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This document is submitted to the California State Water Resources Control Board, in lieu of a Quality Assurance Project Plan (QAPP), to accompany our data submittal of September, 2010. The format follows State Boards “Notice” of January 14, 2010, Enclosure 1, Section 3e, describing a QAPP-equivalent document. Redwood National and State Park’s (RNSP) stream discharge and sediment and stream temperature monitoring are described separately.
Stream Discharge and Sediment Monitoring

1. Objectives of the monitoring program: Our objectives for this monitoring are to quantify water and sediment discharges at gaging stations in the Redwood Creek watershed for the purposes of: 1) assessing watershed conditions through time; 2) evaluating the success of watershed restoration efforts toward sediment reduction in the basin; 3) evaluating the effects of large storms, timber harvesting, roads, and other land uses in the basin.
2. Methods for sample collection and handling: The methods for collection of water and sediment discharges closely follow those of the US Geological Survey, a cooperator in our data collection program. The methods are described in the US Geological Survey’s “Techniques of Water Resource Investigations” (TRWI) publication, Book 9, which can be obtained at: 

http://water.usgs.gov/owq/FieldManual/index.html
The methods used are also summarized in the enclosed report titled “Rainfall, streamflow, turbidity, and suspended sediment yield in the Redwood Creek watershed: annual progress report for 2009” (Klein in-house report, 2010).  Briefly, water discharge is computed using a series of discharge rating curves specific to each stream gaging station. The method involves a hydrologic technician measuring streamflow in the creek with either a pygmy or a Price AA current meter, and taking a simultaneous observation of stream stage. These data pairs are collected throughout the year and are plotted to derive a “stage-discharge rating curve” that is then applied to automated, continuous stage data to compute continuous discharge. The rating curves must be frequently evaluated for their applicability to present conditions. Rating curve efficacy is evaluated by the hydrologist for goodness of fit, who makes corrections as needed before being used to compute discharge.
Suspended sediment samples are collected during stormflow conditions using either a hand-held isokinetic sampling device or one that is deployed from a bridge or cableway using a weighted cable and winch. At tributary stations, most samples are collected by an automatic pumping sampler (ISCO brand) using Turbidity Threshold Sampling”, or TTS, as developed by the US Forest Pacific Southwest Service Forest and Range Experiment Station in Arcata (Redwood Sciences Laboratory). The representativeness of samples collected using the pumping sampler is occasionally evaluated by comparing simultaneous pumped samples with those taken with the isokinetic sampler. An adjustment factor is applied to pumped samples if they deviate from the manual sample, but this is seldom required.
Suspended sediment samples that are collected are taken by the hydrologic technician to our laboratory in Orick, CA, where they are stored in a cool, dark storage facility (to prevent algae growth) until they can be analyzed in the laboratory. The two mainstem stations (Redwood Creek at Orick and near Blue Lake) are treated slightly differently than the tributaries in that we fund the US Geological Survey, Eureka Field Office, to perform discharge measurements, maintain stage-discharge rating curves, and provide us with discharge data. In addition, we use paid observers to collect some of our samples at the mainstem stations, and we do not use pumping samplers. Samples collected by observers consist of “box” samples: samples collected at a single point on the gaging section near the metal box cover for the sampling winch. Paid observers are commonly used by the USGS to supplement sampling at gaging stations in the US. They are trained by both USGS staff and out hydrologic technician, and the samples they collect are transferred to our hydrological technician within a few days of collection. These, too, are stored in out Orick sediment laboratory until analyzed.
3. Laboratory methods:  As with field data and sample collection, our laboratory methods follow USGS protocols outlined in their TWRI. We use vacuum filtration through 50 micron filters to measure suspended sediment concentration (SSC). Prior to filtration, the turbidity of each sample is read with a Hach 2100N turbidimeter. For samples exhibiting a lab turbidity greater than 100 NTRU (USGS-assigned units for the Hach 2100N), we also perform a “sand break” where the sample is passed through a 0.063 mm sieve and the material retained on the sieve is dried and weighed. The total weight of sediment is divided by the original sample volume to derive concentration in mg/l.
4. Data management and analysis:  Laboratory data sheets are completed that list the gaging station, sample date and time, lab turbidity, sample volume, filter weight(s) (samples with relatively high SSC require more than a single filter), sediment weight(s), and calculated SSC. These data are then entered into a database, scrutinized for possible errors, corrected if necessary, and stored for later use in suspended sediment yield computations.

For tributary stations, data are downloaded from the field about once every three to four weeks and downloads are copied to RNSP’s network drive by the hydrologic technician. Field downloads are appended to an ongoing year file (Excel) by the hydrologist and preliminary data corrections are made. The hydrologist also computes discharge by applying the stage-discharge rating curve to the continuous stage data in the year file. 

For gaging stations with automated turbidity data, these data are scanned by the hydrologist for suspicious values and corrected by various methods depending on the likely error source (see attached “Rainfall, streamflow, turbidity, and suspended sediment yield in the Redwood Creek watershed: annual progress report for 2009” for a more detailed explanation). Corrected turbidity data are used as a surrogate for SSC by regressing SSC on simultaneous turbidity. The regression equation is then applied to the continuous turbidity data to estimate continuous SSC. The continuous SSC is then integrated with continuous discharge to compute suspended sediment discharge. 

The tributary year files are compiled throughout the water year with preliminary corrections made. Once the water year is over, a re-assessment of data quality is done by reviewing the data graphically and searching for suspicious data values or strings; those with changes that seem too abrupt or that contradict the past behavior of the specific site. If the data remain suspect after scrutiny, queries are made with field and lab personnel to check for explanations. Final data corrections typically compose a very small proportion of the full data set.
For the two mainstem gaging stations, two to three samples per year are collected and analyzed by the USGS using their staff, equipment and lab facilities. The other samples are collected by either the hydrologic technician or by paid observers. Computation of suspended sediment loads is performed using the USGS’s GCLAS (graphical constituent load analysis system) software by the RNSP hydrologist. Unlike the tributaries that have continuous turbidity to serve as a surrogate for SSC, the mainstem sites do not. GCLAS procedures involve estimating SSC for unsampled periods. GCLAS provides a discharge-SSC scattergram useful in the estimation process.
As mentioned above, the chain of custody for our suspended sediment samples typically consists of just two links: the hydrological technician retrieves samples from the field and delivers them to the laboratory, where they are taken directly from the storage area by the lab technician for analysis. Only with our “observer” samples is there a third link, where the observers collect samples, hold them for one to three days, then transfer them the hydrological technician for delivery to the lab. At all stages, care is taken to keep the samples in cool, dark environments to prevent algae growth prior to analysis.
5. Quality assurance and control:  In addition to the quality control measures mentioned above, the RNSP hydrologic monitoring program also includes the following:
a) annual calibration of our sediment laboratory scale;
b) calculation of box sample coefficients by USGS for use in GCLAS;
c) training in GCLAS provided to RNSP by USGS;
d) duplicate sampling at mainstem gaging stations;

e) data checking in “Access” to identify samples with excessive sand indicating the sampler was “bounced” off the river bottom
6. Statement certifying QAPP:  I certify that the quality assurance and control program used in the hydrologic monitoring at RNSP is fully adequate for producing accurate and scientifically credible results.
Randy Klein

Hydrologist

Redwood Nationals and State Parks, 

1655 Heindon Road, Arcata, California, 95521

Stream Temperature Monitoring

1. Objectives of the monitoring program:  The objectives of the program is to acquire long-term stream and air temperature information for the mainstem of Redwood Creek and selected tributaries, to evaluate trends in stream temperature both spatially and temporally, and to attempt to explain any trends detected by changing watershed conditions.  The program currently focuses on monitoring summer stream and air temperatures (June to September).
2. Methods for sample collection and handling:  Continuous stream temperature data was collected using data loggers from the ONSET Corporation (see table; www.onsetcomp.com).

	Water Quality Data Loggers used since 2006

	Data Logger
	Temperature Range °C
	Accuracy °C

	Tidbit
	-5°C to 37°C
	+0.2

	Tidbit
	-20°C to +70°C
	+0.2

	TempPro
	-20°C to 50°C
	+0.25


Mainstem Monitoring Sites:  The location of the long-term Redwood Creek mainstem monitoring sites were validated from thermal infrared data (TIR) of surfaced water temperatures collected along the main channel of Redwood Creek in 2003.  Based on the TIR data, the monitoring sites were representative of the thermal conditions and reaches in Redwood Creek.  

Field Deployment:  

· Sampling Period: Data loggers are deployed from June 1 to September 30.  Emphasis is placed on monitoring stream temperatures for the core period from July1 to August 30.  Past stream temperature monitoring has shown that peak stream temperatures usually occur during the last week of July and the first week of August.
· Data loggers are set to start sampling on May 31 12:00 am and with a sample interval of an hour.
· Field Site: Data loggers are deployed in the stream in:

· areas of mixed water 
· suspended in the water column deep enough to remain underwater through the monitoring period
· shaded areas of the stream
More recently, probes have been deployed in white perforated PVC pipe housing units that allow for water circulation while protecting the sensor from direct solar radiation. 
3. Laboratory methods (data logger calibration):  Data loggers are calibrated prior to deployment each summer.  The calibration verifies that data loggers are measuring within +0.2°C of a NIST calibrated thermometer and that there is no time drift in the data loggers.  A two-point temperature calibration is used.  See Attachment A for the methods used by RNSP to validate temperature probes.
4. Data management and analysis (error screening):   After the probes are retrieved from the field in the fall, stream temperature data are downloaded using BoxCar software.  Data are trimmed to remove data collected prior to deployment in the stream and after the probe has been removed from the stream.  Data are evaluated for outliers which include temperature observations that fell below 10°C or were greater than 30°C, or if t here was a rate of change greater than 3°C in one hour.  Data outliers are flagged and flagged observations are re-evaluated by checking field notes, talking to field staff that deployed and retrieved the probes, and then reexamining the data.  The Redwood Creek estuary provides a dynamic environment with and ocean and freshwater interactions and the data outlier criteria may not necessarily apply depending on the circumstances.   Data are removed only after definitive problems are found that explain the suspect data.  A visual inspection of the data plotted in a thermograph is performed to help identify any data anomalies.  
For each data logger, a summary sheet is prepared that includes:

· Plot of data for the period of record (temperature over time)

· Data outliers:  change in temperature > 3°C within one hour and date
· Period of Record used for analysis: July 1 to August 31
· Summary statistics: 

· Average, maximum and minimum temperature (date/time)
· Maximum and minimum diurnal range (date/time)

· Seven-Day Moving Averages – Maximum Weekly  Average Temperature (MWAT) and Maximum Weekly Maximum Temperature (MWMT)
· Consecutive risk characterization - Consecutive time in hours the stream temperature exceeded a specified temperature and the total time above a specified temperature.
· Filename and location of data used in analysis
5. Quality assurance and control:  In addition to the quality control measures mentioned above, the RNSP stream temperature monitoring program also includes the following:

· Duplicate sampling at all stations. Two stream temperature probes are deployed at each monitoring site.
6. Statement certifying QAPP:  I certify that the quality assurance and control program used in the temperature monitoring at RNSP is fully adequate for producing accurate and scientifically credible results.

Vicki Ozaki

Geologist 

Redwood National and State Parks, 1655 Heindon Road, Arcata, California 95521

Attachment A: Stream Temperature Data Logger Validation
Prior to deployment, all data loggers are tested in the office using a two-point temperature check; ice bath (near zero degrees) and room temperature (near 20°C).  The purpose of the test is to validate that data loggers are operating within the manufacture specified temperature accuracy and identify non-functioning data loggers.   
A NIST certified laboratory thermometer (+ 0.05°C) will be used to measure water temperature.  

Method:

1. Synchronize date/time: Set all data loggers to the same current date and synchronize the time with the data logger software.  Use an accurate clock to set CPU time (http://www.time.gov/).  Make sure to synchronize the watch/clock used during the test to the same time as the data loggers.  Set the data loggers to record data every 10 minutes.  
2. Room temperature test (about 16-17°C):  Fill an insulated container with water and let sit overnight to reach ambient room temperature.   Place probes in water bath and make sure the temperature sensors are completely submerged throughout the test.  Stir the water bath to achieve a constant temperature and prevent thermal stratification.  Continue stirring water bath throughout the test.  Allow 10 minutes for the data loggers to stabilize in the water bath.  Begin measuring water temperature every 20 minutes using a calibrated laboratory thermometer and record the time and reference thermometer temperature.   After eight hours remove data loggers from the water bath.  
3. Ice Bath test (0°C):  Remove about ½ the water and add enough ice (about three 10 lb bags) to the insulated container to bring the water temperature down to nearly freezing (may take about an hour).  Stir the ice bath to achieve a constant temperature and continue stirring water bath throughout the test.   Place the data loggers in the ice bath so that the temperature sensors are completely submerged.  Allow 10 minutes for the data loggers to stabilize in the ice bath.  Begin measuring water temperature every 10 minutes using a calibrated laboratory thermometer and record the time and reference thermometer temperature.   After three hours remove data loggers from the ice bath.
4. Download data loggers and compare the recorded data logger temperatures against the temperatures recorded by the reference thermometer.  Import data logger data into the TestResults_template or create a worksheet with columns: Date/Time, NIST Thermometer Reading (°C), Data Logger “SN”.  Calculate the Average (°C), Maximum (°C), and Minimum (°C) for all the data loggers.  Compare these results with the data from the reference thermometer.   Water temperature should be within + 0.2°C of the reference thermometer.  
5. Discontinue using data loggers not operating within the accuracy range specified by the manufacturer or data loggers that exhibit time lag problems. 
