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GROUP A: PROJECT MANAGEMENT ELEMENTS


The elements in this group address the basic area of project management, including the project history and objectives and roles and responsibilities of the participants.  These elements ensure that the project has a defined goal, that the participants understand the goal and the approach to be used, and that the planning outputs have been documented.

A3 – Distribution List

Michael Tenenbaum, GUN LAKE TRIBE - Project Manager

Mark Kieser, KIESER & ASSOCIATES - Project Contractor, QA Manager

Feng “Andrew” Fang, KIESER & ASSOCIATES

EPA Project Manager

EPA QA Manager

A4 – Project/Task Organization

Key Individuals and responsibilities


The GUN LAKE TRIBE will serve as the Administering body for this project. Mr. Michael Tenenbaum, Environmental Coordinator for the GUN LAKE TRIBE, will serve as Project Manager for grant administration and institutional coordination.  Michael Tenenbaum will be the principal decision maker.


All technical elements of this project will be conducted by the consulting team of KIESER & ASSOCIATES (K&A), as subcontractor to the GUN LAKE TRIBE.  K&A will conduct all sampling, sample handling, data analysis and reporting.  Mark Kieser will be the principal data user.  Dr. Feng “Andrew” Fang, of KIESER & ASSOCIATES, will be responsible for maintaining the official, approved Quality Assurance Project Plan (QAPP).  The analytical laboratory to be utilized for sample analysis is Upstate Freshwater Institute located in Syracuse, New York.

Organizational Chart

See Figure1 on the next page.


A5 – Problem Definition/Background

Project background

One of the 14 watersheds funded by U.S. Environmental Protection Agency (EPA)’s Targeted Watersheds Grant Program in 2004, this project will build on Kalamazoo River and Michigan-based trading experiences to develop, test and implement “model” tools and infrastructure necessary to enable functioning water quality trading markets. States, tribes and watershed organizations across the U.S. are contemplating or actively pursuing development of water quality trading programs to protect or improve the nations’ waters. Many are evaluating trading strategies to: a) provide needed flexibility and program transparency for highly variable watersheds and water quality conditions, and; 2) minimize the cost of achieving water quality goals through TMDLs. Despite progress with demonstration projects, the lack of marketplace and regulatory tracking tools impedes successful trading program implementation, performance and sustainability. A functioning and robust water quality trading market that has these tools can provide a range of environmental and economic benefits.


Funding from this project for best management practices (BMPs) will primarily support agricultural applications to achieve load allocation goals in an EPA-approved Kalamazoo River phosphorus Total Maximum Daily Load (TMDL). The 2,020 mi2 Kalamazoo River watershed in southwest Lower Michigan supports a population of nearly 500,000 and is comprised of 41% forest and rural open areas, 45% agriculture, 7% urban and 7% open water and wetlands. The Gun Lake Tribe has current and ceded lands within the watershed. Significant historical, cultural and spiritual interests link the tribe to this basin. The City of Kalamazoo was of the center of the tribe’s dedicated homelands until the mid-1800s. Currently, eighty miles of the river remain plagued with PCB-laden sediments and fish consumption advisories from the paper mill legacy. Other select areas are impaired by non-point source runoff, nutrient enrichment and habitat loss. Lake Allegan, a 1,500-acre impoundment situated twenty-one miles upstream of Lake Michigan in the lower reaches of the watershed, suffers from phosphorus over-enrichment resulting in frequent algal blooms, low oxygen levels, poor water clarity and a carp-dominated fishery. 


The EPA-approved phosphorus TMDL addresses both point sources (representing 35% of the load) and non-point sources (65%) of phosphorus (see www.kalamazooriver.net). It targets a broad array of water quality improvement and protection goals. Sustainable short and long-term goals include sediment and nutrient loading reductions through traditional and innovative approaches. The TMDL dictates a 43% non-point source reduction and a 23% point source reduction (only for July-September). A Cooperative Agreement commits point sources to a collective waste load allocation plus assistance for non-point sources. Over 150 watershed-wide stakeholders participated in TMDL development since 1998, culminating in a flexible implementation (load reduction) plan that identifies sources, reduction targets, the strategy and timeline to achieve goals. Innovative measures include water quality trading, point and non-point source tracking and cooperative agreements in lieu of individual waste load allocations. In this project, reductions from agricultural BMPs will be used to test marketplace instruments and apply agriculture participation and credit banking schemes. Trading approaches will be instituted that allow for voluntary participation, insulate producers from NPDES permit liability and can be delivered consistently through traditional programs. Transferable marketplace and regulatory instruments developed here will: facilitate access to trading programs; minimize transaction and administrative costs; connect buyers and sellers; facilitate decision-making, and; quantify and track reductions.  Tools will be integrated with existing regulatory programs to foster active markets.

Purposes of information collection

Direct and immediate water quality benefits are anticipated with agricultural BMP installations proposed in this project.  One of the inherent benefits of trading is the quantification requirement to ascertain that pollutant load reductions are real and surplus (beyond regulatory requirements). It is this quantification requirement that makes the preparation of this QAPP necessary in order to describe field and analytical procedures that will be used to standardize data collection, analysis, validation and tracking in similar trading programs.


Loading estimation models and standard agricultural BMP efficiency assumptions typically used in trading applications will be verified with intensive field-testing at selected sites. This will include: 1) traditional grab sampling approaches for phosphorus and suspended solids; 2) deployment of environmental monitoring devices and stream auto-samplers; and, 3) deployment of state-of-the-art phosphate field analyzers in partnership with YSI, Inc. (Yellow Spring, Ohio). Rigorous pre-/post-BMP water quality monitoring protocols will provide baseline data and best address the challenges with short-term documentation of water quality improvements from agricultural BMPs. Discrepancies between load estimations and monitoring data will be characterized and any necessary adjustments in trading ratios, baselines or TMDL Margin of Safety will be adapted in final trading tool development.


For any water quality trading program to be viable, it is necessary to apply loading estimation models due to the high cost of and the extended time needed for direct monitoring of BMP performances. Applying loading estimation models requires site-specific inputs for various model parameters. Samples, such as soil for nutrient content and soil texture analyses, will be taken in this project to obtain relevant information. Landscape condition data, such as field slope, length of eroding stream banks, and vegetation coverage, will also be recorded for model applications.

Regulatory background 


Michigan is the first state to develop rules for a voluntary, statewide program (www.state.mi.us/orr/emi/arcrules.asp?type=Numeric&id=1999&subId=1999-036+EQ&subCat=Admincode), providing clear legal authority for trading. These rules (www.epa.gov/owow/watershed/trading/finalpolicy2003.html) are consistent with EPA Trading Policy. They identify trading requirements within the context of NPDES permits, watershed plans and TMDLs. The Michigan Rules and EPA Trading Policy will be the regulatory foundation of all activities to be conducted in this project. 


In addition, the activities of this project are consistent with all of the goals of the Surface Water Quality Division (SWQD) of MDEQ by improving current and future surface water quality through structural and non-structural (such as pollution prevention) practices.  The project is also consistent with the Unified Watershed Assessment for the Kalamazoo River, the current Total Maximum Daily Loading (TMDL) study being conducted on the Kalamazoo River, and the Remedial and Preventive Action Plan for the Kalamazoo River Watershed Area of Concern. The project will also provide long-term education and understanding of non‑point source pollution issues.

A6 – Project/Task Description

Work to be performed


Two methods will be used to estimate the load reductions associated with installation of non-point source controls in the Kalamazoo River watershed: modeling and monitoring. Both are important to the project in different ways.  Models are important in understanding the broader issues through simulation of underlying processes thought to contribute to loading, are helpful in indicating areas of concern within the watershed, and can be used to predict the effects of alternative non-point source control strategies on mass loadings.  Monitoring is important to the project for evaluating actual non-point source control effectiveness for a specific set of circumstances and for validating the utility and relative accuracy of models.  Models are typically constructed from large data sets from many sites and over many years.  Monitoring results necessarily reflect exact temporal and spatial conditions.  


Ideally, the two methods compliment each other over time: monitoring lends credibility to the model and can verify it for the specific area.  However, a monitoring program designed specifically for the verification of a particular non-point source model typically involves an extensive effort, a large budget, a great deal of control over land use, duplication of identical conditions and a time period long enough to experience a broad range of climatic conditions. Limited monitoring of NPS controls on multiple land use practices for only a few years under real life conditions will not necessarily provide conclusive verification of a particular model.  However, limited monitoring can have great value to members of the public who want more than paper predictions of effectiveness. Limited monitoring can be used to support model predictions.  It is likely that only in the most extreme climatic years will differences between uncontrolled and controlled sites be unobservable.  Although there is always some risk that these extremes will occur (e.g., El Nino), quality field observations can provide demonstrable results.

In a general sense, for any given site, monitoring and modeling periods will include pre- and post- BMP implementation water quality sampling to verify load reduction predictions from appropriate models chosen for each unique site. Sampling will be conducted either by manual grab or automated instrumentation. At this early stage of project planning, individual agricultural sites for BMP installation have not yet been selected. In fact, identifying and soliciting these sites is an important component of the project. Nevertheless, the project team has anticipated several typical BMPs upon which monitoring and modeling work will be conducted in the watershed, based on the experience of the project team and the work conducted in the Water Quality Trading Pilot Study funded by EPA and the Water Environmental Research Foundation (WERF) (Kieser, 2000). These BMPs include streambank stabilization, animal exclusion, filter/buffer strips, fertilizer management, tile drain improvement, conservation tillage, and wetland restoration. A combination of two or more BMPs will likely be applied to a single field. Monitoring or modeling will be applied accordingly.

One of the advantages of performance-based water quality trading programs is the potential to encourage program participants to innovate in nutrient load reduction practices. The project team, therefore, fully expects such new and innovative practices to emerge during the project. Monitoring and/or relevant modeling tools will be applied to quantify the effectiveness of these new practices.

Monitoring


For the sites chosen to be monitored, EPA has recommended monitoring designs for use in watershed projects funded under section 319 of the Clean Water Act (USEPA, 1991). The objective in promoting these designs is to document changes in water quality that can be related to the implementation of non-point source control measures in selected watersheds (effectiveness monitoring). Subwatershed monitoring is the most effective means for demonstrating water quality improvements from a system of non-point control measures because, at that scale, the confounding effects of external factors, other pollutant sources, and other control systems are minimized (USEPA, 1997). 


The designs recommended by EPA are paired-watershed and upstream-downstream designs. The key advantage of these two designs is that the loading variation due to year-to-year climatic differences are statistically controlled, provided that a sufficient calibration period has been used. When selecting watershed pairs, the control watershed and the BMP watershed should be close to each other and of similar size, shape, elevation, soils and land cover. 


In case a suitable control watershed cannot be identified, the upstream-downstream design can be used. Upstream-downstream sampling schemes have the inherent potential for upstream loading sources to mask the effects of the investigated source, because individual inputs are often small compared to the cumulative inputs from upstream (Spooner et al., 1985). Selection of sites for such sampling schemes, therefore, should take this into consideration. Enhancements of design, such as early sample collection (before stream water level increases) and simultaneous upstream/downstream sample collection (Stuntebeck, 1995), can also be employed.


Field scale direct runoff monitoring has been used successfully in quantifying TP and TSS loads in the Kalamazoo River Water Quality Trading Pilot Study (Kieser, 2000).  Although not designed to exclude year-to-year climatic differences, direct runoff monitoring has the advantage of being site-specific and not subject to variations in a control site or upstream conditions. 


In all three types of sampling designs, water samples will be analyzed for total suspended solids (TSS), total phosphorus (TP), and soluble reactive phosphorus (SRP) levels. Flow will also be recorded to compute loads. Precipitation data will also be obtained using rain gauges deployed near the monitoring site.


Monitoring efforts relevant to this QAPP include the installation and maintenance of ISCO Automated Samplers/Water Level Loggers and rain gauges. Frequent manual grab sampling by on site technicians may suffice at some sites. Details to be considered at each site include:

· Monitoring period

· Total phosphorus (with a subset of samples including Soluble Reactive Phosphorus)

· Total suspended solids

· Flow calculated by described methods

· Precipitation

· Proportion of wet weather samples

· Proportion of dry weather samples


The data from each sample analyzed at the contract laboratory is returned to K&A in a hard copy format.  The water quality data are entered and merged with the water level, precipitation and time data collected by the field instruments and saved in a database.  Water level data is converted to flow using the storage-discharge curves developed from flow cross sections or control devices for each site.  An interpolation of the water quality data is linearly derived allowing estimates of instantaneous loads at five-minute intervals.  The data will be compared between sites and dates.  


Analysis of the analytical data from each monitoring location will include the preparation of hydrographs and pollutographs and calculations of incremental loading throughout the rain event and total pollutant load for each monitored parameter.  The calculated loads will then be compared to determine inputs of nonpoint source pollution to the Kalamazoo River.

Modeling


Various models for quantifying loading reductions from agricultural BMPs have been used in different trading programs. The Michigan Trading Rules prescribe the models described in the Pollutants Controlled Calculation and Documentation for Section 319 Watersheds Training Manual (MDEQ, 1999) for sediment-borne phosphorus and concentrated animal feedlot runoff. The Rules also state “alternate methods and procedures or models provided electronically by the department (MDEQ) may be used for sediment, sediment-borne phosphorus, sediment-borne nitrogen, concentrated animal feedlot runoff, commercial fertilizer application, and manure management when they become available” (R 323.3014(4)(c)). In this project, these alternate models will be applied and field-tested if possible. MDEQ, as a partner of the project, will be consulted on the applicability of any alternate model and the electronic version of the model will be developed.  

The Section 319 Watershed Training Manual (MDEQ, 1999) offers a menu of simplified, easy-to-apply equations for calculating average annual non-point source loads and the effect of various BMPs on these loads. The equations reflect a range of conditions or phenomena which contribute most to non-point source loads, i.e., sheet and rill erosion, gully erosion, streambank erosion and animal feedlots. The Manual also provides clear examples of how to apply each equation to assess the impact of different BMPs within priority areas of a watershed.


Small-scale and pilot water quality trading projects have been implemented or attempted in numerous in North America (www.envtn.org/programs/programs.htm). Many of these programs involve the agricultural loading sources and quantification of load reduction from agricultural BMPs has been formalizes in these programs (e.g., the Minnesota River [MPCA, 1997], the Lower Boise River, Idaho and the South Nation Watershed, Canada [www.envtn.org/resources.htm#quant]). Models and procedures from these programs will be consulted and applied in this project where suitable. 

Geographic Information

Once selected, BMP locations will likely be distributed throughout various locations in the Kalamazoo River watershed.  Extensive GIS mapping of the watershed is available at www.kalamazooriver.net.  Site-specific mapping will occur at each project site.

A7 – Quality Objectives and Criteria

Performance/measurement criteria


Water quality conditions can be highly variable, changing drastically from season to season and also between storm events. A limited amount of coordinated sampling has been performed to date in the Kalamazoo River Watershed. Some historical data are available to use for quality checks. Data obtained for each precipitation event and for dry weather sampling will be compared with other data received and historic observations. The Quality Assurance Manager (QAM) will investigate the circumstances leading to any identified outlier values.


All data collected in the field monitoring program will be thoroughly checked to ensure high quality. Precipitation data collected is checked against other available meteorological observations of the area.  The water level data is also checked with precipitation measured by K&A instruments and also other available data ensuring correlation.  The flow data will also be thoroughly checked for continuity.  Any abrupt changes will be noted and evaluated to ensure proper instrument function.  The calculated flow data will be matched with the data collected on field visits, and also with the response to precipitation.

Data precision and potential bias



Table A7-1 displays the expected range of results and precision limits for each of the monitoring parameters.  Due to the highly variable nature of wet weather sampling of a natural system, this expected range of concentrations will be used only as general guidance for assessment of data quality.  The precision limits given in Table A7-1 will be used to validate analytical results for quality control samples (duplicates) generated by the contract laboratory.  The precision limits represent the relative percent difference (RPD) between the results of a set of duplicate samples as calculated in Equation A7-1:


RPD: 

( C - C’ ) x 100%
C = the larger of the two values
Equation  A7-1



( C + C’ )/2

C’ = the smaller of the two values


Table A7-1.  Data Quality Objectives

	Parameter
	Expected Range of Results
	Precision

	Water Level
	0.0 - 5.0 ft
	NA

	Flow
	0 - 20 cfs 
	NA

	Precipitation
	Unknown
	NA

	Total Phosphorus
	20 – 3,000 µg/L
	10%

	Ortho-Phosphorus
	Unknown
	10%

	Total Suspended Solids
	0 – 150 mg/L
	10%


NA = Not Available

A8 – Special Training/Certification


Project personnel require no specialized training.  All project personnel involved in field, lab, and analysis work have backgrounds including safety certifications, research methods, proficiency in research analysis, and universal field operating procedures.  Operational information for equipment and software is referenced in user manuals provided by the manufacturer.

A9 – Documents and Records

Report format and data report package information

As the project progresses, the data will be compiled, analyzed, and presented in bound paper reports to USEPA.  Quarterly and annual reports and one report at grant completion will be prepared.

Other documents, reports, and electronic files

Hard copies resulting from literature searches and digital electronic files will be housed in working files at KIESER & ASSOCIATES.  Original copies of field and laboratory inventory sheets will be housed in files at KIESER & ASSOICATES.

Project information archival

Project information hardcopy and electronic archives will be maintained by the Gun Lake Tribe for a period of 10 years.  Copies of all materials will be provided to the EPA if requested.

Backup plan for electronic records 


Daily use project electronic files will be stored on individual personal computers at KIESER & ASSOCIATES.  The entire computer network is electronically copied to an external storage device on a weekly basis.  Backup network copies are housed both on and off site for recovery purposes in the event of catastrophic data loss.

Approved QAPP delivery to the distribution list 


KIESER & ASSOCIATES will deliver one bound paper copy and one electronic file of the approved QAPP to all project partners.

GROUP B: DATA GENERATION AND ACQUISITION ELEMENTS

The elements in this group address all aspects of project design and implementation.  Implementation of these elements ensure that appropriate methods for sampling, measurement and analysis, data collection or generation, data handling, and QC activities are employed and are properly documented.

B1 – Sampling Process Design (Experimental Design)

Design strategy


As previously stated in Section A6, three monitoring schemes will be used in this project: paired-watershed, downstream-upstream, and field specific.  Water samples in each of these schemes represent pollutants of interest collected by runoff and/or baseflow from upstream drainage areas. The size of the areas are dependent on the monitoring scheme used. Volume to be collected for each sample is a function of the required volume for laboratory analysis for all the constituents to be measured in the sample. In this project, a 1000-ml sample will be adequate in most cases. 


The parameters that we intend to monitor are rainfall, stage discharge, flow, total phosphorus (TP), soluble reactive phosphorus (SRP), and total suspended solids (TSS).  Total phosphorus is the parameter of concern from the regulatory point of view, but SRP data will be useful to estimate the potential benefits of agricultural management practices on the biological productivity of surface waters.  Bioavailable P, measured as SRP, represents the P form that is most readily available for algal uptake.  We may also include groundwater measurements from peizometers and some measurements of total soil phosphorus. We will also seek to coordinate our flow measurements with other ongoing in-river flow measurements.  The times associated with the measurement of these parameters will also be known so that rates and other time-dependent calculations can be made. 


We will compensate for limited pre-implementation monitoring with the capabilities of our monitoring equipment and the quality of our paired sub-watershed measurements. We will be using ISCO 6700 Programmable instream samplers that are flexible enough to accommodate timed, non-uniform timed, flow or external event sampling.

Sampling frequency and schedules


A period of monitoring before controls are fully implemented will guide the frequency and type of sampling program that will be targeted for the remainder of the project (Meals, 1991).  The first element that will need to be completed is to develop the stage-discharge ratings for each site. During this initial phase, our data-handling methods will be fine-tuned and we will be automating as much of the process as possible.

Monitoring before implementation is usually required to detect a trend or show causality. The general procedure for paired-watershed studies is to monitor the watersheds long enough to establish a statistical relationship between them. A correlation should be found between the values of the monitored parameters for the two watersheds. Two years of pre-implementation monitoring are typically recommended to establish an adequate baseline.  But less time may be needed for studies at the subwatershed or edge-of-field scale, when hydrologic variability is known to be less than that of typical agricultural systems, or when a paired-watershed design is used.


The desired frequency of sampling is a function of several considerations associated with the system to be studied, including: response time of the system, expected variability of the parameter, seasonal fluctuation and random effects. For many streams, the greatest concentrations of suspended sediment and other pollutants occur during spring runoff or snowmelt periods. Concentrations of both particulate and soluble chemical parameters have been shown to vary throughout the course of a rainfall event in many studies (MPCA, 1997).


In cases where pollution events are relatively brief, sampling periods may also be short.  For example, to determine pollutant loads, it may be necessary to sample frequently during a few major storm events and infrequently during baseflow conditions.  Sampling frequency is proportional to the variance encountered.


K&A will install and maintain ISCO 6700 Portable Samplers for this project at select sample sites.  Samples will be collected during wet and dry weather events for a minimum of 2 years.  Samples will be analyzed for TP, SRP (% of the samples to be determined) and TSS.  Additionally, the samplers will record water level continuously at five minute intervals.  Flow will be calculated from these level measurements and will be used to compute pollutant loading during wet weather events.  Samplers will be programmed so that the first flush of the rain event will be captured.  If, upon analysis of data, it is noted that sufficient storm monitoring has not occurred, the programming protocol of the samplers will be adjusted to correct for this.


Baseline pollutant loading at the discharges of the sites to the Kalamazoo River will be analyzed and compared to wet weather loading.  Grab samples will be taken during dry weather and analyzed for TP, SRP and TSS.


Additionally, baseline surveys will be conducted at various sites during dry weather and wet weather.  Sampling locations will be determined during early field reconnaissance and reported to EPA.  Grab samples will be taken from multiple stations per site per sampling event.  Precipitation data will be captured from up to two continuously recording rain gauges placed at strategic locations in the subwatersheds.


Differences in pre- and post-BMP implementation monitoring results will allow for the assessment of overall pollutant loading reductions attributable to the BMP.  Since the pre-construction monitoring will occur over only one season, sampling will also be conducted during implementation in an effort to collect as much seasonal loading data as possible.  Monitoring data collected during implementation will represent pollutant loads from the drainage area without BMP treatment.  Care will be taken to ensure that the effects of implementation on water quality and stormwater quantity will not be represented in the data.

Alternative sampling sites


BMP implementation sites are spatially explicit.  Equipment and measurement requirements are specific to locations or structures in or on the site.  Thus, rather than target multiple optional sites, technicians will target multiple events and remain flexible when attempted sample runs fail.

Accessibility of sample sights will primarily depend on weather conditions.  If severe storms or flooding prevents sampling on a given day, technicians will salvage samples from the event if they are deemed representative of a substantial portion of the event and within laboratory hold time and temperature requirements.  If the interruption is too severe or prolonged, the entire sample run will be discarded and a future event will be sampled.

Critical information


Critical information to be obtained from each sampling event includes precipitation, flow (stage readings), and concentrations of TP and TSS from each sampling station. General description information includes water temperature, DO, pH, specific conductivity, and general observation of concurrent environmental conditions such as climatic and vegetation conditions. Agricultural operations, such as tillage practices and animal grazing/feeding conditions, will also be recorded where necessary. 

Sources of variability

The primary source of variability in quantifying the load reduction efficiency of agricultural and other non-point source BMPs is the weather condition. Pollutant loadings from non-point sources are highly weather dependent and weather conditions, particularly the intensity and duration of precipitation, vary greatly among storm events. While year-to-year variability can be reasonably minimized through upstream-downstream or paired-watershed sampling designs, difference between the effectiveness of load reduction by BMPs between storms with different precipitation conditions is an inherent property of BMPs and cannot be avoided. 

On the other hand, for a trading program, the long-term load reduction capability of an installed/implemented BMP is important because most of the BMPs are implemented either structurally or with a time scale of over several years. Models, such as the RUSLE, estimate pollutant loadings on a long-term average condition basis. To verify or field-test these models, sampling schemes should also be centered around average conditions for the specific monitoring sites. In this project, monitoring for sites with BMPs implemented will be carried out for multiple storm events and also dry periods. As a proposed three-year project, multi-year monitoring will also be done for select sites. Loading calculations will be performed so that a multi-year multi-event average can be obtained for these sites. For less frequently monitored sites, results from those multi-year multi-event sites can be used to statistically choose certain monitored storm event to represent an average loading condition. In addition, literature values and professional judgment from project technicians will also be consulted to reconcile the difference between modeling and monitoring. For a trading program, such an approach has been proven to be effective and accepted by stakeholders (Kieser, 2000). 

B2 – Sampling Methods

Sample collection

ISCO 6700 Portable Samplers will be installed at sites of interest.  For this project, the samplers are used to collect water samples from the creeks during rain events.  The samplers are programmed to begin sample collection when the water level, as measured with ISCO 720 Submerged Probe Module, increases to one-half inch above the recorded level prior to the event.


The samplers at each monitoring location record water level continuously during dry and wet weather.  In addition, rain gauges located in the project area continuously record precipitation.  Both the water level recorders and rain gauges are programmed to collect data every five minutes.  Once the instruments have been enabled by the rapid increase in measured water level, the suction line is automatically purged with air and rinsed with the water from the creek three times.  Once water collection begins, a sample is collected every forty-five minutes (or as otherwise deemed appropriate), with suction line rinses between each sample, until the creek levels fall below one-half inch of the water level prior to the rain event, the rain subsides to less than two-tenths of an inch per half-hour or until all twenty-four bottles are filled.  Filling of each bottle takes approximately 20 to 30 seconds.


In anticipation of a rain event, ice packs are placed in each sampler in the center of the ring of the twenty-four bottles to ensure the water samples remain at or below the creek water temperature.  The water samples are retrieved from the sampling site as soon as possible after the sampling period has elapsed.  The elapsed time period, sample processing time, and shipment time combined should not exceed sample holding time requirements.  

In situ monitoring


During periodic visits to the sampling locations, flow at each of the sampling locations is measured using direct discharge cross-section approach and a Marsh-McBirney Flow-Mate Model 2000 portable flow meter.  The depth of the water and the width of the creek at the water line are measured at the point of discharge to the Kalamazoo River.  Flow velocity is measured in triplicate at approximately 60% of the water depth at horizontal stations spaced at one foot intervals.  The cross-sectional areas of each horizontal segment and the average velocity are multiplied and summed for each segment to calculate discharge at each cross-section.  The calculated flows and measured water depth are then added to stage-discharge curves for each station and used to refine the relationships of the curves.  The field notes sheet is used to record all data collected during the flow measurements.


During each field visit, the data that has been logged by the rain gauges and ISCO 6700 instruments is downloaded and analyzed at the K&A office.  The field worker fills out the field notes, recording all field activities and observations.


General water quality information, such as water temperature, dissolved oxygen (DO) level, pH, and specific conductivity, is also taken to aid the analysis of targeted water quality parameters such as TP. These additional data are valuable sources of information in general validation of analytical results and explaining unusual values of phosphorus and sediment data. Water temperature and DO will be measured using a YSI handheld meter. pH will be determined with a Oakton handheld meter. Specific conductivity will be taken with a YSI handheld meter. Data obtained from these measurements will be recorded on the field notes and entered in the project database.

Corrective actions


In the event of equipment failure of any sort, project technicians will immediately consult user manuals provided by the manufacturers and use manufacturer specific calibration solutions to verify equipment accuracy.  Secondly, manufacturer technical support will be contacted to discuss troubleshooting or repair.  Finally, if previous efforts do not resolve the problem, the equipment will be returned to the manufacturer for repair and calibration.

B3 – Sample Handling and Custody


Once the samples are retrieved from the ISCO 6700 Portable Sampler or from the grab sampling stations, the bottles are immediately placed into a cooler with ice packs and transported back to the K&A office in Kalamazoo. The collection bottles containing the water samples are placed into a refrigerator (~ 4 oC) until they are transferred to the appropriate bottle for shipment to the analytical laboratory. All bottles used for shipping are marked with a sample label identifying sampling locations, parameters to be analyzed, sample pre-treatment, the collection date, time and initials of field personnel who collected the sample. Prior to transferring the sample to another bottle, the sample is gently inverted to homogenize the contents. After sample transfer, the bottles are carefully packed with ice and packing materials in a cooler. 


A chain of custody form is filled out identifying the project name, number, site, date, sample ID, sample containers, sampling method, sample matrix, requested analytical parameters, date and time of transfer and signature of personnel transferring sample custody. The chain of custody form is placed on top of the contents in the cooler sealed in a zip-lock bag. The packed cooler is shipped to the analytical laboratory using second-day or two-day delivery via commercial courier services, depending on the sample holding time of the constituent of interest. Once the samples have been analyzed for the parameters requested on the chain of custody document, a hard copy of the results is mailed to the K&A office from the analytical laboratory.  


A copy of the chain of custody form is kept on file to document sample and custody information. The field worker who collects sample from the field and ships the samples is responsible for filling out the form and retaining a copy of the form.    

B4 – Analytical Methods


Laboratory samples will be analyzed by the methods outlined in the Standard Methods for the Examination of Water and Wastewater (APHA, 1998).  Samples will be analyzed for TP, SRP and TSS.  Table B-4.1 displays the analytical method, detection level, sampling container, and holding times for each parameter.  This table also identifies the contract laboratory that will conduct these analyses.

Table B4-1.  Analytical Methods and Techniques

	Parameter
	Analytical Method Reference EPA/SW-846
	 Technique
	Detection Level ((g/L)
	Sample Holding Time
	Analytical Laboratory

	Total

Phosphorus
	365.4
	BD Auto Ascorbic Acid Reduction
	10
	28 days
	Upstate Freshwater Institute

	Soluble Reactive Phosphorus
	365
	Auto Ascorbic Acid Reduction
	10
	48 hours
	Upstate Freshwater Institute

	Total Suspended Solids
	160.2
	Non-filtered Suspended Solids 

105 oC
	4,000
	7 days
	Upstate Freshwater Institute



After coolers containing samples arrives at the Upstate Freshwater Institute for laboratory analysis, it is the Institute’s responsibility to properly follow all analytical standards of procedures (including procedures in case of failures), dispose of samples, and other relevant laboratory procedures required by EPA.   

B5 – Quality Control


Duplicate samples of each parameter in Table B4-1 will be analyzed for every tenth sample for each sampling event (or a maximum of one per event). The analytical results of replicate sampling are entered into the project database and identified as QC replicates. Once the data have been entered into the project database, they will be compared to previously recorded data for the project site.  If the data fall outside of the expected range of results, the QAM is notified and corrective action is initiated.  In addition, analytical data received from the contract laboratory will be reviewed for comments provided on issues such as holding time exceedances, matrix interference and elevated detection limits.


The use of blanks is another way to improve the quality of the resultant data by improving the collection techniques. The purpose of blanks is to determine if any conditions or processes have caused sample contamination, and, if so, to what extent.


Statistical criteria for validating and expressing the variability of analytical results are derived from the standard deviation, coefficient of variation, range, 95-percent confidence limits and control charts. Outliers are analytical results that fall outside of the limits of the control chart appropriate for the analysis being performed. If such a result is obtained the analysis is “out of control,” and immediate action is then taken to determine the cause of the outlying result. The

analyses are then repeated after corrective action has been taken. 

B6 – Instrument/Equipment Testing, Inspection, Maintenance


To ensure the least amount of complications possible, the ISCO 6700 Portable Sampler and rain gauge instruments undergo extensive checks at each visit by the field worker.  The ISCO 6700 Portable Sampler is contained in a protective box, which is kept locked while unattended.  During routine field visits, the wooden box is opened and, if needed, debris is removed and insect deterrent is applied.  Each instrument is carefully checked to ensure all lines are connected tightly and the battery is optimally charged and dry.  In addition, the rain gauge and water level data logging apparatus are cleared of all debris.  The instrumentation is connected to a laptop computer and the data are downloaded and checked to ensure continuous recording.

B7 – Instrument/Equipment Calibration and Frequency


The ISCO 6700 Portable Sampler is visited prior to and following each sampled rain event.  After the sample bottles have been collected, the samplers remain disabled and only record date, time and water level at each site.  Prior to a sampling event, the samplers are reset and the automated sampling program is checked to ensure the proper sampling schedule is programmed.  The water level in the waterbody is measured manually and the instrument is corrected as needed to ensure instrument readings and manual measurements coincide.  The instrument is then set for sampling one-half inch above the manually measured water level.  The distributing arm, which rotates to distribute each sample into a clean bottle, is reset prior to each sampling event.  The instrument is returned to the manufacturer at periodic intervals for internal re-calibration, as recommended by the manufacturer.  All calibration activities performed are recorded on the project field notes.


Handheld field meters will be calibrated according to their individual manufacturers recommendations outlined in each of their respective user manuals.

B8 – Inspection/Acceptance of Supplies and Consumables

Critical supplies and consumables 


Critical supplies and consumables for environmental testing and sampling will be obtained directly from the supporting research laboratory (e.g., bottles, preservative solutions) or directly from the equipment manufacturer (e.g., calibration solution, cleaning solution, desiccant packets, cleaning tools, batteries).  In some cases, aftermarket products will be substituted (e.g., common size alkaline batteries).  Analytical laboratory testing supplies will be procured by the contract lab according to the specifics of the EPA testing method.


Critical supplies and materials will be housed and retrieved from storage and laboratory areas at KIESER & ASSOCIATES.

Responsible individuals


KIESER & ASSOCIATES technical research staff will manage and use critical supplies and materials as they are procured, used in the field, returned to storage, properly disposed of, and tracked.

B9 – Non-Direct Measurements


Current and historical hourly rainfall data are available from NOAA for Grand Rapids, Muskegon, and Lansing.  Other local rainfall data are reported in daily rainfall.  Hourly data will give us a better idea how storms are distributed throughout the year.  We will consider the need to analyze these data for mean yearly rainfall and variability, seasonal distribution, usual storm volumes and estimates of peak intensity if such a compilation does not already exist.  We hope to gain insight into what a “normal” storm year looks like, and how we can evaluate how any particular year compares to the record.

B10 – Data Management


The QAM reviews all field notes and field sheets for completeness and clarity after each sampling event. Samples are submitted to Upstate Freshwater Institute for analysis along with supporting location and date/time information. Hard copies of data deliverables are sent from UFI to the K&A database manager. The analytical data are uploaded to the project database by matching data to the appropriate sample events. After the initial QA tests are completed for the data, the data set is exported from the project database as Microsoft Excel spreadsheets. These spreadsheets are used to complete the QA process. The spreadsheet format also allows many different correlations to be charted and viewed to perform load calculations and discern possible changes in water quality. A hardcopy file for each intensive and special survey containing raw data and field notes is maintained by the Gun Lake Tribe for no less than ten years. 

GROUP C: ASSESSMENT AND OVERSIGHT


The elements in this group address the activities for assessing the effectiveness of the implementation of the project and associated QA and QC activities.  The purpose of assessment is to ensure that the QA Project Plan is implemented as prescribed.

C1 – Assessments and Response Actions


Field sampling and measurement techniques are continually undergoing review and modification. It is envisioned that all water quality monitoring procedures will continue to evolve and to be refined throughout the project. Techniques will never be considered “final,” but will always be examined for possible improvements. The findings of procedural evaluations should be shared and discussed with other field personnel. Decisions will be made by the Project Manager, with input from field staff, whether to continue with existing methods and techniques, switch to new methods and techniques or to use combinations of both. Any changes to procedures covered by this QAPP will be reflected by changes in the document. Procedural changes may be made by staff during field trips with concurrence of the appropriate team leaders, the QAM, and the Project Manager, when the need arises, and subsequently be documented in the an updated version of this QAPP. 


Performance audits of the analytical data received from the contract laboratory will be conducted following validation of analytical data from each sampling event. Results of the audit will be recorded on the performance audit checklist. If the quality of data generated is not sufficient, appropriate response and action will be evaluated by the QAM and acted upon. Internal system audits to verify quality assessment and quality control procedures will be conducted periodically throughout the project by the QAM. In addition, adherence to standard operating procedures will also be checked.  Results of the audit will be recorded on an internal system audit checklist.  If discrepancies with the quality assurance and quality control procedures outlined in this QAPP are identified during the audit, the situation will be recorded on the log sheet and remedied immediately.  


Corrective action is taken any time errors, deficiencies or out-of-control circumstances occur.  Corrective action can be an immediate response to remedy a spontaneous or non-recurring problem such as equipment malfunction.  Long-term corrective action is necessary to correct recurring problems.


All test results beyond control limits will be recorded by the analyst in a bound logbook, and the QAM is notified immediately.  The QAM will then determine the proper course of action.  The following routine will be observed for out-of-control results found with any K&A monitoring equipment.  This routine is performed in sequence until the problem is resolved, at which time the process may be terminated.  

· The analyst documents out-of-control results in the logbook and notifies the QAM. All raw data, equations and calculations are verified.

· The calibration of the instrument is checked with a known standard or measurement.

· The instrument is shut down for re-calibration, cleaning, tuning, alignment, etc., as recommended by the manufacturer.


The contract laboratories will be responsible for internal quality control and quality assurance checks on the samples that they analyze.  K&A will be responsible for the field-collected data and examination of the results produced by the laboratories.

C2 – Reports to Management


Quality assurance information will be provided in the data reports to EPA specified in Section B5.  This information may include the following items, as appropriate:

· Assessment of data accuracy and completeness.

· Results of performance and/or system audits.

· Significant quality assurance/quality control problems and recommended solutions.

· Discussion of whether the quality assurance objectives were met and the impact of these results.

· Limitations on the use of the measurement data.


The QAM is responsible for the reports.

GROUP D: DATA VALIDATION AND USABILITY


The elements in this group address the QA activities that occur after the data collection or generation phase of the project is completed.  Implementation of these elements ensures that the data conform to the specified criteria, thus achieving the project objectives.

D1 – Data Review, Verification, and Validation


To control the quality of the data collected, two permanent sites will be established to produce field replicates.  Since the collection of water samples is rainfall dependent, the samples are not collected at the same time during the day; rather they are collected at the same specified parameter of water level or rainfall.  All samples are collected in the same manner with an ISCO 6700 Portable Sampler.  The retrieval of the bottles is treated in the same fashion from each individual rain event.  Laboratory duplicates are performed for every tenth sample that is submitted.  

D2 – Verification and Validation Methods


Statistical criteria for validating and expressing the variability of analytical results are the standard deviation, coefficient of variation, range, 95-percent confidence limits and control charts. Outliers are analytical results that fall outside of the limits of the control chart appropriate for the analysis being performed (Gilbert, 1987). If such a result is obtained, the analysis is “out of control.” Immediate action will then be taken by the QAM to determine the cause of the outlying result. The analyses are repeated after corrective action has been taken. Personal computers running Microsoft Excel are used to calculate test results, generate calibration curves, perform precision and accuracy determinations, and update control charts.

D3 – Reconciliation with User Requirements


 The project success will be measured by data reproducibility and the ability to infer conditions of the Kalamazoo River.  During wet weather events, pollutant concentrations are expected to increase with flows.  A correlation between flows and pollutant concentrations will be used as a check of the data quality.  Levels of pollutants measured at the monitoring stations will be correlated to land uses or treatments in the vicinity.  Explanatory land use variables will be noted and compared to water quality data, as appropriate and when known (as recommended by North Carolina State University Extension Service [2000]). 
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