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MEMORANDUM
To:  		Scientific Advisory Council for Nutrient Criteria Development
From:  		Intensive Survey Branch Joseph Smith 
Subject:  	High Rock Lake Diurnal Flux Study- Continuous Monitoring Data Packet 
	  	Davidson County
		HUC  03040102


Summary
At the request of the Scientific Advisory Council (SAC), the Intensive Survey Branch (ISB) performed a Diurnal Nutrient Flux study on High Rock Lake from July to September 2016 to assist in the development of specific nutrient criteria for piedmont lakes in NC. Deployable multiparameter sondes were used to monitor physical parameters including: temperature (°C), pH (s.u.), dissolved oxygen (mg/L), and specific conductivity (µS/cm). In addition to physical parameters, chlorophyll a was monitored at surface using in vivo fluorometric sensors.  Multiparameter sondes were deployed at surface (0.5 meters) and a depth greater than the thermocline, at four sites chosen to represent the upper, middle, and lower lake conditions (Figure 1).  Station YAD152C was monitored continuously throughout the course of the study while the other three sites were monitored on a rotating basis. A sonde was deployed at surface only for station HRL051, where depth consistently remained < 2 m.   Raw data was corrected post collection as part of this study due to fouling that occurred on the sondes and probes during deployment. 
A data packet, which includes all diurnal data collected in this study, is provided to SAC members. This Memo serves as a brief introduction on data collection method, the steps used for data correction, as well as data organization. Two reference papers are also provided in the data packet, which details the data correction procedures used.
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		Latitude
Station Name  	Longitude      
                                                                                  

HRL051  	  	35.68836
			-80.33518

YAD152C	  	  35.646
			 -80.297

YAD169A	  	  35. 86813
			 -80.25404

YAD169B	  	  35.62476			-
          -80.25859


                                                    
    Figure 1.     High Rock Lake Diurnal Flux Sampling Locations  
        






Data Collection Methods
Multiparameter sondes were deployed suspended from manufactured floating platforms anchored at individual sampling sites by ISB staff.  Sondes were calibrated in lab according to the Intensive Survey Branch Standard Operating Procedures Manual: Physical and Chemical Monitoring Version 2.1, December 2013, and initially deployed on July 13th, 2016.  Chlorophyll a sensors were calibrated according to manufacturer recommended methods for Relative Fluorescence Units (RFU) which uses Rhodamine WT dye to calibrate the total algal sensors to a single standard. A more detailed explanation of the method used to compare RFU values to chlorophyll a data is discussed below.  Near surface-mounted sondes were serviced at two to three week intervals, which involved a thorough cleaning of all probes and sonde guards, replacement of batteries if needed, and a full recalibration for all physical parameters.  For the sake of efficiency, sondes deployed at near-bottom were rotated with identical lab-calibrated and cleaned sondes on the same schedule.  
Data Corrections
Water quality instrumentation deployed for extended lengths of time often experience fouling and calibration drift inherent to environmental monitoring.  The United States Geological Survey (USGS) has developed data correction methods documented in USGS Guidelines and Standard Procedures for Continuous Water-Quality Monitors: Station Operation, Record Computation, and Data Reporting 2006. As per this method, during routine servicing of the deployed sondes, a “dirty” and “clean” reading is collected from both the deployed sonde and from a clean, freshly calibrated field sonde.  Dirty readings are collected before the deployed sonde is cleaned, while clean readings are collected after.  These two readings are compared to the field sonde readings, which are collected at the same time.  This field sonde is then returned to the lab and checked for post calibration drift in the same standards in which it was previously calibrated.  Readings collected as part of this process are applied to the following formula:

                                                                        Cf= Ef = (Da – Db) – (Fe- Fs) 

where 
Cf = fouling correction, 
Ef = fouling error, 
Da = monitor reading after the sensor is cleaned, 
Db = monitor reading before the sensor is cleaned, 
Fs = field meter reading at the start of servicing, and 
Fe = field meter reading at the end of servicing.

Fouling correction (Cf) is applied linearly over the course of the deployment for the study period between service intervals. For chlorophyll a RFU values, dirty and clean readings were collected from the deployed sonde, a secondary field meter was not used for comparison.    
Fouling correction factors were applied to the data set when USGS guidance thresholds were exceeded (Table 1).  Fouling correction was applied to all RFU values recorded during the course of this study.
	Physical Parameter Measured
	Cf Threshold

	Temperature (°C) 
	± 0.2°C

	Specific conductance (µS/cm)
	± 30 µS/cm

	Dissolved oxygen (mg/L, % saturation)
	± 0.3 mg/L, ± 10%

	pH (s.u.)
	± 0.2 s.u.


Table 1. Fouling correction factor thresholds for physical parameters. USGS Guidelines and Standard Procedures for Continuous Water-Quality Monitors: Station Operation, Record Computation, and Data Reporting 2006.  

Discussion of Data Correction
Physical parameters that exceed thresholds for correction were altered in the data set assuming that fouling resulted in linear degradation of the field measurement.  Correction factors were applied based on this model with scalar increases during the deployment periods.  Calibration drift was not significant during the deployment period, and correction factors accounting for it were not used in this data set.
RFU values were corrected based on clean and dirty readings collected in the field immediately before and after site visits by ISB staff.  These corrected RFU values were compared to chlorophyll a results from lab analysis of samples collected from the photic zone (a depth equal to twice Secchi) during the site visit, and a linear relation between RFU values and chlorophyll a values were assumed based on technical literature from the manufacturer. However, due to issues of in situ fluorometery, data extrapolated with this method should be considered qualitative and not used for assessment purposes. A rough estimate of chlorophyll a in µg/L can be calculated by multiplying corrected RFU values by 9.5 based on the average of both clean and dirty readings in comparison to chlorophyll a samples collected concurrently; however, this transformation is not used in the data packet to avoid any extra data manipulation or transformations of original values.




Nomenclature of Data Packet
[bookmark: _GoBack]This data packet contains the corrected data collected from deployed sondes during the study period of 7/13/2016 to 10/5/2016, as well as correction factors used in physical parameter correction, and correction for chlorophyll RFU. A discussion regarding comparison between chlorophyll RFU and chlorophyll a in µg/L can be found in the session of “Discussion of Data Correction” above.  Data is organized by periods between servicing, and is delineated further using a “SITE NAME”, “STARTING DATE OF PERIOD”, and “SURFACE/BOTTOM” format.  An excel file called “Clean&Dirty.xxxx” is also included with the period data sets. This contains the correction factors applied to the data during that sampling period based upon the thresholds and formulas discussed in the Data Corrections section above.  In each site’s data set, two worksheets are present: “RAW” and “Corrected.” The “RAW” format contains all of the data as it is presented when downloaded from the meter.  “RAW” data may contain readings collected before the meter was actually deployed, after the meter was removed from the site, or during power failure events when the meter was connected and disconnected by the ISB staff, as well as metadata pertaining to the operation of the meter itself.  The “CORRECTED” worksheet contains data that has been modified by ISB staff. Extraneous data has been removed, and correction factors applied. Corrected data is highlighted for ease of identification and placed beside uncorrected data in their corresponding columns. Fouling correction factors and their applicability to the data set are listed at the top of the page. These correction factors were taken directly from the “Clean&Dirty.xxxx” spreadsheets for that time period, and include an extra correction factor titled “Chlorophyll RFU” for surface deployed sondes equipped with a total algae sensor.  In addition to worksheets by period, two worksheets containing all of the data have been included.  These worksheets contain the surface and bottom data from the entire study period, with corrections applied and in an easier format for data manipulation.  

If the ISB can be of any further assistance, please contact myself at joseph.smith@ncdenr.gov, or Jason Green at jason.green@ncdenr.gov
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