Little Bitterroot Lake Association
Eutrophication Study 2022
Sampling and Analysis Plan 


[image: K:\PROJECTS\LBHAM01-Little Bitterroot Homeowners\2018\Photos\IMG_5371.JPG]

February 2022		
Prepared by:
John Babcock - Water & Environmental Technologies
On behalf of Little Bitterroot Lake Association
480 East Park St.
Butte, MT  59701

Approved by:

/s/ Abbie Ebert___________________________________________		7/21/2022___________
Abbie Ebert (Montana DEQ VM Lab Analysis Program Manager)			Date


/s/ Katie Makarowski______________________________________		7/21/2022___________
Katie Makarowski (Quality Assurance Officer)					Date


	Page 1	


Table of Contents
Table of Contents	1
Revision History	2
1.0 INTRODUCTION	3
1.1 Project Overview	3
1.2 Project Area Overview	3
1.3 Project Team and Responsibilities	5
2.0 Objectives and Sampling Design	5
2.1 Project Goals and Objectives	5
2.2 Monitoring Locations	6
2.3 Monitoring Schedule	7
2.4 Water Quality Parameters	8
3.0 Field Procedures	8
3.1 Order of Operations	8
3.2 Field Forms	9
3.3 Data Collection Standard Operating Procedures	9
Field Parameters	9
Water Chemistry Grab Samples	9
Chlorophyll-a in the Water Column	9
Chlorophyll-a from Benthic Substrate	10
Sample Handling	10
Observations and Additional Data	10
4.0 Laboratory Analytical Requirements	11
5.0 Quality Assurance/Quality Control (QA/QC)	12
5.1 Overview	12
5.2 Training	12
5.3 QC Samples: Field Duplicates	12
5.4 QC Samples: Field Blanks	13
5.5 Instrument Calibration and Maintenance	13
5.6 Data Quality Indicators	13
5.7 Field Health and Safety	15
6.0 Data Management, Record Keeping & Reporting	15
6.1 DEQ’s MT-eWQX database and Data Quality Review	16
6.2 Other Data Management Approaches	16
7.0 Data Analysis and Reporting	16
7.1 Data Analysis	16
7.2 Reporting	17
8.0 References	17
Appendix A - Project Budget	1
Appendix B – Field Forms	1
Appendix C – EQUIPMENT AND SUPPLIES	4
Appendix D – QA/QC Terms and Definitions	5


[bookmark: _Toc109055200] Revision History
This section should be used to note any changes in protocols, who made the changes (initial when they occurred), and a description of the changes. 
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[bookmark: _Toc109055201][bookmark: _Toc218694534]1.0 INTRODUCTION
[bookmark: _Toc109055202]1.1 Project Overview
Water quality monitoring has been conducted on Little Bitterroot Lake by Water & Environmental Technologies (WET) and Little Bitterroot Lake Association (LBLA) since 1999. Monitoring is conducted to evaluate spatial and temporal trends in nutrient concentrations, to quantify algae production, and to evaluate specific water quality issues as they emerge. Data are used to educate LBLA members and the neighboring community about the status of water quality on the lake, and to help educate lake residents about best management practices that can reduce nutrient or sediment contributions to the lake.  Furthermore, streams downstream of Little Bitterroot Lake have been listed for impairments due to sedimentation and nutrients, including the Little Bitterroot River and the Flathead River. Data collected during this monitoring program fits into larger watershed scale planning by collecting data that may serve as source assessment or target attainment for streams with impacts to water quality.  A budget table for laboratory analytical costs is included in Appendix A. 
[bookmark: _Toc109055203]1.2 Project Area Overview
[bookmark: _Toc218694536][bookmark: _Toc67755737]Sampling will be conducted on Little Bitterroot Lake, its primary tributary stream (Herrig Creek), and its outlet stream (Little Bitterroot River), for a total of 15 sites in this study. 17 samples sites will be located on Little Bitterroot Lake, including 7 fixed-location sites spatially distributed around the lake, 8 near-shore locations to evaluate effects of development, and 2 locations from depth collected at the lake center. Herrig Creek, the inlet stream, will be sampled near its mouth, and Little Bitterroot River (the outlet stream) will be sampled just downstream of the outlet from Little Bitterroot Lake (Figure 1). 

Little Bitterroot Lake is the headwaters of the Little Bitterroot River and is located southwest of Kalispell near the community of Marion (see Figure 1). The lake has a surface area of 11.8 km2 (4.6 mi2) and volume of 4.07 x 108 m3.The average depth of Little Bitterroot Lake is 35 m (114 ft) and the maximum depth is approximately 80 m (260 ft). The lake outlet is controlled by an earthen dam built in 1918, which is managed by the Flathead Irrigation Project. Herrig Creek is the only perennial stream flowing into the lake, although there are approximately seven intermittent or ephemeral streams contributing seasonally to the lake. Groundwater also contributes a substantial portion of water to Little Bitterroot Lake, especially from the mountains west and northeast of the lake. Local uses of the lake include water supply for domestic use, irrigation, fishing and recreation. Local geology is primarily Protozoic-aged sedimentary rocks of the Belt group. The surrounding watershed is primarily forested land (both private and federally owned); however, the lake is surrounded by homes and roads which potentially contribute nutrients from septic systems and lawns, or sediment from cleared areas. Logging and slash burning occurred in the watershed near Herrig Creek in 2016 as part of the Bitter Herrig and Ashley Herrig timber sales (DNRC 2013, USFS 2016), but large- scale logging is not evident immediately surrounding the lake with the exception of small clearings at residences. Mechanical harvesting of aquatic vegetation occurred in summer of 2016, although the cut material was not removed from the lake, which may be a source of nutrients and organic matter. Fluctuations in lake water levels occur based on snowmelt and precipitation or withdrawals for downstream water demand.

The Little Bitterroot River downstream of Little Bitterroot Lake is listed for impairments (nitrite/nitrate, total nitrogen, total phosphorus, chlorophyll-a) on the 2020 Montana 303(d) list for the section below Hubbart Reservoir and above the Flathead Reservation boundary.  The Flathead River, which is the receiving water for Little Bitterroot River, is also listed for impairments including nitrate/nitrite, total nitrogen, total phosphorus, sedimentation, and temperature. 

Several previous data collection efforts have been conducted on Little Bitterroot Lake, including those from Flathead Lake Biological Station (1998, 2008) and Whitefish Lake Institute through the Northwest Montana Lakes Volunteer Monitoring Network (NWMLVMN).  Additionally, groundwater wells in the area west of Kalispell have been sampled for radioactive constituents, especially uranium, and have shown elevated results (Scott, 2016), although recent sampling by WET and LBLA did not reveal elevated levels of uranium in the lake or neighboring wells (WET, 2017).

Figure 1. Map of sampling locations.
[image: ]

[bookmark: _Toc109055204]1.3 Project Team and Responsibilities
John Babcock will be the WET project manager responsible for implementing this SAP and performing field sampling, including: (1) ensuring field forms are complete and accurate, (2) filling out the chain of custody form for the lab, (3) delivering or shipping the samples to the lab, (4) communicating with the lab and with DEQ, (5) performing data quality assessment and identifying data qualifiers, and (6) responsible for overall data management tasks.
Volunteers from Little Bitterroot Lake Association (Dan Handlin, Rob Torgerson, Lauren Shotnik, or Anna Marie Bailey) will provide field support during sampling, including sample collection, labeling, filtration, and boat operation.
[bookmark: _Hlk37336206]Table 1. Project Team Roles and Responsibilities 
	Role
	Person(s) 
	Contact phone, email

	Develop Sampling and Analysis Plan (SAP)
	John Babcock
	 
 
 (406) 497-8682
jbabcock@waterenvtech.com
 
 
 
 
 

	Oversee monitoring personnel
	
	

	Training monitoring personnel
	
	

	Review field forms
	
	

	Lab coordination (e.g., bottle orders, shipping notifications, lab EDDs)
	
	

	Ship or deliver samples to lab
	
	

	Review data quality
	
	

	Upload data into MT-eWQX database
	
	

	Write final report
	
	

	Field support (driving boat, assisting with sample collection)
	Volunteers from Little Bitterroot Lake Assoc.
	Dan Handlin
[REDACTED]




[bookmark: _Toc109055205][bookmark: _Toc218694537]2.0 Objectives and Sampling Design
[bookmark: _Toc218694535][bookmark: _Toc109055206]2.1 Project Goals and Objectives
The project goals and objectives are summarized below in Table 2, including how the data will be analyzed to answer specific questions about water quality.


Table 2. Project Goals, Objectives and Analyses 
	Goal
	Objective
	Data Analysis/Product

	Evaluate current nutrient and algae concentrations on Little Bitterroot Lake and the inlet/outlet streams in context of historical data in order to analyze long term trends in water quality 
	To collect nutrient (TN, TP, NO2+3, NH4, SRP) and algae (Chl a) concentrations at 19 sites during mid-summer 2022 as part of ongoing efforts to assess trends over time. 
	Compare 2022 nutrient and chlor-a concentrations to previous results.

	Assess how land-use and physiographic variables affect spatial variability in water chemistry around the lake.
	To collect nutrient, algae, and field data from 19 lake and stream locations in mid-summer 2022 to assess spatial variability in 2022 and over time.
	Compare 2022 results between sites and evaluate land-use and physiographic conditions which could influence data (construction, roads, veg removal, logging, septic influence, etc.)

	Evaluate the potential for aquatic invasive species (AIS) colonization in Little Bitterroot Lake based on water chemistry.
	To collect water chemistry parameters from Little Bitterroot Lake in 2022 which indicate potential colonization from AIS (alkalinity, calcium, TSS).
	
Compare results from 2022 to published guidelines on AIS colonization.

	Evaluate potential effects of aging septic systems on near-shore nutrient concentrations.
	To collect nutrient and E coli samples from near-shore locations in areas with aging septic systems and dense housing development, and from inlet/outlet streams. 
	Compare near-shore results from 2022 to other lake samples and compare to base numeric water quality standards. 



[bookmark: _Toc109055207]2.2 Monitoring Locations 
Sample locations are shown in Figure 1 and listed below in Table 3. The study design includes 7 lake locations, 2 stream locations (including the inlet and outlet streams), and 8 near-shore locations (including those sampled in 2019 and 4 new sites for 2022). Lake locations are chosen to provide spatial variability and provide information about water quality in isolated bays or near areas of development. The lake center location is near the deepest portion of the lake, which is where the lake will most likely show thermal stratification. At the lake center, samples will be collected from near the surface in the epilimnion, within the metalimnion, and within the hypolimnion. These locations have been sampled during previous monitoring efforts and provide comparability to pre-existing data. The near-shore locations were new sites added in 2019 due to concerns over septic leachate from aging septic systems. These sites will be sampled again in 2022 for nutrient parameters and E coli, but we will add 4 additional sites (to be determined) in 2022 to provide additional spatial coverage. 



Table 3. Monitoring Locations* 
	Site ID
	Site Description
	Latitude
	Longitude
	Parameters
	Rationale

	SP-7
	Inlet - Herrig Cr.
	48.1392
	-114.7127
	N/F/TSS/DOC/A/E
	Inlet

	SP-2
	Herrig Cr. Bay
	48.1371
	-114.7162
	N/F/CW
	Bay near Inlet

	SP-10
	Northwest Bay
	48.1378
	-114.7317
	N/F/CW
	Shallow Isolated Bay

	SP-1
	Slaughter House Bay
	48.1173
	-114.7042
	N/F/CW
	Bay

	SP-5
	Lake Center – epi.
	48.1146
	-114.7156
	N/F/CW/TSS/DOC/A
	Center, Deepest

	SP-5-30

	Lake Center – meta.

	48.1146
	-114.7156
	N/F/CW

	Center, metalimnion


	SP-5-60

	Lake Center – hypo.
	48.1146
	-114.7156
	N/F/CW

	Center, hypolimnion

	SP-3
	Locke Bay
	48.1201
	-114.7384
	N/F/CW/CB
	Bay

	SP-4
	Southwest
	48.0988
	-114.7188
	N/F/CW
	Near Development

	SP-6
	Southeast
	48.0967
	-114.6912
	N/F/CW/CB
	Near Development

	SP-9
	Outlet - Ltl. Bitterroot R.
	48.0924
	-114.6981
	N/F/TSS/DOC/A/E
	Outlet

	NS-1
NS
	Near-shore – NW Bay
	48.1383
	-114.7356
	N/F/E

	Near Development


	NS-2

	Near-shore – NE Bay

	48.1368
	-114.7116
	N/F/E

	Near Development


	NS-3
	Near-shore – SE Bay
	48.0979
	-114.6883
	N/F/E

	Near Development


	NS-4
	Near-shore – SW Bay
	48.1030
	-114.7293
	N/F/E

	Near Development


	NS-5

	Near-shore 5
	TBD
	TBD

	N/F/E

	Near Development


	NS-6

	Near-shore 6
	TBD
	TBD

	N/F/E

	Near Development


	NS-7
	Near-shore 7
	TBD
	TBD

	N/F/E

	Near Development


	NS-8
	Near-shore 8
	TBD
	TBD

	N/F/E

	Near Development


	N=nutrients, F=field parameters, CW=chlorophyll-a in water, CB=chlorophyll-a from benthic substrate, TSS=total suspended sediment, DOC=dissolved organic carbon, A=alkalinity, E=E coli



*These are proposed sampling locations which may change due to unforeseen access or other issues. 

[bookmark: _Toc109055208]2.3 Monitoring Schedule
Sampling will be conducted in August 2022 when high water temperatures and algae blooms on Little Bitterroot Lake are likely to occur. This time frame also coincides with the annual lake association meeting where data and results from previous years are presented to a large audience. August is when most sampling has occurred during previous years, which will allow for comparability with previously collected data.  Only one sampling event is planned for Little Bitterroot Lake in 2022. 
Table 4. Monitoring Schedule
	Sample Date
	Parameters
	Reason for Date Selection

	August 2022
(planned early August)
	
Nutrients, Chlorophyll-a, Field parameters, TSS, DOC, Alkalinity, Ca, E. Coli

	Mid-summer, most likely time to catch algae blooms and high temperatures, comparable to previous data, coincides with annual meeting





[bookmark: _Toc109055209]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, trend analysis. 

	Total Phosphorus (TP)
	
	

	Nitrite plus Nitrate (NO2+3)
	
	

	Total Ammonia
	
	

	Dissolved Orthophosphate
	
	

	Total suspended solids (TSS)
	
	Help evaluate nutrient patterns and sediment inputs from surrounding watershed

	Dissolved and Total Organic Carbon
	
	Nutrient for food web, evaluate carbon inputs from surrounding watershed

	Calcium and Alkalinity
	
	Evaluate potential for colonization from AIS (mussels)

	Chlorophyll-a (in water and benthic substrate)
	
	Evaluate algae growth in water column and natural substrate

	E. Coli
	
	Evaluate potential septic leaching in developed areas

	pH
	Parameters measured in situ with YSI field meter
	Common descriptive water quality parameter

	Water temperature
	
	

	Specific conductance (SC)
	
	

	Dissolved oxygen (DO)
	
	

	Discharge (flow)
	Measured with Marsh McBirney flow meter.
	Necessary for load calculations, evaluate against previous data. 

	Secchi Depth
	Measured with Secchi disc
	Standard measure for lake clarity, low cost

	Photos
	Taken with digital camera
	Tracking benthic algae and other site conditions; low-cost. 



[bookmark: _Toc109055210]3.0 Field Procedures
[bookmark: _Toc218694542][bookmark: _Toc109055211]3.1 Order of Operations
Sample collection will be performed by first calibrating field instruments (YSI water quality meter) on shore and loading appropriate supplies and collection bottles into the boat (water quality meter, Secchi disk, coolers, Van Dorn sampler, personal equipment, etc.). Lake sites will be sampled initially in a logical spatial order around the lake, including collection of field parameters, nutrient/chlorophyll-a samples, and depth profile samples from the lake center. Following lake sample collection, all samples for chlorophyll-a and dissolved constituents will be filtered and stored on ice or dry ice as required. Surface water locations, including the inlet and outlet stream, will then be sampled for field parameters and nutrient constituents. All filtering and preservation will take place in the field. Following sample collection, and samples will be stored on ice or dry ice as required by sampling protocol. The near-shore locations can be accessed by automobile and will be sampled during the morning of the second sample collection day. This will allow the sampler to ensure delivery of E. coli samples to the analytical laboratory within the 6-hour holding time. All other samples will also be delivered to the laboratory on the second collection day. 
[bookmark: _Toc109055212]3.2 Field Forms
Field data will be collected in a field notebook. This includes any field measurements including field water chemistry data, weather observations, flow measurements, Secchi disk readings, and other notes relevant to the project. Laboratory sample information will be recorded on a Chain-of-Custody Form in order to document the collection time, analysis requested, and sample delivery time for laboratory samples. An Aquatic Plant Tracking Form and Aquatic Plant Visual Assessment Form (included in Appendix B) will be completed at benthic algae sampling locations. 
[bookmark: _Toc109055213]3.3 Data Collection Standard Operating Procedures
Monitoring will be done in accordance with DEQ’s Sample Collection for Chemistry Analysis: Water, Sediment, and Biological Tissue Standard Operating Procedure (SOP) available on DEQ’s Lakes, Streams and Wetlands  website at: https://deq.mt.gov/water/Programs/sw (Makarowski, 2019).

[bookmark: _bookmark10][bookmark: _Toc512264069][bookmark: _Toc14955988][bookmark: _Toc109055214]Field Parameters
Water quality field parameters will be measured using a YSI hand-held field meter in accordance with Section 10.0 of DEQ’s Instantaneous Water Quality Field Meter SOP (McWilliams, 2020). The meter will be calibrated in the field on the day of sampling. Field parameters will include water temperature, specific conductance, dissolved oxygen, and pH. Field parameters will be recorded at all sample locations. At stream sites, parameters will be measured in a well-mixed portion of the stream. At lake sites, field parameters will be recorded just below the lake surface, except for depth profile measurements which will be recorded at various depths within the water column. Secchi disk depth is recorded at the lake center location. Stream flow will also be recorded at the inlet (site SP-7) and outlet streams (site SP-9) using methods described in DEQ’s Standard Operating Procedure for Total Discharge (McWilliams, 2020).

[bookmark: _bookmark11][bookmark: _Toc512264070][bookmark: _Toc14955989][bookmark: _Toc109055215]Water Chemistry Grab Samples
Grab samples will be collected and analyzed for water quality parameters. Water samples will be collected directly in the required bottle. Bottles shall be rinsed three times with native water prior to collection. For dissolved constituents, the sample rinses will be done with filtered water from a 0.45 μm filter. Water quality samples will be collected from just below the lake surface (except for depth profile samples) or in a well-mixed portion of the stream. Depth profile samples will be collected using a Van Dorn sampler. During stream sampling, the sample bottle opening should face upstream and should be drawn through the water column once, carefully avoiding disturbance of bottom sediments.

[bookmark: _bookmark12][bookmark: _Toc512264071][bookmark: _Toc14955990][bookmark: _Toc109055216]Chlorophyll-a in the Water Column
Sampling for chlorophyll-a in the water column will follow the chlorophyll-a phytoplankton methodology described in DEQ’s Sample Collection and Laboratory Analysis of Chlorophyll-a Standard Operating Procedure (Suplee and Sada, 2021). Chlorophyll-a samples from the lake surface will be collected approximately 6” below the surface to avoid contamination from materials that may be floating on the surface. Chlorophyll-a samples within the depth profile of the lake will be collected with a Van Dorn sampler. Samples will be collected in 1L glass amber bottles and filtered in the field with glass fiber filters. The total volume of filtered water will be recorded. The filter will be placed in a centrifuge tube, labeled, wrapped in foil, and stored frozen on dry ice for delivery to the laboratory. 
[bookmark: _bookmark13]
[bookmark: _Toc14955991][bookmark: _Toc512264072][bookmark: _Toc109055217]Chlorophyll-a from Benthic Substrate
Sampling for chlorophyll-a from benthic substrate will follow methodology described in  the Sample Collection and Laboratory Analysis of Chlorophyll-a SOPl, but will be modified for lake substrates within the wadeable zone near shoreline (Suplee and Sada, 2021). The lakeshore will be sampled along a 100m transect with sub-samples evenly spaced throughout the transect. Eleven (11) sub-samples will be collected from each sample location which will be composited into a single sample. The maximum depth of sampling will be 0.5m. Substrate in Little Bitterroot Lake is predominantly cobble and large gravels which will be most conducive to sampling with the template method, but the hoop or core method may be used depending on substrate encountered at each location. Sub-samples will be composited at the laboratory from only the same sampling method if multiple methods are used (e.g., the lab will composite template samples together, core samples together, and hoop samples together) such that a reach-wide weighted average chlorophyll-a concentration can be calculated. An Aquatic Plant Tracking Form and Aquatic Plant Visual Assessment Form will be completed at each location. Samples will be filtered in the field with glass fiber filters. The total area sampled will be recorded. The filter will be placed in a centrifuge tube, labeled, wrapped in foil, and stored on dry ice for delivery to the laboratory. 
[bookmark: _bookmark15]
[bookmark: _Toc14955992][bookmark: _Toc512264073][bookmark: _Toc109055218]Sample Handling
All samples will be properly labeled. Any samples that must be chilled to 6 °C or less for transport to the lab (Table 6) will be stored in coolers on regular ice. Any samples that must be frozen following collection (Table 6) will be stored frozen on dry ice. Chlorophyll-a from the water column and benthic algae will be filtered in the field, labeled, wrapped in foil, and stored frozen on dry ice. Samples will be hand delivered to Energy Laboratories in Helena after leaving the field location on the second sampling day.

[bookmark: _bookmark16][bookmark: _Toc512264074][bookmark: _Toc14955993][bookmark: _Toc109055219]Observations and Additional Data
Observations (e.g. animal activity, weather, algae growth, Secchi disk depth) and field calibration notes will be recorded in a field book. GPS locations will be recorded for any new locations which haven’t previously been sampled. The GPS coordinate system datum will be NAD 1983 State Plane Montana, in decimal degrees to at least the fourth decimal.

Pictures will be taken as needed to document the sample location or site conditions. All pictures will be documented with the following information recorded:
0. Picture number
0. Date and time
0. Station ID
0. Directional reference (facing upstream or downstream and N, S, E, W)




[bookmark: _Toc109055220]4.0 Laboratory Analytical Requirements

All samples will be analyzed by Energy Laboratories in Helena, MT. Samples with short holding times will be collected on the final sampling day and hand delivered following field collection to the laboratory within the required holding time. No samples will be shipped. 

Table 6. Monitoring Parameter Suite, Sample Handling, Analysis & Preservation
	

Parameter
	
Preferred Method
	
Required Reporting Limit µg/L
	
Holding Time Days
	Sample Container (size and material)
	
Preservative

	Total Persulfate Nitrogen (TPN)
	
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 Ammonia as N
	
EPA 350.1
	50
	
	
	

	Dissolved Orthophosphate
	EPA 365.1
	1
	2
	250 ml HDPE
	Field filter 0.45 µm; ≤6oC on ice

	Calcium
	EPA 200.7
	1000
	180
	250 ml HDPE
	HNO3, ≤6oC on ice

	Alkalinity
	A2320 B
	1000
	14
	250 ml HDPE
	≤6oC on ice

	Total Organic Carbon (TOC)
	A5310 B
	500
	28
	125 ml amber glass
	H2SO4,
≤6oC on ice

	Dissolved Organic Carbon (DOC)
	A5310 B
	500
	28
	125 ml amber glass
	Field filter 0.45 µm, H2SO4,
≤6oC on ice

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

	Chlorophyll-a (phytoplankton)
	A 10200 H
	
	45
	Filter in Centrifuge Tube
	Wrap in foil, Freeze on dry ice

	Chlorophyll-a (benthic)
	A 10200 H
	
	45
	Filter in Centrifuge Tube
	Wrap in foil, Freeze on dry ice




[bookmark: _Toc109055221]5.0 Quality Assurance/Quality Control (QA/QC)
[bookmark: _Toc35239908][bookmark: _Toc109055222]5.1 Overview
[bookmark: _Toc35239909]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.  

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 C. 
[bookmark: _Toc109055223]5.2 Training
All volunteers have been trained in all field methods, including field meters, sample collection and handling, prior to the initial sampling event. Volunteers will demonstrate understanding of and proficiency in field methods to volunteer monitoring program manager(s) prior to sampling. Volunteers will be required to bring a copy of this SAP as well as any supplemental documentation of detailed field methods and/or standard operating procedures. 
[bookmark: _Toc109055224][bookmark: _Hlk34741421]5.3 QC Samples: Field Duplicates
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 duplicate samples 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 Section 2.2. See 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: _Toc109055225]5.4 QC Samples: Field Blanks
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. Therefore, one set of field blanks will be prepared at or near the end of the sampling event and submitted to the laboratory alongside the other routine and duplicate samples from that trip. See 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: _Toc32417538][bookmark: _Toc109055226]5.5 Instrument Calibration and Maintenance
The water quality field meter (YSI Pro-Plus) will be calibrated in the field prior to sample collection. The meter is factory calibrated for temperature, but will use fresh calibration solution in the field to perform calibration of the pH, specific conductance, and dissolved oxygen sensors. pH and specific conductance sensors will be calibrated using solutions that bracket the target readings in our sample area, and the dissolved oxygen sensor will be calibrated to 100% saturation at the barometric pressure recorded at the time of calibration.  
[bookmark: _Toc32417539][bookmark: _Toc109055227]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
Lake locations are chosen to provide spatial variability and provide information about water quality conditions in isolated bays or near areas of development. The lake locations have been sampled during previous monitoring efforts and provide comparability to pre-existing data; however, 4 new locations were added in 2019 to evaluate nutrient concentrations at near-shore locations, and these locations will be monitored again in 2022.

Temporal representation
Sampling will be conducted in August. This will provide information about water quality in mid- summer when temperatures are near peak and algae blooms are likely to occur. This sampling schedule will provide continuity with previous monitoring efforts.

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 in this project will be achieved through the use of DEQ’s Standard Operating Procedures for field collection and the use of the same analytical methods published by the EPA, APHA - Standard Methods, or USGS in the laboratory. The analytical laboratory will be contacted to ensure the analytical methods performed are consisted with those in the past.

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. Prior to leaving a sampling site the data sheet will be reviewed in order to reduce the occurrence of empty data fields. The overall project goal is 90% completeness. Because of the limited funding for laboratory analysis, collection of additional samples in the event of breakage of sample bottles en route to the laboratory is not planned.

The overall project goal is 90% completeness. Sites lost due to inaccessibility will reduce the total number of sites in the equation but not the completeness goal. Although, alternative sites will be considered if original site access cannot be obtained. Sample sites have been sampled during previous years and are considered to be accessible for 2022; however, some sites may not be accessible due to site conditions, weather, or other restrictions.

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 thresholds of interest (e.g., numeric nutrient standards). 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: _Toc32417540][bookmark: _Toc109055228]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. For boat sampling, a life jacket will be onboard for each member of the field personnel. 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: _Toc109055229]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. 
· Draft 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: _Toc109055230]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). 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.  
[bookmark: _Toc109055231]6.2 Other Data Management Approaches
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[bookmark: _Toc109055232][bookmark: _Toc218694551][bookmark: _Toc67755744]7.0 Data Analysis and Reporting
[bookmark: _Toc109055233]7.1 Data Analysis 
All data management and analysis are performed by a project scientist at WET, overseen by the Project Manager John Babcock. Each parameter is entered into the project database for analysis and comparison with previously collected data. Results are tabulated and presented in tables and graphs, and Carlson’s Trophic State Index is calculated from nutrient results. A table of data from the current sampling year is provided, along with a table of historical data. Charts include: depth profile results for temperature, dissolved oxygen, specific conductance, and pH (including profiles from previous years for comparison); temporal trend charts for each parameter at each sample location and all locations pooled; TSI trend charts; temporal statistics showing maximum, minimum, and average values for total nitrogen and total phosphorus; and spatial statistic charts showing maximum, minimum, and average values for total nitrogen and total phosphorus at each location. Where possible, laboratory results for nutrients and chlorophyll-a are compared to existing guidelines for human or aquatic health, including (but not limited to) those published in Montana DEQ Circular DEQ-7. Numeric water quality standards for constituents listed on Circular DEQ-7 are provided below in Table 7. Lake-specific base numeric nutrient standards have not yet been developed by Montana DEQ. 



Table 7. Montana Numeric Water Quality Standards (adopted from Circular DEQ-7)
	Chemical Compound
	Category
	Aquatic Life Standards (µg/L)
	Human Health Standards (µg/L)
	Trigger Value (µg/L)
	Required Reporting Value  (µg/L)

	
	
	Acute
	Chronic
	Surface Water
	Ground Water
	
	

	Ammonia
	Toxic
	varies based on pH and temp., may cause conditions which produce undesirable aquatic life
	 
	 
	10
	70

	Nitrate + Nitrite
	Toxic
	may cause conditions which produce undesirable aquatic life1
	10000
	10000
	10
	20

	Nitrogen, total inorganic
	Nutrient
	may cause conditions which produce undesirable aquatic life
	 
	 
	10
	10

	Dissolved Oxygen
	Toxic
	varies based on water classification and aquatic life stages present
	 
	 
	 
	0.3 mg/L

	Phosphorus, inorganic
	Nutrient
	may cause conditions which produce undesirable aquatic life
	 
	 
	1
	1

	 



[bookmark: _Toc109055234] 7.2 Reporting
Data are summarized and presented in an annual report provided to the Little Bitterroot Lake Association. The report is made available to lake association members and the general public on the lake association website (http://www.littlebitterrootlakeassoc.org). Results from the previous year of sampling are presented by the WET project scientist at the annual lake association meeting, which is typically held each year during the first Wednesday in August. The presentation will discuss previous monitoring results, historical trends, emerging issues in water quality within the watershed, and guidelines for improving or maintaining water quality, such as fertilizer use, vegetation management, and maintaining septic systems. Lake association members are able to contact the project manager regarding water quality concerns or questions at any time. The annual meeting is typically attended by 50-70 lake association members, and other members can access meeting minutes or the annual report through the association’s website.  Results from this monitoring program have also been presented at regional scientific conferences, including the Montana Chapter of the American Water Resources Association (West Yellowstone – October 2018) and the Montana Lakes Conference (Whitefish – March 2019). 
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[bookmark: _Toc109055239]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 order 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 a number of 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.
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Total Persulfate Nitrogen (TN) 22.4 15 1 15 1 1 17 380.80

Total Phosphorus as P 17.6 15 1 15 1 1 17 299.20

Nitrate-Nitrite as N 20 15 1 15 1 1 17 340.00

Total Ammonia as N 16 15 1 15 1 1 17 272.00

Dissolved Orthophosphate 17.6 3 1 3 1 1 5 88.00

Total Suspended Solids (TSS) 14.4 3 1 3 1 1 5 72.00

Alkalinity  9.6 3 1 3 1 1 5 48.00

Calcium 9.6 3 1 3 1 1 5 48.00

Dissolved Organic Carbon (DOC) 32 3 1 3 1 1 5 160.00

Total Organic Carbon (TOC) 32 3 1 3 1 1 5 160.00

Chlorophyll-a - Phytoplankton 56 9 1 9 0 0 9 504.00

Chlorophyll-a - Benthic 56 2 1 2 0 0 2 112.00

E Coli 44 10 1 10 0 0 10 440.00

Sample Management Fee 2 19 1 19 1 1 21 42.00

Total Cost 2966.00
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Surface Water Sampling Checklist

Forms Algae

Site Map PVC Template

Field Book Scraping Knives and Spoons

Clipboard and Calculator Paintbrushes

Pens/Pencils/Sharpies Hoop and Core Samplers (Syringe)

Sampling Forms Scissors

Flow Measurement Forms Centrifuge Tubes

Contact List and Phone Numbers Zip-Loc Bags

C.O.C. Forms Aluminum Foil

Checklist and SAP/SOPs Tweezers or Pipets

Lakes

Waders or Hip Boots (with patch kit) Boat/Oars/Life Jackets

Latex Gloves Depth Finder

Sample Bottles (varies) Sample Bottles (chlor-a and water)

Water Quality Meter (with logbook) Secchi Disk/Cord/Measuring Tape

Calibration Standards  Kemmerer Sampler/Cord/Messenger

Turbidimeter Pump (peristaltic or 12v)

Depth Integrated Sampler (if needed) Pump Battery (charged)

Sample Bottle Holder (if needed) Tubing (multiple types)

Filters and Pump (if needed) Flow-thru Cell for WQ Meter

Preservatives Bucket/Stopwatch

Cooler with Ice Aluminum Foil

Weights for Pump

Flow Measurement

Flow Meter (extra batteries) Other

Top-Set Rod Sunglasses/Hat/Rain Gear

Flow Clipboard Bag or Backpack

Flow Measurement Forms Food/Beverages/Cooler

Calculator Garbage Can and Bags

Stakes with Clips Zip-Loc Bags (gallon)

Measuring Tape (100') Packing Tape

Headlamp

Decon GPS Unit

Liquinox or HCL Tool Box

DI Water First-Aid

Tap Water Ice Auger or Spud Bar (winter)

Spray Bottles Skis/Snowshoes (winter)

Paper Towels Bear Spray (if needed)

Buckets

Water Sampling
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