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Abstract

The purpose of this project is to measure temperature, utilizing HoboTM thermistors, every 90 minutes from June through September. Thermistors were deployed in seven locations throughout Pudding Creek.  This project summarizes the temperature regime of Pudding Creek during the summer low water season from 1994 to present.  The data is used to interpret a station’s historical monthly temperature patterns, and do multi year trend analyses.
Background

The purpose of this Project Plan is to describe the objectives of the established stream temperature monitoring program conducted by Campbell Timberland Management (CTM). The ongoing monitoring program focuses on summer (July – September) stream temperatures at seven active stations within the Pudding Creek Basin. Sampling locations were chosen to spatially represent Pudding Creek. Additional sites within the drainage were chosen to monitor the effects of the tributaries of Pudding Creek.  This provides a higher resolution of the temperature regime of this creek. The purpose of the program is to collect diel (24-hour) stream temperature data during the months from June to September.

Project Description

Goals

1. Collect diel continuous temperature data from the Pudding Creek Basin. 

2. Provide these data to internal and external users: CTM; state, and federal agencies.

Objectives

1. Establish continuous temperature monitoring locations at stream monitoring stations.

2. Follow established protocols to ensure that representative stream temperatures are obtained throughout the desired monitoring period (June – September) and to prevent equipment loss to vandalism or high streamflow.

3. Ensure the reliability of the data through pre- and post-deployment calibration checks and quality control procedures designed to locate and remove anomalous data.

4. Provide high quality data to internal and external users by storing finalized results for internal reports supplied to sate and federal agencies.

5. Evaluate the seasonal maximums and maximum 7-day average of daily maximums in our Aquatic Habitat Assessment Reports for Timber Harvest Plans (THPs).

Organization and Schedule

Organization

Table 1. Personnel and areas of responsibility.
	Personnel
	Job Title
	Phone Number
	Duties

	David Wright
	Senior Fisheries Biologist
	(707) 961-3302 ext 1931
	Project Manager, Staff leader

	Chris Hannon
	Fisheries Biologist
	(707) 961-3302 ext 1938
	Data management, data analysis and reports

	Jon Hvozda
	Hydrologist
	(707) 961-3302 ext 1932
	Equipment procurement, calibration, maintenance, deployment and retrieval


Schedule

The primary focus of the program is to annually monitor seven temperature monitoring stations to obtain summer (July – September) stream temperatures in the Pudding Creek Basin. The staff lead independently set up a schedule and established the stations within the Pudding Creek Basin for the summer monitoring period. Temperature loggers are deployed in tandem to collect duplicate data for data redundancy and in case of equipment failure. There are a number of annual tasks that need to be addressed in order to prepare for and complete the monitoring program. The tasks are listed in Table 2.

Table 2. Schedule for ongoing annual tasks.
	Date
	Task

	Early Spring
	Assess equipment needs and submit purchase orders for replacement/ additional parts

	Late Spring
	Do pre-deployment temperature logger calibration checks, re-test loggers that fail to meet the accuracy criteria, and reject loggers that fail both tests

	June
	Pre-program temperature loggers for a delayed start and distribute them

	July
	Deploy temperature loggers

	Late September
	Retrieve temperature loggers

	October
	Download data from temperature loggers

	November
	Review data, delete identified anomalies, and begin to load finalized data into database

	December
	Conduct post-deployment temperature logger calibration checks

	January
	Re-test loggers that fail the calibration check accuracy criteria, and adjust/reject results from the loggers that fail the re-test


Quality Objectives
Measurement Quality Objectives

The accuracy and instrument bias measurement quality objectives of each temperature logger is verified through both pre- and post-deployment calibration checks. The procedures require the temperature loggers be tested in controlled water temperature baths that bracket the expected monitoring range (near 0ºC and near 20ºC). The results are then compared to those obtained with a reference thermometer. All temperature loggers that fail to meet the instrument accuracy will be checked a second time. Temperature loggers that fail a second pre-deployment check will not be used. Temperature loggers that fail a second post-deployment check (this rarely occurs) will have their data adjusted or rejected based on the following:
If the difference between the pre- and post-deployment calibration check results for a temperature logger is at or below the instrument accuracy, then the instrument bias will be corrected by adding to the raw data the difference between the mean of the pre- and post deployment calibration check results, and the reference thermometer.

Equipment:
Easy-Read® Thermometer USA

 ± 0.2 °C 0.1 °C

Temperature Logger (Water/Air)

StowAway® ,

Onset Computer Corp.

± 0.2 °C 0.1 °C

Temperature Logger (Air)

HoboTemp®,

Onset Computer Corp.

± 0.4 °C 0.1 °C
Sampling Design

Study Area

The Pudding Creek temperature monitoring program is limited to those streams located with in the Pudding Creek basin (Figure 1). Temperature monitoring of Pudding Creek began in 1994 and was limited to one station. Over time additional stations were added to the sampling regime. In 2008, a total of six temperature monitoring stations were established for long term monitoring and in 2009 one additional site was added to bring the total number of sites to seven. Refer to Table 3 for a breakout of the stations that were monitored during those years.
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Figure 1. Stream temperature monitoring stations in the Pudding Creek Basin.

Table 3. Continuous stream temperature monitoring stations, 1994-2010.
	Site name
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010

	PUD1
	X
	
	X
	X
	
	
	
	
	
	
	
	
	
	
	X
	X
	X

	PUD2
	X
	X
	X
	X
	X
	X
	X
	X
	
	X
	
	X
	
	X
	X
	X
	

	PUD4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X
	X
	X

	PUD5
	
	X
	X
	
	
	
	
	
	
	
	
	
	
	X
	X
	X
	X

	PUD6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X
	
	X

	PUD7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X
	X
	X

	PUD8
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X
	X

	Total sites per year
	2
	2
	3
	2
	1
	1
	1
	1
	0
	1
	0
	1
	0
	2
	6
	6
	6


 “X” indicates monitoring was conducted

The current design of CTM’s stream monitoring program includes 7 long-term stations. Long-term stations were chosen to provide trend analysis and to immediately characterize water quality conditions (see the Project Description section). These stations were selected to meet the following criteria before qualifying for temperature monitoring:
· Be located in a well-mixed location, as close to the thalweg as possible, where representative stream temperature data may also be obtained during the late summer low-flow period.

· Be unaffected by groundwater or tributary sources and about six inches off the streambed.

· Be well hidden to prevent loss to vandalism or damage.

· Be safe to access.

Representativeness

The data quality objective (DQO) for representativeness is to annually monitor as many of the basin stream monitoring network stations as feasible. Feasible stations are those that can be safely monitored following the established protocols.
Comparability

All measurements and analytical procedures are documented so that the data can be comparable with samples collected and analyzed in a like manner.

Sampling Procedures

Water temperature loggers will be deployed in locations where representative temperature data may be obtained throughout the entire monitoring period. All loggers are deployed inside a water proof PVC container to shade them from sunlight. In addition, each deployment location is either photographed or a picture will be drawn on the site-specific data sheet.

Quality Control Procedures

The accuracy and instrument bias of each temperature logger is verified through both pre- and post-deployment calibration checks. If a recently retrieved temperature logger has a consistent bias of more than ± 0.2ºC, then the raw data may be adjusted or flagged with an appropriate data qualifier. If the pre- and post deployment biases are not consistent, then the data may be adjusted or rejected. Finalized station data will be validated by deleting the pre-deployment, post-deployment, and anomalous data from the raw data set. An example is when dropping water levels expose a temperature logger. This is identified by reviewing a plot of the water and air temperature results. The pattern for water temperature will be erratic and will track the air results without a lag time.
Data Management Procedures

Data will be reviewed and entered into CTM’s temperature database at the Fort Bragg, California office, where results may be exported in Excel® files, text (.txt) files, and plots. The database also enables the exportation of annual station daily maximum, minimum, and mean data summaries
Reports

Summary reports are available as a part of THPs associated with the Pudding Creek Basin. 

Data Verification and Validation

The data will be verified and validated by following the procedures described by the SWAMP requirements 
These procedures are summarized below:

· Calibration checks and field procedures will be documented on appropriate forms.

· Data will be checked for entry errors and completeness.

· Pre- and post-calibration check results and field measurements will be reviewed to ensure the data quality objectives were met.

· Results will be checked for reasonableness using data plots, field measurements, and stream height/flow information (if available).

· Detected data errors will be corrected, flagged with data qualifiers, or deleted.

Data Quality (Usability) Assessment 

Stream temperature data that have passed data validation will be available to internal and external users. The data will be summarized and stored at the CTM’s Fort Bragg Office. 
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