resource issues to be addressed in part by this | See Comment Response #1 regarding issue
(USFWS) Study Plan study in combination with existing information | forms.
Development | are identified in the following issue forms: (1)

FA10 Reservoir Turbidity; (2) FA14 Water
Quality Monitoring; and (3) FA15 Water
Quality Data.”

Describe her the issues, and how this study
addressed what data gaps. Link to additional
studies like erosion, sedimentation, operational
flow models, geomorphology or landforms.
You will want to know if some areas are
naturally high in turbidity or not. You will want
to know if exceedances occur under a range of
operational flows. You will want to compare
conditions  upstream in  reservoirs to
downstream areas to determine sources of water
quality issues. Doing this may help establish
additional monitoring locations for data
collection. As well, link to the Baker River WQ
data to determine how far downstream effect
can be observed and for cumulative effects......

An integrated environmental analysis will
specifically address links across resource areas.
The FERC process schedule positions the
integrated environmental analysis subsequent to
the completion of the study program and prior
to the filing of a Project License Application.
City Light will work with RWGs to integrate
information from related studies as part of the
ILP process. City Light has added language to
Section 1.3 to better describe potential linkages
between studies being implemented during
relicensing.

City Light plans to collect data over a range of
flows, as discussed in the methods section.

City Light acknowledges the need to consider
data from downstream locations and will assess
the nature of the Project’s contribution to
cumulative effects downstream of the Sauk
River confluence using existing available
information as part of the relicensing process.
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This would include not only Baker River data
but data from other sources as well.
10. Monika 05/13/2020 Section 2.1 “City Light proposes to direct resources toward | City Light questions whether toxic substances
Kannadaguli Study Goals and |the collection of data needed to characterize | buried in sediment behind Ross Dam are likely
(Ecology) Objectives parameters that are not currently well|to be mobilized during current or potential
understood.” future Project operations—although the

I do not see any future proposal or past data for
sediment sampling behind Ross Dam.

There are known sources of mining and
superfund sites upstream of Ross dam. I
understand that these sites are not part of SCL
project but stormwater discharged from these
sites have potential to impact sediment quality
downstream. Accumulation of sediments
behind Ross dam is a project impact. Was there
any data collected in the past to monitor the
sediment quality behind Ross dam.

potential for the release of toxics will be
explored during the integrated analysis of
potential Project effects conducted during the
ILP.

Rather than sampling sediments that have
accumulated at depth, City Light believes that
existing/ongoing fish tissue data provide a
better indicator of the potential effects of toxics
in Ross Lake integrated over time in a
biologically meaningful way.

Fish tissue samples collected by Ecology in
Ross Lake do not indicate toxics-related issues,
as explained below. Seiders and Deligeannis
(2018) evaluated data from tissue samples taken
from 70 Rainbow Trout and native char
collected by NPS, which were analyzed for
chlorinated pesticides, PCBs,

PBDEs, and metals. Concentrations of
chlorinated pesticides and PCBs were low “and
comparable to levels seen in waterbodies
deemed to have little apparent human impact
(Johnson et al, 2010, 2013, as cited in Seiders
and Deligeannis 2018).”

Seiders and Deligeannis (2018) state: “The
concentrations of metals in the 2015 samples
appear to be typical. Levels of copper were
within or slightly above ranges (0.37-2.18
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mg/kg, respectively) found in other studies in
Washington (Energy, 2012; EPA).
Concentrations of mercury in 2015 (0.147-
0.600 mg/kg) seem typical for the size, age, and
trophic level for the native char and rainbow
trout that were analyzed. Levels of selenium
were detected just above the reporting limit and
were within a guideline of 3 mg/kg for the
protection of piscivorous wildlife (MacDonald,
1994). Concentrations of zinc were also similar
to the median value (8.2 mg/kg) for fish fillets
across Washington as reported by Serdar and
Johnson (2006)...The 2015 sample results
should serve as a good baseline for future
comparisons.”

In addition, City Light has recently become
aware of additional toxics data collected in the
Skagit River at the US-Canada border (data
collected by the USGS, Washington Water
Science Center). Dissolved and whole metals
are collected periodically, and bed sediment and
Rainbow Trout liver and fillet metals are
collected annually. These data are not included
in Table 2.3-1 because they reflect conditions in
an area outside the range of Project impacts
(except perhaps fish tissue metals levels given
that fish migrate between the reservoir and
tributaries). The data will be briefly
summarized in the Water Quality Monitoring
Study report filed with FERC.

11.

Judy Neibauer
(USFWS)

05/13/2020

Section 2.1
Study Goals and
Objectives

“The water quality parameters listed below will
be monitored in the identified waterbodies
during the relicensing study period.”

Something that is coming to light with climate

Climate change will be addressed as part of the
cumulative effects analysis that will be
conducted as part of FERC’s NEPA process.

Under current conditions, however, Ross Lake
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change is increasing issues with blue green|is  considered  oligotrophic. = Nuisance

algae. In some bull trout streams, even tho cold,
we are seeing changes in type and amounts of
algae. In terms of nutrients, this should be part
of a long term monitoring program to be able to
detect WQ issues related to algae invasions.
Climate change will increase these events in
some locations....... There are likely key
locations both above and below reservoirs,
downstream to the mouth, that would provide
data some early warning data, to a potentially
hazardous problem for both fish, wildlife, and
people....

cyanobacteria (aka blue-green algae) issues in a
reservoir with such low nutrient concentrations
are highly unlikely.

Although tributaries upstream of the Project are
important, conditions in these tributaries are
outside the range of the Project’s impacts and
the scope of this proposed study. Nevertheless,
the Water Quality Monitoring Study report will
include a description of algae data collected
annually in the Skagit River at the US-Canada
border.

Regarding the suggested expansion of the
spatial scope of this analysis, City Light plans
to assess the nature of the Project’s contribution
to cumulative effects (as required by the NEPA
process) downstream of the Sauk River
confluence using existing available
information. Water quality effects from the
Project in the lower reaches of the Skagit River
and Puget Sound, given the numerous inflows
and complex array of factors contributing to
existing environmental conditions in these
areas, will be extremely unlikely to be
discernible. The proposed study is focused on
filling data gaps in our current understanding of
water quality conditions in the areas influenced
by the Project. An expansion of scope as
proposed is not warranted based on the
extensive existing information indicating water
quality criteria are being met in the reaches
directly affected by the Project.
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12. Monika 05/01/2020 Section 2.1 “Specific objectives of this study include the | Initial proposed locations for data collection are
Kannadaguli Study Goals and | following:” identified in the Methods section of the study
(Ecology) Objectives plan.  However, locations may be
What are the locations for conducting baseline | modified/refined in consultation with Ecology
monitoring? and other LPs.
13. | Brian Lanouette | 05/04/2020 Section 2.1 “Specific objectives of this study include the|City Light understands cultural
(Upper Skagit Study Goals and | following:” oligotrophication to be the result of a loss of
Indian Tribe) Objectives nutrients, phosphorus in particular, from
A water quality evaluation should evaluate | watersheds. If there is nutrient depletion due to
nutrient (N/P) ratios as well to examine|upstream land uses, it does not constitute a
evidence for cultural oligotrophication of the|Project effect.
systems.
City Light believes existing information is
Should also be expanded to biological|sufficient to characterize the zooplankton
monitoring (phytoplankton, zooplankton, and|communities of Ross Lake (see PAD and Table
benthic macroinvertebrates) 2.3-1 of this study plan). Benthic
macroinvertebrates, while critical to a
All 3 reservoirs should be included in this. functioning ecosystem, are unlikely to serve as
the basis for PMEs, and City Light questions the
need for potentially costly and time consuming
(mostly due to sample processing) data
collection that is unlikely to be used to
formulate  eventual license  conditions.
However, sampling macrobenthos could be
undertaken as part of long-term monitoring, as
explained in Comment Response #1).
14. Rick Hartson 05/08/2020 Section 2.1 “Specific objectives of this study include the | The objectives and corresponding methods have
(Upper Skagit Study Goals and | following:” been revised to include measurement of total
Indian Tribe) Objectives suspended solids (TSS) at the locations and

Additional objective: Characterize suspended
sediment in tributary inflows, within reservoirs,
and downstream of the project.

times associated with turbidity measurements in
Project reservoirs. However, TSS in tributaries
reflects watershed conditions of those
tributaries, not a Project effect, by which these
studies are parameterized.
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15. Ashley 05/12/2020 Section 2.1 “Specific objectives of this study include the|Table 2.3-1 has been modified to add more
Rawhouser Study Goals and | following:” specificity regarding where data were collected
(NPS) Objectives and whether parameters are/were continuously
The PAD and this study plan do not adequatly | or discretely monitored. This more detailed
summarise the existing data and ID data gaps. |treatment sheds light on data gaps and City
As such, the list provided below needs to be | Light’s data collection objectives to fill those
expanded in terms of geographic and temporal | gaps. In addition, City Light is in the process of
scope and interms of the parameters measured. |organizing all its data files, which will be
provided to LPs so that they can verify that
The current objectives do not address the issues | existing data are suitable for characterizing
identified by NPS in the previous comment. water quality in the Project Area.
Revising the objectives is probably better
accomplished outside of the bubble format.
16. | Judy Neibauer 05/13/2020 Section 2.1 1* Bullet — Edits in red text The objective and corresponding methods have
(USFWS) Study Goals and been revised to include turbidity measurements
Objectives “Specific Objectives of this study include the |[in Diablo and Gorge lakes. The study plan
following: already includes turbidity measurements in the
Skagit River immediately downstream of Gorge
= Characterize background levels of turbidity | Powerhouse.
in the Skagit River, Ross Lake, Diablo Lake,
and Gorge Lake at a range of operational
flows.”
17. | Brian Lanouette | 05/04/2020 Section 2.1 27 Bullet — Comment City Light welcomes LP input regarding
(Upper Skagit Study Goals and specific evidence that suggests a given
Indian Tribe) Objectives “Measure fecal coliform levels at targeted|recreation site should be added to what is

locations in Ross Lake.”

Should include all recreational use facilities in
the project boundary. (i.e. Diablo, George, and
others)

proposed under this objective. City Light is
aware of no evidence to suggest that bacteria
levels are a problem anywhere in the Project
area. The sampling proposed in this study plan
is meant to screen some of the higher-use areas
to see if there are any indications of problems.
Sampling at every site would be excessive and
not warranted based on the quality of water in
the Project area. The bacterial monitoring as
proposed takes a risk-based approach wherein
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sites selected for sampling experience the
highest recreational use and hence qualitatively
would have the highest likelihood of bacterial
contamination.
18. | Judy Neibauer 05/13/2020 Section 2.1 27 Bullet — Comment Bacteria levels in the tributaries upstream of the
(USFWS) Study Goals and Project boundary and in the Skagit River
Objectives “Measure fecal coliform levels at targeted |downstream of the boundary do not constitute
locations in Ross Lake.” Project effects. Moreover, activities such as
rafting are transitory in nature and sampling
Add in sites at additional recreational sites, or | would be unlikely to capture the effects of such
future new rec sites (i.e. rafting) along the |recreation. Also, results of monthly fecal
mainstem Skagit River, or where there are sites | coliform measurements in the Skagit River at
in adjacent tribs that could be affecting|Marblemount, 2009-2018, are well below
downstream waters Ecology’s criteria, indicating that overall
conditions are suitable downstream of the
Specifically add in mining sites (Ruby) that|Project.
could send elevated WQ parameters into
reservoirs. Would need to know if issues are | Mining sites in the Ruby Creek drainage are
within SCL or adjacent/ but cumulative issues. |well outside of the Project Boundary, are not
affected by Project actions, and have been
thoroughly investigated by Ecology for their
potential effects on reservoir fish and water
quality. See Comment Response #10.
19. Judy Neibauer 05/13/2020 Section 2.1 3 Bullet — Edits in red text The text has been edited to include Diablo and
(USFWS) Study Goals and Gorge Lake in a single objective as requested.
Objectives “Specific Objectives of this study include the | City Light believes that existing dissolved
following: oxygen and pH data are sufficient to
characterize conditions in Ross Lake.
=  Measure dissolved oxygen and pH along
vertical profiles in Gorge, Diablo, and Ross
Lake.”
20. Brock 05/11/2020 Section 2.1 4% Bullet — Comment Spills are infrequent at Ross Dam due to Ross
Applegate Study Goals and Lake’s large storage capacity. Spills at Ross
(WDFW) Objectives “Measure total dissolved gas below Diablo |Dam are typically associated with gate testing,

Dam during spill events.”

are of short duration, and average only a few
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cfs. In most years, there is no spill from Ross

Does SCL have the total dissolved gas below | Lake. As such, there is no potential for adverse

Ross Dam or a reason not to collect the|impacts due to eclevated TDG levels

information? downstream of Ross Dam.

New comment provided on 06/24/2020: Response to comment provided on

If you spill, even in small amounts, SCL has a|06/24/2020:

“little” potential for adverse impacts. Whether sufficient gas is entrained to result in
elevated TDG concentrations depends on the
volume of water spilled relative to the volume
of the receiving water. If spills at Ross Dam are
typically only a few cfs, any effect would be
diluted in the receiving water and would be very
unlikely to translate into potential harmful
impacts on fish or other aquatic biota. However,
your objection to the use of absolute language
is appreciated. Rather than state that “there is no
potential for adverse impacts...,” City Light
provides the following restatement: “As such,
adverse impacts are highly unlikely...”

21. Judy Neibauer 05/13/2020 Section 2.1 5% Bullet — Edits in red text and comment See Comment Responses #1 and #19.
(USFWS) Study Goals and
Objectives Coemmmpedienolocs cosenon el ol elone
- al s in G e

Just use one bullet for all the lakes, need to have

Ross in here, if you already are monitoring that,

just say that and discuss how you will add that

to new data. Put current data within background

or existing information section.

22. Rick Hartson 05/08/2020 Section 2.1 6™ Bullet — Comment Temperature (°C) will be  measured
(Upper Skagit Study Goals and continuously with probes installed at riverine
Indian Tribe) Objectives “Measure temperature and dissolved oxygen in |nodes established in the Skagit River

the Gorge bypass reach.”

And further downstream until effects of

downstream of the Gorge Powerhouse as part of
the Operations Model Study.
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hypolimnetic release are dissipated. Dissolved oxygen will be collected at two
locations in the Gorge Bypass reach and just
below Gorge Powerhouse and at Marblemount
(also there are historical data at Marblemount).
City Light believes these measurements will be
sufficient without the need for additional sites
downstream of the Project.
23. Judy Neibauer 05/13/2020 Section 2.1 6™ Bullet — Comment Field observations to date show that water
(USFWS) Study Goals and clarity is high in the bypass reach nearly all the
Objectives “Measure temperature and dissolved oxygen in | time, so turbidity measurements do not appear
the Gorge bypass reach” necessary. There are no large tributaries to the
bypass reach, so sediment and nutrient loading
It seems that this reach has rarely been studied |are minimal. City Light continues to believe
with it dewatering. I suggest that monitoring of | that the proposed collection of temperature,
turbidity, and possibly other nutrients should be | dissolved oxygen, and TDG data will provide
added to understand its baseline conditions. the information necessary and relevant for
assessing Project impacts.
24, Ashley 05/13/2020 Section 2.2 “2.2 Resource Management Goals” Thank you for your comment. City Light
Rawhouser Resource identifies its goals in Section 2.2. The second
(NPS) Management | think it would be beneficial for SCL and LPs|part of this section is intended to represent
Goals develop a set of RM questions this study will |agency management goals, and City Light
answer. This, as a starting point, would inform | invites LP input. If NPS has specific resource
the objectives, scope, and methods to be used. | management goals it believes are relevant for
inclusion, please provide them to City Light for
consideration.
25. Judy Neibauer 05/13/2020 Section 2.2 “2.2 Resource Management Goals” Thank you. City Light is aware of these study
(USFWS) Resource request guidelines. Also, it is worth noting that
Management | According to guidelines for the ILP...this|the criteria pertain to “public interest,” not
Goals section should also include information about | public “input.”
public input considerations...maybe you have
this somewhere already... see-
https://www.ferc.gov/industries/hydropower/g
en-info/guidelines/guide-study-criteria.pdf
26. Judy Neibauer 05/13/2020 Section 2.2 “The proposed study will provide information, | See Comment Responses #9 and #11.
(USFWS) Resource which in combination with existing data, will be
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Management
Goals

used to characterize water quality within the
study area and allow resource agencies with
jurisdiction over water or aquatic resources to
analyze any Project effects related to water
quality.”

I suggest you extend the scope to the full basin,
maybe you have existing data elsewhere, You
should discuss it and show how you will add it
into the study, and augment with new data. Link
to the geopmorphology, landform, and
operational studies to understand where
addition key areas are from a hyporheic
standpoint. That would be important refugia
sites for monitoring temperatures over time.

Please see our critical habitat rule that has 9
PCEs that need to be maintained. These were
developed in 2010. Water quality and
temperatures are included. Other PCEs protect
key regugia. This study should be designed with
these PCEs in mind as well,

Describe other agency resource goals here as
well

7-DADMax water temperatures in the Skagit
River between the Project and the Sauk River
are cool year round (rarely >14 °C), so unlike
many systems where water becomes warm,
thermal refugia between the Project and the
Sauk River confluence are not a significant
issue.

27.

Rick Hartson
(Upper Skagit
Indian Tribe)

05/08/2020

Section 2.3
Background and
Existing
Information

“Between 2009 and 2018, the average low
water surface elevation was 1,535 feet.”

Describe over the course of the current license.

The text was revised as follows: “Between 1991
and 2018, the average low water surface
elevation ranged from 1,467.1 feet (in April) to
1,584.8 feet (in August).”

28.

Rick Hartson
(Upper Skagit
Indian Tribe)

05/08/2020

Section 2.3
Background and
Existing
Information

“Under normal operations at both the Gorge and
Diablo developments there is a short section of
free-flowing river between the Diablo tailrace
and the upper end of Gorge Lake.”

This is an unnecessary qualifier. It speaks in
contrast to the cultural impact felt by the Upper
Skagit Tribe.

The word “short” has been deleted from this
sentence.
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29.

Monika
Kannadaguli
(Ecology)

05/01/2020

Section 2.3
Background and
Existing
Information

“Because of Gorge Lake’s relatively low
storage volume, unplanned spills at the dam can
occur any time inflow exceeds generation
capacity. In addition, because flows from the
Gorge Development are critical for fish
production and protection in the Skagit River,
water from Gorge Lake is spilled into the Gorge
bypass reach if flows through Gorge
Powerhouse are insufficient to meet
downstream flow requirements specified under
the 2013 Revised Fisheries Settlement
Agreement (FSA) for salmon or steelhead
spawning or rearing.”

What flows are you targeting to meet?

What is the threshold for spill? Where is this
measured in the system?

City Light is required by the existing FSA to
release targeted flows to protect and enhance, as
possible, spawning, incubation, and rearing of
the different life stages and species of salmonids
using habitats downstream of the Gorge
Powerhouse. Descriptions in the PAD (Section
3.5.2) describe these parameters under the
existing license. (These descriptions will also be
included in the license application).

The “threshold” for spill depends on a number
of interacting factors, and a description of
operations at this level seems beyond the scope
of this section. Instead, the operations model,
which is being developed, and eventually will
be run, with input from LPs, will provide the
operational  characterizations needed to
complete the integrated effects analysis.

30.

Monika
Kannadaguli
(Ecology)

05/01/2020

Section 2.3
Background and
Existing
Information

“Because of Gorge Lake’s relatively low
storage volume, unplanned spills at the dam can
occur any time inflow exceeds generation
capacity. In addition, because flows from the
Gorge Development are critical for fish
production and protection in the Skagit River,
water from Gorge Lake is spilled into the Gorge
bypass reach if flows through Gorge
Powerhouse are insufficient to meet
downstream flow requirements specified under
the 2013 Revised Fisheries Settlement
Agreement (FSA) for salmon or steelhead
spawning or rearing.”

Does this mean downstream of the dam or
downstream of the gorge powerhouse

The FSA stipulates flow targets for the river
downstream of Gorge Powerhouse, per
Comment Response #29. Text revised
accordingly for clarity.

31.

Jon-Paul
Shannahan

05/11/2020

Section 2.3
Background and

“The reach of the Skagit River between Gorge
Dam and Powerhouse is referred to as the

Previous documents state that the bypass reach
is 2.7 miles long. Current calculations by City
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(Upper Skagit Existing bypass reach and is about 2.5 miles long.” Light, made in 2019, reveal the bypass to be 2.5
Indian Tribe) Information miles long. This vetted number was used
This needs to be measured and standardized in | consistently throughout the PAD and study
all documents. plans.

32. Brock 05/11/2020 Section 2.3 “The reach of the Skagit River between Gorge | Most of this paragraph consists of a general
Applegate Background and |Dam and Powerhouse is referred to as the|description of the bypass reach, which is
(WDFW) Existing bypass reach and is about 2.5 miles long.” relevant. However, City Light agrees that the

Information statement relating to fish passage is not germane
Why do we have all this fish passage |to the water quality study plan and has removed
information in the water quality study? Can we | the last sentence from the paragraph.
input this fish passage data in the instream flows
study where SCL will need to describe which
species uses what part of the bypass reach for
which habitat? See the Habitat Suitability
Curves (HSC) Section of the Instream Flow
Study Plan.

33. Monika 05/01/2020 Section 2.3 “Under the current Project license, City Light is| “FERC (1995)” has been added to this
Kannadaguli Background and | not required to release any flow into the Gorge | statement. See pages 43, 44, 49, and 50 of the
(Ecology) Existing bypass reach.” FERC Environmental Assessment (1995).
Information Online link:

Please add specific document reference here | http://www.seattle.gov/light/skagit/Relicensing
(and web link or SharePoint link) /default.htm
Which condition in the previous FERC license
says that City light is not required to release any
flow into the Gorge bypass reach. ........
34, Judy Neibauer 05/13/2020 Section 2.3 “Under the current Project license, City Light is | See Comment Response #9.
(USFWS) Background and | not required to release any flow into the Gorge
Existing bypass reach.” Thank you for your suggestion regarding
Information linking studies. In implementing the final

If you are doing studies for safety and
recreation. Link to them, and include the
monitoring of WQ data at the same time....

approved study plans, City Light will be
reviewing all opportunities for efficiencies that
do not compromise the objectives or methods of
individual studies.
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35. Monika 05/01/2020 Section 2.3 “Much of this reach is upstream of several | See Comment Responses #32 (this sentence has
Kannadaguli Background and | natural barriers to anadromous fish passage; the |[been deleted from the Water Quality
(Ecology) Existing most downstream of these barriers is located 0.6 | Monitoring Study Plan) and #33. This statement
Information miles upstream of Gorge Powerhouse at about is, however, based on a number of sources in the
RM 95 (Smith . and  Anderson 19213\ ecord (see the PAD and FERC (1995)).
Envirosphere 1989). Nevertheless, City Light understands and
We will need to work on this. I am not hearing apprec.i ates the importanc.e of th? . quegtions
same conclusion from the other stakeholders. regarding passage 'and hablt'at conditions in th.e
bypass reach, and its potential value as a transit
and/or spawning/rearing environment under
different flow conditions. The subject of
potential passage of salmonids upstream of
documented barriers in the bypass reach
(Envirosphere 1989) and the options for how
best to consider the functional values of the
habitat therein will be addressed at length
during the ILP. It will constitute a major
element of the integrated analysis of potential
Project effects and be addressed thoroughly in
the License Application and its supporting
documentation.
36. Jon-Paul 05/11/2020 Section 2.3 “Much of this reach is upstream of several | See Comment Responses #32 (this sentence has
Shannahan Background and | natural barriers to anadromous fish passage; the |been deleted from the Water Quality
(Upper Skagit Existing most downstream of these barriers is located 0.6 | Monitoring Study Plan), #33, and #35.
Indian Tribe) Information miles upstream of Gorge Powerhouse at about
RM 95 (Smith and Anderson 1921;
Envirosphere 1989).”
Presumed velocity
37. Rick Hartson 05/08/2020 Section 2.3 “Much of this reach is upstream of several | See Comment Responses #32 (this sentence has
(Upper Skagit Background and | natural barriers to anadromous fish passage; the |[been deleted from the Water Quality
Indian Tribe) Existing most downstream of these barriers is located 0.6 | Monitoring Study Plan), #33, and #35.
Information | miles upstream of Gorge Powerhouse at about
Skagit River Hydroelectric Project Seattle City Light
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RM 95 (Smith and Anderson 1921;
Envirosphere 1989).”
Where in Smith and Anderson is this particular
“barrier” described?
38. Rick Hartson 05/08/2020 Section 2.3 “Much of this reach is upstream of several | See Comment Responses #32 (this sentence has
(Upper Skagit Background and | natural barriers to anadromous fish passage; the [been deleted from the Water Quality
Indian Tribe) Existing most downstream of these barriers is located 0.6 | Monitoring Study Plan), #33, and #35.
Information miles upstream of Gorge Powerhouse at about
RM 95 (Smith and Anderson 1921;
Envirosphere 1989).”
Envirosphere 1989 describes that flows of 1000
cfs create conditions that allow passage of
several salmonid species.
39. Rick Hartson 05/08/2020 Section 2.3 “The primary purpose of the Flow Plan was to | City Light feels that the minimizing of Project
(Upper Skagit Background and | minimize past-the effects of Project operations | effects due to flow releases is ongoing, and
Indian Tribe) Existing on redd protection and fry stranding on salmon | hesitates to use the word “past.”
Information and steelhead.”
The second proposed text edit has been
Downstream of the Gorge Powerhouse accepted with modification, i.e., “The primary
purpose of the Flow Plan is to minimize the
effects of Project operation on salmonids by
providing spawning flows and protecting redds,
fry, and yearlings.”
40. Ashley 05/12/2020 Section 2.3 “Much of this reach is upstream of several | Agreed. Text deleted.
Rawhouser Background and | natural barriers at certain flows (partial barriers)
(NPS) Existing to anadromous fish passage; the most
Information downstream of these barriers is located 0.6

miles upstream of Gorge Powerhouse at about
RM 95 (Smith and Anderson 1921;
Envirosphere 1989).”

Delete. Not pertenent for this study plan.
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41. Brock 05/11/2020 Section 2.3 “Much of this reach is upstream of several | See Comment Responses #32 (this sentence has
Applegate Background and | natural barriers at certain flows (partial barriers) |[been deleted from the Water Quality
(WDFW) Existing to anadromous fish passage; the most|Monitoring Study Plan), #33, and #35.
Information downstream of these barriers is located 0.6
miles upstream of Gorge Powerhouse at about | Response to comment provided on
RM 95 (Smith and Anderson 1921;]|06/24/2020:
Envirosphere 1989).” Thank you for your comment. Additional
discussions regarding the issue of Project fish
Many fish, definitely steelhead, routinely make | passage are anticipated and City Light
their way over or around this barrier, when the | welcomes  discussion of the proposed
pool depth below the partial barrier becomes so | characterization at that time.
deep. More fish passage will occur if we have
more flow within the bypass reach.
New comment provided on 06/24/2020:
Please insert this paragraph into the Fish
Passage Study Plan.
42. Judy Neibauer 05/13/2020 Section 2.3 “Much of this reach is upstream of several | See Comment Responses #32 (this sentence has
(USFWS) Background and |natural barriers at certain flows (partial barriers) |[been deleted from the Water Quality
Existing to anadromous fish passage; the most|Monitoring Study Plan), #33, and #35.
Information downstream of these barriers is located 0.6
miles upstream of Gorge Powerhouse at about
RM 95 (Smith and Anderson 1921;
Envirosphere 1989).”
Bull trout, lamprey, and other species may be
able to manipulate cascades, etc...that allow
passage at certain flows. I have surveyed lots of
barriers, snorkeled and seen bull trout jump and
slither over many obstacles. This seems
important for a fish passage study, but WQ
should be measured in these areas.
43. Judy Neibauer 05/13/2020 Section 2.3 “The primary purpose of the Flow Plan was to | See Comment Response #35. Bull trout will be
(USFWS) Background and | minimize the effects of Project operations on | considered.
Existing salmon and steelhead.”
Information
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We now know lots more about what bull trout
do, and they are anadromous here, so when we
are developing instream flows, we will need to
include bull trout and their prey species. As well
consider their Critical Habitat parameters now
too
44, Monika 05/13/2020 Section 2.3 “Table 2.3-1. Summary of existing water|Table 2.3-1 has been modified to add more
Kannadaguli Background and | quality data collected since 1991!, Skagit River | specificity regarding where and when data were
(Ecology) Existing Hydroelectric Project.” collected and whether they were continuously
Information or discretely monitored. Also, please note that

Please elaborate this table to clarify for which
parameters there is continuous data available.

If a specific parameter is measured only for a
few months in any year, please clarify that.

an objective has been added to the study plan
that specifies that City Light will provide a
complete summary of all pertinent water quality
data in the Water Quality Monitoring Study
report (City Light has become aware of
additional information since the time the PAD
was drafted).

In addition to the information shown in Table
2.3-1, City Light will also summarize select
inflow water quality information, which may be
useful for informational purposes. For example,
City Light is gaining access to water quality
data collected in the Skagit River at the US-
Canada border (data collected by USGS,
Washington ~ Water  Science  Center).
Temperature,  dissolved  oxygen, pH,
conductivity, and FDOM data are collected
continuously at this location; samples for
nutrients, major ions, and dissolved and whole
metals are collected periodically; bed sediment,
algae, snail, and Rainbow Trout liver and fillet
metals data are collected annually. These data
are not included in Table 2.3-1, however,
because they reflect conditions in an area
outside the range of Project impacts (except
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perhaps fish tissue metals levels given that fish
migrate between the reservoir and tributaries).
The data will be briefly summarized in the
Water Quality Monitoring Study report filed
with FERC.
45. Rick Hartson 05/08/2020 Section 2.3 “Parameters for which multiple years of|See Comment Response #44. Datasets in many
(Upper Skagit Background and |recent data have been collected are|cases are extensive, i.e., collected over a long
Indian Tribe) Existing considered to be adequately represented by | enough period to account for environmental and
Information existing information.” operational variability; these variations will be
summarized in the final report of the results
The specific years should be assessed to|from the study. In instances where the data
describe relevant environmental conditions |collection period is shorter, City Light has
and project-related actions (e.g. summer | proposed to collect additional data to bolster the
drought, 10-year flood event, large spills or |existing record. City Light believes that the
drawdowns, etc.), then determine whether |proposed study design, as revised per LP
additional years of data need to be collected. | comments, plus existing information should
enable characterization of water quality
conditions within and downstream of the
Project with high confidence and low
uncertainty.
46. Rick Hartson 05/08/2020 Section 2.3 “Table 2.3-1. Summary of existing water | See Comment Response #44.
(Upper Skagit Background and | quality data collected since 1991!, Skagit River
Indian Tribe) Existing Hydroelectric Project.”
Information
Include maps or more detailed descriptions
of specific locations (e.g. where in Ross
Reservoir has temperature been collected
surface at depth, how many locations?),
frequency of sampling etc.
47. Ashley 05/11/2020 Section 2.3 “Table 2.3-1. Summary of existing water|City Light will provide LPs access to all
Rawhouser Background and | quality data collected since 1991!, Skagit River | relevant City Light water quality data files.
(NPS) Existing Hydroelectric Project.”
Information Ecology’s data are available at: Freshwater
For SCL data, NPS will need to review field | Information Network, Environmental
sampling protocols, that data that were|Information Management System. [Online]
collected, associated metadata, and QAQC|URL:
Skagit River Hydroelectric Project Seattle City Light
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documentation to determine their usefulness. | https://apps.ecology.wa.gov/eim/search/SMP/
Assuming that WA DOE and USGS have|RiverStreamSingleStationOverview.aspx?
QAPPs (or similar) in place. Please provide the | ResultType=RiverStreamOverviewList&Study
appropriate citations for data associated with | MonitoringProgramUserld=RiverStream
these agencies. &StudyMonitoringProgramUserldSearchType
=Equals&LocationUserlds=04A100&Loc
ationUserldSearchType=Equals.
USGS’s data are available at:
https://waterdata.usgs.gov/usa/nwis/uv?121780
00
48. Judy Neibauer 05/13/2020 Section 2.3 “Table 2.3-1. Summary of existing water|City Light has developed objectives/methods
(USFWS) Background and | quality data collected since 1991', Skagit River | for the collection of water quality data to fill the
Existing Hydroelectric Project.” gaps identified in the table. Baseline data will
Information be collected from all three reservoirs. Also

Thanks for providing. It looks like there are
some data gaps, and that with contamination of
lakes from acidic rain/snow these days....it
seem you might want to collect baseline data in
Diablo and Gorge Lakes to understand if
conditions are similar downstream.

As well, having WQ sampling information from
Canada seem important. It would be great to
develop a MOU with Canada to share data.

Looks like you may need to include additional
data or add sampling sites downstream of
Marblemount....See my previous comment
about sampling turbidity and fecal coliform at
key recreational sites.

please See Comment Response #47.

City Light agrees; it would be great to access
data from sources in Canada.

City Light is proposing to collect data on
potential bacterial contamination at recreational
sites in Ross Lake, at locations within the
Project area where recreation is deemed most
concentrated. Results of monthly fecal coliform
measurements in the Skagit River at
Marblemount, 2009-2018 are well below
Ecology’s criteria.

City Light believes data collected at
Marblemount are sufficient for understanding
potential Project effects on water quality in the
river downstream of the Project. Data from
sources downstream of the Sauk River will be
incorporated into the cumulative effects
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analysis conducted to satisfy NEPA
requirements.
49. Monika 05/13/2020 Section 2.3 “Table 2.3-1. Summary of existing water|Table 2.3-1 has been revised to provide the
Kannadaguli Background and | quality data collected since 1991!, Skagit River | requested information.
(Ecology) Existing Hydroelectric Project.”
Information
Please add baseline monitoring locations to this
table.
What all parameters were measured and for how
long?
50. Monika 05/01/2020 Section 2.3 “Existing Data (years collected)” City Light has become aware of additional data
Kannadaguli Background and since the original “summary table” was
(Ecology) Existing Data collection dates provided here does not|provided to Ecology in 2019. Please consider
Information match with the information provided in the |the table contained in this study plan to be the
summary tables. most up-to-date/definitive.
51. Monika 05/13/2020 Section 2.3 “2000-2002; 2008; 2010; 2012-2018” See Comment Response #44.
Kannadaguli Background and
(Ecology) Existing Is this all continuous data monitoring?
Information
52. Monika 05/13/2020 Section 2.3 “Zinc (tissue)” See Comment Response #10.
Kannadaguli Background and
(Ecology) Existing Was there any sediment monitoring for Metals
Information by SCL?
53. Jon-Paul 05/11/2020 Section 2.3 Last row of Table 2.3.1 City Light is uncertain how to interpret this
Shannahan Background and comment but presumes that Mr. Shannahan is
(Upper Skagit Existing “Metals® 1994-1995 Ecology” providing notification that data exist that City
Indian Tribe) Information Light is unaware of. Please provide a full

Macro-invertebrate from NewHalem/gorge
Powerhouse and Marblemount

reference so that we can consider the relevancy
of the results.

City Light’s review of Ecology files from
Marblemount revealed no BMI data (see:
https://apps.ecology.wa.gov/eim/search/SMP/
RiverStreamSingleStationOverview.aspx?
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ResultType=RiverStreamOverviewList&Study
MonitoringProgramUserld=RiverStream
&StudyMonitoringProgramUserldSearchType
=Equals&LocationUserlds=04A100&Loc
ationUserldSearchType=Equals).
Similarly, City Light is unaware of BMI data
from Newhalem. City Light will attempt to
locate and obtain these BMI data and
incorporate them into the Water Quality
Monitoring Study report.
City Light is aware of BMI data collected by
Ecology in six Skagit River basin tributary
streams within WRIA 4: Bacon, Diobsud,
Finney, Illabot, Jackman, and Presentin creeks,
and BMI data collected by the NPS in Stetattle
Creek (these data are addressed in the PAD).
54. Ashley 05/11/2020 Section 2.3 “3. Arsenic, cadmium, chromium, copper, lead, | Citation provided.
Rawhouser Background and | mercury, nickel, zinc.”
(NPS) Existing
Information Citation needed.
55. Rick Hartson 05/08/2020 Section 2.4 “Project operations have minimal effects on|City Light acknowledges that potential Project
(Upper Skagit Project water quality in the Project reservoirs and |effects on water quality will be further assessed
Indian Tribe) Operations and | Skagit River, as shown by the data reported in | in consultation with LPs during the ILP. The
Effects on the PAD. For a summary of available water | license application will provide a summary of
Resources quality information by water quality parameter | such assessments.

and Ecology’s water quality criteria, see Section
4.4.5.2, Existing Water Quality in the Project
Vicinity, of the PAD. The Skagit River drains
mountainous and, in some cases, glacial areas
located mainly within national park and
wilderness areas; water flowing through the
Project remains clean and cold throughout the
year. The few 303(d) listings for Water
Resources Inventory Area (WRIA) 4, which
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includes the Project vicinity, are applicable to
reaches that are not affected by the Project,
reflecting the good baseline water quality
measured within and downstream of the Project
Boundary. Moreover, water quality data
collected by Ecology confirm the high quality
of water in the Skagit River downstream of the
Project (measured at Marblemount and
discussed in Section 4.4.5 of the PAD).”
Studies, analyses, and subsequent negotiations
will determine the extent to which the project
impacts water quality.
56. Ashley 05/12/2020 Section 2.4 “Project operations have minimal effects on|See Comment Response #55.
Rawhouser Project water quality in the Project reservoirs and
(NPS) Operations and | Skagit River, as shown by the data reported in
Effects on the PAD.”
Resources
PAD summary is insufficient.
57. Judy Neibauer 05/13/2020 Section 2.4 “Project operations have minimal effects on|See Comment Responses #9 and #44.
(USFWS) Project water quality in the Project reservoirs and
Operations and | Skagit River, as shown by the data reported in | Following the first year of sampling, City Light
Effects on the PAD.” will consult with Ecology and other LPs
Resources regarding the need for additional fieldwork.
Need to monitor Turbidity when turbidity is
happening during storm events, while reservoirs
are drawn down or shorelines intercept key
erosional areas...link to erosion, sedimentation,
geomorphology study data to identify key
locations
Also see my comment above where there looks
like there have been data gaps in you data
described in the table.
58. Brock 05/11/2020 Section 2.4 “The Skagit River drains mountainous and, in |City Light has recently become aware of
Applegate Project some cases, glacial areas located mainly within | additional water quality data collected in the
(WDFW) Operations and |national park and wilderness areas; water |Skagit River at the US-Canada border (data
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Effects on flowing through the Project remains clean and | collected by USGS Washington Water Science
Resources cold throughout the year.” Center). Temperature has been collected
continuously, and sampling for nutrients is
Some salmonids may have issues with too cold | conducted periodically. These data will be
of water for fish growth. Can SCL look at|summarized in the Water Quality Monitoring
temperature above the project in the Skagit|Study report.
River? The lack of nutrients in the water can
lead to a lack of productivity.
59. Jon-Paul 05/11/2020 Section 2.4 “The few 303(d) listings for Water Resources | Water temperatures in the Skagit River
Shannahan Project Inventory Area (WRIA) 4, which includes the | downstream of Newhalem within the FERC
(Upper Skagit Operations and | Project vicinity, are applicable to reaches that | Project boundary meet applicable beneficial use
Indian Tribe) Effects on are not affected by the Project, reflecting the|standards and City Light is not aware of any
Resources good baseline water quality measured within |evidence that salmonid productivity is

and downstream of the Project Boundary.
Moreover, water quality data collected by
Ecology confirm the high quality of water in the
Skagit River downstream of the Project
(measured at Marblemount and discussed in
Section 4.4.5 of the PAD).”

Yes many of the water quality metrics meet
numeric standards, however water quality must
also comply with designated uses narratives.
Skagit downstream of Newhalem can
potentially have water that is too cold for
supporting salmonid productivity prior to
thermal mixing of downstream tributaries. Fish
use (spawning data and yearling stream use)
should be compared to other locations
downstream, to measure degree of which this is
a problem. Has there been studies measuring
macroinvertebrate diversity and abundance to
support stream life histories of native fish in
section between Marblemount and Gorge
Power House? Upper Skagit Indian Tribe would
like this metric (macro-invertebrates) measured
under this study plan.

adversely affected by temperature in this reach.

Macroinvertebrate diversity and abundance
data, while interesting, are costly to process,
and the results of BMI studies are rarely used to
formulate PMEs in the context of relicensing.
City Light intends to work with Ecology and
other LPs to assess Project impacts based on the
parameters identified in this study plan, as
revised, and are receptive to considering how
macroinvertebrate ~ sampling  could  be
incorporated as a metric for long-term trend
monitoring under the new license. See
Comment Response #1.
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60. Brian Lanouette | 05/04/2020
(Upper Skagit

Indian Tribe)

Section 2.4
Project
Operations and
Effects on
Resources

“The existing data, combined with that
collected during this proposed study, will be
used to inform the Section 401 certification
process overseen by Ecology as well as FERC’s
issuance of a new license for the Project.”

expanding the water quality sampling to include
a full limnological analysis would bolster the
strength of the proposed study and allow for
additional evaluations to be considered.

City Light believes existing information, in
combination with the limnological analyses
proposed for the parameters for which we have
data gaps, will provide a comprehensive picture
of water quality conditions within and
downstream of the Project. The collection of
limnological data for parameters for which
extensive records exist diverts resources.

61. Rick Hartson
(Upper Skagit
Indian Tribe)

05/08/2020

Section 2.5
Study Area

“The study will be conducted in Ross (within
the United States), Diablo, and Gorge lakes, the
Gorge bypass reach, and in the Skagit River
immediately below the Gorge Powerhouse
(Figure 2.5-1).”

It will be necessary to monitor tributaries
flowing into reservoirs to gain a baseline of
water quality conditions upstream of the
project. Project-related effects extend beyond
the area immediately downstream of the Gorge
bypass (e.g. cold temperature from
hypolimnetic release), in some cases down to
Puget Sound (e.g. suspended sediment load),
and it will be necessary to extend sampling to
these areas to determine when project-related
effects become adequately dissipated by
tributary inflows or environmental conditions.

Water quality in tributaries is driven by non-
Project related causes, primarily land uses and
climate, and as a result is beyond the scope of
this study and the FERC relicensing process.
However, water quality data collected in the
Skagit River at the US-Canada border (data
collected by USGS Washington Water Science
Center) will be summarized in the Water
Quality Monitoring Study report.

Regarding sampling to Puget Sound, please See
Comment Response #11.

62. Brock
Applegate
(WDFW)

05/11/2020

Section 2.5
Study Area

“The study will be conducted in Ross (within
the United States), Diablo, and Gorge lakes, the
Gorge bypass reach, and in the Skagit River
immediately below the Gorge Powerhouse
(Figure 2.5-1).”

Work with Canada to get some information
from them or permission to look at temperatures

See Comment Response #48. City Light
disagrees that the Project affects water quality
upstream of the high-water mark of Ross Lake.
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in the Skagit River above the project. The true
effects area above the Project extends above the
Ross Reservoir.
63. Ashley 05/12/2020 Section 2.5 “All sampling locations within the Project| Temperature data available for the USGS
Rawhouser Study Area reservoirs, Gorge bypass reach, and|Newhalem gage and Ecology’s monitoring
(NPS) immediately below the Gorge Powerhouse are | station at Marblemount provide a reasonable
affected by Project operations.” characterization of temperature trends in the
reach directly affected by the Project. Project
The geographic scope needs to be expanded. | effects would be difficult to discern in the lower
The influence and attenuation of cold water |reaches of the Skagit River and Puget Sound
released from the hypolimnion of the reservoirs | given the complex array of factors contributing
needs to be evaluated. As does the sequestration |to existing environmental conditions in these
of fine sediments and nutrients in the reservoirs. | areas. City Light plans to assess the nature of
NPS welcomes additional conversations with |the Project’s contribution to cumulative effects
SCL on these issues. downstream of the Sauk River confluence using
existing available information as part of the
NEPA process.
City Light is aware of no evidence indicating
that there are nutrient-related adverse effects on
biota in the Skagit River downstream of the
Project. However, City Light welcomes LP
input regarding specific aquatic habitat issues
associated with nutrients, and the information
upon which LPs base their concerns.
64. Judy Neibauer 05/13/2020 Section 2.5 “All sampling locations within the Project|See Comment Responses #11, #44, #48, and
(USFWS) Study Area reservoirs, Gorge bypass reach, and|#63.

immediately below the Gorge Powerhouse are
affected by Project operations.”

I agree, Need to include areas down to the
mouth and estuary, and or include data you
already have.....There is a need to establish a
baseline, determine if key nutrients are lacking
due to blockage at dams/in reservoirs and
understand what comes in from Canada and or
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the Baker River system to effect WQ for
cumulative effects or aggregated effects
analysis...
65. Rick Hartson 05/08/2020 Section 2.6 “2.6 Methodology” Sediment conditions below the Sauk River
(Upper Skagit Methodology confluence and delta formation are being
Indian Tribe) Measure suspended sediment load in tributaries | addressed in the geomorphology cumulative
flowing into reservoirs. The reservoirs|effects analysis. Also See Comment Response
sequester  suspended sediment, thereby |#11.
interrupting downstream transport. Suspended
sediment is important for delta formation and
habitat conditions in Skagit Bay. The large
watershed area cut-off by the project is reducing
the fine sediment load delivered to Skagit Bay.
66. Ashley 05/12/2020 Section 2.6 “2.6 Methodology” City Light welcomes any and all input during
Rawhouser Methodology the established review period for this study
(NPS) NPS will provide comments on the sample |plan.
frame and methods when the objectives of the
study are finalized.
67. Curtis Clement | 05/08/2020 Section 2.6.1 | “City Light proposes to collect data during one | City Light proposes to measure turbidity at the
(Upper Skagit Methodology | field season to establish background turbidity | reservoir’s surface and at a depth of 5 m. Unless
Indian Tribe) (nephelometric turbidity units, NTUs) levels|otherwise guided by Ecology and other LPs,
within Ross Lake.” City Light plans to conduct the measurements
at the following coordinates: Pumpkin
Will these measurements be near the inlet bays | Mountain ~ (48.7904, -121.0496), Skymo
or along the center of the reservoir in line with | (48.8547, -121.0308), and Little Beaver
these inlets? Also, please specify whether these | (48.9274, -121.0625). City Light plans to
are surface measurement or if they will be water | conduct mid-reservoir sampling at these
column profiles of turbidity. locations.
68. Judy Neibauer 05/13/2020 Section 2.6.1 | “City Light proposes to collect data during one | See Comment Response #57.
(USFWS) Methodology |field season to establish background turbidity
(nephelometric turbidity units, NTUs) levels
within Ross Lake.”
If the events that cause storm turbidity do not
happen you may need to expand the
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timeline....plan for additional year as necessary
to capture these events.
69. Brian Lanouette |  05/04/2020 Section 2.6.1 | “Sampling will be conducted once per month | See Comment Response #5.
(Upper Skagit Methodology |using a Hydrolab® multiparameter sonde or
Indian Tribe) equivalent, at three general locations in the
reservoir: Pumpkin Mountain (48.7904, -
121.0496), Skymo (48.8547, -121.0308), and
Little Beaver (48.9274, -121.0625).”
The sonde should be calibrated before each
sampling event, and a proof of calibration log
should be provided.
70. Brian Lanouette | 05/04/2020 Section 2.6.1 | “Sampling will be conducted to characterize | City Light believes monthly sampling is
(Upper Skagit Methodology |turbidity during minimum water surface|suitable to capture temporal variability during
Indian Tribe) elevation in winter, reservoir refill in spring, |drawdown and refill, as these processes take
normal maximum water surface elevation|several months in Ross Lake—the primary
during summer, and reservoir drawdown in |reservoir where the potential for exposed
fall.” shorelines to generate turbidity from erosion
will be greatest., City Light proposes to consult
Is monthly sampling frequency sufficient to|with Ecology and other LPs to determine if
capture temporal variability during the|additional turbidity monitoring is warranted
drawdown/refill? after the results from the first year of sampling
are shared
71. Brian Lanouette | 05/04/2020 Section 2.6.1 | “City Light proposes to collect fecal coliform | See Comment Response #17. Sampling at every

(Upper Skagit
Indian Tribe)

Methodology

data four times during one summer field season
at the following locations, chosen because they
experience relatively high levels of human
use...”

All recreation sites should be evaluated for fecal
coliform, regardless of use level. Even
moderate levels of use can cause fecal coliform
commination IF the facilities are not
functioning properly.

recreation site is unwarranted for an initial
screening to determine if a problem may exist
with fecal coliform levels in Ross Lake.
Additional sampling can be considered
following review of initial results from the
sampling at the proposed sites where highest
probability for contamination exists. It should
be recognized that facility maintenance at these
sites is not under the purview of City Light.
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72. Brock
Applegate
(WDFW)

05/11/2020

Section 2.6.1
Methodology

“City Light proposes to collect fecal coliform
data four times during one summer field season
during the heaviest use by recreationists at the
following locations, chosen because they
experience relatively high levels of human use
(exact sampling locations will be identified in
consultation with Ecology): Hozomeen, Ross
Lake Resort, and at three boat access camps
managed by the NPS (the camps to be sampled
will be determined in consultation with Ecology
and the NPS).”

The text has been edited to state: “City Light
proposes to collect fecal coliform data four
times during one summer field season, when
recreational use is heaviest, at the following
locations...”

73. Brian Lanouette | 05/04/2020
(Upper Skagit

Indian Tribe)

Section 2.6.2
Diablo Lake

“2.6.2 Diablo Lake”

Sampling should be conducted in the “middle”
of the reservoir as well.

Please recall that detention time in Diablo Lake
is only 9.4 days, so there is little potential for
water quality in the center of the reservoir to be
substantially different from that at the inflow
and outflow points. Sampling at the upper and
lower ends of Diablo Lake will be sufficient to
characterize conditions in the reservoir relative
to water quality numeric and narrative
standards, i.e., City Light believes sampling
near the inflow and outflow point will reveal
any changes taking place within the waterbody
to determine if additional sample sites are
needed in the middle of the reservoir or
elsewhere.

74. Judy Neibauer
(USFWS)

05/13/2020

Section 2.6.2
Diablo Lake

“2.6.2 Diablo Lake”

Sample turbidity here as well, esp in Storm
events; Baseline nutrient levels should be
monitored to see if Nutrients are passing
between Ross Lake, Diablo Lake, and Gorge
Lake. And to see if there are certain operation
events that either allow them to pass or not.....

Since this license will be long term, and climate
change is causing strange elevated levels in

Sampling turbidity in Ross Lake and at the
Gorge Powerhouse will suffice to bracket
inflow and outflow conditions.

City Light is aware of no evidence to suggest
that nutrient levels in Diablo Lake are impaired
by Project operations, so the sampling proposed
in this comment seems excessive. However,
City Light welcomes input regarding
information LPs have for adverse effects on
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Commenting
Individual Study Plan
No. | (Organization) Date Section Comment Response
algae, establish a baseline to help determine if|biota related to nutrient levels in any of the
and when this becomes an issue to fish, wildlife, | Project reservoirs or downstream.
and people.
Regarding toxics, please See Comment
Develop monitoring program for acidity, with | Response #10. There is no evidence suggesting
pcbs and other contaminants within wilderness | toxicants, including PCBs, are affecting water
lakes, please monitor each of the lake to|quality and/or resources of concern.
establish if this is an issue currently, and or may
become an issue in the future. This will help
with any aggregated / cumulative effects
analysis
75. Brian Lanouette |  05/04/2020 Section 2.6.2 | “Dissolved oxygen (milligram/liter [mg/L]) and | The scope has been revised to include
(Upper Skagit Diablo Lake |pH vertical profile measurements will be made | temperature as one of the parameters to be
Indian Tribe) at the upper end of Diablo Lake and in the|monitored along vertical profiles in Diablo
Diablo Lake forebay using a Hydrolab® |Lake.
multiparameter sonde with depth probe or
equivalent equipment.” Regarding calibration, please See Comment
Response #5.
Temperature and other hydrolab capabilities
should be collected. Temperature is of
particular importance, however.
Sonde should be calibrated before each event.
76. Brian Lanouette | 05/04/2020 Section 2.6.3 | “2.6.3 Gorge Lake” See Comment Response #73. Also, please recall
(Upper Skagit Gorge Lake that detention time in Gorge Lake is only 0.8
Indian Tribe) Sampling locations in the “middle” of the|days and water is thoroughly mixed
reservoir as well. This is needed to gain an
understanding of the physical characteristics
throughout the entire reservoir.
77. Brian Lanouette |  05/04/2020 Section 2.6.3 | “Dissolved oxygen (mg/L) and pH vertical | The scope has been revised to include

(Upper Skagit
Indian Tribe)

Gorge Lake

profile measurements will be made at the upper
end of Gorge Lake and in the Gorge Lake
forebay using a Hydrolab® multiparameter
sonde with depth probe or equivalent
equipment.”

temperature as one of the parameters to be
monitored along vertical profiles in Gorge
Lake.
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Temperature and other hydrolab capabilities
should be collected. Temperature is of
particular importance, however.

78.

Judy Neibauer
(USFWS)

05/13/2020

Section 2.6.3
Gorge Lake

“Sampling will be conducted once per month
from June through September during a single
field season to document conditions during the
warmest time of year.”

Establish network of temperature monitoring to
understand thermal changes that happen in the
draw down zones within and adjacent to bull
trout spawning streams at a variety of reservoir
elevations...similarly, determine if there are
tributaries below the dam, where barriers may
form at intersections with the mainstem....due
to thermal conditions....and include these areas
as Temperature sampling sites.

See Comment Response #77.

Gorge Lake, is usually kept at or near normal
maximum water surface elevation to provide
maximum head for Gorge Powerhouse. As a
result there is little or no drawdown zone in this
waterbody. Moreover, detention time in Gorge
Lake is only 0.8 days, so water does not reside
long enough in the reservoir to undergo
significant changes. Temperatures in Gorge
Lake are cool, rarely above 14°C. Based on
these characteristics, City Light can see no
justification for the requested temperature
sampling in Gorge Lake.

City Light is unaware of any evidence that there
are thermal barriers to tributaries in the reach of
the Skagit River downstream of the Project.
However, City Light welcomes LP input
regarding specific information that indicates
that thermal barrier issues occur at the mouths
of tributaries. Elevated temperatures within
tributaries that affect bull trout stream access
are outside the Project’s range of effects.

79.

Judy Neibauer
(USFWS)

05/13/2020

Section 2.6.4
Gorge Bypass
Reach

“2.6.4 Gorge Bypass Reach”

Consider adding in monitoring of WQ during
recreational safety study, when water levels are
at varying depths in this bypass reach.

City Light will work with LPs and its technical
consultants to determine if there is any potential
benefit to conducting the Level Three: Multiple
Flow Evaluation during the time that water
quality parameters are being measured.

80.

Rick Hartson
(Upper Skagit
Indian Tribe)

05/08/2020

Section 2.6.4
Gorge Bypass
Reach

“Temperature (°C) and dissolved oxygen
(mg/L) will be measured during a single field
season at two locations in the Gorge bypass
reach.....”

See Comment Responses #11 and #65.
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Include suspended sediment load. See comment
above related to Skagit Bay.
81. Jon-Paul 05/11/2020 Section 2.6.4 | “Temperature (°C) and dissolved oxygen |Edit accepted.
Shannahan Gorge Bypass | (mg/L) will be measured during a single field
(Upper Skagit Reach season at two locations in the Gorge bypass
Indian Tribe) reach using a Hydrolab® multiparameter sonde
or equivalent equipment: i.e., near Gorge Dam
and in the reach downstream ef-thefish-barrier
located 0.6 miles upstream of Gorge
Powerhouse that stays wet throughout the year.”
In the plunge pool
82. Monika 05/01/2020 Section 2.6.4 | “Sampling will be conducted once per month | City Light has revised the study plan to state
Kannadaguli Gorge Bypass |from June through September to document|that temperature and dissolved oxygen data will
(Ecology) Reach conditions during the warmest time of year.” |be collected continuously from June through
September in the Gorge Bypass Reach.
Why not continuous data collection?
There are other equivalent or even smaller
facilities that are collecting continuous Temp
data .
83. Brian Lanouette | 05/04/2020 Section 2.6.4 | “Sampling will be conducted once per month | Section 2.6.4, Gorge Bypass Reach, has been
(Upper Skagit Gorge Bypass |from June through September to document|revised to include opportunistic temperature,
Indian Tribe) Reach conditions during the warmest time of year” dissolved oxygen, and turbidity monitoring
during spill events.
Sampling should also take place during spill
events. Recommend sampling to cover April |Continuous monitoring of turbidity in the
through end of December bypass reach, outside of spill events, is
unwarranted, as base flows through the bypass
reach are nominal, water clarity is excellent, and
sources of fine sediments that could be
suspended to generate turbidity above water
quality standards under such base flow
conditions are negligible.
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84. Jon-Paul 05/11/2020 Section 2.6.6 | “Dissolved oxygen (mg/L), pH, and turbidity | Temperature (°C) will be measured
Shannahan Skagit River |(NTU) will be measured continuously for|continuously with probes installed at riverine
(Upper Skagit below Gorge |approximately one year in the Gorge|nodes established in the Skagit River
Indian Tribe) Powerhouse Powerhouse tailrace using a Hydrolab® | downstream of the Gorge Powerhouse as part of
multiparameter sonde or equivalent.” the Operations Model Study.
Would like to see plan for measuring
temperature below project to at least
Marblemount.
85. Ashley 05/12/2020 Section 2.8 NPS suggests establishing a smaller WQ RWG | The purpose of this study plan review process is
Rawhouser Schedule to develop the sample frame and methods. The | to have a dialogue with LPs regarding scope and
(NPS) schedule should include milestones for |timeframe of this proposed study; each existing
consulting with LPs. RWG has the ability to decide if additional
meetings are needed. City Light sees no need
for a separate Water Quality RWG at this time.
86. Judy Neibauer 05/13/2020 Section 2.8 “2.8 Schedule” See Comment Response #57.
(USFWS) Schedule
= Consider expanding this to two years of
sampling at least esp. if this year is a
drought year, or exceptionally cold
year....so you can capture key events, ....
87. Brock 05/11/2020 Section 2.8 =  Field Work — January to December 2021 | Thank you for your comment. The schedule
Applegate Schedule =  Analysis — February 2021 to January 2022 |reflects the timeline for this study only, not the
(WDFW) =  Final Initial Study Report (ISR) — March |larger ILP process.
2022
= [RS Meeting -- 2022
88. Monika 05/13/2020 Section 3.0, Please update this list. References have been updated.
Kannadaguli References
(Ecology)
89. Steve Copps 05/11/2020 Section 2.1 The listed objectives are actions pursuant to|As noted in Section 2.1, this study plan is
(NMFS) Study Goals and |CWA Sec. 401 compliance. We suggest|“designed to collect water quality data, which
Objectives adapting the broad objectives of the CWA and | along with existing water quality information, is

other water quality objectives related to
salmonid recovery to fit the context of the study
within the Skagit river system. Species specific

intended to support [not only] Ecology’s
certification of the Project under Section 401 of
the CWA, and the data needs of FERC,
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consideration should be made for both lethal
and sublethal effects.

[but]...also...other data needs of resource
agencies, tribes, and other LPs in the context of
FERC relicensing (underline added). Review of
the available Project water quality information
collected over numerous years indicates water
quality within the Project Boundary and
downstream of the Project is very good, i.e., in
compliance with Ecology’s criteria, which have
been established to protect beneficial uses,
including the suitability of habitat for
anadromous and non-anadromous salmonids.
Existing information indicates no adverse
effects of water quality on fish species within
and downstream of the Project Boundary; data
collected in this study will be used to further
evaluate compliance with Ecology’s criteria
which City Light believes provide water quality
conditions that are conducive to salmonid
recovery. In addition, the relicensing process
includes opportunities to modify the scope of
the Water Quality Monitoring Study if
additional information needs are identified. .

90.

Steve Copps
(NMFS)

05/11/2020

Section 2.2
Resource
Management
Goals

Fully describe the linkages to other study plans
with sufficient detail to understand the nature of
each specific link and how the information will
be synthesized to inform relicensing.

City Light has added language to Section 1.3 to
address potential linkages between studies
being implemented during relicensing. Also,
please see Comment Response #9. City Light
welcomes further discussion on requested
information on study linkages and will consider
adding additional information to the PSP filing
to expand upon how the information will be
synthesized to inform relicensing.

91.

Steve Copps
(NMES)

05/11/2020

Section 2.2
Resource
Management
Goals

Describe how the study will inform the
relicensing process both substantively and
procedurally (e.g., how will the information be
used to assess alternative management scenario
effects on water quality).

Please see Comment Response #9. As noted in
the Operations Model Study Plan, simulation of
various potential Project operation scenarios
considered during the relicensing process (i.e.,
during the comprehensive resource analysis that
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will occur after studies are completed in support
of license application development) will aid in
decision-making regarding the effects of
various operating scenarios on water allocation,
flood control, fish and wildlife habitat, instream
flows, reservoir levels, wetland and floodplain
connectivity, recreation, hydropower
generation, and other matters [e.g., water
quality] affected by flow releases from the
Project. City Light will work with all LPs to
develop these scenarios and consult during the
assessment of potential Project effects
associated with each scenario.

92. Steve Copps 05/11/2020 Section 2.2 Describe in more detail the purpose of|Please see revisions made to Section 1.2 of this

(NMFS) Resource conferring with other agencies and tribes. study plan.

Management
Goals

93. Steve Copps 05/11/2020 Section 2.2 Consider combining the study plan with another | Please see Comment Response #90 and #91.
(NMFS) Resource appropriate study (e.g., Operations Model). Different technical skills are necessary to
Management implement individual study plans, therefore
Goals these study plans and reports will remain
separate. Results of studies will be considered
comprehensively, along with other available
information, to complete a comprehensive
resource analysis in support of the license

application.
94, Steve Copps 05/11/2020 Section 2.5 The geographic scope should be consistent with | Project effects on water quality have not been
(NMFS) Study Area project effects on water quality. At a minimum, |identified; City Light believes that combined

the study plan should justify the proposed
scope.

with extensive existing information, the scope
of the study will fully characterize water quality
in the Project area. Please see Comment
Response #11. If NMFS has specific water
quality data needs that it believes are not
included in the current study scope, City Light
welcomes additional comment from NMFS.
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95. Steve Copps 05/11/2020 Section 2.6, The proposed sample sample sizes appear to be | Please see revisions to Sections 2.1, 2.3, and
(NMFS) Methodology | insufficient. The revised plan should describe in | 2.6, including revisions to Table 2.3-1.
detail the rationale for low sampling rates, it
would seem that continuous measurement
technology would be more appropriate to
understand the influence of water quality on
aquatic species throughout multiple life history
stages.
96. Steve Copps 05/11/2020 Section 2.8 There appears to be an excessive amount of|Please see the revised study schedule included
(NMFS) Schedule time for analysis given the objective of the draft|in Section 2.8. The analysis period extends

plan.

through the sampling period to acknowledge
interim data processing, and the end date only
extends two months beyond the end of field data
collection.
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Table 2. Locations of ongoing temperature monitoring being conducted by City Light as part
of other studies and current license implementation.

Thermistor Serial No.

Location

11011546 Sumalo River

10706123 Upper Skagit River Left (wetted) Channel
11011549 Klesilkwa River

9646449 Upper Skagit River 26 Mile Bridge
11011547 Upper Skagit River at Brown Sign
11011571 Upper Skagit River at Nepopekum Day Use
9846470 Upper Skagit River at Swing Bridge
9846463 Ruby Creek Upper

9846454 Big Beaver Creek Mouth

1021142 Ruby Creek Mouth

9846445 Ross Lake 2nd Boom Yellow Line 3 ft
11011548 Ross Lake 2nd Boom Yellow Line 13.5 ft
10248300 Ross Lake 2nd Boom Yellow Line 23.5 ft
9866511 Ross Lake 2nd Boom Yellow Line 34.5 ft
9846451 Ross Lake 2nd Boom Yellow Line 46.5 ft
10248287 Ross Lake 2nd Boom Yellow Line 58 ft
11011564 Ross Lake 2nd Boom Yellow Line 68 ft
10248310 Ross Lake 2nd Boom Yellow Line 91 ft
9846447 Ross Lake 2nd Boom Yellow Line 114.5 ft
11011576 Ross Lake 2nd Boom Yellow Line 137.5 ft
9866514 Ross Lake 2nd Boom Yellow Line 161.5 ft
10219838 Ross Lake Spillway Boom Lead Line 5 ft
10586804 Ross Lake Spillway Boom Lead Line 15 ft
10420842 Ross Lake Spillway Boom Lead Line 30 ft
10219842 Ross Lake Spillway Boom Lead Line 45 ft
10582876 Ross Lake Spillway Boom Lead Line 60 ft
10582878 Ross Lake Spillway Boom Lead Line 75 ft
10420857 Ross Lake Spillway Boom Lead Line 90 ft
10221515 Ross Lake Spillway Boom Lead Line 105 ft
10420862 Ross Lake Spillway Boom Lead Line 125 ft
10586801 Ross Lake Spillway Boom Lead Line 150 ft
10420858 Diablo Lake on Thunder Creek VR2W
10706111 Diablo Lake on Thunder Bridge VR2W
10706109 Diablo Lake on Thunder Arm Boom VR2W
10706112 Diablo Lake at Ross Powerhouse VR2W
10706113 Diablo Lake at Buster Brown Bay Work Float VR2W
10586794 Diablo Lake Log Boom 125 ft
10219817 Diablo Lake Log Boom 100 ft
10586809 Diablo Lake Log Boom 85 ft
10420847 Diablo Lake Log Boom 75 ft
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Thermistor Serial No. Location
10420846 Diablo Lake Log Boom 65 ft
9846469 Diablo Lake Log Boom 55 ft
10586796 Diablo Lake Log Boom 45 ft
10420835 Diablo Lake Log Boom 35 ft
10420855 Diablo Lake Log Boom 25 ft
10219834 Diablo Lake Log Boom 15 ft
10706110 Diablo Lake Log Boom 5 ft
10420838 Gorge Lake at Reflector Bar VR2W
10582882 Gorge Lake at Diablo Powerhouse VR2W
10420837 Gorge Lake at Diablo u/s Stetattle Cr (Dolly Hole)
10582875 Stetattle Creek Mouth
10420832 Gorge Lake Boat Launch VR2
10586793 Gorge Lake Powerline VR2
11011577 Gorge Lake Midway VR2
9846458 Gorge Lake Log Boom 80 ft
10248285 Gorge Lake Log Boom 70 ft
10248288 Gorge Lake Log Boom 60 ft
9846448 Gorge Lake Log Boom 50 ft
9866532 Gorge Lake Log Boom 40 ft
10248311 Gorge Lake Log Boom 30 ft
9846466 Gorge Lake Log Boom 20 ft
9866530 Gorge Lake Log Boom 10 ft
9846453 Skagit River at Newhalem VR2W
Skagit River Hydroelectric Project Seattle City Light

FERC No. 553 Attachment B Page 2 April 2021



WATER QUALITY MONITORING REVISED STUDY PLAN
ATTACHMENT C

LOCATIONS OF ONGOING NPS TEMPERATURE MEASUREMENT IN
TRIBUTARIES TO PROJECT RESERVOIRS



WQ Monitoring Revised Study Plan

Table 3. Streams in which the NPS (under contract to City Light) maintains and downloads
water temperature loggers.

Stream Drainage

Silver Creek Ross Lake

Little Beaver Creek near Perry Creek Ross Lake

Upper Little Beaver Creek Ross Lake

Big Beaver Creek below Luna Camp Ross Lake

Big Beaver Creek below McMillan Creek Ross Lake
Lightning Creek below Three Fools Creek Ross Lake
Panther Creek Ross Lake

Upper Granite Creek Ross Lake
Hozomeen Creek Ross Lake
Canyon Creek Ross Lake
Thunder Creek, mid-drainage Diablo Lake
Thunder Creek, upper drainage Diablo Lake
Thunder Creek near McAllister Creek Diablo Lake
Thunder Creek, Fisher Creek Diablo Lake
Thunder Creek, West Fork Diablo Lake
Bacon Creek Gorge Dam to Sauk River
Diobsud Creek Gorge Dam to Sauk River
Goodell Creek Gorge Dam to Sauk River
Rocky Creek Gorge Dam to Sauk River
Illabot Creek, upper watershed Upper Skagit River
Boulder Creek Cascade River
Upper Cascade River near Marble Creek Cascade River
Baker River Upper Baker River
Hidden Creek Upper Baker River
Skagit River Hydroelectric Project Seattle City Light
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1.0 BACKGROUND

The Skagit River Hydroelectric Project (Project), licensed to The City of Seattle, Washington, and
operated through its publicly-owned electric power utility Seattle City Light (City Light), is
located in northern Washington State and consists of three power generating developments on the
Skagit River — Ross, Diablo, and Gorge — and associated lands and facilities. The Project
generating facilities are in the Cascade Mountains of the upper Skagit River watershed, between
Project River Miles (PRM) 94.7 and 127.9 (U.S. Geological Survey [USGS] RMs 94.2 and 127).!
Power from the Project is transmitted via two 230-kilovolt powerlines that span over 100 miles
and end just north of Seattle at the Bothell Substation. The Project also includes two City Light-
owned towns, an Environmental Learning Center (ELC), several recreation facilities, and several
parcels of fish and wildlife mitigation lands.

Project generating facilities are all located in Whatcom County, although Ross Lake, the most
upstream reservoir, crosses the U.S.-Canada border and extends for about one mile into British
Columbia at normal maximum water surface elevation. Gorge Powerhouse, the most downstream
facility, is approximately 120 miles northeast of Seattle and 60 miles east of Sedro-Woolley, the
nearest large town. The closest town is Newhalem, which is part of the Project and just downstream
of Gorge Powerhouse. The primary transmission lines cross Whatcom, Skagit, and Snohomish
counties; the fish and wildlife mitigation lands are in the same counties.

The Project Boundary is extensive, spanning over 133 miles from the Canadian border to the
Bothell Substation just north of Seattle, Washington. In addition, there are “islands” of fish and
wildlife mitigation lands and recreation facilities within the Skagit, Sauk, and South Fork
Nooksack watersheds that are also within the Project Boundary. Project generating facilities are
entirely within the Ross Lake National Recreation Area (RLNRA), which is administered by the
National Park Service (NPS) as part of the North Cascades National Park Complex. The RLNRA
was established in 1968 in the enabling legislation for North Cascades National Park to provide
for the “public outdoor recreation use and enjoyment of portions of the Skagit River and Ross,
Diablo, and Gorge lakes.” The legislation maintains the Federal Energy Regulatory Commission’s
(FERC) jurisdiction “in the lands and waters within the Skagit River Hydroelectric Project,” as
well as hydrologic monitoring stations necessary for the proper operation of the Project (16 United
States Code [U.S.C.] § 90d-4; Public Law 90-544. Sec. 505 dated October 2, 1968, as amended by
Public Law 100-668. Sec. 202 dated November 16, 1988).

The current FERC license for the Project expires on April 30, 2025, and City Light will apply for
a new license no later than April 30, 2023. A licensee must receive a water quality certification
before FERC can issue an operating license (or the state regulatory agency can waive certification).
A study plan has been designed to collect water quality data, which along with existing water
quality information, will support the license application, including the application to Washington
Department of Ecology (Ecology) for certification of the Project under Section 401 of the Clean
Water Act (CWA). This Quality Assurance Project Plan (QAPP) includes the field data collection

! City Light has developed a standard Project centerline and river mile system to be used throughout the relicensing
process, including the study program, to replace the outdated USGS RM system. Given the long-standing use of the
USGS RM system, both it and the Project River Mile (PRM) system are provided throughout this document. For
further details see Section 7.0 of the main body RSP.

Skagit River Hydroelectric Project Seattle City Light
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methods, laboratory methods, and quality assurance methods to ensure that data collected for this
Project are accurate, usable, and repeatable.

2.0 PROJECT PLAN

2.1 Project Goal

In most cases, a licensee must receive a water quality certification before FERC can issue an
operating license for a hydroelectric project. As noted above, the FA-01 Water Quality Monitoring
Study Plan (study plan) has been designed to collect water quality data, which along with existing
water quality information, will support the license application, including the application to the
Washington Department of Ecology (Ecology) for certification of the Project under Section 401
of the CWA.

The proposed study will provide information, which in combination with existing data, will be
used to characterize water quality within the study area and allow resource agencies with
jurisdiction over water or aquatic resources to analyze Project effects related to water quality.

This QAPP has been developed to provide guidance and quality assurance for water quality
sampling and analyses required by the FERC-approved Water Quality Monitoring Study Plan in
support of the Project’s FERC relicensing.

2.2 Decisions or Outcomes

The collected data will characterize the physical and/or chemical state of surface water in the study
area, as defined in the study plan. The data will be filed with FERC in the Initial Study Report and
in other subsequent relicensing documents, as needed, and will be suitable to compare to applicable
regulatory standards and criteria. Additional information regarding study objectives, methods, and
reporting can be found in the study plan.

2.3 Study Area

The study will be conducted from the upper Skagit River inflow just north of the U.S. Canada
Border, through Ross (within the United States), Diablo, and Gorge lakes, the Gorge bypass reach,
and in the Skagit River downstream to just below the Baker River confluence, and in the lower
Sauk River (see Figure 2.5-1 in the study plan). Approximate locations of the proposed water
quality sampling/measurement sites are included in Section 5 of this QAPP and shown in the
mapbook attached to the study plan.

2.4 Project Constraints

Data collection may be constrained by site access during winter snow events. High river flows
may also at times affect in situ sampling and sonde maintenance.

Skagit River Hydroelectric Project Seattle City Light
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3.0 ORGANIZATION AND SCHEDULE

3.1 Involved Parties and Roles

This QAPP has been prepared for the Water Quality Monitoring Study component(s) of the
Project’s FERC-approved relicensing studies. Within this QAPP are descriptions of methods,
procedures, and practices that will be used to assure and control the quality of water quality data.

Key personnel who will be involved in the study are listed in Table 1. City Light’s Technical Lead,
with assistance from HDR, will be responsible for ensuring that all aspects of the Water Quality
Monitoring Study are addressed, including the organization of field staff, scheduling of sampling
days, field quality assurance/quality control (QA/QC), coordination with the off-site laboratory,
and reporting. Laboratory analytical services will be provided by ALS? and EcoAnalysts.>

Table 1. List of key personnel on the study team.

Title Name Affiliation
Technical Lead Jeff Fisher Seattle City Light
Study Lead TBD TBD

Field Coordinator TBD TBD

QA Officer Chad Wiseman HDR, Inc.

Laboratory Manager TBD Edge Analytical
Laboratory Manager Gary Lester EcoAnalysts

The Study Lead is responsible for monitoring and verifying implementation of the QA/QC
procedures found in this QAPP. Key personnel assigned to the Project will have reviewed the
QAPP and will be instructed by the Study Lead regarding the requirements of the QA/QC program.
The Study Lead will work directly with the Field Coordinator or other designee and Laboratory
Manager(s) to ensure that the QAPP objectives are being met.

The Study Lead is also responsible for keeping the QAPP up to date. Modifications may be
identified by any member of the study team. Exceptions or modifications to the content of this
document will be formalized in the Revision Log following the title page. Revised versions of the
QAPP (if they are necessary) will be available to study personnel and attached to subsequent
reports. Variances from and non-conformances with the QAPP will be documented in applicable
reports.

The QA Officer is familiar with the study, but not involved in day-to-day implementation. The QA
Officer is versed in water quality field sampling and laboratory procedures. The QA Officer will
review the study's intermediate and final products, and work with the Study Lead to ensure they
are of high quality when complete.

2 https://www.alsglobal.com/en/locations/americas/north-america/usa/washington/everett-environmental
3 https://www.ecoanalysts.com/

Skagit River Hydroelectric Project Seattle City Light
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3.1.1 Organizational Chart and Responsibilities

The organizational chart for implementation of the Water Quality Monitoring Study is presented
in Figure 1.

City Light Project

Manager
HDR Project
Manager
Study Lead 4 QA Officer (HDR)
Field Staff Washington Database Document
'€ a Certified Laboratory Management Production (HDR)
Figure 1. Organizational chart.
3.2 Project Schedule

The following schedule is anticipated, presuming approval of the Water Quality Study Plan by
FERC in early 2021%:

= Field Work — June 2021 to May 2023

=  Analysis — August 2021 to August 2023

= File Initial Study Report — March 2022

= File Updated Study Report — March 2023

4.0 QUALITY OBJECTIVES

Data quality objectives (DQO) are a set of performance or acceptance criteria that the collected
data should achieve to minimize the possibility of either making a decision error or failing to keep
uncertainty in estimates to within acceptable levels. DQOs are defined in terms of five parameters:
precision, accuracy, representativeness, completeness, and comparability (PARCC) and differ
with different measurement techniques.

4 The schedule identified herein reflects anticipated dates for a FERC-approved study. However, early data collection
is taking place during fall and winter of 2020-2021. The procedures outlined in this QAPP were/will be adhered to for
data collection conducted in fall and winter of 2020-2021.

Skagit River Hydroelectric Project Seattle City Light
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DQOs for this Water Quality Monitoring Study are presented in Tables 2 and 3.

Table 2. DQOs, by measurement type and sampling event.

Precision ‘ Accuracy | Representativeness ‘ Completeness ‘ Comparability

Field Measurements
Temperature, pH, dissolved oxygen (DO), turbidity, total dissolved gas (TDG)

Successive Within accuracy Sample locations, Sensor range includes
measurements are limits as compared | sampling frequency and 90% expected range of
within precision to standards or analytical methods ’ conditions in the Study
limits calibrated meter follow study plan. Area
Analytical Laboratory Analyses
Fecal Coliform and Total Suspended Solids (TSS)
Fl.e 14 duplicates Laboratory Sample locations,
within10%; QA/QC meets sampling frequency and Meets Reportin
Laboratory QA/QC piing lrequency 90% cets eporting
method analytical methods Limits.
meets method .
. requirements. follow study plan.
requirements.
Table 3. Field measurement methods and quality objectives.
Parameter Units Method Range Accuracy Precision
Temperature ](?gf)grees Celsius SM2550 0- 50 0.2 0.35
pH units SM4500H 0- 14 0.5 0.2
DO Milligrams per | - s o1 pggsc 0- 60 0.5 0.3
liter (mg/L)
Nephelometric
Turbidity turbidity units SM2130 0- 3,000 5% 5%
(NTU)
TDG % Saturation SM 2810B 100 - 140 1%- or 5-mm Hg | 1%- or 5-mm Hg

Precision is a measure of the reproducibility of analyses under a given set of conditions. Precision
describes how well repeated measurements agree. The precision of field measurements will be
evaluated by comparing successive measurements against one another in a controlled environment.
The precision of analytical results will be evaluated by comparing duplicate samples and
calculating the relative standard deviation (RSD) for those samples. The RSD is the ratio of the
standard deviation and the mean, expressed as a percentage.

Precision will be determined through the use of field duplicates, laboratory matrix spike/matrix
spike duplicates, and laboratory duplicate quality control samples.

Accuracy is a measure of the bias that exists in a measurement system. In other words, accuracy
describes how close an analytical measurement is to its “true” value. For analytical samples,
accuracy is typically measured by analyzing a sample of known concentration (prepared using
analytical-grade standards) and comparing the analytical result with the known concentration. For
bacteria samples, accuracy is evaluated by comparing results to a laboratory reference sample.

Skagit River Hydroelectric Project Seattle City Light
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Representativeness is the degree that sampling data accurately and precisely depict selected
characteristics. The representativeness of the data is mainly dependent on the sample design, such
as locations (spatial), sampling frequency (temporal), and sample collection procedures, as well as
analytical constituents and methods. The study plan presents the study design.

Completeness, which is expressed as a percentage, is calculated by subtracting the number of
rejected and unreported results from the total planned results and dividing by the total number of
planned results. Estimated results do not count against completeness because they are considered
usable as long as any limitations are identified. Results rejected because of out-of-control
analytical conditions, severe matrix effects, broken or spilled samples, or samples that could not
be analyzed for any other reason are subtracted from the total planned number of results to
calculate completeness. Although regulations currently do not require a specific percentage of data
completeness, it is expected that the measurement techniques selected for use in this study are
capable of generating data that is of 90 percent or greater completeness for field and laboratory
analyses.

Comparability is the degree of confidence with which one data set can be compared to another.
A broad spectrum of field and analytical constituents has been selected to characterize water
quality, and the use of approved/documented field and analytical methods will ensure that results
adequately represent the true concentrations of constituents within the study area. The
comparability of field measurements is ensured by using calibrated water quality meters and
sensors that have a measurement range bracketing expected field conditions. The comparability of
analytical sample results is ensured by using methods with reporting limits (RL) of adequate
sensitivity to generate useful data for the purposes of this study. Selection of appropriate RLs was
based on specifications in the U.S. Environmental Protection Agency’s (EPA) 40 Code of Federal
Regulations (CFR) 136 (EPA 2011), water quality objectives and standards, and the capabilities
of commercial laboratories.

5.0 SAMPLING PROCESS DESIGN

The proposed parameters and locations were selected to augment the body of existing data
identified in the Water Quality Monitoring Study Plan. Sample locations were chosen to be
representative of conditions throughout the study area. Table 4 lists the proposed sample locations
and analytical parameters for the study.

Skagit River Hydroelectric Project Seattle City Light
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Table 4. Sample process design.
. Sample Sample Temperature Dissolved pH Turbidity Total Suspended . Total F(.ecal Benthic
Location Identification SN EIIEIG) Type c? (i (units) (NTU) Solids (mg/L) RN COlioED Macroinvertebrates
yp (mg/L) & (% Saturation) (CFU)
Upper Skagit River
o . . Monthly
Upper Skagit River at Swing Bridge UPSKAGIT1 (Jun 2021-May 2023) Grab 1 meter (m) I m I m I m I m
Ross Lake
. . Monthly
Pumpkin Mountain ROSS1 (Jun 2021-May 2023) Grab Im, 5 m Im, 5 m
Monthly
Skymo ROSS2 (Jun 2021-May 2023) Grab Im,5m Im,5m
. Monthly
Little Beaver ROSS3 (Jun 2021-May 2023) Grab Im,<5m Im,<5m
Big Beaver Creek Confluence BBEAVERI1 Fall, Wlnteé,oggrmg 2021- Grab Surface, 5 m Surface, 5 m
Ruby Creek Arm RUBY1 Fall, Wmte;,oggrmg A= Grab Surface, 5 m Surface, 5 m
. . . 100 m transect;
Ross Lake Shoreline Fall, Winter, Spring 2021— i 100 m transect;
Erosional Area North ROSS4 2023 Grab > surface 5 surface samples
samples
Four events
Hozomeen ROSS7 (Jun 2021-Sep 2021) Grab Surface
Four events
(Jun 2022-Sep 2022)
Four events
Ross Lake Resort ROSSS8 (Jun 2021-Sep 2021) Grab Surface
Four events
(Jun 2022—Sep 2022)
Four events
Little Beaver Boat Access Camp ROSS9 (Jun 2021-Sep 2021) Grab Surface
Four events
(Jun 2022—Sep 2022)
Four events
Lightning Creek Boat Access Camp ROSS10 (Ui 2021k 20210) Grab Surface
Four events
(Jun 2022—Sep 2022)
Four events
Big Beaver Boat Access Camp ROSSI11 (Jun 2021-Sep 2021) Grab Surface
Four events
(Jun 2022—Sep 2022)
Diablo Lake
. Vertical Profile Vertical Profile Vertical
Upper End of Diablo Lake DIABLO1 Monthly (Jun 2021-May 2023) Grab @ m) 2 m) Profile (2 m) Im, 5m Im, 5 m
. Vertical Profile Vertical Profile Vertical
Diablo Lake Forebay DIABLO2 Monthly (Jun 2021-May 2023) Grab (2 m) 2 m) Profile (2 m) Im, 5m Im, 5m
Thunder Creek Confluence at DIABLO3 Fall, Winter, Spring 2021— Grab 100;2;;; I::seeCt; 100 m transect;
Bridge/Colonial Creek Campground 2023 5 surface samples
samples
Skagit River Hydroelectric Project Seattle City Light
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. Sample Sample Temperature Dissolved pH Turbidity Total Suspended . Total F('ecal Benthic
Lesation Identification LU CLI TSP EG) Type (C? Oxygen (units) (NTU) Solids (mg/L) L EDINEED Colionts Macroinvertebrates
P (mg/L) g (% Saturation) (CFU)
Four events
Thunder Creek Confluence at (Jun 2021-Sep 2021)
Bridge/Colonial Creek Campground DIABLO4 Four events Grab Surface
(Jun 2022—Sep 2022)
Four events
Environmental Learning Center DIABLOS (i 20115 2021) Grab Surface
Four events
(Jun 2022—Sep 2022)
Gorge Lake?
Vertical Profile Vertical Profile Vertical
Upper End of Gorge Lake GORGEI1 Monthly (Jun 2021-May 2023) Grab @) 2 m) et () im) Im, 5 m Im, 5 m
Vertical Profile Vertical Profile Vertical
Gorge Lake Forebay GORGE2 Monthly (Jun 2021-May 2023) Grab (2 m) (2 m) Profile (2 m) Im,5m Im, 5m
Below
Below Diablo Dam GORGES3 Jun 2021-May 2023 Continuous Compensation?
Depth
Below
Gorge Lake Forebay GORGE4 Jun 2021-May 2023 Continuous Compensation
Depth
Gorge Bypass Reach
Below
Below Gorge Dam in plunge pool BYPASSI Jun 2021-May 2023 Continuous I m 1 m 1 m Compensation
Depth
Below
~ 1.5 miles above Gorge Powerhouse BYPASS2 Jun 2021-May 2023 Continuous I m I m I m Compensation
Depth
Below
~ 0.6 miles above Gorge Powerhouse BYPASS3 Jun 2021-May 2023 Continuous 1 m I m I m Compensation
Depth
Skagit River Downstream of Gorge Powerhouse
Immediately Below Gorge PHOUSE Jun 2021-May 2023 Continuous 2m 2m 2m 2m 2m
Powerhouse
Immediately Below Gorge Opportunistically
Powerhouse PHOUSE2 Jun 2021-May 2023 Grab I'm
Locations Downstream of Gorge
Powerhouse, (6) B .
(PRMs 91.6, 85.9, 75.6, 69.3, 60.8, SKAGIT2-4 Jun 2021-May 2023 Continuous 1m
and 54.5)
Locations Downstream of Gorge
Powerhouse, (6) B Jul and Sep 2021;
(PRMs 91.6, 85.9, 75.6, 69.3, 60.8, SKAGITS-7X Jul and Sep 2022 Grab Streambed
and 54.5)
Sauk River
RM 2.8 SAUK1 Jun 2021-May 2023 Continuous 1 m
5 The depth at which the sum of hydrostatic and atmospheric pressure exceeds the gas pressure of TDG-supersaturated water.
Skagit River Hydroelectric Project Seattle City Light
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Dissolved < Total Fecal .
Lesation Idei?g":leliion LU CLI TSP EG) Sf[l‘mpele Teml(’g';lt“re Oxygen (ull)lli-is) TI(II{II’)[}I(.lIl)ty Tg:)i;(lssu(slll)lelllgfd L EDINEED Colionts Macrolislfi'lg'ltlec:brates
yp (mg/L) & (% Saturation) (CFU)
Jul and Sep 2021;
RM 2.8 SAUK2 Jul and Sep 2022 Grab Streambed
Skagit River Hydroelectric Project Seattle City Light
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6.0 SAMPLING PROCEDURES

Data will be obtained in the field and in the laboratory. Samples will be collected in accordance
with Ecology’s Standard Operating Procedures (SOP) included in Appendix A. The field sampler
will maintain a field notebook and will note relevant conditions during each sampling event on the
field data sheet. At a minimum, the following information pertaining to each sample will be
recorded: date, time, name(s) of people collecting samples, units of measurements, depth, Global
Positioning System (GPS) coordinates for the sample site, and river flow.

Gloves and other appropriate personal protective equipment will be worn during sample and data
collection activities consistent with the methodologies appropriate for the analyte in question, as
summarized in Tables 3 and 5. Observations of any field conditions that could affect sample results
will be recorded in the field notebook, such as the concentrated presence of domestic animals or
wildlife. Digital photo documentation of sampling conditions may also be performed. All field
notes will be clearly written in a format that can be reproduced (i.e., scanned [pdf]) and entered
into electronic format (Word or Excel).

Table 5. Analytical sample container, sample preservation, and holding time requirements.
Concentration
Analytical Reporting Range of Sample Holding
Parameter Units Method Limit Interest Container Preservation | Time
TSS mg/L SM2540-D 1.0 0-50 P Olyeg;ﬁ:“e "l Cool,4°C | 7 days
Cool, 4°C,
el |CFU/I00mI [SM9222D | 1 0-200 |POEVIeneor g ogy, | 624
Na2S203
6.1 Data Collections /n Situ

The field measurement equipment that will be used during this Project includes the following (or
a suitable equivalent):

=  Multi-parameter water quality sondes (e.g., Hydrolab® DataSonde 5) will be used to measure
water temperature, DO, pH, turbidity, and TDG.

=  Water temperature data loggers (e.g., Onset Water Temp Pro) will be used to measure
continuous water temperature.

Multi-parameter water quality sondes will be calibrated, deployed, and post-checked consistent
with Ecology SOP EAP129 and EAP002 (Appendix A). Sondes will be used to measure
instantaneous vertical profiles in Diablo and Gorge Lakes, using a long-line data cable. Sondes
will also be used for continuous and unattended data collection in the Gorge Bypass Reach and
downstream of the Gorge Powerhouse. When used for unattended data collection, the sondes will
be deployed in a protective housing that will minimize risk of vandalism or theft. Sondes will be
deployed as deep as practical, to best represent river conditions, and to minimize risk of the probes
going dry with changing flows. Sondes used to measure TDG will be deployed below the
applicable compensation depths. Data will be downloaded and post-processed consistent with
Ecology SOP EAP130 (Appendix A).

Seattle City Light
April 2021
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Continuous water temperature data loggers will be calibrated, deployed, post-checked, and post-
processed consistent with Ecology SOP EAP0O80 (Appendix A). Data loggers will be used for
continuous and unattended water temperature measurements downstream of the Gorge
Powerhouse. Water temperature data loggers will be fixed to a structure, such as a bridge piling,
boulder, or rebar that has been driven into the riverbed.

Prior to each use, the sonde instruments will be calibrated using manufacturer’s recommended
methods, checked at least monthly for drift, and recalibrated if not meeting accuracy requirements.
Any variances will be noted on the field data sheet and final report. Non-disposable sampling
equipment will be thoroughly cleaned between sampling sites.

Any field-collected data that are not already in electronic format (Excel) will be hand entered into
an electronic format and checked by a second party.

6.2 Sample Collection for Laboratory-Determined Analytes

Surface water samples will be collected in the field for subsequent TSS and fecal coliform
determination in a qualified laboratory. Surface samples will be collected using a grab sampling
technique, consistent with the “Stream Side” or “Extension Pole” method in Ecology SOP EAP034
(Appendix A). Surface samples collected from a boat will be collected via the “Extension Pole”
method. Each laboratory sample will be collected using laboratory-supplied clean containers.
Sample identification will include the site ID and depth interval (e.g., BYPASSI), date and time
collected, and the sampler. The sample bottles will be transported to the sampling location in clean
resealable plastic bags (e.g., Ziploc®). With the bottles in position for direct filling, the field
sampler will don clean nitrile gloves and fill the bottles by directly submerging the sample bottles
in the river. The bottles will be returned to the plastic bag, and resealed.

6.3 Sample Handling and Custody

A chain-of-custody record will be maintained with the laboratory samples at all times. A chain-of-
custody form that identifies the sample bottles, date and time of sample collection, and analyses
requested will be initiated at the time of sample collection and prior to sample shipment or release.
Identification information for each sample will be consistent with the information entered in the
field notebook. The samples will be transported or shipped to the analytical lab in insulated
containers within the appropriate holding time and will be accompanied by the chain-of-custody
form. If shipment is needed, the samples will be packaged and shipped in accordance with U.S.
Department of Transportation standards. The original chain-of-custody will be given to the lab
with the samples and a copy will be retained by the field staff for their records. Once received by
the laboratory, a sample receipt and storage record will be generated. The laboratory will perform
all analyses within the constituent- or method-specific holding times. After analyses are conducted,
all samples will be disposed of in accordance with federal, state, and local requirements.

6.4 Analytical Methods for TSS and Fecal Coliform

TSS and fecal coliform concentrations will be measured with standard methods by ALS, as
specified in Table 5. Containers, preservatives, holding times, and QA/QC requirements are
specified in the analytical methods and/or in the laboratory’s standard operating procedures.
Analytical methods are preferentially EPA or American Society for Testing and Materials (ASTM)
methods and are detailed in the laboratory’s quality assurance manual.

Skagit River Hydroelectric Project Seattle City Light
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Samples will be preserved on ice upon sample collection. Fecal coliform samples will have sodium
thiosulfate preservative in the containers provided by the laboratory and must not be overfilled.
Samples will be transported to the laboratory the same day to meet the fecal coliform holding time.

For each analyte, the laboratory must be able to achieve target reporting limits and method
detection limits that will allow consistency with study plan and data quality objectives. Reporting
limits are defined to detect small changes in concentration relative to background.

6.5 Benthic Macroinvertebrates

Benthic macroinvertebrates will be sampled by qualified personnel according to the protocol
described in SOP (EAP073) included in Appendix A. At each sampling location, benthos will be
collected in accordance with the SOP (shown in Table 6); see the SOP for more detailed
explanation of the monitoring elements shown in Table 6.

Table 6. Sampling protocol for benthic macroinvertebrates.
Monitoring Element Equipment and Procedural Specifications
Sampling Device D-frame kicknet
Net Mesh Size 500 pm
Site Length Two bankfull widths or more
Sample Area 8 ft? to create a single composite sample
Station Multiple riffles
Time to Suspend Sediment 30-120 seconds
Sample Targeted riffle composite
Sampling Season July 1-October 15
Subsample Goal 500+ organisms
Taxonomic Resolution Lowest practical
7.0 QUALITY CONTROL
7.1 In Situ Data Collection

Quality control measures for in situ water quality meters are described in the SOPs included in
Appendix A. Water temperature data loggers will be checked before and after deployment by
comparing the temperature data loggers to a Certified Reference Thermometer (CRT) traceable to
the National Institute of Standards and Technology (NIST). Sonde performance will be assessed
with calibration checks before and after deployment, according to the manufacturer’s
specifications. Instrument accuracy is also documented during servicing once a month, by
comparing against standard reference materials or a second calibrated meter.

7.2 Sample Collection

QA/QC activities for sampling processes include the collection of field duplicates and field blanks
for TSS and fecal coliform testing. The number of duplicates and blanks should be one per field
visit.

Skagit River Hydroelectric Project Seattle City Light
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7.3 Analytical Laboratory

ALS, which has been selected to provide analytical support for the TSS and fecal coliform
elements of this study, has appropriate facilities to store, prepare, and process samples and
appropriate instrumentation and staff to provide data of the required quality within the time period
dictated by the study. ALS has a quality assurance plan in place and will adhere to standard
protocols for accuracy, precision, instrument bias, and analytical bias.

The laboratory’s deliverable (i.e., data package) will include information documenting its ability
to conduct the analyses with the required level of data quality. Such information may include
results from inter-laboratory calibration studies, control charts, summary data from internal
QA/QC checks, and results from analyses of certified reference materials. Additionally, the
laboratory will report any inconsistencies or problems associated with any sample run(s) to HDR,
which will document the situation as a variance or non-conformance, as appropriate (e.g.,
contaminated reagents, equipment malfunction, lost or broken sample bottles upon receipt).

7.4 Macroinvertebrates

Quality control measures for benthic macroinvertebrate samples are described in the relevant SOP
(EAP073) included in Appendix A. Benthic macroinvertebrate samples will be processed and
analyzed by EcoAnalysts.

8.0 DATA MANAGEMENT PROCEDURES

Field and laboratory data will be entered and maintained in Excel spreadsheets. The contract
laboratory will provide an electronic data deliverable and an electronic narrative that includes, at
a minimum, Level II documentation.

Throughout the relicensing, the original field notebooks and forms, equipment maintenance and
calibration documentation, chain-of-custody forms, laboratory reports, and data verification
records will be stored at the HDR office at 905 Plum Street SE, Suite 200, Town Square 3,
Olympia, WA 98501-1516. Records will be transferred to City Light upon license receipt or
earlier, at City Light’s discretion.

9.0 AUDITS AND REPORTS

Periodic assessments will be conducted to ensure that data collection is conducted according to
requirements presented in this QAPP. The Study Lead will have the primary responsibility for
assessing compliance with the QAPP requirements pertaining to sample collection and handling
procedures, field analytical procedures, laboratory analytical procedures, and communicating
study status to the QA Officer and Project Manager. The QA Officer or his designee will conduct
reviews of field sampling and analysis procedures at the beginning of each field season. The
reviews may be performed at a demonstration site or involve accompanying sampling personnel
to determine whether sampling activities are being conducted in accordance with the QAPP and
study plan. Laboratory analyses will be assessed through evaluating results of QC samples and
compliance with DQOs.

Skagit River Hydroelectric Project Seattle City Light
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If a non-conformance is identified, the QA Officer and/or Study Lead will notify the Project
Manager immediately. The Project Manager, QA Officer, and Study Lead will discuss the
observed discrepancy with the appropriate person responsible for the activity to determine whether
the information collected can still be considered accurate, what the cause(s) were leading to the
deviation, how the deviation might impact data quality, and what corrective actions might be
considered. The QA Officer and Study Lead will then follow up to ensure that corrective actions
have been implemented.

10.0 DATA VERIFICATION AND VALIDATION

Documentation of review, verification, and/or validation will be maintained in the Project file. All
data will be reviewed and verified. In brief, following the field sampling and laboratory analyses,
which includes the laboratories’ own QA/QC analyses, HDR will subject all data to QA/QC
procedures including, but not limited to: spot-checks of transcription; review of electronic data
submissions for completeness; comparison of results to field blank results; and identification of
any data that seem inconsistent (Appendix B). If any inconsistencies are found, HDR will consult
with the laboratory to identify any potential sources of error before concluding that the data are
correct.

All verified chemical detections, including data whose results are “J” qualified, will be used for
this assessment. Should the laboratory need to re-extract samples and rerun the sample under
different calibration conditions, the data identified by the laboratory as the most certain will be
used. If field-sampling conditions, as measured by the field blank, indicate that samples have been
corrupted, HDR will identify the data accordingly.

All Onset Water Temp Pro data will be reviewed, and anomalous data may be identified by
reviewing a plot of the water temperature results and by comparing any questionable results to
ambient monitoring temperature data, flow information, and field notes. Identified data anomalies
then may be deleted from the record, provided the reason has been noted.

Handheld multi-parameter meter field data will be processed through a QA/QC procedure as
follows. Data from time periods with anomalous patterns or uncharacteristic spikes will be
identified and not accepted. Field monitoring data will be compared to the field and laboratory
instrument calibration records. Full documentation of QA/QC procedures and reasons for not
accepting any data will be provided in the initial and final study reports.

11.0 DATA QUALITY (USABILITY) ASSESSMENT

It is important that the data collected during this study are accurate, precise, representative, and
complete, and can, therefore, be used to characterize water quality within the Project area. These
data requirements will be assessed by ensuring that DQOs are met throughout the study.

After each discrete sampling event, the Study Lead will evaluate if the DQOs have been met. If
the impact of the QC failure on data quality is minimal, the data will be flagged and included in
the database. If a greater impact is found, the Study Lead will work with the QA Officer to
determine the next steps. Data that do not meet the DQOs will be evaluated to determine the cause
of the problem and whether corrective actions can be implemented so that DQOs are met in the
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future. At the end of the monitoring program, the data generated under this project will be given
to City Light.

12.0 REFERENCES

United States Environmental Protection Agency (EPA). 2011. Guidelines Establishing Test
Procedures for the Analysis of Pollutants. Title 40 Code of Federal Regulations, Pt. 136.

2011 ed.
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Please note that the Washington State Department of Ecology’s Standard Operating Procedures
(SOPs) are adapted from published methods, or developed by in-house technical and administrative
experts. Their primary purpose is for internal Ecology use, although sampling and administrative
SOPs may have a wider utility. Our SOPs do not supplant official published methods. Distribution of
these SOPs does not constitute an endorsement of a particular procedure or method.

Any reference to specific equipment, manufacturer, or supplies is for descriptive purposes only
and does not constitute an endorsement of a particular product or service by the author or by

the Department of Ecology.

Although Ecology follows the SOP in most instances, there may be instances in which Ecology uses an
alternative methodology, procedure, or process.
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Environmental Assessment Program
Standard Operating Procedure for Monitoring Total Dissolved Gas in Freshwater
1.0 Purpose and Scope

1.1 This document is the Environmental Assessment Program (EAP) Water Quality Studies
Unit Standard Operating Procedure (SOP) for Monitoring Total Dissolved Gas (TDG)
in Freshwater.

2.0 Applicability

2.1 This SOP should be followed for all monitoring of TDG in freshwater. It includes
procedures for spot measurements and long-term continuous monitoring of TDG
pressure, and the measurement of barometric pressure data to allow calculations of
TDG as percent of saturation.

3.0 Definitions

3.1 Total Dissolved Gas: the amount of gases, typically the constituents of air, dissolved in
water. Usually measured as pressure (e.g. mm Hg) or percent of saturation relative to
ambient barometric pressure.

3.2 Compensation Depth: the depth in a water column at which the total dissolved gas
pressure is equal to the hydrostatic pressure. As a rule of thumb, this corresponds to
roughly 1 meter for every 10 percent of saturation above 100%.

33 Aerated Zone: the area below a dam’s spill, waterfall, or other plunging stream of water
where bubbles are entrained in the water column and TDG is crossing the air-water
interface of the bubbles either into or out of solution.

4.0 Personnel Qualifications/Responsibilities

4.1 Training in the use of Hydrolab® equipment, including the Standard Operating
Procedures for use of Hydrolab® equipment.

4.2 Trained in safety procedures for work on or over the water.

5.0 Equipment, Reagents, and Supplies

5.1 Equipment

5.1.1 A Hydrolab® meter fitted with a TDG sensor.

5.1.2 Spare membrane for TDG sensor

5.1.3 Calibration kit with NIST pressure sensor, bulb hand air pump, fittings and tubes,
modified calibration cap, and tools.

5.1.4 Laboratory barometer

5.1.5 Portable digital barometer (optional)
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5.2

5.2.1

6.0

6.1

6.1.1

6.1.2.1

6.1.2.2

6.1.2.3

6.1.2.4

6.1.2.5

Supplies

Selzer water (USGS standard is Schweppe’s Club Soda)
Summary of Procedure

Overview

TDG, simply stated, is air dissolved in water. The dynamics of TDG are governed by
gas laws such as Henry’s Law and Boyle’s Law (Colt, 1984) Supersaturated TDG is
most commonly caused by air forced into solution by hydrostatic pressures when a
stream of water with entrained air bubbles plunges to depth.

TDG levels can also be affected by a variety of environmental conditions:

Primary biological productivity, which changes dissolved oxygen levels, since DO is
one component of TDG.

Changing water temperatures, which directly change TDG pressures and percent
saturation in accordance with gas laws.

High winds, and shallow, turbulent flow can increase the rate of gas exchange.
Supersaturated TDG is constantly seeking equilibrium with the atmosphere through the
air-water interface, but under calm conditions with laminar flow and deep water (such
as in reservoir with little wind), that exchange is very slow. A vigorous set of rapids or
cascades can allow a rapid return of supersaturated waters to equilibrium.

Changes in barometric pressure change TDG levels relative to the standards, since TDG
water quality criteria are expressed in terms of percent of saturation relative to ambient
barometric pressure. This also means that evaluation of criteria requires measurement or
estimation of the absolute barometric pressure at the location being monitored.

All TDG monitoring is conducted by
field measurements with specialized
meters. Various manufacturers provide
TDG meters, but all use diffusion
membrane methods equivalent to
Standard Method 2810 (APHA et al.,
1998). Ecology owns several Hydrolab®™
meters outfitted with TDG sensors. Other
meter models are sold by Common
Sensing (the original developer of TDG
meters) and In-Situ (who bought Alpha
Designs, the source of replacement TDG
membranes for the Hydrolab® meters).
Prior to development of field
measurement methods, dissolved gas was measured in the laboratory using a blood gas
analyzer, but this method is now rarely used.

Figure 1. TDG sensor and membrane
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6.1.2.6

6.1.2.7

6.1.2.7.1

6.1.2.7.2

6.1.2.7.3

6.1.2.8

6.2

6.2.1

6.2.2

6.2.2.1

6.2.2.2

6.2.2.3

The basic principle behind TDG monitoring is that dissolved gas diffuses through thin
silastic tubing wound around a base, and the pressure exerted through the membrane is
measured by a pressure sensor. The pressure sensors are quite robust and accuracy is
quite stable (they reportedly are the same as those used in automobile engines for
emission control). The membrane, however, is delicate and usually the source of any
monitoring challenges. Membranes need to be intact, dry inside, and clean. This
requires some attention to equipment maintenance and handling.

Good TDG measurements require three elements unique to the method: proper meter
placement, diligent care of the membrane, and patience:

For proper functioning of the membrane, meters need to be placed below the
compensation depth and outside any aerated zones. Membranes placed in shallow
supersaturated water or in bubbly conditions may produce inaccurate readings. Because
monitoring often occurs during high flow periods, rapid water velocities, high
turbulence, and dynamic water elevations create challenging deployment logistics.
Periodic cleaning and calibration will help insure membranes are performing properly.
During continuous monitoring deployment, maintenance about every two weeks is
optimal, but monthly maintenance is adequate.

Membranes can take 15-20 minutes to equilibrate to changing conditions, so plenty of
time needs to be allowed for calibration and for properly equilibrated spot
measurements. Bring a book, a laptop to check email, a radio or music player, or just
enjoy the scenery!

Like all environmental monitoring, a Quality Assurance Project Plan should be
developed for TDG monitoring. Examples developed by Ecology are cited in the
References (Ecology 2002; 2003; 2004). Ecology’s TDG data quality procedures are
modeled on the methods developed by the U.S. Geological Survery (Tanner and
Johnston, 2001).

Calibration

Calibration procedures follow the outline provided in Section A.1. of Appendix A.
Other parameters measured by the Hydrolab® meter should also be calibrated,
especially temperature and dissolved oxygen because of their close relationship to TDG
pressure. See the SOPs for Hydrolab® use for instructions on these parameters.

Calibrate the pressure sensor without membrane

Take a meter reading with pressure sensor open to ambient air, and compare to the
barometric pressure (BP) using the laboratory standard barometer.

Attach the fitting to the pressure sensor that connects through tubing and a tee fitting to
the NIST pressure gage and the bulb.

Pump up the pressure on the bulb until the NIST meter shows 100 mm Hg and record
the meter reading and lab BP+100. Repeat for +200 and +300 mm Hg.
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6.2.24

6.2.3

6.2.3.1

6.2.3.2

6.2.3.3

6.2.4

6.2.4.1

6.2.4.2

6.2.4.3

6.2.44

6.2.4.5

6.2.4.6

6.3

6.3.1

6.3.2

If any readings are greater than 2 mm Hg different from the lab BP standard, calibrate
the meter at ambient BP and ambient BP+200.

Test Hydrolab® meter with dry membrane

Attach the dry TDG membrane, then put on a calibration cup with the special cap with
tubing.

Record a meter reading with the chamber open to ambient BP.

Add 200 mm Hg pressure to the chamber (make sure all seals are tight!) and record
meter reading. Readings should agree within 2 mm Hg.

Test Hydrolab® meter in Club Soda

Remove the calibration cup and put the sensor guard on the meter.

Place the probe in a beaker and fill with Club Soda. Watch the readings and record the
high reading. TDG should rise from ambient to over 1000 mm Hg (for fresh soda) in
about 40 to 60 seconds, and then start to drop.

Remove the probe from the Club Soda. Watch the readings and record the low reading.
TDG should drop to slightly below ambient BP (effect of evaporation on the
membrane) in about 1 to 3 minutes, then begin to rise.

If the TDG readings in Club Soda rise or fall too quickly or too slowly, or if the
readings don’t rise as high as expected or don’t fall below ambient, replace the TDG
membrane and repeat 6.22 and 6.23. (This is why it’s always good to have a spare
membrane or two!)

The problem membrane can be washed in distilled water, dried thoroughly (at least 24
hours) and then retested. Moisture inside the membrane will cause problems.
Membranes can also develop tiny splits or pinholes, in which case they need to be
refurbished (rewound with new silastic tubing).

If the TDG meter and membrane passes all tests, it is ready to go. Dry the membrane
and visually inspect for flaws or internal moisture. Remove the sensor guard and replace
calibration cup for transport. TDG membranes are best stored dry when not in use.

Barometric pressure measurement methods

Obtaining BP measurements that coincide with your TDG pressure readings can be
problematic. Ideally a continuous data-logging barometer would be installed adjacent to
the deployment location, but Ecology has not found the high cost to be justified by the
limited need, and several alternative methods should work adequately.

For spot measurements, the meter itself can work as a barometer. Remove the
membrane at the monitoring location and take a reading with only the pressure sensor.
The disadvantage of this method is that any handling of the membrane increases the
chance of membrane damage.
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6.3.3

6.3.4

6.4

6.4.1

6.4.1.1

6.4.1.2

6.4.1.3

6.4.2

A hand-held digital barometer of acceptable accuracy serves well for spot readings.
(The Quality Assurance Project Plan should specify MQOs for barometer readings.)
EAP has some analog (aneroid) barometers, but they have been found to be very
sensitive to temperature changes and often provide inaccurate readings in field
conditions. Barometer readings can be checked with paired readings with the meter and
laboratory barometer during calibration.

For continuous deployment, a meteorological station in the vicinity is needed which
records continuous BP. BP tends not to vary on fine spatial scales (within a mile or
two), but on regional scales significant differences can occur, especially when BP is
dynamic such as during an approaching low front. Ideally you should visit the
meteorological station during field surveys and take a spot BP reading on-site for paired
comparison. Spot BP readings at the deployment site can then be compared to the
meteorological station data, and a regression developed to predict BP at the deployment
site from the meteorological station time series. BP varies linearly with altitude, so a
first-order linear regression usually works well.

Spot measurements

The trick to taking spot TDG measurements is to get the meter below the compensation
depth and keep it there long enough for a stable reading. The main approaches to
accomplish this are:

Find a quiet spot where the water is connected to the river but currents are slow, such as
an eddy or below an obstruction.

Take readings while drifting in a boat.

Attach a heavy weight on a short cable with the meter at the end of a rope. Ecology has
a cable and weight for this purpose.

Modify the attached form A-3 in Appendix A for the spot readings you plan to collect.
When you reach the site, take a BP reading, then lower the meter into the water to an
appropriate depth. Monitor the TDG readings until they are stable (less than 1 mm Hg
change in 2 minutes). Check the depth to make sure the meter is below the
compensation depth (divide the BP by 10, then allow 1 meter for each increment of
BP/10 that the TDG reading is above the BP). Record your reading (electronically and
in the field book).
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6.5

6.5.1

6.5.1.1
6.5.1.2
6.5.1.3

6.5.1.4

6.5.1.5

6.5.2

6.5.2.1

6.5.2.2

6.5.2.3

Continuous monitoring
deployment

Continuous deployment requires
the selection of a location that
meets several criteria:

Accessible for maintenance;

In a representative location;
Below the compensation depth for
all flows and water surface
elevations

Will stay in place during high
flows; and

Protected from damage from
debris or movement of the meter
itself

A number of approaches have
been used around the state. A few
are listed here:

Install a PVC pipe on a dock,
bulkhead, abutment, or other

permanent structure, so the meter
is 5 meters below low water and Figure 2. TDG continuous monitoring deployment with
a PVC pipe mounted from a bulkhead.

the top is accessible from the
structure. This is the most ideal kind of deployment for easy access and dependable
readings. It is best if the site has secure access.

Install a PVC pipe along the river bottom with the end anchored in the channel and the
top accessible on the shore. It’s challenging to find a location for this kind of
deployment where the end is deep enough and won’t wash away and the top is in a
secure location

Put the meter in a protective PVC case and attach to an anchor, which is lowered from a
boat or dock. This works best in low velocities, with an anchor heavy enough to stay in
place or attached to a structure. An anchor made of a piece of flat steel tends to stay put
better than a concrete anchor. At higher velocities you don’t want the anchor to move
or the meter to bang on the bottom. You could build a custom anchor with a clamp or
attached housing for the meter. An alternative to attaching the meter directly to the
anchor is to put the meter on a small buoy that is pulled below the surface but keeps the
meter off the bottom. The usual security problems exist for buoy deployments in areas
with public access.
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Figure 3. Anchor and PVC housing deployed from a dock for continuous TDG monitoring.

6.5.2.4 If you have the time, funds, and aptitude to rig a custom deployment, you could rig a
cable out to an anchor and then suspend the meter in a housing that hangs from the
cable on pulleys. To deploy or retrieve the meter you put tension on the cable and then
lower or raise the meter with a second rope.

6.5.3 When you first deploy the meter, take a second meter and take a paired reading before
deployment. At intervals of 2-4 weeks, bring a second calibrated meter, take a paired
reading, and then swap the meters. If you have another meter for spot readings, a three-
way replicate reading is even better. If an extra meter is unavailable, the meter can be
retrieved, milked for data, recalibrated, and redeployed in the field. Form A-3 can be
adapted to guide this field work and record data.

6.6 Post-calibration and maintenance

6.6.1 Post-calibration follows most of the same steps as calibration (Section 6.2). Form A-2 is
provided in Appendix A to guide post-calibration.
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6.6.2

6.6.3

7.0
7.1

8.0
8.1

9.0
9.1

92

9.3

10.0

10.1

10.2

10.3

After post-calibration, the TDG membrane should be removed, the solid cap placed on
the pressure sensor, and the membrane allowed to dry thoroughly. The TDG membrane
should then be stored in a sealed container with a moisture absorbent packet.

Damaged TDG membranes can be refurbished for about half the cost of buying an
entirely new membrane. Sometimes a membrane that is functioning poorly will work
fine after being cleaned and thoroughly dried, so this is worth trying before paying for
refurbishment.

Records Management

The standardized recording sheets provided in Appendix A should be modified as
appropriate for the specific needs of the project and used for calibration and field QA
procedures. Care should be taken to record times, barometric pressures, field conditions
and other relevant information at frequent intervals.

Quality Control and Quality Assurance

QA/QC procedures are described in the procedures above, and will be addressed
thoroughly on a project-by-project basis in the QAPP for the project. See References for
examples of TDG QAPPs.

All appropriate safety procedures to the installation method employed should be
followed for working off of docks, bridges, or boats, and for deploying and retrieving
remote moorings with buoy and anchors.

Installation of mounted tubes or other deployment should follow safety procedures for
use of tools and work over water.

For further field health and safety measures refer to the Environmental Assessment
Program (EAP) Safety Manual .
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Appendix A

Laboratory and Field Data Sheets
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A.1. HYDROLAB CALIBRATION PROCEDURES (To be done prior to survey)

Hyrolab # Lab barometerID  ____
TDGsensor# Date barometer lastcalib. __
Survey location ____ Today'sdate ~  ___

Survey Date Checked by

1. CALIBRATE TDG WITH DIGITAL PRESSURE GAUGE (MEMBRANE OFF).

LabBP ____ mm Hydrolab ambient pressure ________ mm Tme __________
Baro+100mm: expected/measured /
Baro+200mm: expected/ measured /
Baro+300mm: expected/ measured /

If any readings are >2 mm off, do a 2-point calibration at BP and BP+200 mm and note below.
Calibration BP: calibrated/measured /
BP+200mm: calibrated/ measured /

2. INSTALL DRY MEMBRANE AND TEST HYDROLAB WITH PRESSURE GAGE AND CHAMBER.

Lab BP + 200mm=______ mm
Before applying 200 mm pressure Hydrolab pressure ____ mm Time __
After applying pressure Hydrolab pressure ____ mm Time ____

3. INSTALL SENSOR GUARD AND TEST HYDROLAB WITH CLUB SODA.

Before soda test Hydrolab pressure ________ mm * Time _______
High pressure, soda test Hydrolab pressure ________ mm Time _______
Low pressure, after soda test  Hydrolab pressure ____ mm Time _______

4. CHECK MEMBRANE FOR INTERNAL MOISTURE AFTER THE OUTSIDE HAS HAD TIME TO DRY.

A.2. HYDROLAB TDG POST-CALIBRATION PROCEDURES (To be done at the conclusion of a survey.)

Today's date Checked by

1. TEST LOW CALIBRATION WITH MEMBRANE ATTACHED.
Lab BP mm Hydrolab Pressure mm Time

2. TEST HYDROLAB WITH DIGITAL PRESSURE GAGE AND PRESSURE CHAMBER.

Lab BP + 200mm =______ mm
Before applying 200 mm pressure Hydrolab pressure _____ mm Time _______
After applying pressure Hydrolab pressure ___ mm Time _______

3. TEST HYDROLAB WITH CLUB SODA.

Before soda test Hydrolab pressure ____ mm Time _______
High pressure, soda test Hydrolab pressure ______ mm Time _______
Low pressure, after soda test Hydrolab pressure ____ mm Time _______

(If the unit does not perform well on #1-3 above, re-evaluate the corresponding site record.)

Remove TDG membrane, clean the membrane, air dry, store with desiccator.
Allow TDG sensor to air dry for at least 24 hours.
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A.3. HYDROLAB TDG FIELD INSPECTION/CALIBRATION SHEET
Deployment/Retrieval Procedures

Project: ___ _ Date: Personnel:

Weather: Air temperature: °C

Observed river conditions (flow, spill, etc.):

BarometeriID Datelastcal.__________ Surveymeter#.________

1. Spot reading at: .Start time:____ ; Site conditions:
BP:___ ; Depth: ; TDG: : DO: ; pH: ; Cond: ;Tempi__ ;

2. Paired readings at deployment site: . Site conditions:
Starttime:_______ BarPress:____

Meter #.___; Time:___; Depth: ; TDG: ; DO: ; pH: ; Cond: ;Temp_____;
Meter #.___; Time:___; Depth: ; TDG: ; DO: ; pH: ; Cond: ;Temp:__ ;

After a minimum of 15 minutes, if both Hydrolab readings have not changed 1 mm./2 min, or if meters are changing but
difference is constant:
___________ mm (DS# )- mm (DS# )= mm Time:

IF Difference is > 10 mm, do A and B

A. Test both Datasondes with club soda:

DS# ___ ;TDG:___________mm Time:____

DS# _ ;TDG:._______  _mm Time:________

B. Test both Datasondes with pressure gage and chamber:

DS# ___: ambient_____ mm; plus200mm________mm Time: _____
DS# ___: ambient____ mm; plus200mm________mm Time: _____

IF DATASONDE FAILS EITHER TEST, REPLACE MEMBRANE AND RETEST, OR DO NOT USE.

Old meter retrieval time:_____, new meter deployment time:_____ .Endtime._______ BP.____
3. Spot reading at: . Start time:____ ; Site conditions:
BP:___ ; Depth: ; TDG: : DO: ; pH: ; Cond: ;Tempi__
4. Spot reading at: . Start time:_____ ; Site conditions:
BP:__ ; Depth: ; TDG: ; DO: ; pH: ; Cond: ;Tempi__
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3.1

3.2

3.3

Environmental Assessment Program

Standard Operating Procedure for the Collection and Processing of Stream Samples

Purpose and Scope

This document is the Environmental Assessment Program (EAP) Standard Operating
Procedure (SOP) for the collection, preservation, measurement, and analyses of water
quality at Freshwater Ambient Monitoring stations.

It describes the general stream monitoring procedures used for run preparation, sample
collection, measurement, processing, preservation, and shipment. The document also
addresses quality assurance and quality control procedures.

The standard set of samples collected, measured, or processed include: temperature, pH,
conductivity, dissolved oxygen, turbidity, total suspended solids, fecal coliform
bacteria, ammonia, nitrate plus nitrite, total nitrogen, total phosphorus, soluble reactive
phosphorus, metals, and stage height. Program SOP methods for Instantaneous
Temperature (EAP011), Dissolved Oxygen (EAP023), Metals (EAP029), Fecal
Coliform Bacteria (EAP030), pH (EAP031), Conductivity (EAP032), and Invasive
Species (EAP070) are also included.

Other samples that may also be collected and processed on a special study request basis
include: alkalinity, dissolved organic carbon (DOC), total organic carbon (TOC),
filtered total phosphorus, filtered total nitrogen, Nitrogen Isotope, chlorophyll, and
suspended sediment concentration (SSC).

All Ambient stations are typically monitored once a month and dissolved metals are
also monitored every other month at only a few stations.

Applicability
This SOP is intended for long term ambient stream monitoring.
Definitions

Dissolved Oxygen (DO) — The concentration of dissolved oxygen (mg/L) in a water
sample.

Conductivity —A measure of the ability of water to carry an electrical current. It is
dependent upon the concentrations and types of dissolved ions and the water
temperature. In general, a greater concentration of ions in the water will lead to a larger
conductivity value.

Ecology — Washington State Department of Ecology.
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3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

4.0

4.1

EAP — Environmental Assessment Program.

EIM — Environmental Information Management System. A searchable database
developed and maintained by the Washington State Department of Ecology.

Fecal coliform — A group of bacteria that inhabit the intestinal tract of warm-blooded
animals and remain viable in freshwater for a variable period of time. The presence of
fecal coliform bacteria in water indicates fecal contamination of the water by a warm-
blooded animal; harmful bacteria and viruses associated with fecal contamination may
also be present.

Field Logbook — A weather resistant logbook containing “Rite in the Rain” ® writing
paper used to document any and all field activities, sample data, methods and
observations for each and all sample sites.

pmhos — micro mhos (mho = 1/ohm =1 Siemen) per centimeter

MEL — Manchester Environmental Laboratory

MQO’s — Measurement Quality Objectives

MSDS — Material Safety Data Sheets provides both workers and emergency personnel
with the proper procedures for handling or working with a particular substance.
MSDS’s include information such as physical data (melting point, boiling point, flash
point, etc.), toxicity, health effects, first aid, reactivity, storage, disposal, protective

equipment and spill/leak procedures.

OC - Operations Center. The location of the program field equipment, boats, walk-in
cooler and shop (where technicians repair or fabricate the equipment).

pH — A measure of the acidity or alkalinity of a solution, numerically equal to 7 for
neutral solutions, increasing with increasing alkalinity and decreasing with increasing
acidity. The pH scale ranges from 0 to 14.

Run — Monthly scheduled sampling event (usually lasting 2-4 days).

Personnel Qualifications/Responsibilities

Field operations require training specified in EAP's Field Safety Manual (Ecology,
2015) such as First Aid, CPR, and Defensive Driving.
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4.2

5.0

5.1

5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17
5.18
5.19
5.20
5.21
5.22
5.23
5.24

Because the procedure requires the use of hazardous materials, training is required as
per the Ecology Chemical Hygiene Plan and Hazardous Material Handling Plan
(Section 1) (WA State Department of Ecology 2011), which includes Laboratory Safety
Orientation, Job-Specific Orientation and Chemical Safety Procedures. The Standard
Operating Procedures in Section 16 of the Chemical Hygiene Plan and Hazardous
Material Handling Plan for handling chemicals must also be followed.

Equipment, Reagents, and Supplies

Bridge sampler (based on design presented in Figure 4500-0:1 of the 20th Edition of
Standard Methods), 1 L Funnel, or Kemmerer/VVan Dorn samplers

Sampling ropes 1 @ 10 ft., 1 @ 35 ft. and 2 @ 55 ft.
Extension pole with bottle clamp

1-L funnel with tubing

Field Logbook or Field Data Report Form

Meter Calibration Log Form
Ambient Run Checklist
Sample tags

Sample coolers

Sample bottles

Cube ice

Gel-Ice (Blue Ice)

250 mL 10% HCI

Bacteria sampler

Long-line thermistor
Red-liquid thermometer
Weighted measuring tape
USGS gage keys

Peristaltic pump and filter holder

Hach PHC electrode

Hach pH 4, 7, & 10 Buffers.

Hach pH electrode filling solution.

pH 7 QC buffer (from another manufacturer - not Hach).
Hach 4-cell Conductivity electrode

Bridge Sampler
W/sample bottles

Bacteria Sampler
W/sample bottle
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5.25
5.26

5.27
5.28
5.29

5.30
5.31
5.32
5.33
5.34

5.35
5.36
5.37
5.38

5.39
5.40

541
5.42

5.43
5.44
5.45

6.0

6.1

6.1.1

2 —100 umhos/cm conductivity standards

2 — 1 L nutrient grab sample bottles! (marked up with black permanent ink and MSDS
sticker)

1 -1 L pH and conductivity grab sample bottle (marked w/red or green permanent ink)
DO box that has the following supplies:
300 mL BOD bottles (enough for the Run plus two spares)

Glass BOD stoppers

Plastic BOD bottle caps

3 mL graduated disposable transfer pipettes (one dedicated to each reagent)
Manganous sulfate monohydrate reagent bottle with MSDS sticker
Alkali-iodine-azide reagent bottle with MSDS sticker

Deionized water (DI water) used to rinse sampling bottles and equipment.
2-750 mL (or 500mL) plastic DI wash bottles

Metals sampling supplies:

Hand vacuum pump with hose and pressure gage

500mL Teflon FEP bottles pre-filled with de-ionized water by the lab

125 mL narrow mouth poly bottle containing H2S04 preservative for hardness sample
disposable 0.45 micron cellulose acetate filter unit (pre-cleaned)

Small Teflon vials containing 5 ml concentrated nitric acid preservative
Powder-free vinyl or nitrile disposable gloves

Baking Soda
Eyewash Stations
Digital Camera

Summary of Procedure

Annual Run Preparation. This process typically begins in the winter (several months
ahead of the sampling schedule).

The first objective is to work with the regional watershed leads and other Ecology staff
to prioritize and select new Basin Stations and metals sample stations? (see Attachment
A for draft station selection guidance).

! These should contain about 200 mL of 10% HCL solution that is replaced every other Run
2 These are sampled every other month.
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6.1.2

6.1.3

6.1.4

6.2

6.2.1

6.2.2

6.2.3

6.2.3.1

6.2.3.2

6.2.3.3

The next objective is to complete the “RunOrder” table in the “R&SNewWY Planning”
database. Then, notify the Ambient Database Administrator that the RunOrder table has
been updated and he will use the database to generate the following documents: (1) Lab
# (assigns lab numbers for each of the run stations), (2) Bottle Order (details the sample
bottle needs, delivery, and pickup schedules for each Ambient Monitoring Run).

The administrator will then forward the finalized Lab # and Bottle Order documents to
the Manchester Environmental Laboratory (MEL) and post them on the Y drive.

The final objective is to draft and post the following two run documents on the Y drive
(Y:\ambient) under the appropriate water year folder (WY __ Docs) and run name by
mid-September: (1) Run Times (details the planned daily time schedule) and (2) Run
Directions (details driving and sample location directions).

Monthly Run Preparation. This should begin one week in advance of a run and
requires: the completion and posting of a Field Work Plan & Contact Person Form,
making sample tags, printing out the Field Data Report Form and the Lab Analyses
Required Form (LAR), pre-booking air shipment(s), forward the air shipment
confirmation e-mail(s) to the courier, and make hotel reservations.

Samplers should always prepare for a Run through the use of a Run Checklist (see
Attachment B) to ensure that all of the necessary tasks, sampling equipment, supplies,
sample containers, and safety gear have been dealt with or loaded in the van. Note: Run
sample bottles should have been delivered to the OC bottle storage room (or the
designated regional location) by the lab courier the Wednesday before the scheduled
run. The lab courier should be contacted if they are not there or the order is incorrect.

Verify that the conductivity (and if needed DO electrode) soaks in tap or DI water
(replace water monthly).

Field Work Plan & Contact Person Form.

Samplers must complete and post the Field Work Plan & Contact Person Form on
SharePoint, along with links to the Run Directions and Run Times documents before
beginning a run.

The information on the form enables family and program staff to call a sampler in case
of an emergency or conduct a search if there was a mishap.

If plans change (lodging, cell phone number, etc.) the sampler must contact a supervisor
or the section secretary to have the information revised.
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6.2.3.4

6.2.4

6.2.4.1

6.2.4.2

6.2.4.3

6.2.5

6.2.5.1

6.2.5.2

6.3

6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

If the sampler fails to check in with the contact person, then the contact person needs to
notify the supervisor to begin efforts to locate the sampler. Note: Van cell phones need
to be kept on during work hours to allow the lab courier or other staff to get shipment
information or to discuss other program related needs.

Use the River and Stream Data Management Database to print the sample tag labels for
the Run.

Stick the labels to the Rite in the Rain sample tags provided by MEL.
Rubber band the labeled tags by station and by the planned sampling order.
Print Qut Field Forms.

Use the River and Stream Management Database to generate the Field Data Report
(FDR) and the Lab Analysis Request (LAR) forms.

Check the accuracy of the pre-entered information (run date, sampler...) on the forms
before printing them (see Attachment C - Example FDR and LAR Forms).

Day One Procedures

Refill the DI water containers (2 L bottles and 5 gallon carboy). Note: this task may
also be done at the end of the Run if a DI water source is not available at the satellite
office operation center.

Turn on the cell phone.

Put several scoops of ice into each sample cooler needed for the Run day and set the
coolers into the van. If on a multiple day Run that includes an overnight stay, then
consolidate the ice needed into a cooler for each day and top the cooler(s) off with
several frozen Gel-Ice. If shipping by air cargo, pack one cooler with gel ice.

Calibrate check the van barometer using the OC digital barometer located in the wet lab
(or by another means such as a local weather station - but note that weather stations
report BP corrected to sea level which must be converted back to absolute pressure).
Adjust the van barometer to be within 0.10 in Hg (inches mercury) when needed (and if
possible).

Check the calibration of the long-line thermistor to the NIST reference Onset HOBO
U14 digital Thermometer, complete the calibration check log to determine if it can be
used, and also note the results on the electrode Calibration Log Form.
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6.3.6

6.3.7

6.3.8

6.3.9

6.3.10

6.3.11

6.4

6.4.1

6.4.1.1

6.4.1.2

6.4.1.3

6.4.1.4

6.4.1.5

6.4.2

6.4.2.1

Empty and refill the dedicated 4, 7, and 10 Hach pH buffer calibration bottles with fresh
buffer solution that are the same temperature and at least 15°C.

Replace the pH electrode filling solution, rinse electrode with DI water, carefully re-
attach the half-filled electrode soaker bottle, plug the fill hole, and store the electrode
upright.

Empty and refill the QC 7 pH buffer and conductivity standard bottles.

Clean the conductivity electrode cells with a Q-Tip, rinse area with DI water, and store
electrode in DI or tap water.

Verify that the meter times are in Pacific Standard Time and within 3 minutes to a cell
phone or to the Naval Atomic Clock time.

Clean the inside of the filter stand apparatus by removing the hard plastic support from
the base and cleaning underneath with a brush, if necessary. Re-assemble and pump
(cycle) 10 % HCL through it followed by at least a 10 second flush with DI water from
the 2 L storage bottle located in the sink.

Daily Pre-Departure Procedures

Clear the junction. Remove the filling-hole cap, and slowly pull the attached electrode
soaker bottle down the electrode in half-inch increments until there is a noticeable drop
in the volume of the electrode filling solution.

Remove the electrode storage bottle and top off the electrode fill chamber with filling
solution.

Calibrate electrode following the electrode instruction manual for a three-point
calibration (Note: Hach 4, 7, and 10 buffers must be used).

Check the calibration accuracy by reading the QC7 buffer.

Record all the calibration information on the calibration sheet. Then reattach the
electrode storage bottle and store the electrode upright.

Rinse the electrode with DI water and set it in fresh 100 umhos/cm conductivity
standard. Note: the conductivity standard is easily contaminated. Keep it tightly capped
and avoid diluting it with DI or stream sample water. Also note: the accuracy of freshly
opened standard can be affected if unused for over 15 days.
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6.4.2.2

6.4.2.3

6.4.2.4

6.4.2.5

6.4.2.6

6.4.3

6.4.3.1

6.4.3.2

6.4.3.3

6.4.3.4

6.4.3.5

6.4.3.6

6.5

6.5.1

Check the meter settings to ensure the meter reads in the non-linear function (nLF)
mode for temperature compensation and the reference temperature setting is 25°C.

Measure the 100 standard. If the result is within the acceptable range of = 2 umhos of
the standard (>98 and <102), then record the initial result and cell constant, sample ID
number, and skip the following calibration steps. If the result is beyond the acceptable
range, then remeasure a freshly opened standard. If this next result is beyond the
acceptable range, then follow the calibration steps below.

Calibrate the electrode according to the electrode instruction manual.

Record the conductivity standard concentration, the electrode ID number, the initial and
final cell constants, the sample ID number, and any other required information on the
Electrode Calibration Log Form (see Attachment D).

Store the conductivity electrode in DI, tap, or stream sample water at all times. (Do not
store with the pH electrode).

Insert a new filter into the filter stand and wet the new filter with DI water to help keep
it in place. Reassemble the filter apparatus and turn the filter pump on for 10 seconds to
further flush the apparatus.

Select an empty BOD bottle from the DO box, record its number on the Field Data
Report Form, set it in the bridge sampler bucket, and secure the bucket lid.

Consolidate the 10% HCI solution from the two dedicated 1 L nutrient grab sample
bottles (marked up with black permanent ink) into one of the bottles, triple rinse the
empty bottle with DI water, and secure it in a bridge sampler bottle holder location.
Rinse a dedicated 1 L pH and conductivity grab sample bottle (marked with red or
green permanent ink) with DI water and secure it in another bridge sampler bottle
holder location.

Secure clean 1 L TSS and 0.5 L general chemistry (mostly used for turbidity analysis)
sample bottles in the remaining bridge sampler bottle holder locations.

Secure a bacteria sample bottle in the bacteria sampler.

Sample Collection Procedures.

Deploy the Long-line thermistor (LLT) electrode and if warranted do a stream height
reference point (RP) measurement.
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6.5.2

6.5.3

6.5.3.1

6.5.3.2

6.5.3.3

6.5.3.4

6.5.3.5

6.5.3.6

6.5.3.7

Use one of the following three basic sample collection methods: bridge sampler (mostly
used to collect samples from bridges), hand dip, and extension pole. Note: Always
survey the sample location for hazards (such as boating traffic or floating woody
debris) that must be avoided when using the sampling gear. Also, if necessary, put on a
high-visibility safety vest, turn on the amber strobe beacon light or vehicle emergency
flashers, and put out the traffic cones and warning signs.

sampler, sample bottles, bacteria sampler, sample ropes, and long-line thermistor) onto
the bridge to a well-mixed location such as the main part of the channel where
representative stream samples may be collected.

Lower the thermistor electrode into the water and let it equilibrate for at least two
minutes while completing some of the other sampling tasks.

If called for, measure the stream stage height® and record the result in the Yellow Field
Logbook (Flow Book). Also, record the weighted measuring tape correction factor or
check bar measurements. Note: The keys to the gage houses and wire weight gage
boxes are located on the key ring stored in the van above the sampling ropes.

Attach the sampling rope to the bridge sampler*, remove all the bottle caps, and set the
caps aside where they can remain clean.

Carefully lower the bridge sampler to the water surface, taking care to not dislodge any
bridge debris onto it. Allow the bottom of the sampler to touch the water surface, and
then raise the sampler off the water for a few moments to allow any debris from the
bottom of the sampler to drop off and float away. Then rapidly lower the sampler about
0.5 meters to submerge it. Note: This minimizes the sampling of surface film and any
debris from the bottom of the sampler.

When the bubbles from the bridge sampler bucket vent tube stop (bucket is full),
retrieve the sampler taking care not to dislodge bridge debris into it. If a swift current
carries the sampler downstream (before it can completely fill), then pull the sampler
above the water, allow it to swing upstream, and then drop it back into the water. This
action may need to be repeated a few times until the bucket is full.

Set the bridge sampler aside and replace the bottle caps.
Note: If alkalinity or other special study grab samples are needed, then collect them

using the bridge or bacteria sampler. Also note: A sample bottle may be added to the
bridge sampler through the use of a rubber tie down strap.

3 Stream stage height measurements are obtained at some stations from a reference point (RP) by using a weighted
measuring tape, a USGS weighted wire gage, or a staff gage.

4 The bridge sampler with sample bottle holders can simultaneously collect DO, turbidity, total suspended solids, pH,
conductivity, and nutrient samples.
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6.5.3.8

6.5.3.9

6.5.3.10

6.5.3.11

6.5.3.12

6.5.3.13

6.5.3.14

6.5.4

6.5.4.1

6.5.4.2

Memorize or record the water temperature, push the meter hold button to lock the result,
retrieve the thermistor electrode, and set the thermistor aside.

Attach the sampling rope to the bacteria sampler, remove the aluminum foil-covered
stopper or cap from the bacteria bottle, and place the aluminum foil-covered stopper or
cap where contamination can be avoided.

Move a few feet over from the location where the bridge sampler was retrieved and
carefully lower the bacteria sampler to the water surface, taking care to not dislodge
bridge debris or the bridge sampler retrieval water onto it. Allow the bottom of the
sampler to touch the water surface, and then raise the sampler off the water for a few
moments to allow any debris from the bottom of the sampler to drop off and float away.
Note: This minimizes the sampling of any debris from the bottom of the sampler.

Lower the sampler part way into the water but do not submerge the lip of the sample
bottle. Allow the current to re-orient the sampler so the sample bottle is on the
upstream side of the sampler. Then rapidly lower the sampler about 0.5 meters to
completely submerge it. Note: This minimizes the sampling of surface film and prevents
contamination from the bacteria sampler.

Retrieve the bacteria sampler taking care to not dislodge bridge debris onto it.

Carefully replace the aluminum foil-covered stopper or cap in a way that avoids
contamination to the inside of the bottle.

Return to the van with all the sampling gear.

collect samples within reach of the water surface when standing in or near the stream.

Carry the funnel, thermistor, and any needed sample bottles using vest pockets and an
empty bucket to a well-mixed location such as the deepest part of the active channel or
another location where a representative sample may be collected. Note: Do not
contaminate the sample location by wading upstream of it or collect a sample from an
eddy.

Put the thermistor electrode in the water and let it equilibrate for at least two minutes
while completing some of the other sampling tasks.
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6.5.4.3

6.5.4.4

6.5.4.5

6.5.4.6

6.5.4.7

6.5.4.8

6.5.4.9

6.5.5

6.5.5.1

6.5.5.2

If called for, measure the stream stage height® and record the measurement in the
Yellow Field Logbook (Flow Book). Also, record the weighted measuring tape
correction factor or check bar measurements. Note: The keys to the gage houses and
wire weight gage boxes are located on the key ring stored in the van above the sampling
ropes (or within view of driver).

Rinse the funnel in the stream.

Invert the funnel or orient the open end of the funnel upstream and slowly submerge it
until it and the funnel tubing completely fills avoiding any entrainment of air bubbles.
Pinch the end of the funnel tubing and remove the funnel (top end first) from the water.

Insert the end of the funnel tubing into the bottom of a BOD bottle, allow the funnel to
overfill the bottle until it is nearly empty, and then quickly withdraw the tubing (do not
use any samples that were aerated by the final discharge from the funnel). Insert the
glass stopper in the BOD bottle and cap it.

Hold the base of one of the sample bottles with one hand and remove the bottle cap.
Then invert the bottle, reach upstream, and plunge the bottle into the water about 15 cm
(6 inches), and then tip the bottle mouth up toward the water surface. Allow the bottle
to fill, take it out of the water, replace the cap, and repeat the bottle filling process to fill
the remaining sample bottles. Note: The pH/conductivity bottle should be filled
completely; the other bottles should be filled to the shoulder.

Memorize, push the meter hold button, or record the water temperature, and retrieve the
thermistor electrode.

Return to the van with all the sampling gear.

undisturbed sample location from the stream bank or to sample a shallow stream from a
bridge.

Carry the extension pole, funnel, thermistor, and needed sample bottles using vest
pockets and an empty bucket to a well-mixed location such as the deepest part of the
active channel or another location where a representative sample may be collected. Do
not contaminate the sample location by wading upstream of it.

Put the thermistor electrode in the water and let it equilibrate for at least two minutes
while completing some of the other sampling tasks.

5 Stream stage height measurements are obtained at some stations from a reference point (RP) by using a weighted
measuring tape, a USGS weighted wire gage, or a staff gage.
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6.5.5.3

6.5.5.4

6.5.5.5

6.5.5.6

6.5.5.7

6.5.5.8

6.5.5.9

6.5.5.10

6.6

6.6.1

6.6.2

6.6.3

If called for, measure the stream stage height® and record the measurement in the
Yellow Field Logbook (Flow Book). Also, record the weighted measuring tape
correction factor or check bar measurements. Note: The keys to the gage houses and
wire weight gage boxes are located on the key ring stored in the van above the sampling
ropes.

Secure one of the sample bottles in the extension pole clamp (Collect the FC sample
last), remove the cap from the bottle, and place the cap where contamination can be
avoided.

Use the extension pole to position the bottle just over the desired sample location.

Invert the bottle and in one quick motion plunge the mouth of the bottle into the water
about 15 cm (6 inches) and then tip the bottle mouth toward the water surface. Wait
until the bottle has filled, then take it out of the water, replace the cap, and remove the
bottle from the clamp.

Repeat this bottle filling process to fill the remaining grab samples.

The DO sample must be collected following 1L funnel procedure noted in 6.4.2 above
or in combination with the extension pole.

Memorize, push the meter hold button, or record the water temperature, and retrieve the
thermistor electrode.

Return to the van with all the sampling gear.

Field Processing Procedure. Field processing fulfills three essential purposes: to
preserve (fix) the DO sample, to prepare the individual samples for shipment to the lab,
and to obtain field measurements for conductivity, pH, and barometric pressure. The
typical field processing consists of the following procedure:

Put all the sampling gear into the van.
Tag the fecal coliform sample with the appropriate tag and place it in a cooler of ice.

Remove the BOD bottle from the bridge sampler bucket.

6 Stream stage height measurements are obtained at some stations from a reference point (RP) by using a weighted
measuring tape, a USGS weighted wire gage, or a staff gage.
7 Collect the FC sample first in really slow moving streams. This avoids the potential of having the other sampling
gear contaminate the sample location for the bacteria sample.
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6.6.4

6.6.5

6.6.6

6.6.7

6.6.8

6.6.9

6.6.10

6.6.11

6.6.12

Remove the bottle stopper and fix the sample by adding two milliliters of manganous
sulfate reagent followed by two milliliters of alkaline-azide reagent using the disposable
pipettes reserved for each reagent. Add these reagents by dispensing them onto the
inside neck of the bottle near the top of the sample (do not immerse the tip of the
pipette). This should avoid splashing and entraining air bubbles into the sample and
prevent any contamination of the reagents.

If necessary, tap the side of the BOD bottle to dislodge any air bubbles clinging to the
inside of the bottle. Then insert a glass stopper in the BOD bottle and tip it to discard
the displaced water.

Replace the stopper and invert the bottle a few times to mix the reagents into the
sample.

Add a few milliliters of water around the stopper to form a water seal and cover the
bottle top with a plastic BOD bottle cap.

Place the fixed sample into the DO box. Note: samples must be analyzed within four
days.

Get into the van and record the sample time and the stream temperature on the Field
Data Report Form. (Be sure to record exact sample times at Hydrolab stations.)

Remove the pH and conductivity grab sample bottle (marked with red or green
permanent ink), rinse the pH and specific conductivity measurement cups and
electrodes with sample water, and gently over fill the pH and conductivity measurement
cups with the sample water. Note: excessive agitation of the sample water will affect
pH.

Unplug the pH electrode fill hole and carefully remove the pH electrode soaker bottle,
rinse the electrode with DI water, and put it in the pH measurement sample cup. Turn
on the meter and gently stir the pH electrode for several seconds every half minute (or
so) for three to five minutes while completing some of the other field processing tasks.

Open a 125mL preserved nutrient bottle (contains 0.25 mL of sulfuric acid) and a 125
mL preserved nutrient bottle (contains 0.25 mL of hydrochloric acid) set them in the
sink bottle holders®. Avoid contact with the acid. Shake the 1 L nutrient sample to
ensure it is thoroughly mixed and fill each of the preserved nutrient bottles to the bottle
shoulder. Cap the bottles and tip them to mix the acid into the samples and set them
aside. Also fill a Hardness sample bottle if Metals samples are to be collected at the
station. Note: special study samples such as dissolved organic carbon (DOC), total
organic carbon (TOC), filtered total phosphorus, and filtered total nitrogen samples
should also be sub-sampled out of the nutrient grab sample and processed at this time.

8 Make sure there are a few drops of acid in each bottle.
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6.6.13

6.6.14

6.6.15

6.6.16

6.6.17

6.6.18

6.6.19

6.6.20

Turn on the filter pump and put the intake hose in the remaining 1 L nutrient sample.
Allow the filtered sample water to run through the filter apparatus for 10-15 seconds to
ensure that the DI water has been purged from it. Then fill a 125-mL amber bottle (no
preservative) to the shoulder with filtered sample water, cap it, and set it aside.

Remove the intake hose from the 1 L nutrient sample bottle and rinse hose exterior with
DI water. Then put the hose in DI water and let the pump run for 10-15 seconds to
flush the interior of the filter apparatus.

Gently stir the pH sample with the pH electrode for several seconds prior to and during
the time it takes for the meter to indicate a stable sample measurement. Repeat this
process until consecutive stable readings are within 0.02 pH units. Record the result
and the sample temperature on the Field Data Report Form. Note: This process may
take several minutes and gradual sample temperature changes may alter the pH or
prolong the time it takes to obtain a stable result.

If a Hach PHC281 electrode initial measurement is < 6.5 pH units, then clear the
junction and remeasure the sample (not a current method for other Hach pH electrodes).

If the pH result equals 6.5 or less or 8.5 or higher, then check the calibration of the pH
meter using the closest buffer (7 or 10). Record the calibration check result on the Field
Data Report Form and if necessary, recalibrate meter, and re-measure the sample®.

Check the calibration of the pH meter after the first, middle, and last station of the day
using the QC 7 pH buffer. Record the check result on the Field Data Report Form and
the Calibration Log Form. If necessary, recalibrate meter, and re-measure the sample.

Record the conductivity result on the Field Data Report Form or in the Field Logbook.
The meter displays results to the nearest tenth, so round the result to the nearest whole
number. If the tenths digit > 0.5, then round up; if it is < 0.5, then round down; and if it
is = to 0.5 round to the nearest even number. For example, a conductivity result of
103.5 would be rounded to 104 and a result of 62.5 would be rounded to 62.

Record the barometric pressure, stream stage height, and any other measurements on the
Field Data Report Form. Then record any weather or unusual site specific observations,
and equipment issues (spend some time on this as these narrative observations can help
explain any anomalous data on the form).

% If the difference between the pH meter result and the standard is greater than or equal to 0.10 pH units then
recalibrate the meter, if the difference between the pH meter result and the standard is greater than or equal to 0.15
pH units, then recalibrate the meter, re-read the sample, and "J" data since last calibration check.
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6.6.21

6.6.22

6.6.23

6.6.24

6.6.25

6.6.26

6.6.27

6.6.28

6.6.29

6.6.30

6.6.31

6.6.32

Note: if you observe any unusual or suspicious looking colored water in or entering
the stream, or other potential environmental hazards (drums, dead animals, or new
invasive plants or benthic macro invertebrates), then take some pictures and make
notes about the observation and your exact location. If the suspicious looking
colored water or potential environmental hazard is dangerous, then do not approach!

If the suspicious looking colored water is obviously not dangerous, then take some
precautions and collect two water samples (500mL bacteria and 1L - TSS) to send to
the lab. Also, if warranted, collect any potential new invasive plant samples for later
identification. Send to Jenifer Parsons (Program plant specialist) or other agency
staff that can do the identification.

In addition, immediately report these observations to the appropriate Ecology
contacts (Ecology’s Spills Hotline, regional office staff, and/or watershed lead) and
indicate that there are samples being sent to the Manchester Lab for potential
analysis if it is warranted.

Label the all sample bottles with the appropriate sample tags, double check the station
ID on the tag, and place them in ice in a cooler.

Remove and discard the used filter from the filter apparatus, rinse the inside of the
apparatus with DI water, and insert a new filter.

Wet the new filter with DI water to keep it in place, reassemble the filter apparatus, and
then turn the filter pump on for 10-15 seconds to flush the apparatus with DI water.

Select an empty BOD bottle from the DO sample box, record its number on the Field
Data Report Form, place it in the stainless bridge sampler bucket, and secure the bucket
lid.

Rinse the used nutrient sample bottle with DI water and pour the 10% acid solution
from the spare bottle into the newly rinsed bottle. Cap it, shake it, and set it aside in the
sink to soak until the next station.

Triple rinse the newly emptied nutrient sample bottle with DI water, and secure it in a
bridge sampler bottle holder location.

Rinse the dedicated 1 L pH and conductivity grab sample bottle with DI water and
secure it in another bridge sampler bottle holder location.

Secure clean 1 L and 0.5 L sample bottles in the remaining bridge sampler bottle.

Rinse electrode with DI water, carefully re-attach the quarter-filled electrode soaker
bottle, plug the fill hole, and store the electrode upright.
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6.6.33

6.6.34

6.7

6.7.1

6.7.2

6.7.3

6.7.3.1

6.7.3.2

6.7.3.3

6.7.3.4

6.7.3.5

6.7.3.6

Decontaminate all field gear and equipment following the “Standard Operating
Procedures to Minimize the Spread of Invasive Species” (Parsons, et. al, 2012).

Repeat the Sample Collection and Processing Procedures (see procedures 6.4, and 6.5
above) at the rest of the sampling stations. Note: the calibration of the pH meter must
be checked against a QC 7 pH buffer (not used for calibration purposes) after the first,
middle, and last stations of the day. The conductivity meter needs to be checked after
the last station of the day. Record the results on the Field Data Report Form and on the
Meter Calibration Log Form.

Metals Sampling Procedure. If called for, return to the sample location, and collect the
metals samples© .

This sampling procedure generally follows EPA Method 1669. Samples are collected
as single grabs in a 500ml Teflon FEP bottle using the stainless steel metals sampler or
by hand. Care must be used at all times when collecting and processing metals samples
to avoid contaminating the inside of the sample bottle or cap with debris and to
minimize the contact with ambient air.

Metals samples should be processed (filtered, preserved, and placed on ice) within 15
minutes after having been collected. If the metals processing requirement was not met
then make a note to the lab on the field sheet (and in the remarks) indicating how long it
took to process the sample. The lab may “J” qualify the data. Note: the holding time
prior to analysis for all metals, except mercury, is six months and the holding time for
mercury is 28 days.

or from the stream bank through the use of a rope.

Move to a well-mixed location such as the deepest part of the active channel where a
representative sample may be collected.

Invert the Teflon sample bottle, remove the cap, and rinse the sampler with the “ultra-
pure” water that empties out of the bottle.

After the bottle empties, set the sampler down and replace the bottle cap.
Then fit the sample bottle into the base of the stainless steel metals sampler.

Completely loosen the bottle cap while it is kept on the bottle opening. Gently lower
the sampler lifting arm hose-clamp over the cap and then tighten the clamp to secure it.

Attach the sampling rope.

10 Metals samples are collected at a few selected stations every other month.
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6.7.3.7

6.7.3.8

6.7.3.9

6.7.3.10

6.7.3.11

6.7.3.12

6.7.3.13

6.7.3.14

6.7.3.15

6.7.3.16

6.7.3.17

6.7.4

6.7.4.1

Move to a well-mixed location such as the deepest part of the active channel where a
representative sample may be collected.

Check to make sure the sampler lifting arm can move up freely.

Carefully lower the sampler to the water surface, taking care to not dislodge bridge
debris onto it. Allow the bottom of the sampler to touch the water surface, and then
raise the sampler off the water for a few moments to allow any debris from the bottom
of the sampler to drop off and float away. Note: This minimizes the sampling of any
debris from the bottom of the sampler.

Lower the sampler about 15 cm (6 inches) into the water. Allow the current to re-orient
the sampler so the sample bottle is on the upstream side of the sampler. Then rapidly
lower the sampler about 0.5 meters to completely submerge it. This minimizes the
sampling of surface film. Note: At about 25 cm under the water surface, the sampler
should automatically raise the bottle cap and allow the bottle to fill. Also, it may take
more than 45 seconds for the bottle to fill.

Retrieve the filled bottle taking care to not dislodge bridge debris onto it or the sampler.
Hold the bottle cap down on the bottle opening, carefully loosen the lifting arm hose-
clamp, screw on the cap until it is tight, remove and tag the bottle, and place the bottle
back in the Ziploc bags that it shipped in.

Repeat the procedure to obtain a second metals sample.

Put on a pair of gloves from the special Hg metals bottle bag and repeat procedures
6.7.3.1 — 6.7.3.4 to secure the bottle in the sampler.

Remove the gloves and follow procedures 6.7.3.5 — 6.7.3.10 to collect the sample.

Put on another pair of the gloves, hold the bottle cap down on the bottle opening,
carefully loosen the lifting arm hose-clamp, screw on the cap until it is tight, remove
and tag the bottle, and place it back in the Ziploc bags that it was shipped in. Note: Do
not acidify this sample.

Return to the van with the samples and sampling gear.

shallow stream, or near the bank of a large stream.

Move to a well-mixed location such as the deepest part of the active channel or another
location where a representative sample may be collected. Note: Do not contaminate
the sample location by wading upstream of it or collect a sample from an eddy.
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6.7.4.2 Grab the base of the sample bottle with one hand, invert the Teflon sample bottle,
remove the cap, and let the “ultra-pure” water empty out of the bottle.

6.7.4.3 Reach upstream and plunge the bottle into the water about 15 cm (6 inches) and then tip
the bottle mouth up toward the water surface.

6.7.4.4 Allow the bottle to fill and then take it out of the water.

6.7.4.5 Replace the cap in a way that avoids contamination to the inside of the bottle and place

the bottle in the Ziploc bag it shipped in.
6.7.4.6 Repeat procedure 6.7.4.1 — 6.7.4.6 to obtain a second metals sample.

6.7.4.7 Put on two pair of gloves from the special metals bottle bag, remove the cap, collect the
New Hg Metals sample, remove one pair of the gloves, replace the cap, tag the bottle
with the new Hg tag, and place it back in the Ziploc bags it shipped in. Note: Do not
acidify this sample or set the cap down.

6.7.4.8 Return to the van with the samples and sampling gear.

6.7.5 Extension Pole Method. This method is typically used to reach a more representative or

undisturbed sample location from the stream bank or slow moving stream.

6.7.5.1 Secure the metals sample bottle in the extension pole clamp.

6.7.5.2 Move to a well-mixed location where a representative sample may be reached with the
pole. Note: Do not contaminate the sample location by wading upstream of it and do
not collect a sample from an eddy.

6.7.5.3 Invert the Teflon sample bottle, remove the cap, and let the “ultra-pure” water empty
out of the bottle. Also, put the cap into the Ziploc bag the bottle shipped in and put the
bag in a location that will prevent contamination to the inside of the cap.

6.7.5.4 Position the bottle over the desired sample location.

6.7.5.5 Invert the bottle and in one quick motion plunge the mouth of the bottle into the water
about 15 cm (6 inches). Then slowly move the bottle upstream with the bottle mouth

tipped toward the water surface until the bottle has filled.

6.7.5.6 Take the filled bottle out of the water and then replace the bottle cap in a way that
avoids contamination to the inside of the cap and bottle.

6.7.5.7 Repeat the procedure to obtain the second metals sample.
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6.7.5.8

6.7.5.9

6.8

6.8.1

6.8.2

6.8.3

6.8.4

6.8.5

6.8.6

6.8.7

6.8.8

6.8.9

6.8.10

6.8.10.1

6.8.10.2

6.8.10.3

Put on two pairs of gloves from the special new Hg metals bottle bag, remove the cap,
collect the New Hg Metals sample, remove one pair of gloves, replace the cap, tag the
bottle with the new Hg tag, and place it back in the Ziploc bags that it shipped in. Note:
Do not acidify this sample or set the cap down.

Return to the van with the samples and sampling gear.

Metals Field Processing Procedure.

Total Recoverable Metals and Total Mercury.

Close the vehicle door to minimize drafts
Put on powder-free vinyl or nitrile disposable gloves.

Remove the disposable filter unit from the large Ziploc bag and set the bag and filter
unit aside.

Unscrew the cap from the first sample bottle (but leave it on the bottle).

If necessary, gently squeeze the side of the sample bottle to displace about 5 ml of
sample to make room for the Nitric acid preservative.

Carefully uncap the small Teflon vial containing 1:1 Nitric acid, lift the cap from the
sample bottle and add the acid to the sample. Screw the cap on the sample and then re-
cap the empty Nitric acid vial.

Attach the Total Metals and Total Recoverable Mercury sample tag to the sample bottle.

Place the tagged sample in its original Ziploc bag along with the empty (capped) Teflon
vial, eliminate air from the Ziploc bag, seal it and then put it in the large Ziploc bag that
contained the filter unit.

Dissolved Metals.

Attach the hand pump (or peristaltic pump) hose to the metals filter unit.

Remove the cap from the second sample bottle; lift up one side of the filter unit lid
about 3 cm (1 inch), and pour the sample into the top of the unit. Note: Avoid touching
or contaminating the inside of the filter unit.

Cap the empty sample bottle and put it into the large Ziploc bag that also contains the
tagged total metals sample.
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6.8.10.4

6.8.10.5

6.8.10.6

6.8.10.7

6.8.10.8

6.8.10.9

6.8.10.10

6.8.10.11

6.8.10.12

6.8.11

6.8.11.1

6.9

6.9.1

Hold onto the filter unit with one hand and use the other hand to squeeze and release the
hand pump lever (or turn on the peristaltic pump on the lowest setting) to create a
vacuum no greater than 20 PSI*! to filter the sample.

Filter as much of the collected sample as possible (at least half).

Empty “ultra-pure” water from an unused Teflon bottle and set the cap on the bottle
opening.

Unscrew the bottom of the filter apparatus, remove the cap from the top of the unused
Teflon sample bottle (do not set the cap down), pour the filtered sample into the Teflon
bottle, and set the cap on the bottle opening.

Carefully uncap the small Teflon vial containing 1:1 Nitric acid, lift the cap off the
bottle containing the filtered sample, and add the acid to the sample. Screw the cap on
the sample and then re-cap the Nitric acid vial.

Attach the Dissolved Metals sample tag to the sample bottle.

Place the tagged sample in its original Ziploc bag along with the empty (capped) Teflon
vial.

Eliminate air from the Ziploc bag, seal it, and put it in the large Ziploc bag that contains
the tagged total metals sample and the empty Teflon bottle.

Eliminate air from the large Ziploc bag and place the bagged samples on ice in a cooler.

Put it in the large Ziploc bag that contains the: tagged total metals sample, dissolved
metals sample, and the empty Teflon bottle.

Quality Assurance / Quality Control Sampling Procedures. Stations for Quality
Assurance / Quality Control (QA/QC) samples are assigned at random prior to the water
year. A typical Run has two field blank stations and ten field replicate/field split
stations per year. One QA sample station is assigned per Run per month. This
sampling follows the regular sampling process for the station.

1 Any peristaltic pumps used for metals filtering must be checked to verify that the lowest setting will not
create a vacuum greater than 20PSI.

12 Replicate samples are collected after the normal set of samples have been collected, processed, and the sampling
equipment has been set up to sample another station. The QA_-1 samples are used to assess variability from short-
term instream processes and field and lab processing. The QA_-2 samples are used assess variability from only the
field and lab processing.
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6.9.1.1

6.9.1.2

6.9.2

6.9.2.1

6.9.2.2

6.9.2.3

6.9.24

6.9.2.5

6.9.2.6

6.9.3

6.9.3.1

Repeat the normal sample collection and processing procedures (See sections 6.4 and
6.5) to collect a second set of field grab samples at the station. Then collect two
samples out of the of the same 1 L nutrient grab sample (instead of one set). Note: the
split samples for the station are usually just nutrient samples, but they may also
include non-nutrient samples such as hardness, TOC, and DOC.

Label the first set of collected samples with the QA _-1 (field replicate) tags and label
the second samples with the QA _-2 (field split) tags. Note: There is no need to split
any sample that is collected directly in the bottle and sent to the lab. Also note that
the QA -3 tags is are to be used if any QA samples are collected at a station other
than the station associated with the QA -1 and QA -2 samples.

blank samples to all the typical sample collection contamination sources.

Do not collect fecal coliform or DO samples, or take any pH or temperature
measurements.

Load the bridge sampler with all the normal plastic sample bottles (TSS, general
chemistry, nutrient, and pH/conductivity). Go to the sample site, remove the bottle
caps, and set the caps in the typical location you would use at that site (such as on the
road or bridging). Lower the bridge sampler to the water surface (do not immerse
anything into the stream), retrieve the sampler, and cap the bottles.

Return to the van and fill all the containers except the stainless bucket with the Lab
provided DI water.

Fill the conductivity measurement cup with water from the pH/conductivity grab
sample bottle, allow the conductivity electrode to stabilize, and record the measurement.

Go through the normal process of obtaining the preserved nutrient bottle samples and
filtered nutrient samples from the nutrient grab sample bottle.

Label the bottles with the appropriate QA_-1 tags, place them in ice in a cooler, and
note the time and conductivity measurement on the Field Data Report Form.

Load the sampler with a metals bottle (do not empty the special “ultra-pure” DI water
out of the bottle). Go to the sample site, remove the bottle cap, and put the cap in a dry
Ziploc bag to avoid any contamination. Lower the Metals Sampler to the water surface
(do not immerse anything into the stream), retrieve the sampler, and cap the bottle.

13 One Metals blank is collected per Run per year.
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6.9.3.2

6.10

6.10.1

6.10.2

6.10.3

6.10.4

6.10.5

6.11

6.11.1

6.11.2

6.12

6.12.1

6.12.2

Return to the van and follow the Dissolved Metals processing procedure (see procedure
6.8.10) and filter the ultra-pure de-ionized water from the sample bottle. Then pour the
filtered DI water sample back into the same bottle the water came from, cap it, label it
with a QA_-1 tag and place it on ice.

End of Day QC Procedures.

Check the calibration of the pH electrode using the QC 7 pH buffer. Record the result
on the Field Data Report Form and the electrode calibration form and if necessary,
recalibrate meter, and re-measure the last sample.

Rinse electrode with DI water, carefully re-attach the quarter-filled electrode soaker
bottle, plug the fill hole, and store the electrode upright.

Check the calibration of the conductivity electrode. Record the result on the electrode
calibration form Form. If the conductivity measurement is not within 5 pumhos/cm of
the standard then troubleshoot the meter and if necessary re-measure all of the samples
using the general chemistry sample.

Review the information recorded on the Field Data Report Form for completeness.

Use a pen to fill out the Lab Analysis Required Form (LAR). The information required
includes: sample times, field contact phone number, relinquished by, relinquish time,
relinquished to “Walk in cooler”, if necessary, number of coolers, and any helpful
comments. Initial and date any changes made to the form in ink.

OC Walk-in Cooler Shipping Procedures.

Drain the ice water from the sample cooler(s), top the samples off with a couple scoops
of ice, and set the cooler(s) in the walk-in cooler. Put a tag on the handle of the cooler
indicating it goes to MEL to make identification easier.

Put in the completed LAR in the courier’s inbox tray located near the walk-in cooler.
Greyhound or motor freight (truck) Shipping Procedures. Note: If possible, avoid

shipping on Greyhound, because this method can delay the receipt of the samples by
the lab.

Fold the completed LAR, put it in a plastic sandwich bag, and tape the bag under the
sample cooler lid.

Drain the coolers of ice water, and top them off with some additional ice or frozen Gel-
Ice (Blue-Ice). Note: do not overload the cooler with Gel-Ice because this can freeze
the samples. Also, all sample coolers used to ship samples must be in good condition
and not leak.
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6.12.3

6.12.4

6.12.5

6.13

6.13.1

6.13.2

6.13.3

6.13.4

6.13.5

6.13.6

Tape the cooler drain plug and lid using % or 1 inch reinforced tape. It works best to
tape over the drain plug first and then wrap tape twice around that end of the cooler and
cooler lid.

Check the sample cooler(s) in at the package service counter of the shipper and provide
Ecology’s account number along with any other necessary information.

If the shipper indicates any problems with the shipment schedule, then notify the
courier.

Airfreight Shipping Procedures. GoldStreak — Alaska Airlines/Horizon Air Cargo is the
current provider of this service for the sample cooler shipments. Note: The airline may
require a 24 hour advance notification procedure. The shipment can be booked online
the week before the run.

Fold the completed LAR, put it in a plastic sandwich bag, and tape the bag under the lid
of an empty (dry) sample cooler lid of a cooler that is in good condition and will not
leak. Tape the cooler drain plug using % or 1 inch reinforced tape.

Transfer the iced samples into the empty (dry) sample cooler and be sure that the all the
sample container lids are tight.

Top off the samples with several frozen Gel-Ice. The amount of Gel-Ice may need to be
increased during hot weather to ensure that the samples remain at or below 4° C during
shipment. If the Gel-lce were frozen or kept frozen with dry ice, then use only a few of
them to top off the samples™®.

Hold off taping the cooler(s), but take the tape with you so it can be done after check-in
and TSA inspection.

Check the sample cooler(s) in at the airline airfreight office or ticket counter. They will
need Ecology’s Customer ID number, your personal and Ecology ID, and possibly other
necessary information. Request that they attach a Keep Cool Sticker to the cooler lid or
side and have the officer from the Transportation Security Administration (U.S.
Department of Homeland Security) tape the cooler lids down after the cooler contents
have been inspected. If possible watch the process to be sure they remember to secure
the cooler lids down with tape. Note: The process allowed to get the cooler lids secured
with tape varies at each airport. Some airport staff will let us tape the coolers using
our tape, others will tape them using our or their tape (ask if you can watch for chain-
of-custody reasons), and sometimes they will tape the lids but not allow you to watch.

Contact the lab courier with any changes to the planned air shipment and the air
waybill number (already noted in the forwarded airline confirmation) after the
cooler(s) have been shipped.

14 Dry ice freezes Gel-Ice colder and some samples could be frozen if several of them are used.
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6.14 End of Day Procedures

6.14.1 Call the contact person noted on the Field Work Plan & Contact Person Form.

6.14.2 Lift the tube out of the DI water for the filter apparatus, lay the tube across the top of
the apparatus, turn on the pump, and pump the filter apparatus dry.

6.14.3 Move the meters, electrodes, a filled DI water wash bottle, pH buffers, and conductivity
standard into a heated room (hotel room, regional lab, or operation center).

6.14.4 If the overnight air temperatures will be at or below freezing, then also move the DI
water, and DO box containing DO samples into a heated room to prevent freezing or
loss to breakage.

6.15 DO Laboratory Analysis - Note: Save all Winkler chemical waste resulting from any
analysis (in a pail or bucket) for treatment (See 6.15.7 Winkler Waste Treatment and
Disposal Methods). Also Note: the titration procedures are also documented in a
Winkler training video in the Training area of EAP SharePoint.

6.15.1 Initial Cleaning Procedure:

6.15.1.1 Put on a plastic apron and Nitrile gloves.

6.15.1.2 Thoroughly rinse the flask and stir bar with deionized water.

6.15.1.3 Check and if necessary fill the Potassium bi-iodate dispenser and starch squirt bottle.
6.15.1.4 Fill the Sodium thiosulfate reservoir and loosen the reservoir cap. Note: it is best to do

this a few hours before the titrations, so the solution may reach room temperature and
there are no chemical reaction delays during the titration process.

6.15.1.5 Open the volumetric burette stopcock to a fill position.

6.15.1.6 Raise and lower the sodium thiosulfate storage bottle reservoir above and below the
volumetric burette a few times to flush the burette and to mix the sodium thiosulfate in
the reservoir.

6.15.1.7 Clamp the reservoir onto the workstation lab-frame above the volumetric burette.

6.15.1.8 Set a small beaker under the burette tip and turn the stopcock to the drain position to
dispense the old thiosulfate from the burette but not the burette tip. Refill the burette
and then drain it a second time to also rid any old thiosulfate from the tip. Avoid
empting the burette tip, because the resulting air bubble is difficult to eliminate.
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6.15.2

6.15.2.1

6.15.2.2

6.15.2.3

6.15.2.4

6.15.2.5

6.15.2.6

6.15.2.7

6.15.2.8

6.15.2.9

6.15.2.10

6.15.2.11

6.15.2.12

6.15.2.13

Titration Procedure:

Remove the plastic cap from the BOD bottle.

Pour off the water seal and invert the bottle several times to mix the floc.
Allow the floc to settle to the lower half of the bottle.

Put on the face shield.

Remove the bottle-top sulfuric acid dispenser from the acid storage cabinet. The
dispenser should already be pre-set to dispense 2 mL of acid.

Remove the glass stopper of the BOD bottle. Dispense 2 mL of the acid into the DO
sample and put the acid bottle back into the cabinet. Note: Concentrated sulfuric acid
is a very dangerous chemical and should be handled very carefully. Never add water
to it and always immediately rinse and dispose of gloves that get any acid on them.

Re-stopper the BOD bottle and invert it several times over the sink until the precipitate
has completely dissolved. The sample should have a clear yellowish color. If some
floc remains in BOD bottle, then invert the bottle several times to mix the floc and
allow 5-6 minutes for the precipitate to dissolve. If the floc still has not dissolved then
add a few drops of sulfuric acid from the sulfuric acid dispenser until floc completely
dissolves.

Slide a magnetic stir bar into an empty 500 mL Erlenmeyer flask.

Fill a 203 mL volumetric flask®® with the DO sample, transfer the sample to the
Erlenmeyer flask, and set the flask in the sink.

Refill the volumetric burette with sodium thiosulfate (make sure the sodium thiosulfate
escapes from the top nipple).

Place the Erlenmeyer flask containing the sample on the magnetic stirrer and turn on the
stirrer to the lowest setting.

Titrate the sample with the Sodium thiosulfate from the volumetric burette until it turns
to a pale yellow color.

Squirt 1 to 2 mL of the starch solution into the sample. Note: the addition of the starch
solution earlier than this can cause a less distinct titration endpoint or overshooting the
end point.

15 This is a slight modification of azide modification method presented in SM 20th Edition, 1998, which calls for the
addition of 1 mL of manganous sulfate and alkali-iodine azide instead of 2 mL. The excess reagents are accounted
for by using 203mL volumetric flasks rather than 201mL flasks.
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6.15.2.14

6.15.2.15

6.15.2.16

6.15.3

6.15.3.1

6.15.3.2

Continue the titration process by adding the sodium thiosulfate by quickly twisting the
burette stopcock past the discharge point (or by slowly adding individual drops) until
the purple color of the sample just disappears. This is the titration end point*® and it
should be sharp and distinct’’. Care should be taken to avoid an end point overrun.

Check the titration end point of any sample that was possibly overrun by adding a drop
of bi-iodate from a 3 mL graduated disposable transfer pipette to the titrated sample. If
the end point is correct, a faint purple color should reappear. If more than one drop of
bi-iodate is required to get a faint purple color, then the end point was overrun and a
Back-Titration needs to be done to correct the result (see 6.14.3 — Back-Titration).

Record the titration result or corrected titration result in the proper column on the Field
Data Report Form or in the field notes as mg/L of DO, If the value is between the 0.1
mL marks on the burette, round the even numbers down and the odd numbers up (e.g.,
10.25t0 10.2 and 10.35 to 10.4).

Back-Titration Procedure

Back-titrate an overrun end point sample using bi-iodate drops from a 3 mL graduated
disposable transfer pipette (1 drop = 0.05 mg/L). Correct the final value® if the back-
titration requires fewer than or equal to 8 drops and record the result without
qualification?’. If the back-titration requires more than 8 drops but less than or equal to
20, correct the final value and record the result with a "J" qualification (twenty drops
are equivalent to 1 mg/L). If the back-titration requires more than 20 drops, do not
record a result, but make a comment on the Field Data Report Form indicating the
titration error?.,

If a graduated burette or pipette is available, then carefully back-titrate to the overrun
end point sample using a measured quantity of bi-iodate and subtract the amount used to
correct the final result.

16 The volume of sodium thiosulfate used to titrate 203 mL of a sample equals the DO of the sample in mg/L.

17 1f the end point was not sharp and distinct or the sample contains purple flakes, then replace the starch solution
(it may have gone bad — this is rare). Record the result with a "J" qualification to indicate the result is an estimate
and note that the starch was bad and was replaced on the Field Data Report Form.

18 The mL of Sodium thiosulfate used to analyze a 200mL sample with this method is equal to the DO concentration
in mg/L.

19 The corrected final value is the final value - (number of drops used x 0.05 mg/L). For example, if 8 drops were
used and the final value was 10.3 mg/L, then the corrected final value is 9.9 mg/L (10.3 mg/L - (8 x 0.05 mg/L or 0.4
mg/L)).

20 jystification: Our MQOs specify 0.2 mg/L; 8 drops is equivalent to 0.4 mg/L which leaves a generous allowed error
of 50% for miscounting, imprecise drop size, etc. to still be within MQOs.

21 Justification: Results with a potential error of 50% of 1 mg/L, or 0.5 mg/L, should not be recorded at all.
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6.15.4

6.15.4.1

6.15.4.2

6.15.5

6.15.5.1

6.15.5.2

6.15.5.3

6.15.5.4

6.15.6

6.15.6.1

6.15.6.2

6.15.6.3

Sodium Thiosulfate Normality Check. The test is done to verify the strength of the
Sodium Thiosulfate solution and get a data correction factor. The normality check
result should almost always be between 9.95 and 10.05 mL if the Sodium Thiosulfate
has been stored properly. The result should also be very similar to those that others
have recently recorded in the Titration Log.

After the first sample has been titrated to its end point, add exactly 10 mL of the bi-
iodate standard using: a 10 mL volumetric burette, w/3-way stopcock, 10 mL bottle-top
dispenser, or glass volumetric pipette. Rinse the inside wall of flask with starch
solution to ensure that none of the standard is on it and re-titrate.

Repeat this procedure mid-way through the batch of samples to be titrated.

Record the volume of the sodium thiosulfate needed for each normality check on the
field notebook or worksheet and on the titration log located next to the titration station
(The average of the two normality checks is used as a correction factor for the field
data). Note: These normality checks should be very close, within 0.2 mL. If they are
not, then do at least two more until you have three consecutive results (within 0.2 mL of
each other) to use to calculate a correction factor.

If you get less than a 9.95 mL result, then repeat the normality check on another sample
but do the following first:

Eliminate air from the tip of the Potassium Biiodate bottle-top dispenser to ensure it
dispenses a 10.0 mL.

Gently dispense the Potassium Biiodate into the titrated solution in the bottom of the
Erlenmeyer flask and avoid getting any on the inside flask wall,

Rinse the inside flask wall with starch solution to ensure that all of the Potassium
Biiodate is in the titrated solution, and eliminate Sodium Thiosulfate drops/residue from
the outside of the refillable burette tip and tube connection.

Correcting Titration End Point Results with Normality Check (NC) Results?2.

Note: If using the ambient database, these corrections will be done automatically;
simply enter the mL of thiosulfate needed into the database “correction factor” field.

Divide the average of the two or more normality check results into 10 to get the
correction factor (10/NC avg.), and then multiply the measured result by the correction
factor (CF) to get the corrected result (Corrected DO = measured DO x CF).

For example, if the average of the normality checks was 9.9 mL and the sample titration
result was 11.5 mL, then:

22 The Ambient database automatically does this.
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6.15.6.4

6.15.6.5

6.15.7

6.15.8

6.15.8.1

6.15.8.2

6.15.8.3

6.15.8.4

6.16

Correction Factor Multiplier = (10/NC avg.) = (10/9.9 mL) = 1.01CF

Corrected Result = (measured DO x CF) = (11.5 mL x 1.01CF) = 11.6 mL. Note: The
corrected result is the volume, in mL, of sodium thiosulfate used to titrate a 200mL
sample. This volume is equivalent to the concentration of DO in mg/L.

Waste Treatment Procedures. Follow procedure depicted in Figure 4 below, record
final pH on the Winkler Waste Treatment Record (Attachment E), and rinse the treated
waste down the drain with copious amounts of tap water.

---Winkler Waste Treatment---

Measure and record final waste Sprinkle & mix in about two Measure and record final pH.
volume and initial pH. tablespoons of Baking Soda per %2 | Then gradually wash treated
gallon until foaming stops. waste down drain with lots of

water.

Figure 4. Winkler Waste Treatment.
Move the sodium thiosulfate reservoir back to its storage area on the counter.

Open the volumetric burette stopcock to a fill position (this allows the thiosulfate in the
volumetric burette to return to the reservoir).

Tighten the reservoir cap, drain thiosulfate from the burette to a level just above the
stopcock (leave thiosulfate in the tip), and leave the stopcock in a closed position.

Thoroughly rinse the used flasks and stir bar(s), and give them a final rinse them with
DI water.

End of Run Procedures.
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6.16.1

6.16.2

6.16.3

6.16.4

6.16.5

6.16.6

6.16.7

6.16.8

6.16.9

6.16.10

7.0

7.1

7.1.1

Brush and DI rinse the pH and conductivity sample cups and store them upside down.
DI rinse the filter apparatus and pump the lines dry.
Rinse the conductivity electrode with DI water.

Store the meter(s), electrodes, pH buffers, and conductivity standards in a warm and dry
area in the regional lab or operation center.

Refill the manganous sulfate monohydrate and alkali-iodine-azide reagent containers in
the DO box.

Empty the van of trash and vacuum it out.
Top off the gas tank (tank must be at least %2 full).
If warranted, get the van oil changed.

Turn any malfunctioning equipment into the Operation Center Technician along with a
completed Equipment Problem Report Form for repair at the end of each Run.
Malfunctioning equipment may result in unsafe sampling conditions and lost sampling
opportunities.

Enter the field data results and comments into our Access-based database, review the
entries for accuracy, and turn in the printout of the Run Field Data sheet along with the
other documentation to the database manager. Note: The run isn’t considered complete
until the field data have been entered and finalized in the database. This means that
normally you would do the run, analyze the DO samples, clean up your gear, and enter
data before doing any other non-run-related tasks.

Records Management

All hardcopy documentation of the data, such as completed Field Logbook and Field
Data Report Forms are kept and maintained by the project lead. These documents are
organized in binders or in expanding files. After about six years, hardcopies are boxed
and moved to EAP archives.

The data are entered into our Access-based database, reviewed and verified following
the Quality Control and Quality Assurance procedures, uploaded into EIM, and posted
on our webpage www.ecy.wa.gov/programs/eap/fw_riv/.
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8.0

8.1

8.2

8.3

8.4

8.4.1

9.0

9.1

10.0

10.1

Quality Control and Quality Assurance Section

The data QA program for field sampling consists of three parts: (1) adherence to the
SOP procedures for sample/data collection and periodic evaluation of sampling
personnel, (2) consistent instrument calibration methods and schedules, and (3) the
collection of a field quality control (QC) sample during each sampling run. Our QA
program is described in detail in Hallock and Ehinger (2003) and Hallock (2012).

The field QC samples are collected as a duplicate (sequential) field sample. This
consists of the collection of an additional sample approximately 15-20 minutes after the
initial collection at a station. This sample represents the total variability due to short-
term, in-stream dynamics, sample collection and processing, and laboratory analysis.

The annual field QC metals sample is a filtered field blank sample. This sample
captures potential contamination from sample processing and laboratory analysis.

A two-tiered system is used to evaluate data quality of individual results based on field
QC. The first tier consists of an automated evaluation of the data. Results exceeding
pre-set limits are flagged. The second tier QC evaluation is a manual review of the data
flagged in the first tier. Data are then coded from 1 through 9 (1 = data meets all QA
requirements, 9 = data are unusable). Criteria for assigning codes are discussed in more
detail in Hallock and Ehinger (2003) and Hallock (2012). We do not routinely use or
distribute data with quality codes greater than 4.

The overall quality of data collected during the sampling year are evaluated in our
annual reports (e.g., Hallock, 2011)

Safety

Safety is the primary concern when collecting samples. Since most sample sites are
located on highway bridges, road and pass conditions should always be checked before
departure (especially in winter). If roadside hazards, weather, accidents, construction,
etc. make sample collection dangerous, then skip that station. Note the reason on the
Field Data Report Form and notify your supervisor of the hazard when you return to the
office. If the hazard is a permanent condition, relocation of the station may be
necessary. Review Ecology’s Safety Program Manual periodically to assist with these
safety determinations.

References
APHA (American Public Health Association), 2015. Standard Methods for the

Examination of Water and Wastewater-. No: 4500-O C. Winkler Method, Azide
Modification, American Public Health Association, 22nd Edition. Washington D.C.
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Attachment A — Draft Station Selection Guidance

Draft Water Year Planning and
Basin Station Selection Guidance

We have had problems with final station selection not happening until late September or even into October, after the
new Water Year has already begun. As a result, scoping gets neglected, location metadata collection may be sloppy or
overlooked, samples may be missed, stations get moved after sampling has begun, and data management is
convoluted, which risks data being compromised.

Sometimes there are legitimate reasons for delaying station selection, but too often the reason is that we are all too
busy with other things. To help shepherd the station selection process, this document includes some milestones for
preparing the ambient runs for a new water year, as well as some guidance for identifying suitable basin stations.

Milestones
Date Task
June Ambient regional staff will work with stakeholders (regions, TMDL staff, TMDL

effectiveness staff, watershed leads, local governments, etc.) and each other to
develop a list of basin stations for the coming water year. (See selection criteria,
below.) Identify any supplemental parameters (and funding sources), metals
stations, flow-critical stations, etc. to the ambient coordinator. (Some scoping at
questionable stations may be required at this time.)

Late July Ambient regional staff will submit lists of basin stations (final, pending scoping)
directly to stakeholders and, via the ambient coordinator to the flow group and
EAP managers. Include supplemental parameters, reasons for sampling each
station, etc. Also include any proposed stations that were not selected, and the
reason they were not selected.

August Ambient staff will scope basin stations. Look for safe parking and bridge access,
safe and representative (e.g., well-mixed) bank sample location. Consider high-
flow conditions (and high-tide condition, where applicable). Record cross-section
temperatures and conductivities. Take notes for developing run directions (road
names, etc.). Take photographs (upstream and downstream) and GPS coordinates
(NAD83).

The ambient coordinator will provide a sampling schedule for the upcoming
water year to MEL and the flow group. The flow group will identify stations
where flows may not be available.

Late August | Ambient regional staff will submit the final list of basin stations directly to
stakeholders and, via the ambient coordinator to the flow group and EAP
managers. Ambient regional staff will indicate the availability of flows at stations
where flows are not expected.

Early Ambient staff will plan the new water year run. Enter day/order/lab number
September information, parameters for each station, the coming year's sampling schedule,
etc., into a temporary database, complete run directions, etc.

Mid Database administrator will submit required reports to MEL.
September
Late Ambient staff must enter September field data on time (the Thursday after the

September run). After the last run is entered, the database administrator will switch the
database over to the new water year's schedule.
October 1 New water year begins.
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[NOTE: Ambient regional staff includes all ambient staff responsible for the Runs in each of the four Ecology regions
(currently six Runs) and the database administrator/coordinator.

Sampling Design
Our standard monitoring design consists of monthly sampling for the constituents listed in the table, below. We are
usually willing to collect additional constituents when the analysis is funded by a stakeholder.

Our funding is sufficient to sample a total of 82 stations (plus quality control samples). We have divided these into 62
long-term stations that we monitor every year and 20 basin stations that can change from year to year. If logistics
allow, we are usually happy to monitor additional basin stations, provided a stakeholder funds the analyses. (Lab
analyses for standard constituents at one station for a year costs $1,320.) We may also establish a series of additional
stations in cases where a stakeholder has been able to fund staff time and travel, as well as analyses.

Standard Constituents

Ammonia nitrate plus nitrite phosphorus, total
conductivity nitrogen, total suspended solids, total
fecal coliform bacteria oxygen temperature

flow (at most stations) ph turbidity

metals & hardness (bimonthly, 12 stations) Phosphorus, soluble reactive

Basin Station Selection Criteria

Ideally, basin stations will be selected with the consensus of all stakeholders. But if there are too few stations
identified by early July, ambient monitoring staff may need to identify additional stations. Conversely, if too many
stations are identified, ambient staff will need to prune the list or get commitments from stakeholders to fund the extra
stations. Ambient staff will also need to decide if proposed stations meet our basic requirements.

Basin Station Selection Criteria
» Category "5" (303(d) listed. (See www.ecy.wa.gov/programs/wq/303d/.)
» Category "2" (Needs more data. See www.ecy.wa.gov/programs/wqg/303d/.)
» Support Ecology’s permitting system (See

https://fortress.wa.gov/ecy/wareports/public/f?p=110:300:3631029519474507::::..)

* Never been there, suspect impairment (See www.ecy.wa.gov/programs/eap/fw_riv/)
* Never been there, need to broaden coverage (especially in supplemental spawning areas)
e Supplement local efforts
* Pre-TMDL
» Contribute to an active TMDL
* Post-TMDL/effectiveness

Basic Requirements
« Safe to park, access bridge/bank, and sample (see EAP Safety Manual, 2012), Working near traffic and from
bridges, Working in Rivers and Streams, and Fall Protection, among others; remember, you must be able to
park and sample outside the fog line.)
« Stream flows in one direction (i.e., no tidal influence)
* Representative samples can be collected (well-mixed, no upstream tributary or other source)
» Active stream flow gage recommended but not required (see
https://fortress.wa.gov/ecy/wrx/wrx/flows/regions/state.asp)
Metals Stations
* Permit writers want data upstream of their facilities, even if no problems are expected
» Basin stations where we don’t have data
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Attachment B — Run Checklist

Pre-Run Preparation

Hotel Reservations
Pre-Booked Air Shipment
Field Work Plan in SharePoint
Sample Tags

Meter Calibration Log Form
Lab Analysis Report Forms
Field Data Report Forms
Waterproof Field Notebook
Run Directions Binder

Van Binder and keys

Cell Phone

Gas Van

Sample Bottles

Submit Timesheet

Standards & Sampling Supplies

pH 4, 7, & 10 Buffers

pH Probe Filling & Storage Solutions
Conductivity Standard

Filters

Pipettes

Deionized Water

D.O. Reagents

250 mL 10% HCI

Disposable Powder Free Gloves
Soak Probes in Tap Water
Tape

Scissors

Bags for small bottles
Clipboard

Baking Soda

____ Flagging

Sampling Equipment

Gage & Gate Keys

Stainless D.O. Bucket Sampler
Fecal Coliform Sampler

Metals Sampler

Weighted Measuring Tape
Ropes

D.O. Sample Box

Filter Apparatus

Hand Vacuum Pump with Hose
Map/Gazetteer/Thomas Guide pages
Gloves

Knee Boots

Rain Gear

Van/Safety Equipment
Yellow Hazard Beacon
Flares or Reflectors
Tire Chains

Jumper Cables

Tool Chest
Flashlight

Shovel

Safety Vests
Hardhats

First Aid Kit

Foil Blanket
Emergency Eyewash
Hand Towels

Hand Truck?

Step Ladder?
Personal Gear

Sun Glasses

Watch

Extra Clothing

Hat

2 Gallons Drinking Water

Meters/Instruments

pH Electrode
Conductivity Electrode
Long-line Thermistor
Barometer

Camera (and GPS?)
Meter Manuals

Pre-Departure Preparation

Check Road Conditions

Acid Wash Filter Apparatus
Calibrate Check Barometer?
Change pH Probe Solution

Clean conductivity cells

Change pH & Conductivity standards
Calibrate Conductivity Electrode?
Calibrate pH Electrode?

Check Thermistor Calibration?
Load Ice Chests, Gel-Ice, and Ice

‘Enter Observations on Meter Calibration Log Form
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Attachment C-1 Example FDR Form
J

Sampler: Bill Ward SRM FIELD DATA REPORT FORM Date: 9/17/2012 Page 1of 2

Temp | DO |DO|(Temp| True | Cond | Press | Stage | ChkBr/
2 |mgf/L| # | pH | Meter| uSfom | inHg | Height | Corr.

Station | Station Name Time Comments

234160 Chehalis R @ Dryal:l

24pgap | Willapa R nr Willapa

2arp70 | Maselle B nr Naselle

agrosn | Mill Cr nr mouth

aceosn | Abemathy Crnr
mouth

250050 | Germany Cr @
routh

QAs-1 Quality Contro
Sample

aas-2 | Quality Contro
Sample

WEATHER, etc: Bi-lodate: 10.0/10.0 Thiosulfate:
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Attachment C-2, Example FDR Form

Page 1 of 1
Laboratory Analyses Required
Project Mame:  sRM - 1209005
SIC: DWF03 Program: EAP
Send Results to: David Hallock Mail Stop: 47600 Monitoring Reference QAPP: 0503202 and Addendum
Date | Time General Chemistry Micro Metals
: =gz 7 73 ilz
vear | (Mil- Field | Manchester ] = f £ NHE e 7 x i ”
. Station | Lab Sample |= |m |§ £ Elald H £ = E i
[12]] itary, o2 el (3] |58 5|8 i g E|3
D Mumber |5 |52 |8 2 FEIE gl L g K i
= FIE 15| EE 2 588 | |5]E ] HHEE
— SEHE
o9pz 223160 -[OILJIPILR | X [ X X | K| x| X X Chehalis R @ Dryad
0917 2HEOIE0 - (ORILIDILE || [ o [ | KX ] [ X Willapa R nr Willapa
097 2HFOFP g e i R R R B A A R LA I X Naselle R nr Naselle
ogopzv 25[FoBR - (OB LR | [ ] | K e x| [ X Mill Cr nr mouth
0917 2{SB0KE0 =R A A A R S LA A N I B X Abernathy Cr nr mouth
= 25090 g S A R R A B P R A A e X X Germany Cr @ mouth
- 11oRE
-] 11PRE
Qo7 A% S(LRILPDILE | [ | R MM W] [x X Quality Control Sample
097 SLERE -[1B1PRE MM R X [ Quality Control Sample
Project Officer
Name: David Hallock Chain of Custody Record
Phone: 3604076681 Relinquished by | Received by Date Hr |Mn | Comments (temp, preserv, No. of coolers, etc )
09/17/12 Shipped coolers.
Sampler
Name: Bill Ward
Field Phone #:
Comments:

* RUNS Parameter Group: Turb, TS5, NH3, NO2+NO3, TPN, FCMF.
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Attachment D- Electrode Calibration Log Form

Electrode Calibration and QC Checks

Draft version 1.1

Date (dd/mm/yy)

Time

|Run

Sampler(s)

Thermistor #

a) HOBO Logger/Thermometer (!

Van pressure (Pre-cal.)

Meter # b) Thermistor (2C) Lab pressure
pHElect. # Correction (a minus b) LDO Electrode pressure
Cond Elect. # Was that corr. expected? Y/N |Adjusted? Y/N
LDO Elect. # Comments:
pH Electrode Calibration® Calib. Millivolts (Mv)

Date/Time Slope % Offset r2 Temp °C 4 7 10 QC7 True |QC7 reading
LDO Electrode Pre calibration” Calibration® Post calibration
Date/Time mon (0565 | mar |0 - “*|Slope |Offset |Temp |inHg |y oce | mar o |0
Conductivity Electrodg Calibra_tiond_ _ v TempC | Hach pH7 |Hach pH10 NIST NIST

Date/Time | foce | mesin] Fraca [ wory [era s pH7_ | pH 10

8 7.08 10.19 7.07 10.21
10 7.07 10.17 7.06 10.18
12 7.06 10.14 7.05 10.16
14 7.05 10.12 7.04 10.13
Daily Electrode QC Check Day #1° 16 7.04 10.1 7.03 10.11
Date: sampled | Time | True pH|Reading| Recal? 18 7.03 10.08 7.02 10.08
pH QC Check #1 Y/N 20 7.02 10.05 7.01 10.06
pH QC Check #2 Y/N 22 7.01 10.03 7.01 10.04
pH QC Check #3 Y/N 24 7 10.01 7 10.02
pH QC Check #4 Y/N 26 7 10 6.99 10.01
End day QC check Cond Stand 100, Reading uS/cm  |Comments
Daily Electrode QC Check Day #2°
Date: sampleid | Time [ True pH|Reading| Recal?
pH QC Check #1 Y/N
pH QC Check #2 Y/N
pH QC Check #3 Y/N
pH QC Check #4 Y/N
End day QC check Cond Stand 100, Reading uS/cm
Daily Electrode QC Check Day #3° Footnotes
Date: sample ID Time | True pH|Reading| Recal? b" See bottom fi‘ght corner for expected ranges.
See O, Solubility Table below.
pH QC Check #1 Y/N ¢ Recalibrate if difference is + 0.1 mg/L.
pH QC Check #2 Y/N dIf electrode conductivity is >+ 5us/cm, recalibrate, re-
read sample, & ")" data since last calibration.
pHQC Check #3 Y/N € If electrode pH is >+ 0.10 units, recalibrate; if > + 0.15
pHQC Check #4 Y/N units, recalibrate, re-read sample, & ")" data since last
End day QC check Cond Stand 100, Reading uS/cm calibration
LDO Electrode Qc Check Post Run Slope #: -57.5t0-58.8 (<0.7) pH4:165to 178 (<5)
Date/time | Sample ID [ Van Pressure P'r‘ﬂeztseu're 1 Er:szted 2) '?neqa/iing Diff of 1 & 2 |Slope %: 98 to 100 pH7: -5 to +6 (<5)
Slope r*: >0.9995 pH10:-168 to +179 (<5)
Offset: -3 to +8 (<4) Cond:0.375 to 0.425 (<0.02)
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Attachment E - Winkler Waste Treatment Record
Winkler Waste Treatment Record

pH after

Name Date Volume Initial pH
treatment

Measure and record waste volume and initial pH. Then sprinkle in about two tablespoons of
Baking Soda per %2 gallon (or one scoop), stir it to mix, wait about five minutes, and then re-
measure and record the final pH.
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Purpose of this document

The Washington State Department of Ecology develops Standard Operating Procedures (SOPs) to
document agency practices related to sampling, field and laboratory analysis, and other aspects of the
agency’s technical operations.

Publication Information

This SOP is available on the Department of Ecology’s website at
https://fortress.wa.gov/ecy/publications/SummaryPages/1903211.html.

Ecology’s Activity Tracker Code for this SOP is 19-005.

Recommended citation:

Larson, C. 2019. Standard Operating Procedure EAP073, Version 2.3: Minimum Requirements for the
Collection of Freshwater Benthic Macroinvertebrates in Streams and Rivers. Publication 19-03-211.
Washington State Department of Ecology, Olympia.
https://fortress.wa.gov/ecy/publications/SummaryPages/1903211.html.
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1.0
1.1

1.2

1.3

2.0
2.1

2.2
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24

3.0
3.1

3.2

Purpose and Scope

This document is the Environmental Assessment Program (EAP) Standard Operating
Procedure (SOP) for the collection of freshwater benthic macroinvertebrate (BMI) data.
Collection of BMI in wadeable streams and rivers (<25 m average bankfull width) and
larger rivers (>25 m average bankfull width) using narrow and wide protocols,
respectively, is discussed.

This document provides minimum requirements for the standardized methods of
collecting and preserving aquatic insects, as well as for the taxonomic identification and
reporting of the contents of BMI samples.

The methods described here are compatible with those used by other federal and state
agencies in the Pacific Northwest Region (Hayslip 2007). Data collected using these
methods allows us to share data with other agencies, thereby allowing for more efficient
use of time in the field and potentially more extensive sampling of the streams and
rivers in Washington.

Applicability

The procedures outlined here are used by EAP staff when collecting macroinvertebrates
during a data collection event (DCE) from rivers and streams in Washington State.

To allow for comparable results, any data submitted for analysis using Ecology’s
bioassessment models by outside entities should be conducted in this manner.

The methods outlined here are employed by several of EAP’s programs conducting
status and trends monitoring for the state. These include the Watershed Health
Monitoring (WHM), Ambient Freshwater Biological Monitoring (BIO), and Sentinel
programs (SEN).

These methods also pertain to biological assessment conducted for potential regulatory
purposes, i.e., directed studies (e.g., TMDL studies) or outside entities assessing sites
for potential listing on the state’s 303(d) list for “biological impairment” (see Ecology’s
Water Quality Program Policy 1-11: Bioassessment).

Definitions

DCE: The data collection event is the sampling event for the given protocol. Data for a
DCE are indexed using a code that includes the site ID followed by the year, month,
day, and the time (military) for the start time of the sampling event. For example:
WAMO06600-000222-DCE-YYYY-MMDD-HH:MM. One DCE should be completed
within one working day, lasting 4 to 6 hours, on average.

D-frame kicknet (Fig. 1): A lightweight, packable net used for the collection of aquatic
macroinvertebrates, composed of a 3- to 4-foot pole with a D-shaped frame attached to the
bottom, such that the flat side can be placed against the substrate. The frame is 1 foot wide
and 1 foot tall. A 500-micron mesh net is attached to the frame. With the ability to be
deployed across most substrate types, this is the required sampling device for status and
trends monitoring.
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33
3.4
3.5

3.6

3.7

3.8

Figure 1: D-frame kicknet.

EAP: Environmental Assessment Program
Ecology: Washington State Department of Ecology

EIM: The Environmental Information Management System is the Department of
Ecology's main database for environmental monitoring data. EIM contains records on
physical, chemical, and biological analyses and measurements. Supplementary
information about the data (metadata) is also stored, including information about
environmental studies, monitoring locations, and data quality. The “search by map”
feature enables plotting coordinates over orthophotographic imagery.

Hess sampler: A cylindrical mesh frame that is open on either end to allow access to
bottom substrates through the top of the cylinder (Fig. 2). This cylinder has a 500-
micron mesh net attached to part of the wall for sample collection. This sampler
prevents escape of sample organisms and prevents outside materials and organisms
from drifting into the net.

©0 00000
D

\\_—

1)
Figure 2. Hess sampler.

Narrow protocol: The set of Watershed Health Monitoring SOPs that describe data
collection at wadeable sites with an average bankfull width of less than 25 m at the
index station.

Narrow protocol sampling stations: Sampling occurs in a zigzag sequence (Table 1)
when moving upstream.
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3.9

3.10

3.11

3.12
3.13

Table 1. Pre-determined station locations
on each transect of a standard stream site.

% Transect Distance
Station Left to Right

25
50
75
50
25
50
75
50

I N|O| U B W N[~

Reach-wide composite sample: The reach-wide sample is composited from eight
predefined stations (Table 1). Each station is located on a separate transect and selected
without regard to whether it is in a pool, riffle, or other habitat type. Sampling from
multiple dispersed locations provides a representative sample.

SDS: Safety Data Sheets (previously Material Safety Data Sheets or MSDS) provide
both workers and emergency personnel with the proper procedures for handling or
working with a particular substance. An SDS includes information such as physical data
(melting point, boiling point, flash point, etc.), toxicity, health effects, first aid,
reactivity, storage, disposal, protective equipment, and spill/leak procedures.

Station: Any location within the site where an observation is made or part of a sample is
collected. For SOP EAP073 and SOP EAP111 (Larson and Collyard 2019), eight out of
the eleven transects are randomly selected for periphyton and macroinvertebrate
sampling. Table 1 defines the sampling path within the stream or river.

Substrate: The material that rests on the bottom of the stream.

Surber sampler — A net used for sampling aquatic insects, composed of a 12 x 12 inch
square frame with a 500-micron mesh net attached. It has another 12 x 12 inch square
frame that sits on the substrate to border your sampling area (Fig. 3).

Figure 3. Surber sampler.
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3.14

3.15

3.16

3.17

4.0
4.1

4.2

4.3

4.4

4.5

Targeted riffle sampling: A targeted sample represents sampling a single habitat type
from a stream reach that extends at least twice its bankfull width. A targeted sample is
composed of 8 feet of surface area sampled across multiple riffles or pools. Targeted
sampling from a single habitat type can help to reduce the variation in the data and to
provide a clear response signal. Individual directed studies may decide on the utility of
using targeted riffle sampling; however, projects involved in status and trends
monitoring employ only reach-wide composite sampling.

Transect: A straight line along which observations and/or measurements are made. This
line spans the stream channel and is perpendicular to the direction of flow.

Wide protocol: The set of SOPs for collecting data and samples at non-wadeable sites or
sites wider than 25 m bankfull width. It is an abbreviated version of the narrow
protocol.

Wide protocol sampling stations: Sampling at each of the eight transects occurs on the
side of the stream or river where habitat is also surveyed. At each of the selected
transects, a sample is collected from a representative portion (as much as practical) of a
littoral zone extending 10 m into the stream/river from the wetted bank and 10 m
upstream and downstream, respectively from the transect. The sample should also be
collected in an area shallow enough to deploy the kicknet and in an area away from
backwaters, eddies, or other edge habitat.

Personnel Qualifications/Responsibilities

For collection of the sample, personnel should at a minimum review the Quality
Assurance Monitoring Plans for the status and trends monitoring programs (e.g.,
Ambient Biological Monitoring (Adams 2010), WHM) and the training tutorial
Sampling Macroinvertebrates in Wadeable Streams in Washington State (EAP 2010).
Alternatively, they may receive formal training from staff who have themselves been
formally trained. EAP has been holding formal training sessions for watershed health
monitoring during June of each year. These sessions are open to the public.

For taxonomic analysis of the sample, the personnel should be certified for
identification of Western United States taxa to the genus or species level by the Society
for Freshwater Science (http://www.nabstcp.com/). Sample identification and
enumeration should be to the lowest practical level as outlined in Quality Assurance
Monitoring Plan: Ambient Biological Monitoring in Rivers and Streams: Benthic
Macroinvertebrates and Periphyton (Adams 2010).

All staff must comply with the requirements of the EAP Safety Manual (EAP 2017). A
full working knowledge of the procedures in Chapter 1 is expected.

All staff must be familiar and comply with the requirements of Ecology’s Chemical
Hygiene Plan and Hazardous Materials Management Plan (EAP 2018).

Field staff must be trained annually to minimize the spread of invasive species. See
SOP EAP(70 (Parsons et al. 2018).
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4.6 Read this standard operating procedure and discuss any questions with your supervisor
or task team leader.

4.7 Read the Safety Data Sheets (SDS) for ethanol before beginning the sorting/taxonomic
procedures. The SDSs are available in the Ecology Headquarters benthic laboratory and
on the Ecology’s internal QA website. Use proper protective clothing and equipment as
indicated.

4.8 Immediately report to your supervisor any symptoms or reactions that might be related
to ethanol exposure.

5.0 Equipment, Reagents, and Supplies
5.1 Wide-mouth polyethylene jar (128 oz or 3.8 L is a recommended size)
5.2 D-Frame kicknet (pre-cleaned of organisms) with these characteristics:

. Frame mouth that is 1 ft (30.5 cm) wide by 1 ft tall

o 500-pm mesh net

53 95% ethanol (3:1 ratio by volume for each part sample)
5.4 Label (waterproof) for jar exterior

5.5 Label (waterproof) for jar interior

5.6 Soft-lead pencil

5.7 Clear tape

5.8 Electrical tape

5.9 Pocket knife

5.10 Wading gear (pre-cleaned of organisms)
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6.0
6.1

Summary of Procedure

Table 2. Details of benthic sampling based on monitoring purpose.

Details of the procedure are determined by the purpose for monitoring (Table 2).

Monitoring

Status & Trends

Status & Trends

. Regul
purpose (narrow protocols) (wide protocols) egulatory
Device D-frame kicknet D-frame kicknet D-frame kicknet, or
Surber, or Hess
Mesh 500 um 500 um 500 um
site length 20 bankfull widths (150— 20 bankfull widths (150-2000 m) 2 bankfull widths (or
500 m) more)
Sample area 8 ft? 8 ft? 8 ft?
Station 8 transects, 4 margins+4 | 8 transects, littoral zone on side of Multiple riffles or 8
distribution central stream where habitat is surveyed transects
Time to 30 seconds 30 seconds 30-120 seconds
suspend
Reach-wi -
Sample Reach-wide composite Reach-wide composite eac. wide or tar.geted
riffle composite
Season July 1-Oct 15 July 1-Oct 15 July 1-Oct 15

Subsample goal

500+ organisms

500+ organisms

500+ organisms

Taxonomic
resolution

lowest practical

lowest practical

lowest practical
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6.2 Field Sampling

6.2.1 For status and trends monitoring purposes (e.g., WHM), the sampling season extends
from July 1 to October 15. For regulatory monitoring purposes, sampling
should be conducted during the same period.

6.2.2 Samples should be collected with a device that uses 500 micron mesh, including D-
frame kicknets, Surber samplers, or Hess samplers. Samples collected for status
and trends monitoring (i.e., WHM, Ambient Stream Biological Monitoring, and
Sentinel programs) should use a D-frame kicknet.

6.2.3 Samples should be collected from 8 square feet of stream bottom surface area and
composited in the same jar. These samples should come from multiple
locations across the study site.

6.2.4 Samples taken for the purpose of monitoring status and trends of stream health (e.g.,
WHM) should be composited (regardless of habitat) from 8 randomly selected
transects dispersed across a site at least 150 m long. See the WHM SOP for
Verification and Layout (in production) or Adams (2010) for a description of
the site layout procedures.

6.2.5 Samples taken for the purpose of regulatory assessment should be composited from 8
feet of surface area taken from multiple fast-water habitats in the study reach.
Aliquots may be from either turbulent (e.g., riffles) or non-turbulent habitat
(e.g., glides), as long as flow is sufficient to carry organisms into the net.

6.3 Fast-water Aliquots

6.3.1 Place the sampling device firmly against the stream bottom, facing the flow of water.
Eliminate gaps under the frame with the opening of the collection net.

6.3.2 Identify the surface area to be sampled. Gently scrub large substrate particles (larger
than 5 cm in diameter) in front of the sampling device to remove any organisms
that cling to the substrates; allow the flow to carry them into the mesh.

6.3.3 After each particle in the sample surface area is cleaned, inspect it for any remaining
organisms, and then set it outside of the sample area.

6.3.4 Suspend the substrate into the water column from the specified surface area and allow
the flow of the water to carry the BMI into the mesh. This may be
accomplished by kicking or using a trowel, for a minimum of 30 seconds, to
stir up and suspend the substrate in front of the net.

6.4 Slack-water Aliquots
6.4.1 If flow is unable to carry the BMIs into the mesh, visually inspect the stream bottom for
any heavy or large organisms, such as mussels and snails, and place them in the
sample jar.
6.4.2 Pick up any loose rocks or large substrate particles and scrub them over the net,

allowing the organisms to fall into the mesh, and then set aside.
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6.4.3 After scrubbing, vigorously kick the remaining finer substrate within your sampled
surface area and drag the net repeatedly (for 30-120 seconds) through the
disturbed area just above the bottom.

6.4.4 Move the net all the time so the organisms remain trapped in the net and do not escape;
continue kicking.

6.4.5 On completion of sampling, remove the net from the water with a quick
upward/upstream motion to wash the organisms to the bottom of the net.

6.4.6 Wash the contents of the net down to the bottom for ease of placing the sample aliquot
into a jar. Remove relatively large debris, i.e., pieces of wood or rocks, from
the net following inspection for attached invertebrates.

6.4.7 Place the aliquots in the jar.

6.4.8 Carefully inspect the mesh itself and remove any remaining organisms that may be
stuck to the net. Adding a small amount of ethanol to the jar prior to sample
collection helps to reduce the number of organisms sticking to the net and
minimizes sample degradation during the sampling event.

6.4.9 Add 95% non-denatured ethanol to equal 2/3 of the volume of the total sample and add
a label printed on waterproof paper to the contents of the jar. Sufficient ethanol
is necessary to preserve the contents of the jar until taxonomic enumeration.

6.4.10 Existing water in the jar should not dilute the concentration of ethanol below 70%, so if,
for example, approximately 100 mL of water is in the jar, add 300 mL of
ethanol (ratio is 3:1).

6.4.11 Seal the jar securely, wrap the lid with electrical tape at the junction with the bottle, and
affix a second label printed on waterproof paper to the outside of the jar.
Contents are now ready to be delivered to the taxonomist for identification and

enumeration.

6.4.12 Minimize the risk of spreading invasive species.

6.4.13 Before sampling in another stream or river, treat boots, boats, and nets according to
SOP EAP070 Environmental Assessment Procedure 01-15 (Parsons et al.
2018).

. ________________________________________________________________________________________________________________________|
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7.0 Data Reporting

7.1 At a minimum, a target of 500 organisms should be identified by the lab for each
sample. There are occasional situations that lead to fewer than 500 organisms per
sample and do not meet this target. In these cases, the lab should identify the entire
sample. Acceptance of smaller count (<500 organisms identified) data into our database
for assessment purposes will be allowed at Ecology’s discretion.

7.2 Each organism should be identified to the “lowest practical level.” Lowest practical
level is generally to genus or species, unless the specimen is underdeveloped or has
been damaged, preventing identification to this level. Adams (2010) outlined the
standard taxonomic effort employed by EAP’s status and trends monitoring projects
(see appendices G & H in Adams [2010]).

7.3 Lab data reported should include at a minimum:
7.3.1 Lab name/taxonomist
7.3.2 Integrated Taxonomic Information System (ITIS) taxa number
7.3.3 Scientific name of taxa
7.3.4 Collection date
7.3.5 Sampling device
7.3.6 Habitat sampling scheme (reach wide or targeted)
7.3.7 Protocol used (narrow or wide)
7.3.8 Number of organisms identified
7.3.9 Density of taxa per meter square
7.3.10 Number of taxa by life stage
7.3.11 Report number of damaged taxa and indicate if unable to identify to lowest level
7.3.12 Report taxa uniqueness for nonspecific identifications (to estimate diversity)
8.0 Records Management
8.1 List every sample on a chain of custody form submitted to the taxonomist. This form

should include location, date, and sampling information.

8.2 The taxonomist will submit data to Ecology’s EIM database (ecology.wa.gov/Research-
Data/Data-resources/Environmental-Information-Management-database) or to Puget
Sound Stream Benthos (http://pugetsoundstreambenthos.org/default.aspx). Arrangements
should be made with King County DNR to give permissions for the taxonomist to
submit data to the Puget Sound Stream Benthos website.
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9.0
9.1

9.13
9.14

9.1.9

9.1.10

Quality Control and Quality Assurance Section
Field Quality Assurance

Visit precision measures variability in the sampling method and is related to the
variability of collecting a composite sample in a reach. Visit precision is
estimated by collecting side-by-side duplicate composite samples of the
invertebrate communities within the same reach during the same day at 10% of
the reaches sampled annually. Visit precision is calculated using the relative
standard deviation (RSD) from two replicate composite samples and should be
<20% in reference streams when using the taxa richness metric.

For additional information see the Quality Assurance Monitoring Plan for Ambient
Biological Monitoring in Rivers and Streams: Benthic Macroinvertebrates and
Periphyton, Appendix C (Adams 2010).
https://fortress.wa.gov/ecy/publications/summarypages/1003109.html.

Macroinvertebrate Sorting Efficiency

Quality control procedures for initial sample processing and subsampling involves
checking sorting efficiency. These checks are conducted on 10% of the samples
by independent observers who microscopically re-examine the sorted substrate
from each sample.

All organisms that were missed are counted. Sorting efficiency is evaluated by applying
the following calculation:

SE =n;/n: x 100

where SE is the sorting efficiency expressed as a percentage, n; is the total
number of specimens in the first sort, and n> is the total number of specimens in
the first and second sorts combined.

Sorting efficiency is recorded on each bench sheet by the person or lab enumerating the
sample. If 95% sorting efficiency is not achieved for a given sample, a failure is
recorded on the bench sheet and in the database.

The sorted portion of that sample is then completely resorted before the sorting
efficiency test is repeated for that sample.

Sorting efficiency statistics for each technician and for the entire laboratory are
reviewed monthly.

Sorting efficiency for each sample in a project is reported to the client in the technical
summary document. Technicians who do not maintain the target sorting
efficiency are given remedial training, and larger portions of the samples they
process are examined for the sorting efficiency test until they are able to
maintain the target sorting efficiency.

A second evaluation of the subsampling process is applied to a small proportion of
samples processed in each month; typically, one sample per week is subjected
to the following test of precision of the subsampling process.

12
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9.1.11 The procedure is only applied to samples where the target number of organisms was
achieved in less than half of the Caton grids. A sample is randomly selected,
and a second subsample is resorted from the unprocessed sample remnant.

9.1.12 A second technician performs this sort. The resulting subsample is identified, and Bray-
Curtis similarity index is calculated for the results of both subsamples.

9.1.13 Results that are less than 90% similar would indicate the need for more thorough
distribution of sample materials in the subsampling tray or more special
attention given to easily missed taxa when sorting (i.e., increased

magnification).
9.2 Taxonomic Accuracy and Precision
9.2.1 Taxonomic misidentification results in inadequate biological characterization of a

stream. Errors in identification should be less than 5% of the total taxa in the
sample. Re-identification of samples is conducted for 10% of the total number
of samples in each year.

922 Secondary identification is conducted by experienced taxonomists in order to maintain
confidence in the data set. Difficult taxa should be sent to museum curators
whose specialty includes members of the order in question.

923 Voucher collections are maintained by the Orma J. Smith Museum of Natural History in
Caldwell, Idaho. A voucher collection should be prepared from the set of
samples for the year and shipped to the address below:

The Orma J. Smith Museum of Natural History

College of Idaho
2112 Cleveland Blvd.
Caldwell, ID 83605-4432

10.0 Safety
10.1 Field Safety

10.1.1 All field staff must comply with the requirements of the EA Safety Manual (EAP

2019).
10.1.2 Sampling will not take place if the stream is not safe to enter.
10.1.3 Fieldwork should be conducted by a team of two people at a minimum to ensure the

safety of the sampler.

10.1.4 If a given sampling location within a study site/reach appears unsafe (e.g., too deep, too
steep, or covered with loose material, such as a logjam), it may be shifted to
allow sampling in a nearby portion of the same or similar habitat conditions as
the one avoided.

10.1.5 Proper field gear should be worn, including shoes with adequate lugging, felting, or
studs to allow for traction on slick surfaces.
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10.2 Chemical Safety

10.2.1 All employees should read this standard operating procedure and discuss any questions
with her/his supervisor or task team leader.

10.2.2 Ethanol should be kept in small quantities in a tightly sealed container out of direct
sunlight.
10.2.3 Read all relevant Material Safety Data Sheets (MSDS) before beginning this procedure.

The MSDS are available in the Ecology benthic laboratory located at the EAP
Operations Center and on Ecology’s internal Quality Assurance website.

10.2.4 Report to supervisor immediately any symptoms or reactions that might be related to
ethanol exposure.
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Purpose of this document

The Department of Ecology develops Standard Operating Procedures (SOPs) to document agency
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Please note that the Washington State Department of Ecology’s Standard Operating Procedures
(SOPs) are adapted from published methods, or developed by in-house technical and administrative
experts. Their primary purpose is for internal Ecology use, although sampling and administrative
SOPs may have a wider utility. Our SOPs do not supplant official published methods. Distribution of
these SOPs does not constitute an endorsement of a particular procedure or method.

Any reference to specific equipment, manufacturer, or supplies is for descriptive purposes only
and does not constitute an endorsement of a particular product or service by the author or by
the Department of Ecology.

Although Ecology follows the SOP in most cases, we occasionally encounter situations where an
alternative methodology, procedure, or process is warranted.
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Environmental Assessment Program

Standard Operating Procedures for Continuous Temperature Monitoring of Fresh Water Rivers and

Streams.

1.0

2.0

3.0

3.1
3.2
3.3

3.4
3.5

Purpose and Scope

This Standard Operating Procedure (SOP) details a methods used by the Department of
Ecology (Ecology) to collect continuous temperature monitoring data. It may also
contain methods that other entities would find useful for their monitoring work.

The scope of the continuous temperature monitoring program currently focuses on
summer (June-September) stream temperatures, but will be expanded to year-round as
resources allow.

The intended purpose of the continuous temperature monitoring program is to collect
diel stream temperature data that may be used to expand the interpretation of a station’s
ambient monitoring results and to determine its compliance with state water quality
standards. The continuous temperature results are assessed using Ecology’s policy for
identifying impairments under the federal Clean Water Act (Section 303(d)), which
requires stream temperature to be measured on consecutive days in order to apply the
criterion.

Applicability

The Standard Operating Procedures (SOP) will be followed for the installation and
maintenance of continuous temperature ambient monitoring stations. These protocols
reflect in part those outlined in the TFW Stream Temperature Survey Manual (Schuett-
Hames et al., 1999), Continuous Temperature Sampling Protocols for the
Environmental Monitoring and Trends Section
(https://fortress.wa.gov/ecy/publications/summarypages/0303052.html) (Ward, 2003),
Measuring Stream Temperature with Digital Data Loggers (USFS, 2005), and Standard
Operating Procedures for continuous temperature monitoring of fresh water rivers and
streams conducted in a Total Maximum Daily Load (TMDL) project for stream
temperature (Bilhimer and Stohr, 2008).

Definitions

7DADMax, 7-day average of the daily maximum temperature

EAP, Ecology’s Environmental Assessment Program

EIM, Ecology’s Environmental Information Management database for environmental
data

EPA, US Environmental Protection Agency

GIS, Geographical Information System
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3.6 GPS, Global Position System

3.7 NIST, National Institute of Standards and Technology

3.8 PST, Pacific Standard Time

3.9 PDT, Pacific Daylight savings Time

3.10 QAPP, Quality Assurance Project Plan

4.0 Personnel Qualifications/Responsibilities

4.1 Field operations require training specified in EAP's Field Safety Manual (Ecology,
2016), such as First Aid, CPR, and Defensive Driving.

4.2 Typical Job Class performing SOP: Natural Resource Scientist 1/2/3, Environmental
Engineer 1/2/3/4/5, Environmental Specialist 1/2/3/4/5, Administrative Intern 1/2/3.

5.0 Equipment, Reagents, and Supplies

51 General Field Equipment:

51.1 See Attachment A for a list of the typical equipment and supplies that may be used to
deploy temperature loggers.

5.2 Specialized Field Equipment?.

521 Rebar Pounder (see design specifications in Attachment B)

522 PVC Shade Device (see design specifications in Attachment B)

5.2.3 Onset Tidbit®v2 Temp Logger, (#UTBI-001), +/- 0.2°C

524 Onset Hobo® Water Temp Pro v2, (#U22-001), -20°C to +50°C, +/- 0.2C

525 Onset StowAway Tidbits®, -5°C to +37°C model, +/- 0.2°C (no longer available)

5.2.6 Onset StowAway Tidbits®, -20°C to +50°C model, +/- 0.4°C (no longer available)

5.2.7 Spirit-filled thermometer or long-line thermistor with an accuracy of +/-0.2°C

5.2.8 PC communication cables or optic shuttles specific for each instrument type

6.0 Summary of Procedure

6.1 Pre-Deployment Run Preparation

6.1.1 Assemble equipment. Use a checklist to ensure that all of the necessary preparation

tasks, equipment, supplies, and safety gear are completed (See Attachment A for the
Continuous Temperature Sampling Checklist).

6.1.2 Calibration Checks. All temperature loggers must be calibration checked both pre- and
post-study to document instrument accuracy specifications.

! The specialized equipment listed does not represent an endorsement by Ecology. Other equipment may be used if it meets
the project QA/QC requirements for accuracy and reliability.
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6.1.2.1

6.1.2.2

6.1.2.3

6.1.2.4

6.1.2.5

6.1.2.6

6.1.2.7

6.1.2.8

6.1.2.9

6.1.2.10

The calibration checks are done using test-bath temperatures that bracket the intended
monitoring range (near 20 and 0°C). The bath temperatures must be verified with a
NIST traceable or calibrated reference thermistor, thermocouple, or thermometer (NIST
thermometer)?. Note: This procedure is also used to determine correction factors (if
required) for the field thermistor and thermometer measurements.

A calibration-check test-bath method that can maintain a constant temperature is
essential to obtain excellent test results. The one described below has worked very well
for us. In addition, we have also had great success utilizing a 20-gallon aquarium with a
two-bay Hatch Box design and a recirculation pump.

Place one open cooler half full of water overnight in a walk-in cooler or room that has a
constant air temperature near 0°C and two coolers (setup similarly) in a room with a
temperature near 20°C. Note: Test baths done in rooms that have the target
temperature ensure stable bath temperatures and the overall quality of the test.

Program the temperature loggers for the test start time and up to a five-minute logging
interval (a one- to two-minute interval is preferred). String the loggers together to
facilitate their transfer into each water bath.

Put the programmed temperature loggers in the near 0 °C test bath overnight.

Twenty minutes before the start of the test, place the NIST thermometer in the water
bath oriented to easily view the scale increments. Then, gently stir the water to help
ensure a uniform water temperature.

Gently stir the water bath again a few minutes before test and just after reading and
recording the NIST thermometer temperature.

Record 10 relatively constant and consecutive NIST thermometer comparison
measurements on the Calibration Check Form (See Attachment C1 for blank form and
Attachment C2 for an example of a used form) when the logger records the water bath
temperature. If the logger has a two-minute sampling interval, it may take twenty
minutes to obtain the 10 NIST measurements.

Dewater and transfer the strings of temperature loggers, thermometers, and thermistor
probes to one of the room temperature (near 20°C) water baths. Gently stir the
transition water bath and allow the loggers to soak there for several minutes. Then
transfer them to the other room temperature water bath for a few minute soak. Note:
this two-step process helps minimize the temperature changes in the final water bath.

Repeat the process noted above to obtain ten relatively constant NIST thermometer
comparison measurements the final water bath.

2 All NIST reference thermistors, thermocouples, and thermometers, used for this test, need to have an annual three-point
(near 0, 10, 20°C) calibration check against the Lacey Operations Center NIST or be sent in for an Accredited Calibration

Certificate.
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6.1.2.11

6.1.2.12

6.1.3

6.1.4

6.2

6.2.1

6.2.2

6.2.3

6.2.4

Download the temperature loggers as soon as possible after the test to shut them off and
minimize battery life impacts.

Calculate the mean absolute value of the difference between the temperature logger
measurements and the NIST thermometer for each water bath with spreadsheet software
or by hand. Water-temperature loggers that have a mean difference greater than 0.2°C
in one or both water baths have failed the test and cannot be used unless they pass a
follow-up test.

Launch temperature loggers. Adjust the computer clock settings to Pacific Standard
Time (PST) and also make sure that it will not automatically adjust to Daylight Savings
Time (DST). Then adjust the clock time to the atomic clock (e.g.,
https://www.time.gov). These necessary steps ensure that all the data will be in PST
year-round and that all loggers will monitor at exactly the same time.

Program the temperature loggers for a delayed launch that starts at least one hour before
the first planned deployment time of the season and at a 30- (or 15-) minute monitoring
interval (on the hour and half hour).

Stream temperature logger site selection methods

Deploy temperature loggers in the active and well-mixed part of the stream (or as close
as possible to it) to ensure representative temperatures (based on flow volume) are
recorded throughout the entire deployment period. The preferred location in these areas
is against an instream landmark or other submerged structure that can help hide the
logger and minimize the loss to vandalism or high-flow events and also where direct
sunlight may be avoided. Note: avoid deployment locations near popular swimming
holes and fishing access points where there is a much higher chance of logger discovery
and loss to vandalism.

Ideal deployment locations are typically at the upstream outside edge or downstream
inside edge of the river bends or in the middle of riffles of low flow and wadeable
streams (see Figure 1 below).

Temperature logger locations should never be in eddies or pools or locations where
these conditions may develop during low flows. In addition, locations just downstream
of tributaries, stream-side wetland areas, point-source discharges, and potential hillside
groundwater seeps should also be avoided because these conditions may seasonally bias
the recorded temperatures. Consider locations either on the opposite side of the stream
or upstream of these conditions.

Deployment depth locations should not be on the stream bottom where the loggers may
record groundwater inflow, but deep enough that they do not become exposed to air
during a low-flow period. The basic deployment location depth goal is six (6) inches
(<0.5 ft) off the stream bottom in smaller streams and wadeable locations and, if
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6.2.5

6.3

6.3.1

6.3.2

6.3.3

possible, at about one half of the water depth in the large streams (Schuett-Hames et al.,
1999). Note: Locating temperature loggers near the stream bottom may be necessary in
small streams to ensure that the logger remains submerged during low flows.

Figure 1. Potential Temperature Logger Deployment Locations

The representativeness of the temperature logger deployment location should be
verified by measuring several points in and near the vicinity of the logger and the
temperature of the well-mixed part of the stream. If the stream can be easily waded,
then a simple cross sectional temperature survey could also be done. Review the survey
results, and consider another deployment location, if necessary, to help ensure that the
logger will record representative results.

Stream temperature logger deployment options

Record the water-temperature-logger serial numbers on the survey form. (See
Attachment D1 for blank form and Attachment D2 for an example).

Pre-assemble the water-temperature logger with a camouflage-painted PVC shade
device cover (See fig.2 below and design in Attachment B) that helps hide the logger
and prevent any bias from indirect solar radiation.

Avoid low-flow and direct-sunlight temperature logger deployment locations. If the
temperature logger needs to be deployed in these locations, then a white PVVC shade
cover must be used to prevent any solar-biased temperature results (USFS, 2005).
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Figure 2. Assembled Temperature Logger and PVC Cover

6.3.4 Place a thermometer or thermistor as close as possible to the identified deployment
location and record the measurement after the logger has been deployed. Consider one
the use of one of the following deployment methods:

6.3.5 Rebar Deployments. This option is typically used in small- and medium-sized streams
to create a suitable temperature logger attachment location in or as near as possible to
the active part of the stream. In most cases, this method is best used against the active-
part-of-the-stream side of a large landmark rock or log.

6.3.6 Choose a two-to-three-foot length of rebar that can be driven deep enough into the
streambed to stay in place during high streamflow events and provide an attachment
location that is six inches to one-half of the expected total stream depth during the
seasonal low-flow period.

6.3.7 Insert the rebar into the open end of the rebar pounder and use a 4# engineering hammer
(or an alternative) to hammer the rebar into the streambed by striking the heavy steel
head of the pounder. Hammer all but eight inches of the rebar into the streambed?.

6.3.8 Leave the rebar pounder on the rebar, and document the water-temperature logger
location with photographs.

6.3.9 Remove the rebar pounder and attach the temperature logger assembly to the rebar
about 6 inches off the bottom (or mid-water depth) with a cable tie. Note: In fast-
flowing locations an additional cable tie should be attached to the rebar just above the
temperature logger assembly attachment point to prevent its loss should the second
cable tie loosen on the rebar (or attach the assembly using a small gage wire).

3 |f a mid-stream depth is desired, then leave more rebar exposed.
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6.3.10

6.3.11

6.3.12

6.3.13

6.3.14

6.3.15

6.3.16

Large Rock, Tree Root, or woody debris deployments. This option uses existing
instream structures such as large rocks or boulders, woody debris, or roots that are
located in or extend into the desired location in the active part of the stream. Attach the
water-temperature logger to these structures with cable ties or wire, or to cable or heavy
wire that may be used to create the location near the base of these structures.

Photographs of the location using a visual marker (such as the rebar pounder, hammer
handle, nearby flagging, or pointing with a finger) are essential to help relocate loggers
installed by this method.

Anchor deployments. This option can be used where stable large woody debris is not
available or where near-surface bedrock or other consolidated sediments prohibit rebar
use. The basic approach is to attach the water-temperature-logger assembly to a heavy
weight (i.e., rock, brick, concrete block, wadded up piece of chain, or rebar) that may be
set in the desired water-temperature-logger location.

It is also advisable that the heavy object be cabled or chained to something on the
nearest bank (or other stable instream structure) to prevent loss during a possible high
flow event (Note: rusty chain use may deter logger loss to vandalism more than a shiny
cable). The heavy weight may be encouraged into the desired deployment location
using a stick or boat hook (or similar device). Note: this is not considered a viable
option in locations with a significant groundwater inflow.

Streamside or pile deployments. A long protective PVC or metal pipe housing may be
used to establish a deployment location along deep rivers or at wildly fluctuating
streams. The pipe can be fastened to a piling, pier, or anchored to large rocks and trees
on the stream bank with the lower end extended into the active part of the stream. The
upper end of the pipe should be secured with a threaded or locking cap to discourage
casual vandalism. The lower end of the pipe should be perforated to allow streamflow
around the logger and also be blocked with a diagonal bolt (or similar device) to prevent
logger loss out that end. The logger in a protective cover needs to be kept at the lower
pipe end with a weighted cord, length of PVC pipe, or any other method that also allows
retrievals and deployments to be made through the upper capped end (see Figure 3
example below).

Buoy or dock deployments. This option may be useful where no pilings are available or
where a string of thermistors is desired to monitor stratified conditions. One issue with
this type of deployment option is the high vandalism potential. This potential increases
dramatically when establishing a new floating structure, so it is best to use existing
structures if permission can be obtained.

Aquatic Invasive Species. Clean all field equipment that contacted water following
procedures in Parsons, et al., (EAP070) and Ward, et al., (EAPQ71).
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6.4

6.4.1

6.4.2

6.4.3

6.4.4

6.4.5

Figure 3. Deployment method using a length of PVC pipe
Air temperature logger deployment methods

Use temperature loggers that can record the maximum expected temperature for the
deployment location. If you are locating loggers in an area where the summer air
temperatures can exceed 100°F (37°C), then use an air thermistor that has the higher
temperature range setting.

Record the air-temperature-logger serial numbers on the survey form.

Pre-assemble the air-temperature logger with a PVC shade device cover. The pre-
assembly should be done before beginning the process to install the logger (See Figure
2 above).

These temperature loggers need to be located within the same microclimate of the water
logger. Ideal locations are one to three meters into the riparian zone (Schuett-Hames et
al., 1999) and about four to eight feet above the ground (USFS, 2005). Avoid placing
them in areas that are not representative of streamside conditions at your location or
where they will be severely impacted from solar radiation. The north side of a shrub or
tree trunk should work well in most locations, especially those with limited streamside
vegetation choices®.

One air-temperature logger should be deployed near every water-temperature-logger
location. However, if the vegetation and streamside conditions are similar, then one air-
temperature logger may be used to cover several nearby water-temperature loggers.
Note: Air loggers deployed for Total Maximum Daily Load studies (Bilhimer and Stohr,
2008) must be within approximately 0.5 mile of the most distant water logger.

4 Do not use weeping willows, as they can secrete fluid during hot weather and create error in the air temperature results.
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6.5

6.5.1

6.5.2

6.5.3

6.5.4

6.5.5

Documentation Procedures

Record all the field data and deployment location information on the Continuous
Temperature Station Survey Form (See example in Attachment D-1) or by a similar
method. Be sure to note the station number and name, temperature logger ID numbers,
and air- and water-temperature measurements, and any other useful narrative
observations, especially those useful for finding the location (e.g. — “upstream of largest
boulder on right bank”).

Also, record all observation times in PST (or note when they are DST, so they may be
converted to PST later), and use a timepiece that has been calibrated to the atomic clock
(or use the cell-phone time).

Further, draw a map and describe the general area, noting the temperature-logger
locations, logger installation technique, and any landmark references such as a unique
rock, log, root, flagging, or tree (See example in Attachment D-2). Note: if possible,
draw the map with north being toward the page top or denote the direction of north on
the drawing.

Take upstream and downstream photographs of the water-temperature-logger location
that includes useful and easily identifiable landmark tree(s), flagging, or boulder. Itis
also important that the photographs include some visual marker (such as the rebar
pounder, hammer handle, or pointing with a finger) to use along with the information on
the survey form to help relocate and retrieve it in the future (See Fig 4 below).

Measure and record: the total water depth (water depth), distance from the logger to the

streambed (height), distance from water surface to the logger (deployment depth), and
the stream temperature on the survey form.

Figure 4. Photo showing the water-temperature-logger deployment location.
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6.5.6

6.6

6.6.1

6.7

6.7.1

6.7.2

6.7.3

6.7.4

6.8

6.8.1

6.8.2

Record the temperature logger GPS coordinate location (or note the logger location on
an accurate map and determine the coordinates later).

Mid-deployment checks

If possible, periodically visit the temperature-logger location during the deployment
period to get mid-deployment temperature-check data and to make sure that it remains
submerged and in a representative location. If the logger needs to be moved or is
missing and needs to be replaced, then take the appropriate action and enter new
remarks and notes on the survey form. Note: consider taking replacement loggers and
deployment equipment along when doing these checks to help expedite to process.

Retrieval Procedures

Measure and record the stream temperature and surface depth of the water-temperature
logger (retrieval depth), and record the results on the field form. Also, measure and
record the distance from the streambed up to the logger, and note any differences
between the result and what was recorded during deployment.

If the stream may be easily waded, then also consider doing a cross-sectional survey of
the stream temperature. The survey results may help determine if the stream-
temperature logger measured representative temperatures and show any cross-sectional
temperature differences.

Remove all rebar, cement blocks, or other deployed equipment at the end of the study.

Aquatic Invasive Species. Clean all field equipment that contacted water following the
procedures in Hallock, et al., 2010 (EAPQ70).

Downloading Procedures

Gently clean the temperature loggers with a soft wet cloth to remove any biofouling or
sediment that may affect its ability to communicate optically during the downloading
process. The preferred method is to use water and a soft cloth or soft-bristled brush.
Note: avoid using any method that can scratch the logger optic communication area.

Set the computer clock to atomic clock time for the Pacific Time Zone before
downloading any temperature loggers. Then follow the manufacturer’s downloading
procedures, and save the data in text files that may be opened in Excel or another type
of spreadsheet software.
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7.0

7.1

7.2

8.0

8.1

8.1.1

8.1.2

8.2

8.2.1

8.2.2

Records Management

Continuous Temperature Survey Forms are used to document the deployment and
retrieval information for a station. Filled-out field forms are organized and stored in
binders to use for long-term recordkeeping.

Use Ecology’s FMU Access® Data Logger Database developed by Dave Hallock, to
manage, store, export, and upload data summaries to Ecology’s Environmental
Information Management System (EIM). Note: the database is available to interested
agencies and organizations upon request.

Quality Control and Quality Assurance Section

Temperature Logger Post-Deployment Accuracy Check. Verify the accuracy of the
retrieved temperature loggers by conducting a post-deployment calibration check (Refer
to Calibration Check procedure, 6.1.2, above).

If the mean absolute value of the temperature difference for a logger in each water bath,
compared against the NIST certified thermometer, is equal to or less than the
manufacturer stated accuracy (i.e. usually £0.2°C for a water-temperature logger or
+0.4°C for an air temperature logger), then a second check should be performed.

If a second calibration check result confirms a consistent bias above the stated accuracy,
then the raw data should be adjusted by the mean difference of the pre- and post-
calibration check results to correct for the logger bias (Schuett-Hames et al., 1999).

Data Proofing Procedures. Data from temperature loggers that met the calibration-
check accuracy requirement are proofed and QC checked using Ecology’s FMU
Access® Data Logger Database. This database allows the information recorded on the
Continuous Temperature Data Report Form (deployment/retrieval times and
temperatures) and available climatic and flow data to be used to proof, edit, run
automated QC checks, store, summarize, report, and export the finalized data (to text
files, Microsoft® Excel, or to Ecology’s Environmental Information Management
(EIM) system Excel template).

Note: all identified anomalous data may be omitted from the data set, provided that the
justification remark(s) is inserted on the station Continuous Temperature Station Survey
Form and in the electronic record for the data. Similarly, all explainable climatic
caused data spikes (i.e. - rain events) should also be noted in these same two records.

All data will be assigned a measurement accuracy value based on the pre- and post-
deployment calibration check results.
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9.0 Safety

Safety is the primary concern when deploying temperature loggers. Proper fieldwork
safety procedures are outlined in the Environmental Assessment Program Safety
Manual (Ecology, 2016). A minimum of two people are required when streams are
waded. One can deploy the stream temperature loggers, and the other can assist from
shore. If streamside hazards such as high flow, weather, and debris make the
temperature logger deployment dangerous, then an alternate location, different
deployment method, or different deployment time should be considered.

9.1 Material Safety Data Sheets (MSDSs) for all chemicals used in EAP field sampling or
analytical procedures can be found at the following SharePoint link:
http://teams/sites/EAP/QualityAssurance/ChemicalSafetyDataSheets/Forms/Allltems.as

pX.

Also, binders containing MSDSs can be found in all field vehicles, vessels, Ecology
buildings, or other locations where potentially hazardous chemicals may be handled.
EAP staff following Ecology SOPs are required to familiarize themselves with these
MSDSs and take the appropriate safety measures for these chemicals.

10.0 References

10.1. Bilhimer, D. and Stohr, A., 2008. Standard Operating Procedures for Continuous
Temperature Monitoring of Freshwater Rivers and Streams Conducted in a Total
Maximum Daily Load (TMDL) Project for Stream Temperature, Version 2.2. Washington
State Department of Ecology, SOP Number EAP044. ecology.wa.gov/Quality.

10.2. Dunham J., G. Chandler, B. Rieman, and D. Martin, 2005. Measuring Stream
Temperature with Digital Data Loggers: A User’s Guide. U.S.D.A. Forest Service
Rocky Mountain Research Station. General Technical Report RMRS-GTR-150WWW.

16 p.

10.3. Environmental Assessment Program, 2016. Environmental Assessment Program
Safety Manual.

10.4. Hallock, D. 2010. Standard Operating Procedures to Minimize the Spread of Invasive

Species from Areas of Extreme Concern. EAPQ70.
https://fortress.wa.gov/ecy/publications/SummaryPages/1803201.html.

10.5. Schuett-Hames, D., A. E. Pleus, E. Rashin, and J. Matthews, 1999. TFW Monitoring
Program Method Manual for the Stream Temperature Survey. Washington State
Department of Natural Resources and NW Indian Fisheries Commission publication
#TFW-AM9-99-005.

10.6. Ward, W., 2003. Continuous Temperature Sampling Protocols for the Environmental
Monitoring and Trends Section. Washington State Department of Ecology, Olympia,
WA. https://fortress.wa.gov/ecy/publications/summarypages/0303052.html.

EAP080 — Standard Operating Procedures for Continuous Temperature Monitoring of Freshwater Rivers and Streams — 3/25/2018 — Page 15 of 24
Uncontrolled copy when printed


http://teams/sites/EAP/QualityAssurance/ChemicalSafetyDataSheets/Forms/AllItems.aspx
http://teams/sites/EAP/QualityAssurance/ChemicalSafetyDataSheets/Forms/AllItems.aspx
https://ecology.wa.gov/About-us/How-we-operate/Scientific-services/Quality-assurance
https://fortress.wa.gov/ecy/publications/SummaryPages/1803201.html
https://fortress.wa.gov/ecy/publications/summarypages/0303052.html

Attachment A

This Attachment contains the checklist used to prepare for temperature logger deployments.

Continuous Temperature Sampling Checklist

Pre-Deployment Preparation Van/Safety Equipment

__ Determine Number of Stations ____ Tire Chains

_ Determine Deployment Equipment Needs ____Yellow Hazard Beacon

_____ Obtain or Make Deployment Equipment ___ Flashlight

~_ Check Calibration of: ___ Tool Chest

L e Temperature Loggers ~_Jumper Cables

L e Thermometer _ Flares/Reflectors

e Thermistor ~ First Aid Kit

___ Plan Deployment