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[bookmark: _Toc102035107]1.0 INTRODUCTION
[bookmark: _Toc102035108]1.1 Project Overview
The Stillwater Valley Watershed Council (SVWC) of Absarokee, Montana is applying for the Montana Department of Environmental Quality’s (DEQ) Volunteer Monitoring Laboratory Analysis Support Program (VMLASP) funds for its Stillwater-Rosebud Water Quality Initiative (SRWQI). The SRWQI is envisioned as a multi-year monitoring project which began in September 2020 and continuing through 2023. VMLASP funding is requested for six monthly events in 2022-23, in accordance with DEQ’s budget allocation. This SAP will provide the technical specifications for sampling under the VMLASP and the sampling under the SRWQI that follows the end of the VMLASP. 

The SVWC, with over 400 members today, was officially formed in 2010 by local grassroots volunteers with a passion for ensuring the Stillwater Valley remain a pristine watershed. The SVWC’s mission includes a Water Quality Goal which states, “Improve the quality and supply of water in the Stillwater River Watershed.  Balance water needs and availability, both recreational and agriculturally, through shared sacrifice and water conservation and contamination prevention.”

The purpose of this project is to obtain scientifically valid water quality data at key sites in the Stillwater River-Rosebud Creek drainages along with a companion natural resource geographic information system (GIS) database which will support on-the-ground watershed improvements and landowner education projects over the long term. Despite increasing population and recreational uses specifically attracted to this watershed due to its high value water resources, little to no ambient monitoring of water quality has been ongoing since 2012 when the USGS stopped collecting it at their station on the Stillwater River below Absarokee (#06205000). Findings of this project will allow on-the-ground implementation of water quality improvement projects such as reduction of sedimentation and erosion, and of nutrient input to streams. This in turn will benefit residents and water users, reducing impacts to infrastructure, improving floating and fishing uses, and improving waters for future generations.

A budget table for laboratory analytical costs under the VMLASP is included in Appendix A. 
[bookmark: _Toc102035109]1.2 Project Area Overview
The Stillwater River watershed is drained by two principal tributaries, the main stem Stillwater River and Rosebud Creek, contributing respectively about 55% and 45% to the total average discharge. The reach of East Rosebud Creek in the Absaroka-Beartooth Wilderness Area of south-central Montana was in 2018 designated a National Wild and Scenic River by the U.S. Congress, but when it reaches Absarokee, its recreational and fisheries value has been degraded. Rosebud Creek for most of the year is noticeably more affected by suspended sediment, nutrients and attached periphyton than the Stillwater River due to the prevalence of non-point sources of contamination. 
Both the Stillwater River and Rosebud Creek have their headwaters in the high alpine meadows of the Beartooth Plateau, emerging onto the high foothills near Nye and Roscoe, respectively. Both stream valleys have historically supported livestock operations with an irrigated hay and pasture base. Dryland grass and pasture dominate the dissected hills between the stream valleys. While the Stillwater has a single valley, the Rosebud’s two branches, the East Rosebud and West Rosebud valleys have considerably more irrigated agriculture. 
Butcher Creek is a tributary to the East Rosebud having a basin area of 15,200 acres. The natural flow of Butcher Creek has been altered since 1894 by the transfer of water for irrigation from East Rosebud Creek. The increase of flow in a channel mostly formed in soft erodible soils has led to chronic streambank erosion. Management of irrigation water and return flows are a challenge on the relatively steep slopes of the basin. Butcher Creek was designated a special non-point source water quality project that ran from 1991 through 1998, receiving $412,000 in funding from the U.S. Soil Conservation Service, Montana Department of Health and Environmental Sciences (DHES), Department of Natural Resources and Conservation (DNRC) and Montana Fish, Wildlife and Parks (FWP). DHES scientists actively conducted the water quality monitoring and data analysis for this study. The results of this project are available to us through the Stillwater Conservation District and are guiding our site selection, monitoring parameters and sampling schedule relative to the annual hydrograph.
The SRWQI project and this SAP includes a total of nine monitoring sites, as described in Table 1. 
Table 1. Sampling Sites for the SRWQI.
	Site ID
	Site Description
	Latitude,
Longitude
	Parameters to Collect 
	Rationale for Site Selection

	 SRJB-1 
	 Stillwater River near Johnson Bridge
	 45.528543°
-109.468368°
	 Field, Lab, Stage
	Baseline of Stillwater River above confluence with Rosebud

	RBC-N 
	Rosebud Cr at Niche Rd
	45.486469°
-109.456142°
	Field, Lab, Stage
	Combined flow of East and West Rosebud and Butcher Cr.

	BC-78 
	Butcher Creek at Hwy 78
	45.483228°
-109.451708°
	Field, Lab and Discharge/stage
	Butcher Cr near its mouth, all basin characterization

	BCEF-78 
	East Fork Butcher Cr at Hwy 78
	45.320447°
-109.455711°
	Field, Lab, and Discharge/stage
	Main trib of Butcher Cr upper basin characterization at upstream access

	WRBC-L
	West Rosebud below Fishtail, MT, at Linen Ranch bridge
	45.466926°
-109.491408°
	Field, Lab
	Downstream site below most residences and irrigation

	ERBC-419
	East Rosebud Cr at Nye highway or Aspen Meadows Ranch Rd
	45.480487°
-109.453640°
	Field, Lab
	Downstream site below most residences and irrigation

	ERBC-R
	East Rosebud Cr at Roscoe, from East Rosebud Rd just east of Roscoe
	45.349469°
-109.495924°
	Field, Lab
	Baseline above most irrigation and residences

	BC-M
	Butcher Cr at Butcher Cr midway bridge
	45.394012°
-109.442494°
	Field, Lab
	Mid-basin location 

	BCWF-78
	West Branch Butcher Cr at Hwy 78 or lower Metcalf Rd 
	45.323432°
-109.467198°
	Flow, Field, Lab,
Discharge
	Upper basin baseline which includes some irrigation



[bookmark: _Hlk67677970]Field Parameters: Temperature, pH, Specific conductance (SC), Dissolved Oxygen (DO) and Turbidity. These parameters will be measured with a Hanna 9829 logging field water quality meter. 

To comport with DEQ funding allocation we seek funding for six sampling events at the nine sites with this proposal. All samples collected under the VMLASP events and subsequent events will be obtained, handled, and submitted to Energy Laboratories in Billings, Montana following protocols of this SAP. Measurement data are logged digitally in the meter memory for later retrieval. Stabilized field measurements and sample collection notes are also recorded in a bound field book as a backup to the meter log. In addition, field notes and photos will be taken to document visual water quality indicators and environmental conditions. 

Lab Parameters: Total Suspended Solids (TSS), Total Nitrogen (TN), Nitrate + Nitrite Nitrogen (NO2+NO3-N) and Total Phosphorous (TP). Discharge measurements of wadable streams will be made by wading with Swoffer flow meter and top-setting calibrated rod. 

Montana’s List of Impaired Waters in the most recent Water Quality Integrated Report (2020; available via https://deq.mt.gov/water/resources) shows the mainstems and tributaries are mostly "Not Fully Supporting" their aquatic life beneficial uses with some impairments for drinking water and recreation. The causes of impairment are primarily sedimentation/siltation and nutrients. We propose to collect water samples for laboratory analyses of total suspended solids (TSS), nitrate-nitrite nitrogen (NO3+NO2-N), total nitrogen (TN) and total phosphorous (TP).  In addition, field notes and photos will be taken to document visual water quality indicators and environmental conditions. The SVWC may, upon its own initiative and funding, perform additional water monitoring and obtain additional samples as hydrologic conditions warrant. 
The map of Figure 1 below shows the location of the nine monitoring sites for the SRWQI.


Figure 1. SRWQI Sampling and Monitoring Locations.
[image: Map  Description automatically generated]

[bookmark: _Toc102035110]1.3 Project Team and Responsibilities

Table 2. Project Team Roles and Responsibilities
	Role
	Person(s) 
	Contact phone, email

	Develop Sampling and Analysis Plan (SAP)
	 Tom Osborne
	406.698.4120; tomo@hydrosi.com

	Oversee monitoring personnel
	 Same
	 

	Training monitoring personnel
	 Same
	 

	Volunteer corps
	Lindsey Clark
Cedar Magone
Karen Marts
Mary Byron
Sharon Flemetis
	[REDACTED]

	Review field forms
	 All above
	 

	Lab coordination (e.g., bottle orders, shipping notifications, lab EDDs)
	Same with Lindsey Clark and Cedar Magone
	

	Ship or deliver samples to lab
	All above
	 

	Review data quality
	All above
	 

	Upload data into MT-eWQX database
	Tom Osborne
Mary Byron
	 

	Write final report
	Tom Osborne
	 




[bookmark: _Toc102035111]2.0 Objectives and Sampling Design
[bookmark: _Toc102035112]2.1 Project Goals and Objectives
Project goals and objectives are summarized in Table 3.

Table 3. SRWQI Project Goals and Objectives.
	Goal
	Objective
	Data Analysis

	Reinstate an ambient water quality monitoring program for the Stillwater River and Rosebud Creek to 
assess current stream health relative to the protective ranges of nutrients and historic data. 
	To characterize baseline conditions for sediment, nutrients, and field parameters at nine sites representing stream reach transitions in the Stillwater and Rosebud drainages during rising and falling limbs of spring runoff, algae growing season, and base flow conditions.
	Compute summary statistics, chart time series trends for sediment and nutrient concentrations and observe spatial patterns. Plot nutrient concentrations for each site relative to threshold values.

	
	To assess timescale and reach-specific water quality status and degree of impairment from sediment and nutrient loading.  
	Where reach data allow, partition nutrient inputs from domestic and agricultural sources.

	
	To make notes and photos of stream and watershed conditions and impairments.
	Compare current conditions and photos with historical records, historical photos and landowner recounts.

	
	To measure stream discharge where feasible by wading with flow meter, or develop estimates based on stage, channel hydraulics or correlation with USGS data
	Assess monthly discharge rates to historical data collected by USGS and the Butcher Creek project.

	
	
	Multiply concentrations by discharge to produce parameter load estimates to assess which portions of the river are experiencing the highest inputs of nutrients and sediment.

	
	To evaluate SRWQI data in comparison to USGS historic values of Stillwater River gage and at some overlapping sites from Butcher Creek Project. Check for potential changes up or down.
	Compare time series and hydrograph-comparable field and lab results from this project to historic data. Evaluate statistical tests that may be appropriate and/or make qualitative comparisons.

	Generate interest and engagement by SVWC Board, its members, residents and state/federal agency personnel.
	To give presentations and gain support of SVWC Board and members.
	Demonstrate lack of current water quality data in this watershed and needs. Show examples of watershed data analysis from other Montana watersheds.

	
	To establish connections with USGS, DEQ, DNRC, FWP and NRCS agency specialists with expertise and experience in the watershed.
	Obtain assistance of DNRC and/or USGS with high flow measurements and instrumentation (already initiated). 

	
	To engage with landowners over project need and goals, for access to sites and exploring mitigation or restoration ideas. 
	Share information with SVWC members and landowners and obtain their insights, via newsletters, website and personal contacts.




[bookmark: _Toc102035113]2.2 Monitoring Locations 
The nine SRWQI sampling sites were provided in Figure 1 above. 
[bookmark: _Toc102035114]2.3 Monitoring Schedule
The SRWQI is envisioned as a multi-year ongoing ambient monitoring program. Monitoring under the SRWQI began in September 2020 utilizing private donations and is anticipated to run through September 2023 and possibly longer. Funds from the VMLASP program would be used to cover laboratory costs for six sequential events at the nine sites identified in Table 1 from September 2022 through February 2023. The SVWC anticipates finding financial support to conduct the monitoring program beyond the scope of the VMLASP funds.
The proposed monitoring schedule was informed by historic streamflow records on the Stillwater River and Rosebud Creek by the USGS, the findings of the 1990’s Butcher Creek Project, and the author’s hydrologic experience. Figure 2 provides two monthly hydrographs of Rosebud Creek at Niche Road, near Absarokee, one from measured USGS average monthly flows and the other from the USGS program “StreamStats”. StreamStats provides estimates of mean monthly flows under natural flow conditions based on regional regression formulas. 





Figure 2. Average Monthly Discharge for Rosebud Creek near Absarokee.
[image: Picture 2]
Mean annual measured flow equaled 403 cfs.
StreamStats estimated mean annual flow equals 361cfs.

The hydrograph indicates an annual runoff pattern typically associated with mountain snowmelt driven systems in the northern Rockies as modified by irrigation practices. Spring peak flows are somewhat depressed by irrigation diversions and late summer-fall flows are enhanced by irrigation return flows. The higher measured mean annual flow compared to the StreamStats estimate could be attributed to some importation of irrigation water and that Rosebud Creek has its headwaters in an extremely high elevation plateau which accumulates more snowpack than other ranges. 
Sampling frequency under this project will generally be 11-13 samples per site per Water Year, monthly near mid-month, except as modified:
Some mid-winter months may be skipped during baseflow conditions when snow and ice limit access.
Some extra sampling will be planned during the rise and fall of the annual hydrograph cycle (usually late May- mid June) to capture peak sediment transport and nutrient cycling.
Extra samples may be collected during a selected runoff event targeting the hydrograph’s rising limb and falling limb (for example, March-May local runoff events).
Funds from other sources may be used to increase frequency and number of events beyond the scope of the VMLASP.

The proposed monitoring schedule covers all the SRWQI, inclusive of the VMLASP and additional sampling funded by the SVWC. The sites proposed for support by the VMLASP will always be sampled for the full suite of lab parameters. The schedule of Table 4 is the standard for all Water Years.

Table 4. Monitoring Schedule for SRWQI, 2022-2023.
	Date
	Parameters
	Rationale for Timing 
	Source of Lab Funding

	Mid-September
	Field, all sites, Lab suite, flow
	Recession of irrigation season
	MDEQ

	Mid-October 
	Field, all sites Lab suite, flow
	Baseflow, start of water year
	MDEQ

	Mid-November
	Field, all sites Lab suite, flow 
	Baseflow
	MDEQ

	Mid-December 
	Field, all sites Lab suite, flow (ice permitting)
	Baseflow
	MDEQ

	Mid- January
	Field, all sites Lab suite, flow (ice permitting)
	
	MDEQ

	Mid-February 
	Field, all sites Lab suite, flow (ice permitting)
	Baseflow 
	MDEQ

	Mid-March 
	Field, all sites Lab suite, flow (ice permitting)
	Baseflow and/or local runoff
	SVWC

	Mid-April 
	Field, all sites, Lab suite, flow
	Spring precis/runoff events
	SVWC

	Mid-May 
	Field, all sites, Lab suite, flow
	Flow increasing, spring growing season, before irrigation
	SVWC

	June hydrograph pre-peak
	Field, all sites, Lab suite, flow
	Prior to expected peak flow expected on Rosebud Cr
	SVWC

	June hydrograph post-peak
	Field, all sites, Lab suite, flow
	Shortly after expected peak flow on Stillwater & Rosebud Cr
	SVWC

	Mid-July
	Field, all sites, Lab suite, flow
	Irrigation return flows 
	SVWC

	Mid-August
	Field, all sites, Lab suite, flow
	Irrigation return flows and wastewater impacts
	SVWC



Lab Suite: see Table 5.

[bookmark: _Toc102035115]2.4 Water Quality Parameters

Table 5. Water Quality Parameters
	Parameter or Data Type
	Collection Approach
	Justification for Collecting

	Total Nitrogen (TN)
	Parameters measured via water samples analyzed by an analytical lab
	Existing nutrient impairments. 

	Total Phosphorus (TP)
	
	

	Nitrite plus Nitrate (NO2+3)
	
	

	Total suspended solids (TSS)
	
	TSS can help evaluate erosion and nutrient patterns

	pH
	Parameters measured in situ with Hanna 9829 field meter 
	Common descriptive water quality parameter
Field turbidity results correlate to some degree with TSS

	Water temperature
	
	

	Specific conductance (SC)
	
	

	Dissolved oxygen (DO) 
	
	

	Turbidity
	
	

	Discharge (flow)
	Measured with velocity flow meter
	Necessary to pair concentrations with flow data to calculate loads. 

	Photos
	Taken with digital camera or cell phone
	Tracking riparian conditions, benthic algae conditions, and other site conditions; low-cost. 




[bookmark: _Toc102035116]3.0 Field Procedures
[bookmark: _Toc102035117]3.1 Order of Operations
SVWC’s proposed order of field operations is summarized below.

Inspect, pre-clean and organize field equipment at home.
Calibrate field meters at home.
Pack field equipment in field tubs. Meet other volunteers at site #1.
At the first site under each event and at specific sites if special conditions warrant, review site safety issues related to fast and/or deep water, cold weather, vehicular access and traffic hazards.
Enter event header information at each site into field logbook: date, time, personnel, location ID, field meter calibrations results, field parameter data recorded in a table to indicate stability, sample types collected, discharge measurement table and data (if applicable), initials. 
Measure stream stage from fixed pre-established measuring point and record.
Label sample bottles, location ID, date, time, preservation, per lab instructions.
Collect water sample, a grab in fully mixed streams, or a cross-section integrated sample where stream is not fully mixed. Collect sample directly into lab-supplied containers. Or if necessary, transfer water samples from sampling device to containers and store in cooler.
Suspend field meter probe into stream at representative location, allow 2-3 minutes for stabilization, log readings electronically into meter, and record parameters into field book or field form. 
Take photograph of sample site and flow conditions.
Repeat above at each site
Return home, refrigerate samples
Complete COC form
Take samples to lab within holding time allowances, sign COC and get lab acceptance.
[bookmark: _Toc102035118]3.2 Field Forms
The SVWC has been utilizing a dedicated bound field notebook (Elan level book) containing waterproof paper for recording site visit field data and notes. The format is provided in Appendix B. Information from the field book is recorded in an electronic worksheet. A standard Energy Laboratories chain-of-custody (COC) form is completed following each sampling event.

Copies of field form templates are included in Appendix B. 
[bookmark: _Toc102035119]3.3 Data Collection Standard Operating Procedures
Data collection standard operating procedures (SOPs) for field meter calibration, field data parameters, along with sample collection and handling are provided in Appendix C, Field Methods SOPs. 

[bookmark: _Toc102035120]4.0 Laboratory Analytical Requirements
Laboratory analytical requirements are summarized in Table 6. These requirements originate with the technical services specifications of Energy Laboratories, Inc.  











Table 6. Monitoring Parameter Suite, Sample Handling, Analysis & Preservation
	Parameter
	Required Method
	Required Reporting Limit (µg/L)
	Holding Time (days)
	Bottle
	Preservative

	Total Persulfate Nitrogen (TN)
	A4500-N C
	40
	28
	250 ml HDPE
	≤6oC on ice

	Total Phosphorus as P
	EPA 365.1
	3
	28
	250 ml HDPE
	H2SO4; ≤6oC on ice

	Nitrate-Nitrite as N
	EPA 353.2
	10
	
	
	

	Total Suspended Solids (TSS)
	A2540 D
	4000
	7
	1000 ml HDPE
	≤6oC on ice



[bookmark: _Toc102035121]5.0 Quality Assurance/Quality Control (QA/QC)
[bookmark: _Toc102035122]5.1 Overview
Projects require adequate documentation, proper sample collection, handling, and analysis, and other measured to produce high quality, credible data that accurately represent conditions in the watershed and can be used to answer scientific questions or guide resource management decisions. Sample sites, frequency, schedule, and hydrologic condition triggers are described herein to accomplish program objectives as adopted by the SVWC Board of Directors. The sampling parameters are detailed in this project SAP and are consistent with previous sampling efforts for this program.

Quality Assurance (QA) is the overall system used to ensure a monitoring project produces data of the desired level of quality necessary to meet project goals and objectives. For example, QA activities include developing a sampling and analysis plan, properly training volunteers, communicating analytical requirements to the lab, and adhering to standard operating procedures.

Quality control (QC) are technical activities used to detect and control errors. For example, QC activities include collecting field duplicates, preparing field blanks, reviewing field forms for accuracy, and calibrating equipment. Good QC will help to identify problems with the data if they arise and help identify what the cause of the problem likely is. 

A list of QA/QC terms and definitions is included in Appendix D. 
[bookmark: _Toc102035123]5.2 Training
The five volunteers (identified in Table 2) have from several events to 1 ½ years of on-the-job training in sampling and monitoring according to our 2021 DEQ-approved SAP conducted by the project manager, a professional hydrologist. These assistants were provided with and asked to review the sampling and analysis plan, the SRWQI program plan, and field forms before their first sampling event.  A copy is available in the field during all sampling events for reference. A program leader or experienced senior volunteer will accompany each new volunteer during sampling events at least until they demonstrate proficiency. 

Training topics covered applicable methods detailed in this SAP including: 
Equipment needs
Field meter calibration and use (YSI 556 and HACH Turbidimeter)
Familiarization with each monitoring station
Sampling protocols
Field filtering (if applicable)
Sample preservation and handling
Field quality control sample preparation
Sample nomenclature and field form documentation
Chain of custody preparation and sample handling/shipping to lab.

Site safety issues will be reviewed at the start of each sampling event.

In addition, a suite of topic-specific SOPs can be found at:  http://deq.mt.gov/water/surfacewater/monitoring. 
[bookmark: _Toc102035124][bookmark: _Hlk34741421]5.3 QC Samples: Field Duplicates
5.3.1 Sampling Methods 
Activities to collect field measurements and obtain water quality samples for nutrient and suspended solids analysis will adhere to industry standards. Specific protocols are detailed in this project SAP.

All water quality samples will be immediately placed into appropriate storage containers in the field. Samples will be packaged appropriately to avoid damage and maintain the specified holding temperatures. Chain-of-custody forms will be completed in the field or at home immediately following sampling events. Chain of Custody forms and site visit forms will be maintained by SVWC as part of the project record. When samples are transferred to the lab, the "relinquished by" portion of the COC/SVF will be completed. The details of sample handling are provided in this project SAP.

Sample site IDs, as listed in Table 3 shall be used for labeling and referencing samples and locations in all project recordkeeping documents. Quality control samples will be designated and appropriately labeled with the suffix “QC-FD” for field duplicates and “QC-FB” for field blanks.

DUPLICATE SAMPLES - Field duplicates are two samples (i.e., a routine sample and a duplicate sample) of ambient water collected from a waterbody as close as possible to the same time and place by the same person and carried through identical sampling and analytical procedures. Field duplicates are used to determine the precision of the sampling and analytical process and monitor the homogeneity of the collected samples. Duplicate samples should be taken simultaneously and are labeled, collected, handled and stored in the same way as the routine samples and are sent to the laboratory at the same time. 

Field duplicates are typically collected at a rate of approximately 10% of the total number of routine samples collected. Therefore, to achieve this, one set of field duplicates will be collected during each sampling event. Duplicates may be collected at any of the monitoring locations shown in Table 1. See Appendix C for information about duplicate sample labelling, and Section 4.0 for analytical requirements. 

Field duplicates are used to determine field precision to ensure that proper procedures are followed consistently. For each field duplicate set collected, the relative percent difference will be calculated: 
Relative Percent Different (RPD) = ((D1 – D2) / ((D1 + D2)/2)) x 100
where: D1 = routine sample result value
D2 = duplicate sample result value

Precision will be assessed by ensuring that relative percent difference (RPD) between duplicates is less than 25%. If the RPD of field duplicates is greater than 25% and the parent and duplicate result values are greater than five times the lower reporting limit, the result values will be flagged with a “J”. 
[bookmark: _Toc102035125]5.4 QC Samples: Field Blanks
Field blanks are used to determine the integrity of the handling of the samples, preservative and/or containers, and monitor whether site conditions and reagents are sources of contamination. 

Field blanks are samples of analyte-free, laboratory-grade deionized water poured into a sample container in the field using the same method, container, and preservation as routine samples, and shipped to the lab along with other field (i.e., routine and duplicate) samples. All labeling, rinsing, preservation, and storage requirements applied for routine and duplicate samples are applied to field blanks; the only difference is that the water is deionized water rather than ambient stream water. Field blanks must be prepared while in the field. 

One set of field blanks is submitted to the laboratory with each batch of samples delivered to the laboratory. See Appendix C for information about field blank sample labelling, and Section 4.0 for analytical requirements. 

Field blanks are used to determine the integrity of the field personnel’s handling of samples, the condition of the sample containers supplied by the laboratory, and the accuracy of the laboratory methods. Accuracy will be assessed by ensuring that field blanks return values less than the lower reporting limit (i.e., non-detects) (shown in Section 4.0). If an analyte is detected in a field blank, all result values for that analyte from that batch of samples associated with the field blank will be qualified with a “B” flag. The exception is that data with a value greater than 10 times the detected value in the blank does not need to be qualified.
[bookmark: _Toc102035126]5.5 Instrument Calibration and Maintenance
Calibration of the Hanna 9829 field meter will be undertaken at the team leader’s home immediately prior to the event, or in the field before first use following the instructions in the meter’s user guide referenced in Appendix E. Fresh vendor-supplied laboratory grade reagents and calibration solutions will be used at the start of the project and replenished as needed.

As part of the quality control process, we will perform post-event review of meter calibrations, field book entries and COC forms for consistency and completeness. One field discharge measurement will be checked by re-measuring stream velocity at a randomly selected sub-section. These will be recorded in the field logbook.  
[bookmark: _Toc102035127]5.6 Data Quality Indicators
[bookmark: _Hlk34741531]Data quality indicators (DQIs) are attributes of samples that allow data users to assess data quality. Because there are large sources of variability in streams and rivers, DQIs are used to evaluate the sources of variability and error and thereby increasing confidence in our data.

This section describes how the sampling and analysis plan and study design aims to achieve data quality for each data quality indicator (representativeness, comparability, completeness, sensitivity, precision and accuracy). 

Representativeness
Representativeness refers to the extent to which measurements represent an environmental condition in time and space. 

Spatial representation
The monitoring sites selected for this project were chosen based on watershed attributes including drainage area and proportion of total basin discharge given USGS records, known non-point sources of water body contamination and upstream to downstream distribution. Prior hydrologic knowledge based on years of USGS streamflow monitoring and the 1990’s Butcher Creek project provided reliable information on which to select sites. Generally, site access permission was obtained where data points were desired. The sites on Butcher Creek (BCEF-78, BCWF-78 and BC-78) capture respectively two upstream sites prior to much irrigation while the downstream site near the mouth captures all return flows and wastewater. The Rosebud Creek site (RBC-N) captures most of the Rosebud Creek watershed including East and West Rosebud and Butcher Creek. It is the same site that the USGS had an official gauging station from 1935 – 1969 (06204500). The sole Stillwater River site (SWRJB-1) is at a FWP fishing access site near the Johnson Bridge, about one mile upstream from the confluence with Rosebud Creek. It includes most of the irrigated land and most residences with private septic systems in the Stillwater Valley upstream of the confluence.
This project is not intended to characterize the Stillwater River mainstem, but inclusion of the SWRJB-1 site is important to gage relative nutrient and sediment impacts to the watershed.

Temporal representation
The SVWC project, as indicated in Section 2.3 is designed to capture monthly water quality throughout the Water Year, with additional data to be obtained during runoff events. Some winter baseflow months may be skipped. Sampling dates are generally scheduled around mid-month so that discharge data, whether obtained by direct measurement or by statistical correlation with historical data from the basin or analog sites, are reasonably representative of monthly average and median flows. 

For each event, the starting time will generally be within the same one to two hours and the order of sampling will be the same, thus sampling times at each site will be similar. Sampling intervals (weeks to month) and sampling locations are sufficiently distinct to be statistically independent. 

The historical data available from the USGS and Butcher Creek project flow monitoring and sampling on the Stillwater River, Rosebud Creek and Butcher Creek greatly helps to frame our understanding of temporal variability of flow and water quality. The Butcher Creek project, for example, produced discharge hydrographs along with suspended sediment load calculations for years in the 1990s. Data from this project will begin to inform the SVWC whether conditions have changed since that time. 

Comparability
Comparability is the degree to which methods, data, or decisions are similar. Comparability expresses the confidence with which one data set can be compared to another. To achieve a comparable result, both the field collection method and the analytical method must be comparable. 

Comparability will be achieved for this project using consistent sampling locations, standard procedures, and analyses, as specified by the project SAP. We will be using the same laboratory as was used in the 1990s Butcher Creek Project. There will be some change in detection limits and methods, but for the most part nutrient and sediment data will be comparable. During project reporting, results will be compared with among sampling events, with hydrologic conditions and with the available historic record. 

Completeness
Completeness is a measure, expressed as a percentage, of the amount of data that you planned to collect compared to the amount of data that you actually collected. 
The proposed budget for the VMLASP project includes six sampling events. The overall project completeness goal is 90%. The SVWC has discretionary funds and is seeking additional support to supplement this project, which should result in  11 - 13 sampling events per Water Year. Some sampling would be focused on runoff events and the annual hydrograph peak. Our prior experience and historical data indicate that not all sites or parameters need to be sampled every month or during every event to obtain a complete picture of overall water quality. But transient runoff events and peak flow periods are important to characterize. Sampling will generally be performed in accordance with this SAP and may be modified to make optimum use of project resources.
Since so little data have been collected in recent years, completeness is better measured by the SVWC’s ability to sustain a monitoring program over multiple years. It has a 10-year track record of successfully obtaining and completing many large projects, totaling over several hundred thousand dollars per year. Thus, it can be said with some confidence that a high degree of completeness is likely over the long run through multiple water quality projects.
Other measures to ensure completeness include consistent oversight by the project manager, adequate training of volunteers, and make verbal progress checks throughout each field event. Project data are reviewed soon after receipt, enabling missing information to be recaptured or work to be performed again. 

Sensitivity
Sensitivity refers to the limit of a measurement to reliably detect a characteristic of a sample. Related to detection limits, the more sensitive a method is, the better able it is to detect lower concentrations of a variable; for analytical methods, sensitivity is expressed as the method detection limit (MDL). 

Detection and reporting limits are specified for this project which are adequately low enough to enable comparison to the recommended ranges of nitrogen and phosphorus that protect beneficial uses. The laboratory routinely checks sensitivity (e.g., method blanks, continuing calibration blanks, and laboratory reagent blanks) per their quality management plan. 

Precision, Bias, and Accuracy
Bias is the degree of systematic error in an assessment or analysis process; when bias is present, the sampling result value will differ from the accepted, or true, value of the parameter. Adhering to standard operating procedures during sampling will reduce sampling bias. 

Precision measures the level of agreement or variability among a set of repeated measurements obtained under similar conditions. Field duplicates (Section 5.3) will be collected during this project and used to determine field precision. If problems are linked to field crew sampling error, supplemental training will be provided prior to the next sampling event.  

Accuracy is the extent of agreement between an observed value (sampling result) and the accepted, or true, value of the parameter being measured. Field blanks (Section 5.4) will be prepared during this project and used to evaluate accuracy for field activities. The laboratory uses EPA approved and validated methods and performs precision and accuracy performance evaluations per their quality management plan. 


Holding Time
All samples will be checked to verify that they were processed within their specified holding times. Sample results whose holding time was exceeded prior to being processed will be qualified with an “H” flag. 
[bookmark: _Toc102035128]5.7 Field Health and Safety 
Field personnel commonly encounter hazards while performing monitoring activities. All participants are advised to take adequate precautions to avoid injury or loss of life due to hazards including, but not limited to, driving, wading and other activities in and around water, weather conditions, wildlife interactions, people interactions, use of chemical preservatives, etc. 

On every sampling trip, field personnel should carry with them a communication device (e.g., cell phone), first aid kit, bear spray, adequate drinking water, clothing appropriate for a range of weather conditions, personal protective equipment including waders, adequate footwear, and gloves to be worn while handling preservatives, and any other necessary safety-related items. 

[bookmark: _Hlk95221094]If required by the SVWC, each volunteer will be required to sign a waiver acknowledging risk and these waivers will be kept on file by the project coordinator. If, for any reason, field personnel feel unsafe while navigating to or from monitoring sites or while collecting data, they should err on the side of caution and not collect the data. Any delays or changes should be reported to the project coordinator as soon as possible so sampling can be rescheduled if possible. 

[bookmark: _Toc102035129]6.0 Data Management, Record Keeping & Reporting
The person(s) responsible for data management, record keeping, data quality review and data upload will perform the following activities: 
Review field forms for completeness and accuracy, especially Site Visit and Chain of Custody forms. 
Note in the field logbook a brief synopsis of any SAP derivations that occurred. 
Store and backup all data generated during this project, including field forms, laboratory reports obtained from the laboratories, electronic copies of field photographs, and written field notes. 
Review data quality and flag result values, as needed, prior to uploading into the database(s). Upload all laboratory data into MT e-WQX database (if DEQ funding or support is provided). 
Maintain records of volunteer hours, travel, and other budget tracking, as needed. 
[bookmark: _Toc102035130]6.1 DEQ’s MT-eWQX database and Data Quality Review
Analytical laboratories will prepare and analyze the samples in accordance with the chain-of-custody forms and analytical methods specified in Table 6. The lab will then supply the project coordinator with laboratory analytical reports and Electronic Data Deliverable (EDD) spreadsheets. 

If DEQ funding is received in support of the monitoring project (e.g., through DEQ’s Volunteer Monitoring Lab Analysis Support Program or other funding mechanism), all data collected must be entered by the project coordinator into DEQ’s MT-eWQX database (also known as EQuIS). Instructions for preparing, validating, and submitting the EDD to MT-eWQX must be followed (available at https://deq.mt.gov/water/Programs/sw). The EDD may include field water quality parameters and discharge measurements. For example, steps include:
Compiling data (including site information, field measurements and lab results), 
Transforming the data into the required format, 
Performing a thorough quality control check of the data to correct errors, qualify problematic sample result values with data flags, etc., 
Validating the data, and 
Submitting EDDs to MT-eWQX.  

The SVWC successfully submitted its initial EDD to DEQ containing all lab and field data from September 2020 through December 2021 on February 11, 2022. 
[bookmark: _Toc102035131]6.2 Other Data Management Approaches
Project photographs and videos will continue to be taken by the project manager and project volunteers of monitoring sites and other watershed locations of interest. They have been archived on a Google Photos site with links shared to the SVWC board and other interested parties. 

[bookmark: _Toc102035132]7.0 Data Analysis and Reporting
[bookmark: _Toc102035133]7.1 Data Analysis 
The SVWC will fill out COC Forms for all samples and sampling events. The original COC forms are maintained at the lab, PDF copies are emailed to SVWC and DEQ.  Written field notes, field forms, and digital photos (if taken) will be processed by the project manager to screen for data entry errors. The original site visit forms will be maintained by SVWC.  Summaries may include information about field meter performance, sample collection and handling, or activities occurring at the site (basically anything that may influence the quality of the data).

SVWC’s analysis will be performed by the project manager who is a professional hydrologist.
All parameters under this SAP will be analyzed by producing summary statistics, including, count, minimum, maximum, average, median, and standard deviation. The tabulated results will be compared to published standards and guidelines such as DEQ-7 and DEQ’s recommended ranges of nitrogen and phosphorus that protect beneficial uses. A time series chart will be produced for each parameter, and some correlated parameters may be co-charted. Results will also be compared to any discharge measurements that will be made or obtained from another source. 

Analysis of the first year’s data will include evaluations of any interrelationships with discharge and among other water quality parameters. To the extent afforded with the available information, water quality data will be analyzed for correlations with the annual hydrograph of the Stillwater River, with irrigation patterns and baseflow. With such limited data it is anticipated that most correlations will be qualitative, but comparisons with historic data and reports and with analog watersheds with more data will provide preliminary interpretations. The analysis will permit evaluation of any changes in monitoring practices or parameter warranted for future years as planned under the SRWQI.
[bookmark: _Toc102035134]7.2 Reporting
The project manager will ensure that all information is present and correct when submitting EDDs to the MT-eWQX database. 
It is anticipated that a project summary report will be prepared for the SVWC board and other interested parties outlining the monitoring program for that year. It would include discussion of the goals, methods, results, and preliminary findings. Attachments would include field and lab data tabulations and time series charts of parameters. 
Highlights of the report and project will be publicized in SVWC’s newsletters and website. Announcement of this project has already occurred. Verbal presentations would likely be made to SVWC board meetings and the workshop it sponsors annually. It is likely that project information would be publicized in local newspapers. 

[bookmark: _Toc102035135]8.0 References
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[bookmark: _Toc102035136]Appendix A - Project Budget
Projected Budget for Laboratory Analysis and Shipping 

	Parameter
	Price per Parameter
	Num-ber of Sites
	Number of visits per site
	Number of routine samples (number of sites x number of visits per site)
	Number of field blanks (often one per sampling event)
	Number of field duplicates (often ~10% of the total number of routine samples)
	Total number of samples (routine + duplicates + blanks)
	Total Cost (total number of  samples x cost per parameter)

	NO2+NO3
	 $  20.00 
	9
	6
	54
	6
	6
	65
	 $1,320.00 

	TN
	 $  22.40 
	9
	6
	54
	6
	6
	65
	 $ 1,478.40 

	TP
	 $  17.60 
	9
	6
	54
	6
	6
	65
	 $ 1,161.60 

	 TSS
	 $  14.40 
	9
	6
	54
	6
	6
	65
	 $   950.40 

	Sample Totals
	 $  74.40 
	 
	 
	216
	24
	24
	330
	 $ 4,910.40 

	ELI Sample Management Fees at $2 per sample set
	
	$    132.00

	Total VMLASP Request
	
	$ 5,042.40



Note: Samples will be delivered to Energy Laboratories by SVWC.



[bookmark: _Toc102035137]Appendix B – Field Forms
Field Meter Recording Table.

Site ID 	__________________				Date _______________	

Sample Location	_______________________________________________________

Sampler		____________________________

Meter Make/model	1. __________________________	2. _______________________

Calibration data  ___________________________________________________________

	Parameter
	Reading 1
	Reading 2
	Reading 3
	Reading 4

	Time
	
	
	
	

	Temp, °C
	
	
	
	

	SC, mmhos/cm, 25C
	
	
	
	

	DO, mg/l
	
	
	
	

	pH, s.u.
	
	
	
	

	Turbidity, NTU
	
	
	
	


Note: Meter readings should be taken 3 to 5 minutes apart. 

Discharge Measurement Notes Template.

Station Name _____________________			Date ______________
Section Location_____________________			Stream Stage_____________
Hydrographer _____________________			Assistants _____________________
Meter Type	_____________________			Method _______________________
____ Bank Tape Reading ____________			_____ Bank Tape Reading ________
Total Stream Section Width ___________

	Tape Reading
	Subsection Width
	Depth
	Velocity
	Area
	Discharge

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Totals
	
	
	
	
	

	Averages
	
	
	
	
	


[bookmark: _Toc102035138]Appendix C – Equipment, Supplies & Field Methods
[bookmark: _Toc102035139]Field Parameters
Immediately prior to each sampling event, SVWC will calibrate a Hanna 9829 water quality probe (or other equivalent instruments) according to instructions in the user manual. If any instrument irregularities develop during a monitoring event, instruments will be calibrated again during or just following that event. 

During each sampling event at each sampling site, SVWC will collect in situ measurements of: 
water temperature (˚C), 
dissolved oxygen (mg/l), 
pH (standard units), 
specific conductance (μs/cm), and
turbidity (FTU).  

These measurements should be taken simultaneously with collecting water quality samples or other physical disturbances to the water column and substrate. The meter should be placed in a safe location in the vehicle or field work surface and allowed to sit undisturbed for approximately 10 to 15 minutes. This allows the barometric pressure to stabilize and calibrates the meter in preparation for dissolved oxygen readings at each site. Field measurements should be taken at a location that is well-mixed, has steady flow, is not excessively turbulent, stagnant or in an eddy, is free of upstream obstructions, and deep enough so the sensor cluster can be submerged. Where access or safety considerations prevent direct placement of the sensor in the source, the measurements may be taken from a container filled with water collected in the manner like that just described immediately after collection. The results of the field measurements will be recorded on standard site visit forms for each monitoring station. Generally, three sets of readings will be made from two to four minutes apart, recorded in the logbook and used to verify stability of field parameters. 

[image: A picture containing indoor, black
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Image of Hanna 9829 logging field meter.

The manual for operating, calibrating, and maintaining this meter is referenced in Appendix E. An instructional video for the instrument is found at:   https://www.youtube.com/watch?v=IGZAF5arXFg

This meter or similar ones have been used for many years by the SVWC project manager, Tom Osborne. He is familiar with the operating procedures attached in Appendix E and provides appropriate instruction and oversight to project volunteers. Fresh calibration solutions for pH and SC were obtained for this project. Each of the meter parameters except turbidity is calibrated at the beginning of each monitoring event and results recorded in the field logbook. Turbidity was factory-calibrated and Formazin gel standards are used to verify the calibration with each event. 

The field turbidity can be used to evaluate a relationship between turbidity and TSS as determined by laboratory analysis. Budget permitting, an additional check on field turbidity can be obtained by having laboratory turbidity analysis performed in addition to TSS. 

Discharge of wadable streams will be measured with a standard stream velocity meter and wading rod. A Discharge Measurement SOP and references to the USGS methods (WSP 2175) guiding the SOP are contained in Appendix E.
[bookmark: _Toc102035140]Sample Collection and Handling
[bookmark: _Toc102035141]Sample Collection
The SVWC will collect water samples at each site using laboratory provided bottles. Samples will be delivered or shipped to the analyzing laboratory within the lab-specified holding times. Samples will be stored refrigerated and packed with ice for delivery or shipping to ensure samples are chilled at or below 6°C until arrival at the lab. Step-by-step processes for sample collection are found below:

At each site, a sampling location will be established, and one set of water samples will be collected where:
the sampler can safely wade into and stand in the stream or stand securely on the streambank and access the sampling location with the sample bottle or sampling container,
the water column is well-mixed (water is flowing steadily, is not stagnant or an eddy),
the water is deep enough so water sample bottles can be fully submerged below the water surface and so the mouth of the bottle is elevated above the river bottom,
upstream from any ongoing disturbances (e.g., areas where people, livestock or wildlife have disturbed the streambed or water), and
samples can be collected upstream from where the sampler is standing.

To collect the sample:
Carry the bottles or container and wade into the stream to a preferred sampling spot. Collect the sample in a clean container that has been triple rinsed with the source water to be sampled.
Collect samples upstream from where you are standing.
Submerge the bottle/container (for unfiltered samples) below the water surface to avoid collecting surface scum, but so the mouth of the bottle is elevated away from the river bottom to not collect sediments from the stream bottom.  
Follow unfiltered grab sampling procedures described below.
Record the sample on the site visit form or field logbook and on the Energy Lab COC.

All samples will be collected in high-density polyethylene (HDPE) bottles provided by the lab:
TSS: 1-liter HDPE, white lid wide mouth
NO2+NO3, TP: 250 ml HDPE, yellow lid, sulfuric acid preservative
TN, 250 ml HDPE, white lid

Prior to collecting each sample, use a pencil or a permanent, fine-point marker to fill out the label on the sample bottles needed for each water sample at a site. Include the Sample ID (site ID), date collected, time collected, sample type, and preservative. Each label should be covered with clear plastic tape to protect the label from water damage. Sample bottles and labels that require preservatives will be labeled to indicate which preservative was added. 

Unfiltered Grab Samples
The samples planned to be collected by SVWC (TSS and nutrient species) will be collected using unfiltered grab sampling techniques:

NOTE: Collecting samples directly from the waterbody into the laboratory-provided sample bottle is encouraged when access, safety and weather conditions are favorable. Otherwise grab samples will be collected with a clean triple-rinsed container for transfer to the sample bottles.

Triple-rinse the bottles and lids: facing upstream into the direction of the flow, collect a small amount of water in the bottle, replace the lid, and shake gently. Discard this rinse water behind you. Repeat this process three times to triple-rinse each bottle.
Collect the samples: Submerge the sample bottles deep enough so that the mouth of the bottle is below the water surface but not so deep that you scoop river bottom sediments. Fill the bottle up to the shoulder, leaving a small amount of “head space,” and securely tighten the lid.
Add the vial of sulfuric acid preservative to the TP plus NO2+3 sample (no preservatives to the TSS and TN bottles): carefully unscrew the lid of the TP plus NO2+3 sample bottle and sulfuric acid preservative vial, dump the entire contents of the acid vial into the TP plus NO2+3 sample bottle, securely tighten the lid on the sample bottle, discard the empty vial into a plastic bag, and gently invert the sample bottle three times to mix the preservative into the sample.

Sample Handling Procedures
[bookmark: _Hlk64022781]Sample bottles will be labeled using laboratory-provided labels. Labels will include the time of collection, site code, date, and indicate if the sample is a QA/QC sample.
 
Water quality samples will be labeled according to the following protocol, where XX X is the abbreviation of the station identification and YY is the abbreviated location indicator:
[bookmark: _Hlk8894865]XXX-YY (for samples)
XXX-YY-QC-FB (for QC field blank samples)
XXX-YY-QC-FD (for field duplicate samples)
XXX-YY-S-PF (for peak flow samples)

All samples will be placed immediately in a chilled cooler on regular ice following sampling collection and labeling. 

All sample bottles will be entered onto a laboratory-provided Chain of Custody form. Water quality samples will be packaged in coolers for delivery or shipment to Energy Laboratories in Billings, MT within the specified holding temperatures. Completed chain-of-custody forms will be included in the sample shipment. Whenever samples are transferred, the "relinquished by" portion of the COC/site visit form will be completed. SVWC will retain the carbon-copy of the COC form for its records.

Any deviations from routine sampling protocols, location or timing should be noted in the field logbook along with rationale. Photographs of each sampling site will be taken during the four calendar seasons. Photos will also be taken of sampling procedures and field measurements to document activities and for educational purposes.
[bookmark: _Hlk68380198][bookmark: _Toc102035142]Appendix D – QA/QC Terms and Definitions
Accuracy. A data quality indicator, accuracy is the extent of agreement between an observed value (sampling result) and the accepted, or true, value of the parameter being measured. High accuracy can be defined as a combination of high precision and low bias. 

Analyte. Within a medium, such as water, an analyte is a property or substance to be measured. Examples of analytes would include pH, dissolved oxygen, bacteria, and heavy metals. 

Bias. Often used as a data quality indicator, bias is the degree of systematic error present in the assessment or analysis process. When bias is present, the sampling result value will differ from the accepted, or true, value of the parameter being assessed. 

Blind sample. A type of sample used for quality control purposes, a blind sample is a sample submitted to an analyst without their knowledge of its identity or composition. Blind samples are used to test the analyst’s or laboratory’s expertise in performing the sample analysis. 

Comparability. A data quality indicator, comparability is the degree to which different methods, data sets, and/or decisions agree or are similar. 

Completeness. A data quality indicator that is generally expressed as a percentage, completeness is the amount of valid data obtained compared to the amount of data planned. 

Data users. The group(s) that will be applying the data results for some purpose. Data users can include the monitors themselves as well as government agencies, schools, universities, businesses, watershed organizations, and community groups. 

Data quality indicators (DQIs). DQIs are attributes of samples that allow for assessment of data quality. These include precision, accuracy, bias, sensitivity, comparability, representativeness, and completeness. 

Data quality objectives (DQOs). Data quality objectives are quantitative and qualitative statements describing the degree of the data’s acceptability or utility to the data user(s). They include data quality indicators (DQIs) such as accuracy, precision, representativeness, comparability, and completeness. DQOs specify the quality of the data needed in to meet the monitoring project's goals. The planning process for ensuring environmental data are of the type, quality, and quantity needed for decision making is called the DQO process. Madison Stream Team Sampling and Analysis Plan Page 23 

Detection limit. Applied to both methods and equipment, detection limits are the lowest concentration of a target analyte that a given method or piece of equipment can reliably ascertain and report as greater than zero. 

Duplicate sample. Used for quality control purposes, duplicate samples are an additional sample taken at the same time from, and representative of, the same site that are carried through all assessment and analytical procedures in an identical manner. Duplicate samples are used to measure natural variability as well as the precision of a method, monitor, and/or analyst. More than two duplicate samples are referred to as replicate samples. 

Environmental sample. An environmental sample is a specimen of any material collected from an environmental source, such as water or macroinvertebrates collected from a stream, lake, or estuary. 

Field blank. Used for quality control purposes, a field blank is a “clean” sample (e.g., distilled water) that is otherwise treated the same as other samples taken from the field. Field blanks are submitted to the analyst along with all other samples and are used to detect any contaminants that may be introduced during sample collection, storage, analysis, and transport. 

Instrument detection limit. The instrument detection limit is the lowest concentration of a given substance or analyte that can be reliably detected by analytical equipment or instruments (see detection limit). 

Matrix. A matrix is a specific type of medium, such as surface water or sediment, in which the analyte of interest may be contained. 

Measurement Range. The measurement range is the extent of reliable readings of an instrument or measuring device, as specified by the manufacturer. 

Method detection limit (MDL). The MDL is the lowest concentration of a given substance or analyte that can be reliably detected by an analytical procedure (see detection limit). 

Precision. A data quality indicator, precision measures the level of agreement or variability among a set of repeated measurements, obtained under similar conditions. Relative percent difference (RPD) is an example of a way to calculate precision by looking at the difference between results for two duplicate samples. 

Protocols. Protocols are detailed, written, standardized procedures for field and/or laboratory operations. 

Quality assurance (QA). QA is the process of ensuring quality in data collection including developing a plan, using established procedures, documenting field activities, implementing planned activities, assessing, and improving the data collection process and assessing data quality by evaluating field and lab quality control (QC) samples. 

Quality assurance project plan (QAPP). A QAPP is a formal written document describing the detailed quality control procedures that will be used to achieve a specific project’s data quality requirements. This is an overarching document that might cover a number of smaller projects a group is working on. A QAPP may have several sample analysis plans (SAPs) that operate underneath it. 

Quality control (QC). QC samples are the blank, duplicate and spike samples that are collected in the field and/or created in the lab for analysis to ensure the integrity of samples and the quality of the data produced by the lab. 

Relative percent difference (RPD). RPD is an alternative to standard deviation, expressed as a percentage and used to determine precision when only two measurement values are available. Calculated with the following formula: RPD as % = ((D1 – D2)/((D1 + D2)/2)) x 100 Where: D1 is first replicate result D2 is second replicate result 

Replicate samples. See duplicate samples. 

Representativeness. A data quality indicator, representativeness is the degree to which data accurately and precisely portray the actual or true environmental condition measured. 

Sampling and Analysis Plan (SAP). A SAP is a document outlining objectives, data collection schedule, methods and data quality assurance measures for a project. 

Sensitivity. Related to detection limits, sensitivity refers to the capability of a method or instrument to discriminate between measurement responses representing different levels of a variable of interest. The more sensitive a method is, the better able it is to detect lower concentrations of a variable. 

Spiked samples. Used for quality control purposes, a spiked sample is a sample to which a known concentration of the target analyte has been added. When analyzed, the difference between an environmental sample and the analyte’s concentration in a spiked sample should be equivalent to the amount added to the spiked sample. 

Standard operating procedures (SOPs). An SOP is a written document detailing the prescribed and established methods used for performing project operations, analyses, or actions.



[bookmark: _Toc102035143]Appendix E – Support Documents
[bookmark: _Hlk64485348][image: ]
Note:  This 104-page operations manual is too voluminous to reproduce here in full. Please refer to the digital file available from:
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Surface Water Discharge Measurement
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Stillwater Valley Watershed Council
Absarokee, MT 59001
September 2020




A.  Introduction

This Standard Operating Procedure (SOP) document details guidelines for surface water discharge measurements. The activities contained in this document are intended to satisfy the requirements of the Stillwater Valley Watershed Council (SVWC) along with safe and accurate data collection.

These SOPs are drawn from and guided by the U.S. Geological Survey Water Supply Paper 2175 "Measurement and Computation of Streamflow" and Techniques in Water Resources Investigations Report Book 3, Chapter A6, "General Procedures for Gaging Streams". The USGS publications are a comprehensive treatment, however this SOP is primarily designed to guide discharge measurements of wadable streams. Techniques, equipment, and resources beyond the scope of this document are required for discharge measurements of non-wadable large streams and of high flows. 

B.  Surface Water Discharge Measurements 

B.1 Preparation and Mobilization
Equipment necessary to complete surface water discharge measurements are contained in Table 1.

B.2 Site Selection
In order to obtain the most representative view of the stream or river being assessed, the site should be inspected, and the following guidelines followed: 

The channel should have as much straight run as possible, the length of the upstream profile should be twice the downstream length
The channel should be free from flow disturbances.  Clean away any rocks, sediment, or debris that may hinder accurate data collection
The flow should be free of eddies, backflow, or dead zones. Avoid areas with visible swirls on surface
Avoid converging or diverging flow (approach to a flume) and vertical drops
Avoid areas immediately downstream from a sluice gate or where the stream empties into a body of stationary water.

B.3 Equidistance stream Measurements
Segment lengths in channels should be uniform to show consistent data representative of the site.  Keep in mind that the smaller the stream segments, the better the results.

To determine channel width, a measuring tape is used to measure from one bank to another bank across the channel. The tape should be set close to perpendicular, showing the closest distance between the two banks.

To determine appropriate intervals, take the channel width divided by 10, with a minimum interval of 1 ft.  

For channel widths under 10ft., use a minimum of 5 measuring points.  2 measuring points on the banks, 2 measuring points at the ¼ channel length and 1 measuring point at the ½ way point.

B.4 Determine Mean Velocities of Flows
Place the foot of the wading rod at the bottom of the channel segment being measured.  Bring the sensor to the top of water column with the sensor pointing against the flow of the channel.  Use the wading rod to determine total depth.  Calculate 60% of the total depth segment and place the sensor at that depth in the channel.  

B.5 Meter Use
The SVWC will be using the Swoffer Flow Meter or equivalent.  This meter uses an impeller to measure the velocity in a moving liquid such as water.  The velocity is displayed on a digital displayer as feet per second (ft/s) or meters per second (m/s).  To maintain consistent field data collection, the meter should be used in the real-time operating mode.  Fixed Point Averaging is preferred along with ft/s readings.

B.6 Field Notes and Forms
The SVWC will use USGS-style field forms or a dedicated logbook on which the data collected will be transferred onto.  The field forms need to show location, stream intervals, channel width, equidistance stream measuring, total depth, and flow rates per each measuring point.

C. Safety

C.1.	Site Safety Plan
A Site Safety Plan should be in place prior to any sampling activity.  It should be on file in the project directory as well as on-site during sampling activities.

C.2 Site Safety
PPE (personal protective equipment) must be always used while collecting surface water discharge data.  Chest waders, life jackets and safety ropes must be used when wading into channels where crossing may be hazardous due to depth, high velocity, or unstable bed conditions. An observer should be present on the bank and able to aid the technician in the stream. 

C.3.	Safety Procedures
Wading:  Examine the section of a stream or river you plan to wade. Check the field folder for information relating to safety, including maximum depths in relation to stage, wading-section anomalies such as slippery conditions and drop-offs or holes (a wading rod can be used to help assess streambed conditions), and velocity curves for determining wadable stages. Do not attempt to wade a stream for which values of depth multiplied by velocity equal or exceed 10 ft2 /s.  For example, a stream only 2 ft deep but with velocities of 5 ft/s or more can be dangerous to wade. 

While wading to collect a water sample: 
Wear a personal flotation device (PFD) during wading activities where maximum depth exceeds 1.5 ft.
Approved PFDs for wading include the standard jacket type and the suspender type. The PFD must fit properly, be rated for your weight, and be in good condition.
The PFD should be dried and kept indoors between trips.

Wear rubber boots or chest waders. Boots and waders provide protection from cold and pollutants, as well as from underwater objects. Be aware of the possibility of slipping and going underwater (feet up, head down) while wearing them. Practice wearing hip boots and waders in a controlled, group-training situation before using for field work. The following recommendations are the result of experiments with boots (Joseph, 1957) and field experience.

Hip boots with a strap at the top are better than boots that are open. The strap should be pulled closed. This allows air to be trapped in the boot in case you are submerged. The air cushion can be used as a partial mechanism for flotation until you reach shore or are rescued.
Avoid hip boots with tight ankles. These are difficult to remove in an emergency.
Avoid chest waders that are tight fitting at the top. Like tight-fitting hip boots, they are difficult to remove in an emergency. Whenever chest waders are worn, a PFD also must be worn.
Be aware of surrounding conditions. 
Watch for debris floating downstream, such as logs, aquatic vegetation, or “rafts” of animals seeking higher ground.
Watch for sand channels that can shift under foot and become quicksand.
Watch the stream stage, especially when it could rise rapidly.
When wading below a dam or control structure, contact the gate operator before entering the stream.

Bridge:  For every bridge site, if necessary, develop and diagram a detailed procedure that conforms to State and Federal regulations. Keep this procedure and diagram in the field folder. The bridge procedure may include plans for safety cones and signs, lane blockage, and traffic control, but selection of bridge sites should attempt to eliminate using highly utilized traffic locations.  Equipment used for sampling from a bridge can be heavy and unwieldy. Practice assembling and using the equipment before starting field activities, and make sure the equipment is operational before leaving the office. 

A PFD must be worn when working on bridges.  The suspender type PFD is approved for bridge work. 
Workers involved in peripheral activities should wear high visibility vests with reflective tape.

Note: The SVWC will not be measuring flow from bridges without assistance of a qualified agency or specialist such as the USGS or Montana DNRC.

Reference: Techniques of Water-Resources Investigations, Book 9, Handbooks for Water-Resources Investigations, National Field Manual for the Collection of Water-Quality Data, Chapter A9. SAFETY IN FIELD ACTIVITIES, Susan L. Lane, and Ronald G. Fay
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Table 1
Surface Water Discharge Measurement Equipment Checklist
	
	
Chest Waders and/or rubber boots

	
	
Life Jacket

	
	
Safety Rope

	
	
Measuring Tape

	
	
Flow meter and wading rod

	
	
Field Forms

	
	Dry Change of Clothes

	
	PPE

	
	Site Safety Plan





Discharge Measurement Notes Template.

Organization	_____________________

Station Name _____________________			Date ______________

Section Location___________________			Stream Stage_____________

Hydrographer _____________________			Assistants ____________________

Meter Type	_____________________			Method ______________________

____ Bank Tape Reading ____________			_____ Bank Tape Reading _______

Total Stream Section Width ___________

	Tape Reading
	Subsection Width
	Depth
	Velocity
	Area
	Discharge

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Totals
	
	
	
	
	

	Averages
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