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2. [bookmark: _Toc520725673]Abstract
This Quality Assurance Project Plan (QAPP) details the receiving water monitoring program for Status and Trends Monitoring of Urban Streams in Clark and Cowlitz Counties in the Lower Columbia River Region (LC Urban Streams). This monitoring is funded by all of the permittees in Clark and Cowlitz Counties covered by the Municipal Separate Stormwater System (MS4) National Pollutant Discharge Elimination System (NPDES) permits issued by the Washington State Department of Ecology (Ecology). MS4 Permittees in Clark and Cowlitz Counties contribute funding to a pooled fund managed by Ecology as a Private-Local Account for regional receiving water status and trends monitoring as required in permit Special Condition S8.A.2.a, active between August 1, 2019 and July 31, 2024 and anticipated to be continued in future MS4 permits. 

The MS4 permittees participating in this project are Clark and Cowlitz Counties; the Cities of Camas, Longview, Vancouver, Battle Ground, Kelso, and Washougal; and the Washington State Department of Transportation (WSDOT). Clark County is the lead entity for the study.

This status and trends study is designed to answer the question, “Are regional conditions in receiving water quality and biota improving in concert with broad implementation of required stormwater management practices?”  The QAPP ensures quality data collection, analysis, reporting, and management of the monitoring program. 





3. [bookmark: _Toc520725674]Introduction
The 2013 MS4 permits included a new regional stormwater monitoring program (Stormwater Action Monitoring, or SAM) that includes effectiveness studies, source identification projects, and receiving water monitoring in streams and nearshore areas of Puget Sound. The purpose of the monitoring is to answer the policy question: “Are regional conditions in receiving water quality and biota improving in concert with broad implementation of required stormwater management practices?” Ecology worked with stakeholders in the Lower Columbia Region during the 2013 MS4 permit cycle to develop an appropriate receiving water monitoring program that would be implemented in the 2019 permit cycle. The MS4 Permittees in the Lower Columbia Region are: Clark and Cowlitz Counties; the Cities of Camas, Longview, Vancouver, Battle Ground, Kelso, Washougal; and WSDOT. 

The LC Urban Streams is a separate, stand-alone status and trends regional monitoring study, as part of the SAM program. It was developed in coordination and partnership with, and is ultimately intended as a component study of, the broader Lower Columbia River Habitat Status and Trends Monitoring Program (LC HSTM). 

The study boundaries (Figure 1, to be provided by Clark Co) include the urban and urbanizing areas of the jurisdictions of Clark and Cowlitz Counties, and the cities of Camas, Longview, Vancouver, Battle Ground, Kelso, and Washougal.

(INSERT)
[bookmark: _Toc521414845]Figure 1. Map of study area 
(to be provided by Clark Co)

In 2012, the City of Longview received a grant from Ecology to assist in the development of the broad LC HSTM effort. Background information and the foundational monitoring design for this MS4 Quality Assurance Project Plan (QAPP) was agreed upon in a collaborative effort by the Lower Columbia Fish Recovery Board (LCFRB), the City of Longview, the other MS4 permittees, Ecology, and other Lower Columbia River Basin partners including but not limited to:
· Bureau of Land Management 
· Cowlitz Tribe
· Columbia Habitat Monitoring Program 
· National Marine Fisheries Service 
· Oregon Department of Environmental Quality 
· Oregon Department of Fish and Wildlife 
· Pacific Northwest Aquatic Monitoring Partnership (PNAMP) 
· U.S. Forest Service
· U.S. Fish and Wildlife Service
· U.S. Geological Survey
· Washington Department of Fish and Wildlife
· Washington Department of Natural Resources

Most of the LC HSTM is focused on areas outside of urban areas, and on salmon habitat and recovery efforts. The program partners’ main goal was to develop a stakeholder integrated monitoring approach to monitor status and trends throughout the Lower Columbia River Region. The initial work focused on the Washington State partners, however partners have interest in coordinating with efforts in Oregon State.

[bookmark: _Toc520725675]Scope of this Quality Assurance Project Plan 
This study focuses on the urban streams within the LC HSTM effort, and is intended to answer Ecology’s stormwater management question: are conditions in receiving waters in areas covered by the MS4 permits getting better or worse? 

The LC Urban Streams study is expected to be continued in future permits, so this QAPP is not limited to the time period of the 2019 permit coverage. This QAPP provides the basis for the LC Urban Streams regional receiving water monitoring study. Clark County will conduct this monitoring. This QAPP outlines the required guidance and protocols to be followed in measuring indicators with sufficient precision and statistical rigor to adequately characterize the status and trends of small urban streams. The QAPP includes roles and responsibilities for the study lead, Clark County, and other study partners are detailed enough to ensure successful implementation of the study and preparation of reports and deliverables. This QAPP includes:   
1) 	Study design, goals and objectives, 
2) 	Sampling and measurement procedures,
3) 	Type of data and information needed,
4) 	Quality of data needed,
5) 	Quality control (QC) and assessment procedures, 
6) 	Data management and interpretation procedures, and
7) 	Lists of required reports and deliverables.

This QAPP is modified from subsections of both: the draft LC HSTM QAPP (Stillwater, 2016a); and Status and Trends Monitoring of Small Streams in the Puget Lowlands Ecoregion QAPP (Lubliner, 2014). In addition to the reports, data, and other deliverables articulated in this QAPP, the LC Urban Streams monitoring results can be also integrated into larger regional monitoring efforts including the broader LC HSTM to assess the status and trends of stream habitat conditions across the Lower Columbia River Basin. That work to integrate LC Urban Streams into the LC HSTM may be conducted separately by regional partners, and is outside the scope of this QAPP.



4. [bookmark: _Toc520725676]Project Overview 
The goal of this regional receiving water monitoring study is to characterize chemical, biological, and physical attributes of urban streams in Clark and Cowlitz Counties in the Lower Columbia River region, and to assess trends over time. 

This monitoring program includes a set of “base” and “extended” status and trend indicators. All “base” indicators will be collected to provide an understanding of urban stream health conditions across the project area and to answer Ecology’s questions about changes in regional stream conditions over time. . Selected “extended” parameters will add information to the base program to inform local stormwater management decisions and the public as to broader urban stream health and water quality conditions. 

The monitoring objectives and questions for this study were developed as part of the LC HSTM monitoring implementation plan (Stillwater Sciences, 2016a), for the Urban-Area Water Quality and Quantity component. 

[bookmark: _Toc520725677]Objectives

Objective 1- What are the status and trends of water quality and stream flow in surface waters draining subwatersheds that are primarily within the jurisdiction of municipal stormwater NPDES permittees?
1. a In streams in urban NPDES areas, evaluate the status of water-quality conditions and determine if conditions are supportive of watershed-specific beneficial uses identified in WAC 173-201A-602.

1. b Evaluate whether measured water-quality metrics show statistically significant trends over time (5 or 10-year period).

Objective 2- What are the status and trends of water quality, stream flow and in-stream biological health that are being affected by stormwater discharges from urban areas first developed under requirements of the 2013 municipal stormwater permits (recognizing that such areas are limited and will likely require opportunistic selection from the larger population of sites identified for Objective 1)?

2. a Evaluate whether measured water-quality, flow (i.e., stage) metrics, and in-stream biological health show statistically significant trends over a 10-year period in those subwatersheds that have experienced measureable land-use changes while under provisions of the 2013 (or later) municipal stormwater permit.

2. b In the sample population of Objective 2.a, evaluate whether measured water-quality,  flow (i.e., stage) metrics and in-stream biological health show statistically significant trends over a 10-year period in those subwatersheds that have experienced measureable land-use changes while under provisions of the 2013 (or later) municipal stormwater permit.

Objective 3- What are the status and trends of in-stream biological health (indicated by macroinvertebrate), sediment quality and in-stream/riparian habitat conditions that are primarily within the jurisdiction of NPDES stormwater permittees?

3. a In streams in urban NPDES areas, evaluate the status of biological and habitat conditions according to the habitat metrics relative to Properly Functioning Conditions (NOAA 1996). 

3. b In streams in urban NPDES areas, evaluate the status of sediment quality in comparison to sediment chemistry standards (e.g., sediment cleanup objective, cleanup screening level) or to any reference conditions.  

3. c Analyze for statistically significant spatial and temporal trends of biological and habitat metrics (annually) in urban NPDES areas, recognizing that statistically significant trends may not be evident for many years.


5. [bookmark: _Toc520725678]Organization and Schedule
[bookmark: _Toc520725679]Roles and Responsibilities 
Clark County will lead the LC Urban Streams monitoring program. Clark County is responsible for the finalizing the QAPP, selecting and confirming sampling sites, conducting the sampling, analyzing the data, and writing and submitting reports. The other MS4 permittees will contribute to the pooled funding account and provide ancillary data for analyses and additional assistance as needed to support the monitoring conducted at streams with watersheds areas within their jurisdictions. Table 1 lists the staff involved in this project. 
[bookmark: _Toc521414854]Table 1. Organization of project staff, managers, and responsibilities
	Staff
	Title 
	Responsibilities

	Keunyea Song
Ecology Water Quality Program 
kson461@ecy.wa.gov
	SAM Scientist
	Manages the contract between Ecology and Clark County. Coordinates Ecology review of the QAPP and reports. Approves the final QAPP and all required deliverables.

	Name
Clark County 
Phone Number and/or Email
	LC Urban Streams Program Manager
	Oversees all LC Urban Streams project staff and serves as the program liaison to the SAM Scientist. May also serve as Principal Investigator. 

	Name(s)
Clark County
Phone Number and/or Email
	LC Urban Streams Principal 
Investigator
	Finalizes the QAPP. Oversees field sampling and transportation of samples to the laboratory. Conducts QA review of data. Analyzes and interprets data. Oversees entry of data into EIM. Writes the draft report and final report. May also serve as Field Lead. 

	Name 
Clark County
Phone Number and/or Email
	LC Urban Streams Field Lead
	Oversees all field work and ensures crew safety.

	Name(s) 
Clark County
Phone Number and/or Email
	LC Urban Streams Field Assistant(s)
	Helps make field measurements, collect samples and prepare them for shipping, manage continuous data, maintain instruments, and record field information.

	Name
Clark County
Phone Number and/or Email
	LC Urban Streams Data Manager
	Coordinates upload of data to required databases with the Environmental Information Management database (EIM) Data Coordinator. 

	Brandi Lubliner
Ecology Water Quality Program
brwa461@ecy.wa.gov
	Ecology QA Coordinator
	Reviews the draft QAPP and approves the final QAPP.

	Name
Clark County
Phone Number and/or Email
	Monitoring Supervisor 
	Provides internal review of the QAPP, approves the budget, and approves the final QAPP. Reviews the project scope and budget, tracks progress, reviews the draft QAPP, and approves the final QAPP.

	Name of Project Manager Contract Laboratory Name
Phone Number and/or Email
(repeat this section for as many laboratories as will be contracted for the study)
	Contract Laboratory
Project Manager
	Reviews draft QAPP and coordinates with Manchester Environmental Laboratory (MEL) Quality Assurance (QA) Coordinator as needed.



[bookmark: _Toc520725680]Training and Certifications 
The monitoring team members and staff will assist with coordination and procurement of equipment and supplies. The monitoring team members must complete all required and necessary training for field work and safety. 

LC Urban Streams Field Lead, crew members, and other key staff will participate with in a field-based training for watershed health sampling provided by Ecology’s Environmental Assessment Program. These trainings are held in spring each year prior to the first summer stream benthos, sediment chemistry, and watershed health sampling event. This activity involves hands-on training at a field monitoring site to ensure comparability of results for monitoring efforts. 

Any necessary training for software uses and programs related to field monitoring, data analysis and data submittal will be completed before monitoring. Training should be ongoing as needed as staff changes. Or, as technology evolves, new data collection/QA/analysis tools may improve the study implementation.


[bookmark: _Toc520725681]Required Reports and Deliverables 
Clark County will prepare and submit each of the reports and deliverables listed below. The reports and deliverables will articulate the results and related procedures clearly. Written reports will be submitted electronically to the SAM Scientist. 
[bookmark: _Toc521414855]Table 2. List of required reports and data entry, due dates, and descriptions
	Report Type/Title
	Target  date
	Description

	Monitoring preparation reports

	Site verification report 
and final Table 6 and Figure 2 
	January 31, 2020
	Memo summarizing activity related to updating Table 6. Final site list and detail information including exact coordinates and landscape information. Detailed reasons given for any locations changed or sites disqualified from the study. Assignment of sites as either status or trend, and planned dates of active monitoring.

	Extended monitoring report 
and final Tables 7 and 11
	March 31, 2020
	Memo summarizing MS4 Permittee discussions about project budget and prioritizing extended parameter sampling plans and other activity related to updating Tables 7 and 11. Final list of extended monitoring parameters that will be collected during the five-year study. 

	Final QAPP
	June 30, 2020
	Revised completed QAPP, responsive to all comments from Ecology’s MS4 NPDES Permit Manager and inclusive of approved site verification report and extended monitoring report tables.

	Annual monitoring reports

	Watershed Health Training
	Spring 2021 and as needed thereafter for new staff
	Statement of field staff trained to prepare for upcoming year of monitoring.

	LC Urban Streams Annual Reports
	April 30 each year beginning in 2022
	Annual data summary report with tables and figures summarizing results for the prior water year. The results include status assessments; identifying spatial and other patterns; and analyzing natural and anthropogenic indicators that explain variability (see Section 12.4). 

	Status and trends reports

	LC Urban Streams Status and Trends Reports
	April 30 each year beginning in 2026
	Beginning after 4 water years of data collection, in addition to the annual monitoring reports, a report with: summary of all prior status assessments; calculation of trends; identification of spatial and other patterns; and analysis of natural and anthropogenic indicators that explain variability.

	Data Entry or Upload to Indicated Database

	Entry of Study ID and monitoring locations into EIM
	Within 30 days of final QAPP submittal 
	Sampling location coordinates and descriptions entered.

	Entry of laboratory results into EIM
	No later than three months following receipt of all data from lab for water year.
	All quality assured and quality controlled lab data and modified version for data analysis if necessary.

	Upload of continuous data and flow indicators to data.wa.gov
	No later than 60 days following each site visit. 
	Quality assured and quality controlled raw data; pressure or temperature corrected data; and all calculated flow indicators. After the first year, this may be done less frequently if approved by Ecology.

	Adaptive Management Reports

	Memo summarizing need and justification for change to any aspect of this monitoring program
	As need is determined by the LC Urban Streams Principal Investigator and Program Manager
	Submit for Ecology approval. Stakeholder discussion and agreement may be needed to proceed with recommended changes determined to be substantive, i.e., to the study design approach or parameter list.




6. [bookmark: _Toc520725682]Experimental Design
[bookmark: _Toc520725683]Study area description   
The study area includes the Phase I and Phase II MS4 permitted areas in Lower Columbia Region, see Figure 1. All of these areas are in the Willamette lowlands or along the Lower Columbia River.

For more than a decade, the MS4 permits issued to Cities and Counties and WSDOT have required permittees to reduce stormwater runoff and pollutants through the development and implementation of stormwater management plans (SWMPs) using new approaches to improve the permittees’ management of discharges to and from municipally owned and operated separate storm sewer systems (MS4s) to reduce flows and contaminants. Under the permit requirements, Clark and Cowlitz Counties, the Cities of Camas, Longview, Vancouver, Battle Ground, Kelso, and Washougal, and WSDOT are implementing measures to promote stormwater stewardship through public awareness, new local ordinances and development standards, and active MS4 operations and management. 

[bookmark: _Toc520725684]Sampling site selection 
Sampling sites are needed for status assessment and trend assessment. For the purposes of this study, the “trend” sites are revisited for annual monitoring through the study and the “status” sites are monitored for a single year monitoring within 5-year sampling cycle under a rotating panel design. Twenty percent of the “status” sites will be monitored each year for 5 years.     

Reach selection criteria for this monitoring were: 
· Each candidate stream reach/segment should have a predominant urban land cover (greater than 50% urbanized) in the contributing watershed. 
· Growth Management Act (GMA) designated urban areas, which could include non-urban areas, were also considered as counting toward the total percentage.
· Each candidate stream reach/segment should have a watershed drainage area between 2.5 and 50 square kilometers (km2).

Currently a total 25 stream segments (reaches) that met the site selection criteria have been selected. Some of the preexisting local sampling sites (the “legacy sites” of Clark County and the City of Vancouver) that meet these criteria are preferred as trend sites given their preexisting data and known accessibility. 

The confirmed and candidate stream segments include: 
· Six “legacy sites” that fully meet the criteria. 
· Four of these six legacy sites and one additional site in Cowlitz County will serve as “trend” sites (Table 3).
· The other two legacy sites in Clark County will serve as “status” sites for this study. 
· One “legacy site” that does not satisfy all of the criteria (less than 50% of the watershed is urban, Table 4) will serve as a “status” site for this study. It is confirmed as a final site given the ongoing and expected future development activity in the watershed. 
· Additional candidate sites for monitoring are listed in Table 5. 
· The Cowlitz County sites lack a predominant urban land cover (and two of those are smaller than the desired 2.5 km2 watershed area). 
[bookmark: _Toc521414856][bookmark: _Toc490560163]Table 3. Legacy Sites that fully meet target criteria 
(To be completed by Clark Co)
	Site# and Name
	Locations
	Land Cover (%)
	Total Watershed Area (km²)
	Existing Legacy Site #

	
	Lat
	Long
	Ag.
	Forested
	Other
	Urban
	Water
	
	

	3 NAME
	xx
	xx
	4
	0.7
	1
	94
	0
	47.7
	28BBC10.2

	4 NAME
	xx
	xx
	18
	2
	4
	77
	0
	35.3
	CUR020

	8 NAME
	xx
	xx
	15
	22
	10
	53
	0.5
	19.4
	WDN010

	36 NAME
	xx
	xx
	0.1
	0
	0.3
	100
	0
	9.5
	CLD010

	37 NAME
	xx
	xx
	0
	2
	0.7
	97
	0
	7.3
	CGR020

	42 NAME
	xx
	xx
	13 
	13
	8
	67
	0
	8.7
	WPL065

	#xx Westover Creek 
	xx
	xx
	xx
	xx
	xx
	xx
	xx
	xx
	xx



[bookmark: _Toc521414857]Table 4. Legacy site that does not fully meet target criteria 
(To be completed by Clark Co using the same table format as Table 3)
	Site# and Name
	Locations
	Land Cover (%)
	Total Watershed Area (km²)
	Existing Legacy Site #

	
	Lat
	Long
	Ag.
	Forested
	Other
	Urban
	Water
	
	

	Mill Ck US of Salmon Ck Ave
	45.73111141
	-122.6275354
	xx
	xx
	xx
	xx
	xx
	xx
	MIL010


[bookmark: _Toc490560165]
[bookmark: _Toc521414858]Table 5. Additional candidate stream segment/reaches 
(To be completed by Clark Co using the same table format as Tables 3 and 4)
	Site# and name
	Land Cover (%)
	Total Area (km²)

	
	Agriculture
	Forested
	Other
	Urban
	Water
	

	2 NAME
	11
	11
	12
	66
	0
	14.7

	26 NAME
	2
	0
	0
	98
	0
	7.0

	31 NAME
	0
	3
	1
	95
	2
	3.6

	32 NAME
	18
	1
	2
	80
	0
	5.5

	38 NAME
	0
	0
	1
	99
	0
	3.4

	39 NAME
	0
	0
	1
	99
	0
	4.1

	40 NAME
	3
	5
	5
	88
	0
	3.1

	43 NAME
	14
	4
	4
	79
	0
	5.3

	45 NAME
	35
	5
	8
	52
	0
	10.9

	46 NAME
	26
	8
	6
	60
	0.1
	7.0

	85 NAME
	1
	0
	3
	95
	2
	6.9

	#xx Indian Creek
	
	
	
	
	
	

	#xx N branch Ostransder Creek
	
	
	
	
	
	

	#xx Unnamed Creek-Burcham Street trib. E of I-5
	
	
	
	
	
	




(INSERT)
[bookmark: _Toc521414846]Figure 2. Map of sampling sites and watersheds
(To be provided by Clark Co: combine and update Figures 2 and 3 from the previous draft QAPP (Stillwater, 2016a)) 

[bookmark: _Toc520725685]Sampling site identification and confirmation 
Each selected candidate stream segment/reach will be visited and evaluated before finalizing QAPP Table 6, in advance of the first sampling season. Each segment/reach will be evaluated based on these sampling suitability criteria: 
· Accessibility: Address the concerns of whether land owners permit access to a site, and whether the site can be safely accessed and sampled throughout the year. 
· If a candidate site is not obviously accessible through public property, contact the private property owners and/or tenants whose property will need to be accessed, if feasible, prior to site final evaluation and confirmation. 
· A site may be deemed unsuitable or impractical for sampling if more than one hour is required to access the site from the nearest parking location. 
· Safety conditions: Assess safety conditions for access and sampling prior to sampling, based on state and federal law and organizational policy. It is ultimately the responsibility of the field crew during the site evaluation and at each subsequent time of arrival to decide whether it is safe to access the site and conduct the sampling. Appropriate reasons for disqualifying a site from sampling may include: flow that is too swift or too deep; unstable route of entry; presence of hostile people or animals.
· Water flow: Determine that the waterbody has a net flow of water that is unidirectional and perennial. Streams subject to backwater from the Columbia River are not considered suitable sampling sites for this program. Confirm uninterrupted surface-water flow for more than half the length of approximately 20 bankfull widths or a minimum of 150 meters surrounding the candidate site coordinates.
· Substrate: Natural substrate in the reach.   
· Streambank: Confirm that both the left and right banks of the water body are readily discernible from mid-stream.
· Human influence: Observe that if flow in a natural channel might have been highly modified, the modification was not constructed (such as canals, ditches, or pipelines).
· Location confirmation: Identify sampling reaches and site locations with GPS coordinates at the upstream and downstream ends and with a narrative description of their location (e.g., East Fork Lewis River, extending 1,500 meters upstream from the NE 82nd Avenue/Daybreak Road bridge). Having both GPS coordinates and a narrative description will provide redundancy and insure that the sampling reaches can be re-located. A hand-held “recreational grade” GPS (±25 feet horizontal accuracy) should prove sufficient for these purposes. Clark County will put all of the sites in its field location site data base and GIS layer. 

Once the site evaluation field visits and site confirmation process are completed, the timing (water year) of sampling at each “status” site will be determined. The finalized site list, designation of each site as a “status” or “trend” site, sampling timing, exact sampling site coordinates, and detailed landscape information will then be submitted to the SAM Scientist by January 31, 2020 as an updated and completed Table 6 for early approval. The QAPP must be approved by Ecology in advance of commencing the sampling. Either: One status site in Cowlitz County will be studied each year to provide a regional assessment and to avoid sampling all of the Cowlitz County sites in the same year. Or: All status sites in Cowlitz County will be sampled in the same year. (To be agreed upon by the MS4 Permittees and Ecology in coordination with the discussions that will be held to determine the final extended parameter list for updated Table 7. Note that Ecology strongly prefers the former for the rotating panel. Because there will be one “trends” site in Cowlitz County it will not save much time to have all of the Cowlitz Co sites in the same year.)



[bookmark: _Toc521414859]Table 6. Final list of status and trend sampling locations and dates of active monitoring 
 (To be completed by Clark Co)
	Site Name
	10/1/21-9/30/21
	10/1/21-9/30/22
	10/1/21-9/30/23
	10/1/21-9/30/24
	10/1/21-9/30/25[1]

	Clark Co Site #3 NAME
	x
	x
	x
	x
	x

	Clark Co Site #4 NAME
	x
	x
	x
	x
	x

	Clark Co Site #8 NAME
	x
	x
	x
	x
	x

	Clark Co Site #36 NAME
	x
	x
	x
	x
	x

	Cowlitz Co Site #xx Westover Creek
	x
	x
	x
	x
	x

	Clark Co Site #2 NAME
	x
	
	
	x
	

	Clark Co Site #26 NAME
	x
	
	
	x
	

	Clark Co Site #31 NAME
	x
	
	
	x
	

	Cowlitz Co Site #xx Ostrander Creek
	x
	
	
	
	x

	Clark Co Site #32 NAME
	x
	
	
	
	x

	Clark Co Site #37 NAME
	
	x
	
	
	x

	Clark Co Site #42 NAME
	
	x
	
	
	x

	Cowlitz Co Site #xx Indian Creek
	
	x
	
	
	x

	Clark Co Site # xx Mill Creek u/s Salmon Ck
	
	x
	
	
	

	Clark Co Site #38 NAME
	
	x
	
	
	

	Clark Co Site #39 NAME
	
	
	x
	
	

	Cowlitz Co Site #xx unnamed creek nr Burcham
	
	
	x
	
	

	Clark Co Site #40 NAME
	
	
	x
	
	

	Clark Co Site #43 NAME
	
	
	x
	
	

	Clark Co Site #45 NAME
	
	
	x
	
	

	Clark Co Site #46 NAME
	
	
	
	x
	

	Clark Co Site #85 NAME
	
	
	
	x
	


[1] The fifth year of sampling is scheduled, and is intended to be conducted whether it occurs during the last year of the 2019 permit cycle (if the permit is extended) or the first year of the following permit cycle.


[bookmark: _Toc520725686]Sampling Parameters and Frequency 
The monitoring program indicators and metrics were determined in a process led by the City of Longview, Lower Columbia Fish Recovery Program, and Pacific Northwest Aquatic Monitoring Partnership (Stillwater Sciences, 2016a and 2016b). The LC Urban Streams program includes two different groups of indicators and metrics: a “base” program (Table 7) focuses on continuous temperature, conductivity and stage monitoring, and yearly measurements of benthic macroinvertebrate characterization, physical habitat, and sediment quality. The “base” program will be fully implemented in all sites whereas an “extended” program will be based on available funding and further prioritized by the MS4 permittees. The “extended” program potentially adds monthly (or bimonthly, or quarterly) water quality monitoring of nutrients, metals, and bacteria to the base program, and, depending upon which parameters are ultimately included, may provide the data need to calculate Oregon DEQ state water quality index values. 

Continuous monitoring for temperature, conductivity and stage will be done in both annual visit (“trend”) sites and rotating (“status”) sites. Loggers will be permanently deployed in the “trend” sites.  Loggers in the status sites will be deployed for only one year. Sufficient data loggers will be procured to allow deployment prior to the water year at the next set of “status” sites in the rotating panel. 

Measurements will be collected at 15, 30 mins or 1 hour intervals between October 1 and September 30. All sites will be visited monthly or bimonthly for continuous data retrieval and equipment maintenance. 

Benthic macroinvertebrates and sediment chemistry samples will be collected once annually at each active site in summer between July 1 through September 30, beginning in 2021. Water quality samples selected for sampling under the extended program will be collected monthly, bimonthly or quarterly. 

Physical habitat indicators (Table 8) were selected based on specified in the Lower Columbia implementation plan (Stillwater Sciences, 2016a). Four of these indicators (sample reach length, channel type, reach slope, sinuosity) are contextual and will be collected only once during the first year of sampling at each “trends” site, whereas the remaining indicators will be collected every time stream benthos and sediment samples are collected at the site. 




[bookmark: _Toc521414860]Table 7. Parameters and sampling frequency at active “status” and “trend” sites 
(The list of extended parameters will be discussed among MS4 permittees and their decision on the final list will be submitted to the Ecology MS4 NPDES permit manager by March 31, 2020)
	Indicator/Parameter
	Indicator Type
	Sampling Frequency at Active Status and Trend Sites 
(see Table 11)

	Temperature
	Various          
(base program)
	Continuous 

	Conductivity
	
	

	Stage
	
	

	pH
	Water Quality           (extended program)
	Monthly/Quarterly field measurement or grab sample


	Turbidity
	
	

	Total Suspended Solids (TSS)
	
	

	Total Solids (TS)
	
	

	Total Nitrogen (TN)
	
	

	Nitrate+Nitrite (NO3+NO2)
	
	

	Total Phosphorous (TP)
	
	

	Dissolved Copper (Cu)
	
	

	Dissolved Zinc (Zn)
	
	

	Fecal Coliform Bacteria
	
	

	Benthic macroinvertebrates
	Watershed Health          
(base program)
	Once every year of sampling 
(July-Sep)

	Sediment Metals 
         (As, Cd, Cr, Cu, Pb, Zn)
	Sediment Quality          
(base program)
	Once every year of sampling
(July-Sep)

	Sediment Polynuclear aromatic hydrocabons (PAHs)1 
	
	

	Habitat indicators (see Table 8)
	Physical Habitat          
(base program)
	Contextual indicators: First year of sampling only, or following a major disturbance. 
Other indicators: Every year of sampling (July-Sep)



[1] PAH compounds include: 2-methylnaphthalene, acenaphthylene, acenaphthene anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b,k) fluoranthene, benzo(ghi)perylene, dibenzo(a,h)anthracene, chrysene, fluoranthene, fluorene, indeno (1,2,3-cd)pyrene, naphthalene, phenanthrene, pyrene, and retene.





[bookmark: _Toc521414861]Table 8. Habitat indicators and their associated metrics
	Habitat Indicators
	Metric

	Sample reach length
	NA

	Channel type
	NA

	Reach slope
	Length-weighted average of individual slope
measurements

	Sinuosity
	Ratio of centerline/straight-line lengths

	Bank modification
	Percent total

	Density of habitat types
	Percent habitat for each type

	Bankfull width/depth
	Average of the unambiguous measurements for both bankfull width (Wbkfl) and bankfull depth.

	Pools per unit length
	Pools per unit length

	Floodplain width
	Categorize the floodplain width into categories scaled by bankfull width (e.g., 0-1 Wbkfl; >1 Wbkfl) 

	Side channel habitat
	Qualifying channels – side channel length in meters; width and temperature measurements (upstream, midpoint and downstream); degree of connectivity to the mainstem (%) Non-qualifying – document presence only

	Flow category
	Dry, puddled, low, moderate, high, bankfull, flood as defined by ODFW protocols. Modify “Low Flow” to include surface water flowing across <75% of active channel surface.

	Residual Pool depth
	Maximum pool depth minus pool crest depth

	Bank stability
	Median of the 22 transect-specific measurements. The result is a categorical (not a decimal) value for the entire reach

	Relative bed stability
	Ratio of reach D50 to [(average bankfull depth)×(reach slope)]; apply roughness correction if/as indicated by selected protocol.

	Density/distribution instream wood
	Number of pieces and total wood volume (m3) per unit length

	Substrate particle size
	Median grain size (D50); also D84, D16 for the entire reach.

	Shade
	Shade score; could be reported as percent shade

	Riparian canopy
	% cover of vegetation > 5 m height

	Riparian understory
	% cover of vegetation 0.5 – 5 m height

	Temperature 
	7-day moving average maximum temperature, daily maximum temperature, average daily temperature




Contextual indicators in grey will be collected once at each site. All other indicators will be measured each time a stream benthos sample is collected at a site. Final table will include only those in Stillwater 2016a for urban streams monitoring unless MS4 permittees agree to collect the entire set (see the discussion in sections 10.2 and 10.4).



[bookmark: _Toc520725687]Landscape Information
Geospatial data will be collected to assess landscape characteristics of sampling sites and surrounding areas. Data includes metrics describing land use/land cover, human stressors, and physical characteristics. The National Land cover Data Set (www.mrlc.gov), digital elevation models (DEM), national Watershed Boundary Dataset are basic sources for many of these metrics. Landscape metrics will be calculated in both watershed level and riparian scale. 
Watershed boundaries of each sampling site will be delineated using ArcGIS or other online interactive StreamStats program with national Watershed Boundary Dataset. Riparian buffer zone boundaries will be determined to 50m radius from the center of the streamlines. 

Landscape information will be collected once every 5 years for all status and trend sites and used to evaluate the effects of land use patterns on stream health and whether any land-cover changes are occurring at measurable rates across the region over time and since issuance of the 2013 municipal stormwater permit.  

Environmental characteristics describing physical and anthropogenic characteristics of the study region will be identified in the watershed and riparian zone around each sampling site. These variables include basin geology, watershed size, slope, land cover, elevation, urbanization-population density, impervious surface, road density, etc.), and other applicable or available landscape information indicating the conditions of the sampling areas.  

For an example see section 2.4 in the final report on the 2015 SAM Puget lowland streams status assessment (DeGasperi et al., 2018). 


7. [bookmark: _Toc520725688][bookmark: _Toc490560161]Measurement Quality Objectives 
Measurement quality objectives are to obtain and analyze sufficient numbers of high quality samples to meet the program objectives. Data quality indicators include precision, bias, sensitivity, representativeness, comparability and completeness. 

[bookmark: _Toc520725689]Field work 
Field staff will follow the collection standard protocols, reporting requirements and quality control (QC) procedures to meet the measurement quality requirement and study objectives. Field staff will make a good faith effort to collect field required data at the described frequency in the QAPP. 

Completeness of valid data collection in this project is 100%. If sample or measurement is missed on occasion, a second effort will be made to collect the sample within the same month. If a second attempt is also unsuccessful for extended parameters, base parameters, third attempt need to be made. For other parameters, third attempt is not required. Instead, solid reasons for missed sampling events or missed parameters should be notified and recorded. Any missed sampling events need to be reported to the Ecology permit manager.  
Sample loss will be minimized with sturdy sample storage, adequate labeling procedure and using proper data log systems. Sample contamination occurs when containers are improperly sealed or stored.    

Comparability between field crews and measurement, only listed standard protocols and methods will be used. In the beginning of the first sampling, the project manager will organize a training sessions and ensure all field crews will follow the standard protocols. Inter-laboratory comparison and quality control procedures will be used to maintain the comparability of laboratory data.  

Representativeness of sites and region can be also expressed by following consistent field and laboratory procedures. Measurements and samples taken in the field need to be representative of the condition and should be consistent over time. To ensure the representativeness of samples, field collection and measurements should be uniform in terms of timing, locations, and hydrologic conditions. Sample holding time requirements are also important to maintain the representativeness of samples. Any changes or differences of sampling conditions from protocols need to be recorded in the field log. Precision of field measurements and samples will be evaluated with QC duplicates and repeat visits.    

[bookmark: _Toc520725690]Laboratory selection 
Multiple laboratories will be needed to ensure sample completeness and final selected laboratories will be listed in Table 9. Contracting for laboratories is the responsibility of the LC Urban Streams Program Manager. 

For water and sediment Clark County may consider their own or other MS4 permittees’ laboratories, commercial laboratories, or Ecology’s Manchester Environmental Laboratory (MEL). Laboratories for the water and sediment parameters will be selected based on their current accreditation status with Ecology (https://ecology.wa.gov/Regulations-Permits/Permits-certifications/Laboratory-Accreditation) and their ability to achieve acceptable limits of detection for the parameters measured as part of this project. The laboratory selected for the stream benthos samples must provide data to the species level.

[bookmark: _Toc521414862][bookmark: _Toc386551590]Table 9. Laboratories selected for sample processing
(Clark County will add the additional laboratory information needed to conduct this monitoring program.) 
	Laboratory 
Name
	Analytical Purpose
	Address
	Phone

	xx
	Water samples
	xx
	xx

	xx 1
	Stream benthos 
	xx
	xx

	xx
	Sediment samples
	xx
	xx

	Manchester Environmental Laboratory (MEL)
	Inter-laboratory comparison sediment and water samples2
	7411 Beach Drive East
Port Orchard, WA 98366
	(360) 871-8800


[1] Ecology does not currently have an accreditation process for laboratories that analyze benthic invertebrate samples. Rhithron Associates was contracted by Ecology to analyze the biota samples for SAM and for the State’s Watershed Health Monitoring.
 [2] If Clark Co selects a laboratory other than MEL for sediment chemistry analysis then there will be an inter-laboratory comparison element for sediment and water chemistry samples. Samples for the inter-laboratory comparison will be sent to MEL (see section 7.3).
[bookmark: _Toc490564666]
[bookmark: _Toc520725691]Inter-laboratory comparison
Indicate whether this section is applicable, depending on laboratory selection: Ecology intends for LC Urban Streams data to be comparable to Puget lowland ecoregion streams data for potential broader regional analysis by the SAM program. An inter-laboratory comparison study is needed when multiple laboratories will be analyzing samples for the same parameters. During the first year of the study sufficient water and sediment (2% or more of the samples) will be collected at the randomly selected QA/QC sample locations for this inter-laboratory comparison. If analyzed concentrations at the selected laboratory and MEL are within the limits prescribed for laboratory and field replicates, then there will be no new activities under this section. If they are not within these limits, then the LC Urban Streams Program Manager will prepare a memo detailing steps to be taken to correct the problem and to ensure quality data during future years of the project including repeating the inter-laboratory comparison the following year. The corrective actions must be approved by the SAM Scientist prior to implementation. 

The following parameters are planned for the inter-laboratory comparison: 
Sediment samples: percent solids, metals, and PAHs 

[bookmark: _Toc520725692]Data quality indicators for each parameter 
Selected laboratories and in-situ field probes will follow Ecology approved methods and data quality control (QC). Acceptable methods, the bias and precision and the accuracy are detailed in Tables 10 and 11. Methods follow Standard Methods for the Examination of Water and Wastewater (www.standardmethods.org) and U.S. Environmental Protection Agency (USEPA, or EPA) methods (http://water.epa.gov/scitech/methods/cwa/methods_index.cfm). 

For continuous parameters (stage, temperature, and conductivity), the accuracy and instrument bias measurement quality objectives (MQOs) of each electrode meter and/or sensor will be verified through post-deployment calibration checks following the manufacturer’s procedures. The sensor’s accuracy and precision will be evaluated by in-situ measurements using hand-held probes at the deployment, during each sampling event and data retrieval (Table 10). Grab sample data may be used to first correct continuous data for linear drift or a constant offset. This will be done prior to evaluating accuracy and precision if the mean difference between grab sample and LDO results is greater than 2%. 

MQOs for water and sediment chemistry data (Table 12) are based on SAM’s Status and Trends Monitoring of Small Streams in the Puget Lowlands Ecoregion QAPP (Lubliner, 2014). 

[bookmark: _Toc521414863]Table 10. Measurement quality objectives for continuous parameters
	Surface Water Parameters
	Analysis methods in Water
	Accuracy 
(deviation between measurements)
	Precision (% relative standard deviation)

	Temperature 
	Electrode Meter
	± 1 degree C
	± 1 degree C

	Conductivity 
	Electrode meter 
	± 10 us/cm 
	± 10 us/cm 

	Stage 
	Data logger 
	SPECIFY
	







[bookmark: _Toc521414864]Table 11. Measurement quality objectives for surface water parameters 
(Clark Co will complete for the selected extended program water quality measures)
	Surface Water Parameters
	Analysis methods in Water³
	Reporting limit target
	Field Replicate (RPD)
	Lab replicate (RPD)¹
	Matrix spike²                (% recovery)
	Control standard/ surrogate               (% recovery)

	
	
	Sensitivity
	Precision
	Bias and Precision
	Bias and Accuracy
	Bias and Accuracy

	Temperature 
	Electrode Meter 
	±0.2 °C
	≤10%
	N/A
	N/A
	N/A

	Conductivity
	Electrode Meter 
	15 umhos/cm
	≤10%
	N/A
	N/A
	90-110

	Dissolved Oxygen 
	Electrode Meter 
	SPECIFY
	
	N/A
	N/A
	N/A

	pH
	Electrode Meter
	±0.2 std. unit
	≤10%
	N/A
	N/A
	N/A

	Turbidity 
	Electrode Meter
	0.5 NTU
	≤25%
	≤25%
	N/A
	90-110

	Total Suspended Solids (TSS)
	SM 2540D
	1 mg/L
	≤25%
	≤25%
	N/A
	80-120

	Total Solids
	SM 2540B
	10 mg/L
	
	≤25%
	N/A
	80-120

	Fecal Coliform 
	SM 9222D
	1 cfu/100 mL
	≤50%
	≤20%
	N/A
	N/A

	Enterococcus 
	SPECIFY
	SPECIFY
	≤50%
	≤20%
	N/A
	N/A

	Total Nitrogen 
	SM 4500-N-B or C
	0.025 – 0.1 mg/L
	≤20%
	≤20%
	75-125
	80-120

	Nitrate+Nitrite
	SM 4500-NO3 - I or F  
	0.01-0.04 mg/L 
	≤20%
	≤20%
	75-125
	80-120

	Total Phosphorous
	SM 4500 P-H, E, or F
	0.005 – 0.01 mg/L
	
	≤20%
	75-125
	80-120

	Dissolved Cu, Zn
	EPA 200.2/EPA 200.2 mod digestion, or EPA 200.8 mod ICPMS 
	0.5 ug/L for Cu, 5 ug/L for Zn
	≤20%
	≤20%
	75–125
	85–115 

	Dissolved carbon (required if measuring dissolved metals)
	SPECIFY
	SPECIFY
	x
	x
	x
	x

	*In-situ measured parameters follow manufacturer's guidelines for meter calibrations and operations                                                                                                                                                                                     [1] The relative percent difference (RPD) must be less than or equal to the indicated percentage for values that are greater than 5 times the reporting limit. 
[2] For inorganics, the Laboratory Program Functional Guidelines state that the spike recovery limits do not apply when the sample concentration exceeds the spike concentration by a factor of 4 or more (EPA, 2010)                                                                                                                                                                                                                                                                                   [3] MQOs are based on Hallock (2012) and SOP EAP033 (Swanson, 2007).


[bookmark: _Toc490560162]



[bookmark: _Toc521414865]Table 12. Measurement quality objectives for sediment parameters
	Sediment 
parameters 
	Analysis methods in 
sediment
MQO
	Reporting limit target
	Lab replicate (RPD)1
	Matrix spike2
(% recovery)
	Matrix spike 
duplicate 
(RPD)3 
	Control standard/ surrogate
(% recovery)

	
	
	Sensitivity
	Bias and precision
	Bias and accuracy
	Bias and precision
	Bias and 
accuracy

	Conventional Parameters

	Grain Size on <2 mm sieved sediment
	PSEP, 1986 sieve and pipette or ASTM D422
	Sensitivity = 1.0%
	≤20%
	N/A
	N/A
	N/A

	Total Organic Carbon
	PSEP (1986, with 1997 updates), combustion/CO2
Or PSEP, 1986 combined with EPA 9060A
	Sensitivity=0.1%
	≤20%
	N/A
	N/A
	80-120

	Metals

	Total and dissolved As, Cd, Cr, Cu, Pb, Zn
	EPA Method 6020A or 200.8
(ICP-MS)
	(0.2, 0.1, 2.0, 0.5, 0.5, 5.0) mg/kg dw
	≤20%
	75–125
	≤20%
	85–115 (spiked blank) ERA Soil3
80–120 (As, Cd, Cu, Pb, Zn)
79–120 (Cr)

	Semi volatile organics

	Polycyclic aromatic hydrocarbon (PAH) compounds
	EPA 8270D SIM (GC-MS)
	1-5  μg/kg dw 
	Compound specific ≤40%
	Compound Specific 
50–150
	≤40%
	Spiked blank compound-specific 
50–1504

	[1] The Relative percent difference (RPD) is calculated when at least one of the result values is above the practical quantitation limit; if both values are below then the RPD is not calculated. 
[2] For inorganics, the Laboratory Program Functional Guidelines state that the spike recovery limits do not apply when the sample concentration exceeds the spike concentration by a factor of 4 or more (EPA 2010) 
[3] ERA solid LCS, “metals in Soil” the catalogue number is 540 may be needed if using a contract lab
[4] Semivolatile surrogate recoveries are compound-specific. MQOs are based on Lubliner (2014). 





8. [bookmark: _Toc520725693]Sampling Procedures 
[bookmark: _Toc520725694]Field Equipment Handling
Data loggers will be deployed permanently at trend sites and temporarily for the water year of sampling at status sites. Stage, water temperature and conductivity are continuous monitoring parameters for this study. Combination probes for all three continuous parameters are recommended. LTC level-logger Edge and Junior Models provide the added feature of electrical conductivity measurement at the current temperature; this logger likely provides all three continuous parameters measurements.
Stage: Stage data will be collected by installation of a pressure transducer or other approved sensor, following the manufacturer’s instructions (link, e.g., those for the Solinst Level-loggers are available at http://www.solinst.com/Prod/3001/Levelogger-User-Guide/10-Levelogger-Installation-Maintenance/10-Installation.html). Stage measurements will be logged at intervals of xx minutes. A manual stage measurement will be collected at each monthly or bimonthly field visit (see section xxx; Clark Co will provide a detailed manual stage measurement method in this new section). Data will be retrieved during each field visit. 
Water Temperature: If combined probes are not feasible, temperature loggers (e.g., VEMCO Minilog-II-T-351133) will be installed and maintained following the manufacturer’s instructions (link). Water temperature measurements will be logged at intervals of xx minutes. Monthly or bimonthly data retrieval will be done and collected data will be compared with manual field measurement to ensure that data-quality objectives are being met. The sampling protocols will follow the procedures described in the Continuous Temperature Sampling Protocols for the Environmental Monitoring and Trends Section (Ward 2003) and in the TFW Stream Temperature Survey Manual (Schuett-Hames et al. 1999).
Conductivity: If combined probes are not feasible, a conductivity probe (e.g., YSI 600LS) will be installed and maintained following the manufacturer’s instructions (link). Conductivity measurements will be logged at intervals of xx minutes. Data will be retrieved monthly or bimonthly.

All loggers will be deployed inside a ~2-foot-long piece of 1.5-inch camouflage-painted PVC pipe to shade them from sunlight and to prevent them from being found and vandalized. 

Continuous in-situ data loggers will be calibrated and cleaned prior to deployment and checked for functionality and biofouling during monthly site visit using the manufacturer’s recommended protocols. Each deployment location will be photographed and have site-specific survey information documented on a standardized form (Appendix X). For all of the continuous indicators, the accuracy and instrument bias of each sensor will be verified through post-deployment calibration checks following the procedures described in Swanson (2007) and with deployment, retrieval, and grab check samples collected as described in Ward (2007).

The field crew will conduct any necessary cleaning by rinsing the loggers, outside casing, the circulation holes and the optical eyes with fresh running water, distilled water or instrument specific cleanser. Calcium precipitation can be deposited on the pressure transducer or any portion of the loggers. These deposits can be dissolved and released without damaging the probes using a diluted solution of acetic or phosphoric acid (<10%).

[bookmark: _Toc520725695]Field safety 
All crew members, not just the crew lead, are responsible to insure the health and safety during the field sampling events. A written health and safety plan will be prepared prior to the commencement of field activities. The health and safety plan must include at a minimum: phone numbers and a communication tree for notification should an emergency occur; maps to the nearest hospital, fire station, and/or emergency response facility for each sampling location; and the enumeration of the anticipated potential hazards. 

[bookmark: _Toc452378370][bookmark: _Toc452379193][bookmark: _Toc452381086][bookmark: _Toc452384659][bookmark: _Toc452378371][bookmark: _Toc452379194][bookmark: _Toc452381087][bookmark: _Toc452384660]All crew members must review and sign the health and safety plan during a field work kick-off meeting. During the meeting, the crew lead summarizes the potential hazards and ensures that all crew members are aware of safety procedures and appropriate lines of communication. Crew members must be instructed in proper handling of sample preservatives to avoid hazardous situations that may occur if these chemicals are handled inappropriately.

At least two crew members must be present during all field sampling activities, however three people improve efficiency and can be safer for wadeable stream surveys. 

Crews may encounter hazardous materials at site locations. Crews should not disturb or retrieve improperly disposed hazardous materials. Instead, crews will record the detail in the field notebook and report to the LC Urban Streams Project Manager who will report the crew’s findings to appropriate authorities as soon as possible. 

[bookmark: _Toc452378372][bookmark: _Toc452379195][bookmark: _Toc452381088][bookmark: _Toc452384661]Field members must be familiar with the signs of heat exhaustion, heat stroke, and hypothermia, and there should always be at least one person trained in first aid and CPR on every field crew. First aid kits must be available at all times. Any field crew member with known allergies to bees, other insects, poison oak, etc. must notify the crew lead. These members must take proper precautions and instruct fellow members as to the location and use of any needed emergency medications that they carry with them at all times. 

Motor vehicles must be operated with care and in observance of all applicable laws and regulations.

[bookmark: _Toc520725696]Field safety in wadeable streams 
[bookmark: _Toc452378375][bookmark: _Toc452379198][bookmark: _Toc452381091][bookmark: _Toc452384664][bookmark: _Toc452378376][bookmark: _Toc452379199][bookmark: _Toc452381092][bookmark: _Toc452384665]Common hazards in wadeable streams include slip, trip and fall hazards; submerged objects; poisonous snakes, insects, and plants; and adverse weather conditions.

[bookmark: _Toc452378387][bookmark: _Toc452379210][bookmark: _Toc452381103][bookmark: _Toc452384676][bookmark: _Toc454876846]Sampling will be discontinued during thunderstorms. 

[bookmark: _Toc452378377][bookmark: _Toc452379200][bookmark: _Toc452381093][bookmark: _Toc452384666][bookmark: _Toc454876836][bookmark: _Toc452378378][bookmark: _Toc452379201][bookmark: _Toc452381094][bookmark: _Toc452384667][bookmark: _Toc454876837][bookmark: _Toc452378382][bookmark: _Toc452379205][bookmark: _Toc452381098][bookmark: _Toc452384671][bookmark: _Toc454876841]Field crews must wear appropriate personal protective equipment (PPE), including waders (or at a minimum neoprene booties), hats, sunglasses (or safety goggles as needed), and should use sunscreen on exposed skin. When waders are worn, they must be equipped with a belt. Appropriate gloves must be worn when agitating substrate for the collection of benthic macroinvertebrates.

[bookmark: _Toc452378379][bookmark: _Toc452379202][bookmark: _Toc452381095][bookmark: _Toc452384668][bookmark: _Toc454876838][bookmark: _Toc452378380][bookmark: _Toc452379203][bookmark: _Toc452381096][bookmark: _Toc452384669][bookmark: _Toc454876839][bookmark: _Toc452378381][bookmark: _Toc452379204][bookmark: _Toc452381097][bookmark: _Toc452384670][bookmark: _Toc454876840]Extreme care should be used when walking on rip rap as rocks can easily shift. Large woody debris (LWD) must be navigated carefully to avoid falls or getting pinned between pieces of debris. 

[bookmark: _Toc452378386][bookmark: _Toc452379209][bookmark: _Toc452381102][bookmark: _Toc452384675][bookmark: _Toc454876845]Crew leads must ensure that all equipment is in safe working order.

[bookmark: _Toc520725697]Field work procedures
The procedures are based on existing standard protocols. Detail field activities and monitoring protocols are described in Status and Trends Monitoring of Small Streams in the Puget Lowlands Ecoregion QAPP (Lubliner, 2014).  Consult with Ecology staff on which standard operating procedures (SOPs) to follow for this work, Ecology’s published SOPs can be found at https://ecology.wa.gov/About-us/How-we-operate/Scientific-services/Quality-assurance. 

Before leaving for the sampling site, the field crew will conduct all appropriate preparation including instrument calibration, data log form preparation, and fill out and submit field safety plan. One or two sites are typically sampled in one day by a two or three-person field team. 

Field procedures should be conducted in the following order to avoid any damage or disturbance to benthic invertebrates and other samples: 
1) Site verification and layout, 
2) Instantaneous stream flow measurement,
3) In-situ water measurements,
4) Water sample collection for the extended program,
5) Benthic macroinvertebrate,
6) Sediment chemistry sample collection,
7) Physical habitat condition.

Field handheld probes will be calibrated and checked for problems prior to each sample event following the manufacturer’s recommended protocols and recorded in the field log (Appendix X). At a minimum, a triple wash of de-ionized water and then sample water will be conducted before each sampling event. 

For sediment sampling, the stainless-steel scoops and bowls need to be cleaned using the following procedure. Clean implements will be stored in aluminum foil or polyethylene bags for transport to the field station. Stainless-steel sampling implements, including spoons, bowls, and stirrers will be cleaned sequentially as follows:
1. Washing in non-phosphate detergent and hot-tap water,
2. Rinsing with hot tap water,
3. Rinsing with 10% nitric acid or 5% HCl if sampling for metals or PAHs,
4. Rinsing with deionized water three times,
5. Air drying in clean area free of contaminants,
6. Rinsing with pesticide-grade acetone or methanol if sampling for PAHs, 
7. Air drying in clean area free of contaminants.

After drying, equipment will be wrapped in aluminum foil and stored in polyethylene bags until used in the field. Sampling equipment will be dedicated to a single site. Reuse will require cleaning as outlined in the procedure above. 

[bookmark: _Toc521414866]Table 13. Typical timing of on-site field activities for wadeable streams. This includes all activities performed by a trained crew 
(To be completed by Clark Co)
	Activity
	Person 
	Hours since arrival

	
	
	1
	2
	3
	4

	Site verification and layout
	A
	
	
	
	

	In-situ water measurement
	B
	
	
	
	

	Water chemistry sampling
	B
	
	
	
	

	Macroinvertebrate
	B
	
	
	
	

	Sediment chemistry
	B
	
	
	
	

	Physical habitat
	A
	
	
	
	

	Data retrieval and maintenance 
of data logger
	A
	
	
	
	


[bookmark: _Toc461703178][bookmark: _Toc490564647]
Detailed procedures for site verification and field sampling from the appendices of Status and Trends Monitoring of Small Streams in the Puget Lowlands Ecoregion QAPP Lubliner, 2014 procedures that should be followed for this study are listed in Table 14.  Physical habitat measurements will follow the Habitat Status and Trends Monitoring in the Lower Columbia Region: Draft QAPP (Stillwater Sciences, 2016b) and are listed in Table 15. Field log for these measurements and detail procedures are provided in Appendix X. 

[bookmark: _Toc521414867]Table 14. Reference locations for finding the field procedures for watershed health monitoring activities within the appendices of Status and Trends Monitoring of Small Streams in the Puget Lowlands Ecoregion QAPP (Lubliner, 2014). 
	Activity
	Appendix
	Where

	Site verification and layout; transects and index stations
	C-1
	Entire site

	Streamflow measurement
	C-3
	Near index station

	Benthos sample collection
	D-1
	Major transects

	Sediment chemistry sample collection 1
	C-4 1
	Near index station


1 Sediment chemistry samples will be sieved in the laboratory, not in the field.

[bookmark: _Toc521414868]Table 15. Summary of methods for habitat data collection 
(unless MS4 permittees agree to collect the entire set (see the discussion in sections 10.2 and 10.4), include only the habitat parameters listed for urban streams monitoring in Stillwater 2016a) 

	Monitoring design
Indicator
	Methods/Measurements
	Metrics

	Sample reach length
	Reach length (m). 20x BFW, 150m minimum,
500mW/2000mNW maximum Use air photo for initial
designation, followed by field confirmation
	N/A

	Channel type
	Bedrock, colluvial, cascade, step pool, forced step pool, plane bed, pool-riffle, forced pool-riffle, regime (Montgomery and Buffington 1997)
	N/A

	Reach slope
	Direct reading(s) of water-surface slopes using hand-held clinometer from top of reach to bottom (minimum number of segments as need to visually span reach)
	Length-weighted average of individual slope measurements

	Sinuosity
	1) Centerline channel length of the entire reach (measured by air photo if possible; using field-measured thalweg profile [see below] if not) (2) straight-line distance between the starting and ending points of the thalweg/centerline measurement
	Ratio of centerline/straight-line Lengths

	Bank modification
	% of human modified bank – both sides
	Percent total

	Density of habitat types
	Length and width for distinct habitat types meeting minimum size criteria—pool, step pool, riffle, cascade habitat, falls, run/glide, dry channel
	Percent habitat for each type

	Bankfull width/depth
	Lengths of the bankfull width (Wbkfl) and depth, as identified using standard field indicators, at each of the 11 transects in a reach (measurements should be omitted at transects with ambiguous indicators).
	Average of the unambiguous measurements for both bankfull width and bankfull depth.

	Pools per unit length
	Number of minimum-sized pools identified during habitat mapping, and total reach length
	Pools per unit length

	Floodplain width
	Employ field-based estimates; supplement with air photos for non-wadeable streams. Estimate width of the alluvial surface beyond the bankfull channel; document presence of additional off-channel features such as scroll bars, oxbow lakes, etc.
	Categorize the floodplain width into categories scaled by bankfull width (e.g., 0-1 Wbkfl; >1 Wbkfl) 

	Side channel habitat
	Determine “qualifying” vs. “non-qualifying” side channels (defined by CHaMP)
Length, width, temperature, connectivity to main stem
	Qualifying channels – side channel length in meters; width and temperature measurements (upstream, midpoint and downstream); degree of connectivity to the main stem (%) Non-qualifying – document presence Only

	Flow category
	Visual estimate of flow conditions at time of survey
	dry, puddled, low, moderate, high, bankfull, flood as defined by ODFW protocols. Modify “Low Flow” to include surface water flowing across <75% of active channel surface

	Residual Pool depth
	Maximum pool depth, pool crest depth
	Maximum pool depth minus pool crest depth

	Bank stability
	Categorize bank condition at each end of each transect, integrating the conditions observed along the bank from the transect point up- and downstream half-way to the next adjacent transect (22 measurements)
	Median of the 22 transect-specific measurements. The result is a categorical (not a decimal) value for the entire reach.

	Relative bed stability
	None
	Ratio of reach D50 to [(average bankfull depth)×(reach slope)]; apply roughness correction if/as indicated by selected protocol.

	Density / distribution instream wood
	Number and size of individual qualifying logs (AREMP protocol-minimum 15 cm dia., 3 m length). 1st ten pieces measured, then every fifth up to 35th pieces, then every 10th piece, size and location of accumulations and jams. Other pieces visually estimated; location of wood recorded (mid, bar, side, etc)
	Number of pieces and total wood volume (m3) per unit length

	Substrate particle size
	Randomly selected, "first-touch" grains across the entire bankfull channel along fast-water (i.e., riffle) transects only.
Count number of grains per transect to achieve at least 200 grains counted per entire reach. Record b-axis length in 1/2-phi intervals; subdivide <4 mm grains into "sand" and "fines".
	Median grain size (D50); also D84, D16 for the entire reach.

	Shade
	Canopy cover measured with densiometer (Mulvey et al. 1992, as cited by Ecology) on left bank and right bank for 11 transects and in 4 directions at each location
	Shade score; could be reported as percent shade

	Riparian canopy (%cover) 
	Visually estimated for different vegetation types (see Ecology protocol) in a 10x10m plot on both banks at 11 transects
	% cover of vegetation > 5m height

	Riparian understory 
(% cover) 
	Visually estimated for different vegetation types (see Ecology protocol) in a 10x10m plot on both banks at 11 transects
	% cover of vegetation 0.5 - 5m height

	Temperature
	Temperature logged with hobo or similar data loggers at one representative location at each selected site at half hour intervals. Hobos will be deployed, retrieved and downloaded by the Field Reconnaissance crew, and the data sent to the Data Manager
	7-day moving average maximum temp, daily maximum temp, average daily temp



At the end of the monitoring, the field crew will retrieve data from the deployed loggers for all three continuous parameters. The field crew will conduct any necessary cleaning, calibration or re-installation of loggers at the next round of status sites. The storage capacity, battery, electrical connections and tubing will be checked and, if necessary, replaced. 

[bookmark: _Toc520725698]Field log  
A field log with appropriately detailed notes will be used to record irreplaceable information for each site visit. The field logs will be either:
1. Bound, waterproof notebooks with pre-numbered pages. Use permanent, waterproof ink or pencil for all entries. 
or
2. Electronic field logs that demonstrate equivalent security and durability to a waterproof, bound notebook.

Example field forms are provided in Appendix XX. The information collected during each field visit, whether for sampling location confirmation or for monitoring activities. Field form entries will include but are not limited to:
· Name and location of activity
· All field personnel, and specifying the recorder’s name
· Sequence of events
· Any changes or deviations from the QAPP
· Environmental conditions at time of monitoring activity
· Date, time, location, ID, and description of each sample
· Field instrument calibration procedures and documentation
· Field measurements 
· Type and number of QC samples collected
· Unusual circumstances that might affect interpretation of results 

Forms will include the station visit/maintenance sheet, meter calibration, and chain-of-custody forms. All errors or typos will be crossed out and rewritten by the technician who recorded the data. All corrections will be initialed and dated when made. Do not use correction fluid or tape. Paper documents will be stored in an organized central filing location. 

9. [bookmark: _Toc520725699]Quality Control
[bookmark: _Toc520725700]Field Equipment Decontamination 
Equipment used in the field for collection or processing of sediment and surface water samples will be decontaminated using Ecology’s SOP, Decontamination of Sampling Equipment for Use in Collecting Toxic Chemical Samples (Friese, 2014). Field equipment will be maintained at the recommended frequency specified by each manufacturer.

After conducting field work, field staff will: 
· Inspect and clean all equipment by removing any visible soil, vegetation, vertebrates, invertebrates, plants, algae or sediment. If necessary, a scrub brush could be used then rinsed with clean water either from the site or brought for that purpose. The process will be continued until all equipment is clean. 
· Drain all water in samplers or other equipment that may harbor water from the site. This step will take place before leaving the sampling site or at an interim site. If cleaning after leaving the sampling site, no debris will leave the equipment and potentially spread invasive species during transit or cleaning. 
· Assess the possibility of invasive species contamination of both protective gear and sampling equipment, including boats, rafts, and other water-borne devices.  Ecology’s SOP EAP070 (Parsons et al., 2018) addresses invasive species transport and contamination.  

[bookmark: _Toc520725701]Field replicate samples 
Grab and composited field replicate samples will be collected at a rate of 10% of the total samples collected for monitoring each year. Field replicates will be collected by splitting composited samples or by collecting additional grab samples. Parameters measured in the field sample also will be measured in the replicate sample for that particular site. Field replicates will be labeled similar to other samples, and each replicate sample will have its own unique identification number. These replicate samples will be submitted blind to the laboratory with all other field samples. Table 16 shows the schedule, control limits, and corrective actions for field replicate samples. 
[bookmark: _Toc521414869]Table 16. Quality control schedule for field replicate samples
	Field Sample Collected
	Number and frequency
	Control 
Limit
	Corrective 
Action

	Composited benthic macroinvertebrate field replicate
	One replicate sample each year
	Qualitative control – Assess representativeness, comparability, and field variability
	Review procedures; alter if needed

	Composited sediment field replicates
	10% of the total number of samples each year
	Qualitative control – Assess representativeness, comparability, and field variability
	Review procedures; alter if needed

	Grab water field replicates
	10% of the total number of samples each year
	Qualitative control – Assess representativeness, comparability, and field variability
	Review procedures; alter if needed



[bookmark: _Toc520725702]Sample storage and preservation 
Holding times are the maximum allowable length of time between sample collection and laboratory manipulation. Holding times are different for each analyte and are in place to maximize analytical accuracy and representativeness. Each sample collected will be packaged in a container and labeled accordingly. If necessary, staff will coordinate with the analytical laboratory to ensure samples can be transported, received, and processed during non-business hours. Sample containers will be transported or sent by the field team to the analytical laboratory, following established sample handling and chain-of-custody procedures. At the laboratory, samples may be further divided for analysis or storage. 

Table 17 details sizes and types of sample containers recommended for transporting sample media, sample preservation requirements, and maximum sample holding times prior to laboratory analysis. 


[bookmark: _Toc521414870]Table 17. Sample containers, preservation, and holding times
	Group 
	Analysis
	Matrix
	Recommended Quantity
	Container 
	Holding Time
	Preservative

	Base
	Grain Size
	Sediment
	100 g
	8 oz plastic jar
	6 months
	Cool to ≤6°C
Do NOT freeze or dry

	
	Sediment Metals
	Sediment
	50 g
	4 oz glass or HDPE jar with Teflon-lined lids
	6 months
	Cool to ≤6°C

	
	Sediment PAHs
	Sediment
	100 g
	8 oz plastic jar
	14 days; 1 year if frozen
	Cool to ≤6°C; or freeze at ≤-18°C

	
	Macro-invertebrates
	Benthic
	3.8 L
	3.8 L Wide mouth polyethylene jar
	N/A
	Field preserved with 95% ethanol. Stored in quiescent location

	Extended
	Total Solids
	Water
	1000 mL
	1000 mL w/m poly bottle
	7 days
	Cool to ≤6°C

	
	Suspended Solids (TSS)
	Water
	1000 mL
	1000 mL w/m poly bottle
	7 days
	Cool to ≤4°C

	
	Hardness
	Water
	100 mL
	125 mL w/m poly bottle
	6 months
	H2SO4 to pH <2, cool to ≤6°C. preservation in field or lab

	
	Total Nitrogen (TN)
	Water
	125 mL
	125 mL w/m poly bottle
	28 days
	H2SO4 or HCl to pH <2, preservation in field 
Cool to ≤4°C

	
	Nitrate (NO3-) + Nitrite (NO2-)
	Water
	125 mL
	(1) 125 mL clear w/m poly bottle
	48 hours
	H2SO4 or HCl to pH <2, preservation in field 
Cool to ≤4°C

	
	Total Phosphorous (TP)
	Water
	60 mL
	(1) 125 mL clear w/m poly bottle
	28 days
	H2SO4 or HCl to pH <2, preservation in field 
Cool to ≤4°C

	
	Dissolved Metals
	Water
	350 mL
	500 mL poly bottle with Teflon or polypropylene lid
	6 months
	Filter (0.45 um) within 15 minutes of collection; then add HNO3⁸ to pH <2 , Cool to ≤6°C 

	
	Dissolved Organic Carbon
	Water
	x
	x
	x
	x

	
	Fecal Coliform
	Water
	100 mL
	100 mL plastic bottle
	24 hours
	Fill bottle to shoulder, Cool to ≤4°C

	
	Enterococcus
	Water
	x
	x
	x
	x




[bookmark: _Toc520725703]Quality Control for Macroinvertebrates 
Detail quality control procedure for macroinvertebrates (stream benthos) is described in Appendix F-2 of Status and Trends Monitoring of Small Streams in the Puget Lowlands Ecoregion QAPP (Lubliner, 2014). QC procedures requires macroinvertebrate sorting efficiency and taxonomic accuracy and precision checks. Consult with Ecology staff on which standard operating procedures (SOPs) to follow for this work.

[bookmark: _Toc520725704]Laboratory Quality Control Procedures 
Contract laboratories will make every effort to meet sample holding times and target reporting limits for all parameters. Laboratory QC procedures and results will be closely monitored throughout the duration of the sampling. Measurement quality objectives for laboratory samples are listed in Tables 11 and 12 in section 10. 

Typical protocol to ensure the representativeness of lab data is to provide triplicates of every 20th sample, with a goal of <5% variability as the standard. This provides a high confidence that each sample accurately reflects a representative value of the measured parameter. However, because each year’s sampling under this program will include less than 20 sediment samples, one site each year will be randomly selected for triplicate measurement.

QC procedures for biological samples are currently limited to field replicates precision and laboratory duplicates for accuracy for benthic macroinvertebrates. Contract laboratories will make every effort to ensure accurate identification of specimens. 

[bookmark: _Toc461703219]The schedule for laboratory QC samples is listed in Table 18. These samples will include, at a minimum, the types of QC samples listed and described below: 

[bookmark: _Toc490560172]Laboratory duplicates: Laboratory duplicate samples will be analyzed regularly to verify that the laboratory’s analytical methods are maintaining their precision. The laboratory should perform “random” duplicate selection on submitted samples that meet volume requirements. After a sample is randomly selected, the laboratory should homogenize the sample and divide it into two identical “split” samples. To verify method precision, identical analyses of these lab splits should be performed and reported. Some parameters may require a double volume for the parameter to be analyzed as the laboratory duplicate. Matrix spike duplicates may be used to satisfy frequencies for laboratory duplicates.

Matrix spikes and matrix spike duplicates (ms/msd): Matrix spike samples are triple-volume field samples to which method-specific target analytes are added or spiked into two of the field samples, and then analyzed under the same conditions as the field sample. A matrix spike provides a measure of the recovery efficiency and accuracy for the analytical methods being used. Matrix spikes can be analyzed in duplicate to determine method accuracy and precision. Matrix spikes will be prepared and analyzed at a rate of 1/20 (5% of total) samples collected or one for each analytical batch, whichever is most frequent. 

Blanks: Laboratory blanks are useful for instrument calibrations and method verifications, as well as for determining whether any contamination is present in laboratory handling and processing of samples.

Laboratory standards: Laboratory standards (reference standards) are objects or substances that can be used as a measurement base for similar objects or substances. In many instances, laboratories using digital or optical equipment will purchase from an outside accredited source a solid, powdered, or liquid standard to determine high-level or low-level quantities of a specific analyte. These standards are accompanied by acceptance criteria and are used to test the accuracy of the laboratory’s methods. Laboratory standards are typically used after calibration of an instrument and prior to sample analysis.

Surrogate and internal standards: Surrogate standards are used to process and analyze extractable organic compounds (PAHs). A surrogate standard is added before extraction, and it monitors the efficiency of the extraction method. Internal standards are added to organic compounds and metal digests to verify instrument operation when using inductively coupled plasma mass spectrometry (ICP-MS) analysis and gas chromatography-mass spectrometry (GC-MS) analyses.

Method blanks: Method blanks are designed to determine whether contamination sources may be associated with laboratory processing and analysis. Method blanks are prepared in the laboratory using the same reagents, solvents, glassware, and equipment as the field samples. These method blanks will accompany the field samples through analysis.

Instrument blank: An instrument blank is used to calibrate analytical equipment used in the laboratory’s procedures. Instrument blanks usually consist of laboratory-pure water and any other method-appropriate reagents.


[bookmark: _Toc521414871]Table 18. Schedule for laboratory Quality Control samples
	Quality control sample1
	Analysis type
	Frequency2
	Corrective action

	Laboratory Duplicates
	Metals
	5% of total samples, minimum 1 per batch (method-specific)
	Evaluate procedure; reanalyze or qualify affected data 

	
	Organics
	
	

	Matrix Spikes (full constituent list)
	Metals
	5% of total samples, minimum 1 per batch
	Evaluate procedure and assess potential matrix effects; reanalyze or qualify data 

	
	Organics
	5% of total samples, minimum 1 per batch
	Evaluate duplicates and surrogate recoveries and assess matrix effects; evaluate or qualify affected data

	Matrix Spike Duplicates3
	Metals and 
Organics
	At least 1 sample per year; 
Metals can be run either by MSD or lab duplicates at otherwise; 5% of total samples, minimum 1 per batch
	Evaluate procedure and assess potential matrix effects; reanalyze or qualify data 

	Method Blanks
	Metals
	5% of total samples, minimum 1 per batch (method-specific)
	Blank concentration may be used to define a new reporting limit. Evaluate procedure; ID contaminant source; reanalyze samples if blanks are within 10x concentration. No action necessary if samples are >10x blank concentrations

	
	Organics
	
	

	Spiked (or Fortified) Blanks 
	Metals and Organics 
	5% of total samples, minimum 1 per batch (primarily water)
	Evaluate matrix spike recoveries; assess efficiency of extraction method; flag affected data

	References (lab control standard, lab control sample, or standard reference materials)
	Metals
	5% of total samples, minimum 1 per batch (spiked blank). 
	Evaluate lab duplicates/matrix spike recoveries; assess efficiency of extraction method; evaluate or qualify affected data

	
	Organics
	
	

	Surrogates
	Organics
	Surrogates frequency is 100%
	Evaluate results; qualify or reanalyze or re-prep/reanalyze samples.

	Internal Standards
	Metals and Organics
	Internal Standard frequency is 100% for GC/MS and ICPMS methods
	Evaluate results; dilute samples, reassign internal standards or flag data.


1 	Quality control samples may be from different projects for frequencies on a per-batch basis.
2 	Frequencies may be determined from the study number of samples collected by the permittee.
3 	The lab may use either a matrix spike duplicate or laboratory duplicate to evaluate precision based on the method. 


10. [bookmark: _Toc520725705]Data Management 
The LC Urban Streams Data Manager will be in charge of data QA, data entry, and data export and will ensure effective data management to support the routine data analysis and ultimately ensure a successful monitoring program. The Data Manager will also respond to data requests. 

[bookmark: _Toc520725706]EIM database preparation 
Before sampling begins, the LC Urban Streams Project Manager or Data Manager will coordinate with Ecology’s EIM Data Coordinator to assign the EIM study identification number and site IDs.

[bookmark: _Toc520725707]Field data collection and transfer 
Template data sheets and field log are included in Appendix X, to be provided by Clark Co. These forms will be reviewed by the LC Urban Streams Program Manager to ensure that all field crews are collecting the same data in the same way. The forms identify the LC Urban Streams Program Manager as the recipient of the final forms. 

If Clark Co chooses to use an electronic platform for field data collection, it will be described here. These electronic tablet-based systems have advantages in that they can be designed in such a way that they include field QA/QC procedures insuring that all required data is collected (for instance, data collection fields can be designed so that crews cannot move on to the next field until data has been entered in the preceding field). 

Electronic data collection platforms also streamline data compilation and analysis, and eliminate transcription errors when transferring data into Microsoft Excel, Access, or other database programs. If Clark Co chooses to use an electronic data collection platform, precautions must be taken to insure that all data included on the approved data sheets is collected in an identical way.

All field data sheets will be kept in an organized manner. The program manager will keep the original field data and copied one will be sent to the data manager. Post-processed watershed health data will be finalized and incorporated into electronic EIM spreadsheet and submitted into EIM. Clark Co and other MS4 permittees should note that collecting only a subset of the watershed health data disallows use of the electronic spreadsheet. It may be more cost- and time-effective to collect the full dataset and utilize the electronic form (see section 10.4). 

[bookmark: _Toc520725708]Laboratory data 
Laboratory data will be sent to the LC Urban Streams Project Manager and Data Manager directly from each laboratory following completion of each set of analyses for a sampling event. Reporting times may vary depending on holding time and analytical methods but should not exceed six months from the documented sampling date. 

Laboratory reports will be reviewed by the Data Manager for errors or missing data. The Data Manager and Project Manager will implement corrective actions if needed. 

Finalized electronic laboratory data will be loaded to Ecology’s EIM database by the Data Manager with the assistance of Ecology’s EIM Data Coordinator and saved in the Clark County’s data file.

[bookmark: _Toc520725709]Watershed health data
If the MS4 permittees choose to collect the entire suite of watershed health parameters, Ecology will provide electronic field data collection software. As noted in section 10.2, collecting only a subset of the watershed health data disallows use of this software. The electronic field form, if used, will assist Clark Co to (1) assure completeness in the field for benthos and habitat monitoring and (2) more easily and efficiently load this data to Ecology’s Watershed Health database in EIM. Use of the electronic form greatly reduces the time for review and quality assurance/quality control in transferring the data. If the entire set of watershed health measurements is not included in this QAPP, Clark Co will provide detail in this section as to how the data will be stored and uploaded to EIM.

[bookmark: _Toc520725710]Data storage 
All field forms, photographs, electronic data, and laboratory data will be stored by the LC Urban Streams Program Manager in an organized filing system for electronic or paper files. Field forms, downloaded data files, and laboratory data deliverables will be sent to the Program Manager for storage in paper and electronic files. Location, measurement, and sample result data will be evaluated through the data verification process. Results judged to be acceptable after all such steps are required to be entered into Ecology’s EIM database. 

Continuous data will be stored in a database format to be defined by Clark Co and detailed here and uploaded to data.wa.gov following implementation of data verification procedures. 

All laboratory data will be provided in an electronic data deliverable (EDD) format. After receipt of data and internal processing, the data will be uploaded into the EIM database by Clark County’s Data Manager with assistance from Ecology’s EIM Coordinator. 


11. [bookmark: _Toc490564677][bookmark: _Toc520725711]Data Verification 
Clark County will verify all data to evaluate the completeness, correctness, and conformance/compliance of the data set against the method and other requirements. 

[bookmark: _Toc520725712]The LC Urban Streams Field Lead will verify: 
Field staff will verify field results after measuring and before leaving the site. They will keep field notes to meet the requirements for documentation of field measurements. The field lead will ensure that field data entries are complete and error-free. 
· Field-collected data are consistent, correct, and complete, with no errors or omissions. 
· Instrument measurement and converted values are within the acceptable instrumentation error limits and expected range of values.
· Methods and protocols specified in this QAPP were followed. 
· Field QC process specified in this QAPP were followed.

[bookmark: _Toc520725713]The LC Urban Streams Project Manager will verify: 
· Field-collected data are consistent, correct, and complete, with no errors or omissions.
· Results of QC samples accompany the sample results.
· Established criteria for QC results were met.
· Data qualifiers are properly assigned where necessary.
· Data specified in the Sampling Process Design were obtained.
· Methods and protocols specified in this QAPP were followed.
· Field forms are complete and correct.

If a laboratory suspects field blank contamination, the laboratory’s project manager will notify the Field Lead and the LC Urban Streams Project Manager. The sample results will be reviewed by the LC Urban Streams Project Manager and Field Lead to determine if samples associated with the field blanks should be qualified based on the contamination. Sample results will be flagged with a J if they are less than, or equal to, 5 times the field blank concentration. 

For macroinvertebrates, the laboratory will verify all taxonomic results prior to reporting. 

For continuous measurements with on-site sensors (water temperature, conductivity, stage), the accuracy and instrument bias of each sensor will be verified through post-deployment calibration checks following the procedures described in Appendix XX and with deployment, retrieval, and monthly grab check samples collected as described Appendix YY. 

[bookmark: _Toc490564679]At least 10% of field and laboratory data entry will be verified against field forms and laboratory reports prior to final validation in the electronic database to verify consistency. All electronic versions of data will be re-verified using computer programs (e.g., R or DataAccess) by the Data Manager before submitting to EIM. 
[bookmark: _Toc520725714]Laboratory Data Verification
For the laboratory measurement of sediment PAH’s and metals, bias and precision values should be less than 20-40% depending on the indicator and will be checked through replicate samples based on the MQOs in section 10. All laboratories used for the analyses will have their own approved internal quality-control procedures, which will be confirmed and documented by the LC Urban Streams Project Manager prior to sample submission. 

If discrepancies in the data are found, there are two options for correction, depending on when the problem is identified:

1. If the problem is identified before the end of the sampling period (June 1 to September 30 for sediment chemistry and benthic indicators; the end of the month for extended parameters), a repeat site visit will be made to re-collect the sample. This may occur if the data set is incomplete or incorrectly collected. Due to the inter-related nature of chemical and biological conditions, problems identified in the chemical or biological data should be addressed by again collecting the entire suite of chemical and biological indicators. Before the second sampling, the LC Urban Streams Project Manager, Principal Investigator, and Field Lead must review in detail the applicable methods and procedures in this document (including references to Status and Trends Monitoring of Small Streams in the Puget Lowlands Ecoregion QAPP (Lubliner, 2014)) to ensure understanding of the protocols. Equipment should be cleaned and recalibrated and checked for proper function.
If the problem is identified after the sampling period, the data should be flagged and the problem explained in a comment in the database. This will allow both internal and external users of these data to know the limitations of how these data may be used in projects. If the data are incomplete, or if some data standard was not met, the data will not be used to meet the objectives of the study design.

In either case, the Program Manager will notify the SAM Scientist and the other MS4 permittees within two business days of learning of such a problem and which of the above corrective actions will be taken.

For continuous parameters, if identified discrepancies are found that indicate sensor or data-logger malfunction, a site visit to correct the problem must occur as soon as possible. Suspect data prior to that time should be clearly flagged in the database and not used in subsequent analyses. 

If any errors are found they will be corrected, and the LC Urban Streams Project Manager will check all of the remaining field and laboratory data sheets with the spreadsheet files. This process will be repeated until all errors are eliminated. 

[bookmark: _Toc490564681]Permanent records of all environmental data will be made available through static online archives (i.e., EIM and data.wa.gov).


12. [bookmark: _Toc520725715]Data Usability and Data Analyses
[bookmark: _Toc520725716]Data quality (usability) assessment 
The data usability assessment follows data verification. This involves a detailed examination of the data package to determine whether the quality objectives have been met as well as how to treat non-detects and other issues. The LC Urban Streams Project Manager and Principal Investigator examine the complete data set to determine completeness and compliance with standard procedures outlined in SOPs and using professional judgement. 

[bookmark: _Toc490564682][bookmark: _Toc520725717]Determining if project objectives were met
Following data verification and validation, the variability, accuracy, and precision of the collected data will be compared with project objectives established at the beginning of the project. If the results do not meet those criteria, this will be explicitly stated in the annual reporting. Based upon data accuracy criteria, some data may be discarded. If this is found to be necessary, then the problems associated with data collection and analysis, reasons data were discarded, and potential ways to correct sampling problems will be reported to the SAM Scientist. 

In some cases, project criteria may be modified. If that is judged to be necessary, the justification for modification, problems associated with collecting and analyzing data, as well as potential solutions will be reported to Ecology’s MS4 NPDES permit manager and discussed with other MS4 permittees. Such adaptive management of this QAPP must be approved by Ecology and the LC stakeholders (see section 12.5).

[bookmark: _Toc490564683][bookmark: _Toc520725718]Treatment of non-detects in data analysis
In the event that non-detect values from the laboratory become an issue and impede the ability to perform the study (data censorship), statistical methods will be used to assign values to non-detects. Methods for performing statistical analysis to non-detect data are found in Table 5 of Western Washington NPDES Phase I Stormwater Permit, Final S8.D Data Characterization 2009-2013 (Hobbs et al., 2015). Some individual parameters may be detected less frequently than others and may therefore be considered a low priority. Any non-detect issues and statistical analysis performed during the study period will be detailed in the final 5-year report. 

[bookmark: _Toc520725719][bookmark: _Toc490564684]Data analysis 
The LC Urban Streams Principal Investigator is responsible for analyzing the data on an annual basis and providing a summary report of those findings. Staff writing the report must know the caveats and limitations of the data and corresponding analyses and be informed by field crew members as to special conditions encountered during sampling. This will increase the chances that the data are properly interpreted.

The required data analyses include: 
Calculation of flow metrics: Using the continuous stage data for each active site, calculate flow metrics to determine flow alteration indicators known to correlate to biological conditions in small streams: high-pulse count, low-pulse count, high-pulse duration, high-pulse range, flow reversals, TQmean, and Richards-Baker Index (RBI). These indicators will be calculated and reported as described in DeGasperi et al. (2009) and Booth and Konrad (2017). 

Descriptive statistics summary: Describe basic features of the data, distribution and frequency of values, detection frequency of each parameter including stage-derived flow indicators. Measured values can be split by meaningful group variables (or subgroups) and displayed by groups. When comparing values between groups, statistical analysis such as T-test, ANOVA or linear-model will be conducted to confirm the significance of differences or any patterns. For an example, see section 2.0 in the final report on the 2015 SAM Puget lowland streams status assessment (DeGasperi et al., 2018).

Explanatory variables assessment: Exploratory data analysis will be conducted to investigate what natural and human factors/stressors correlate with LC Urban Streams indicators or otherwise explain variation in the findings. For an example, see section 2.0 in the final report on the 2015 SAM Puget lowland streams status assessment (DeGasperi et al., 2018). 

Multivariate statistical analyses: Multiple statistical analyses will help to identify key drivers of status and trends. Other analyses including multivariate ordination and other learning processes (e,g., tree-based method) can also be done.

Status assessment: The assessment of stream condition will be conducted either by developing thresholds or by comparing to known criteria such as Properly Functioning Conditions, state water or sediment quality standards, and sediment screening level. Data from Lower Columbia regional sites gathered by Department of Ecology or Oregon Department of Environmental Quality can also serve as reference (least-disturbed) condition to assess the status of target streams and the region. When standards or reference conditions are not available, threshold values can be set using peer-reviewed ecological literature. For literature-derived values that provide a meaningful comparison, see section 2.6 in the final report on the 2015 SAM Puget lowland streams status assessment (DeGasperi et al., 2018).

Cumulative Distribution Frequency (CDF) Analysis: Data from this study will be used to provide a regional scale status assessment. For an example, see the approach and results documented in sections 2.0 and 3.0 in the final report on the 2015 SAM Puget lowland streams status assessment (DeGasperi et al., 2018). Calculation of spatial weights may be applied in both status and trend analysis using statistical software, such as the ‘spsurvey’ package in R.

Trend assessment: trend assessment will be done in two ways: annual CDF pattern changes and conventional scatter plots with linear or non-linear regression. Trend assessment will be done following the fourth year data of monitoring and annually thereafter. Signal to noise analysis for each parameter will be updated each year to help distinguish true trend versus annual variations.

Comparison with other study results: Qualitatively compare the summary statistics, explanatory variables, and CDF patterns with findings of other programs including SAM and ongoing monitoring programs in the LC region. Also compare LC Urban Streams Explanatory Variables Assessment findings to the Relative Risk/Attributable risk Analysis findings in section 4.0 in the final report on the 2015 SAM Puget lowland streams status assessment (DeGasperi et al., 2018).

[bookmark: _Toc520725720]Adaptive management of this QAPP
If a need is identified for adaptive changes to the monitoring protocols or data analysis approaches specified in this QAPP, the proposed revision(s) to this QAPP must be detailed in a separate memo. The memo will provide justification for the change(s) and the expected results and impacts to data usability for the monitoring that has been conducted to date and that will be conducted in the future. Any proposed changes must be approved by the SAM Scientist prior to implementation. At the discretion of the SAM Scientist, the approval process for substantive changes to this QAPP may include discussion(s) with MS4 permittees and other interested parties. 

For changes to the study design (selected indicators, or frequency of their measurement), the memo needs to be submitted to the SAM Scientist before the field season in which the changes are expected to be implemented, and with sufficient time for review, discussion, and approval by stakeholders. 

[bookmark: _Toc520725721]

13. Reporting 
The LC Urban Streams Program Manager will prepare and submit annual monitoring reports and status and trends reports as described in section 4, Table 2. Annual status updates (annual monitoring reports) will be generated by the LC Urban Streams Principal Investigator following the data collection water year (October through September). 

Each annual monitoring report will include complete results of the prior water year’s monitoring. The report will provide discussion regarding flow indicators, watershed health, habitat conditions, sediment chemistry and water chemistry. The report will include comparison of LC Urban Streams findings to meaningful benchmarks for each indicator (see section 2.6.3 and section 3.3 in the final report on the 2015 SAM Puget lowland streams status assessment (DeGasperi et al., 2018). Each annual monitoring report will include summary statistics, descriptive maps, explanatory variables assessment, and CDF analysis. 

In addition to the annual monitoring report every year beginning after 4 water years of monitoring, a detailed status and trends report will describe overall regional trends from inception of monitoring to the current year. The status and trends reports will include a section on each of the types of data analysis listed in section 18.4 and the Principal Investigator’s findings and conclusions from having conducted these analyses. The status and trends reports will accompany the annual monitoring report and will include multivariate analyses and comparison with other study results. The annual monitoring report and the status and trends report may be combined into a single report.

[bookmark: _Toc490564675][bookmark: _Toc520725722]  Review of status and trends reports
At least three months ahead of the target date, the draft status and trends reports will be shared by the LC Urban Streams Program Manager for review by a technical review committee consisting of MS4 permittees and other interested parties. After addressing the technical review committee’s comments, Clark County will finalize the document and send it to the SAM Scientist for final approval. 

[bookmark: _Toc520725723]  Distribution of reports
Electronic copies of all of the final reports listed in section 4, Table 2 will be posted on the Pacific Northwest Aquatic Monitoring Partnership (PNAMP) website to reach a broad regional audience. The LC Urban Streams Program Manager will provide PNAMP with pdf copies of all final reports to be posted on PNAMP webpages. Clark County will send email notifications, with links to the online reports, to the full list of LC HSTM interested parties and to other interested parties identified during the implementation phase of program development; PNAMP staff will assist with this distribution.

The LC Urban Streams Program Manager will send electronic (both MS Word and pdf) and paper copies of all of the reports listed in section 4, Table 2 to the SAM Scientist. Links to online copies of the final reports will be posted on the SAM webpage. All of these distribution routes should be accomplished by the target dates listed in section 4, Table 2. 


14. [bookmark: _Toc520725724]Audits 
[bookmark: _Toc490564674]Field, laboratory, and other audits ensure that QAPP elements are implemented correctly. The quality of the data must be determined to be acceptable, and corrective actions must be implemented in a timely manner. There are two components of the auditing process:

· The Technical Systems Audit is conducted during the study. Staff and the Lead evaluate that qualitatively conformance to the procedures discussed in this QAPP. These evaluations include field collection activities, sample transport, laboratory processing, and data management components of the program.
· Proficiency Testing is the quantitative determination of an analyte in a blind standard to evaluate the proficiency of the analyst or laboratory. This audit is included for analysis of water quality samples as a routine procedure in the accredited laboratory.

These audits are conducted during the study so that any necessary corrective actions can be implemented early in the project.  Corrective actions will be led by the LC Urban Streams Project Manager and reviewed and approved by the Ecology MS4 NPDES Permit Manager as soon as possible.  Audits at the end of the study by the project lead or partners, are necessary as part of data usability assessment and uploading to the EIM database.  At any point, an independent party (e.g., state agency staff) could be identified by the Project Lead to conduct a study audit. 
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