Guidelines and Standard Procedures for Continuous Temperature Monitoring

Wisconsin DNR                                                May 2004 (Version 1)
Temperature has an important influence on pH, density, specific conductance, the rate of chemical reactions, and solubility of constituents in water. Also, the biological activity and species composition of a waterbody is largely determined by water temperature. Many specific reasons illustrate how this data is used in management decisions:

· Document baseline water temperatures.

· Aid in development of statewide thermal standards and limits.

· Determine a stream's temperature category - cold, cool, or warm water.

· Aid in determination of a stream’s biological potential.

· Allow for more precise calculation of ammonia limits for permitted discharges.

· Aid in documenting and determining the effects of thermal discharges on

aquatic biota.

· Aid in location of groundwater influence to streams.

· Document lake or impoundment summer temperature stratification.

· Document point source and nonpoint source storm-water effects on streams.

·   Document thermal impacts of structural dams and beaver dams to cold water

streams.

· Distinguish brown trout streams from potential native brook trout streams.

· Determine if winter temperatures are conducive to successful development of

trout eggs.

· Document changes in stream temperatures after installation of agricultural and

urban best management practices.

· Aid in development of cool water Index of Biotic Integrity for Wisconsin.

· Aid in development of a model using landscape factors to predict stream

temperatures.

Collecting continuous water temperature data in streams monitored with baseline wadable stream protocols is strongly recommended.  Collecting continuous water temperature data on all sizes and types of streams – small, medium, and large; warm, cool and cold; and across the range of stream classifications - is also  recommended.

EQUIPMENT
Individual thermistors, software, and other accessories are needed to monitor water temperature continuously. Purchase of equipment to deploy the thermistors into streams and rivers is also necessary. See the Deployment Methods section of this document for some examples of how WDNR staff have deployed thermistors. WDNR staff have been using various models of continuous water temperature thermistors from Onset Computer Corporation for many years. The equipment described in Appendix A can be purchased directly from Onset or through Ben Meadows or Forestry Supply Co. Other companies have different versions of temperature thermistors.

ACCURACY CHECK OF THERMISTORS

Accuracy Check of Thermistor – once per year in lab as described in the manufacturers documentation (see Appendix B: Checking the Tolerance and Specifications of Onset Computer Co. Temperature Logging Thermistor) The thermistors cannot be calibrated as can some meters. However a check of the accuracy at 0 deg C and approximately 25 deg C (the target range of data expected in the field) should be done before deploying all thermistors. 

Field Check of Thermistor – at deployment, download, and removal from stream. Record the water temperature of the stream with a field thermometer at deployment, any download occasions and when the thermistor is eventually removed from the stream. Record the time and temperature in conjunction with the thermistor location and serial number in a logbook (see Appendix C for example field sheet). Remember that the individuals watch and the thermistor internal clock set by the computer clock at the time of launch may be different. Use this data to compare to the thermistor data once it is downloaded onto the computer to determine if the field thermometer and the thermistor are within an acceptable level of accuracy for purposes of meeting the established monitoring objectives (e.g. +/- 1 deg C). If thermistor is off by more than the specified accuracy or an acceptable accuracy, remove the thermistor from the stream and determine the reason for error. 

Certified Thermometer – A certified thermometer is a glass and mercury thermometer that has a document stating the difference between it and a National Bureau of Standards (NBS) thermometer. Your thermometer is measured against a NBS thermometer and is then returned with a certificate stating the difference between your thermometer and the NBS thermometer. The cost for this service is approximately $150. 

Field Thermometer – once per year. The field thermometer should be checked against the certified thermometer (which usually stays in the lab) or against the thermistor at the time they are checked for accuracy (Appendix B). Results should be recorded in a logbook for that particular field thermometer.

RECORDING INTERVAL
A 1 hour interval between temperature readings is adequate for acquiring baseline data. This interval will allow determination of whether a stream should be considered cold, cool, or warm as well as the extremes the waterbody experiences. Analysis of seven Wisconsin streams indicated no significant difference between collecting data at 30 minute vs. 60 intervals (Mitro, 2004).

A 15 to 30 minute interval may be necessary for small, flashy streams in order to catch any short term temperature changes. 

A 15 minute or less interval may be best if a stream has an immediate connection to urban stormwater. CAUTION: Do not acquire data at intervals less than the thermistor’s response time. 

DEPLOYMENT METHODS
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Take an accurate GPS reading of where the thermistor is deployed is important for two reasons: 1) to find the thermistor at a later date to download the data or retrieve the thermistor; 2) to record the location of the data collection point for the database.

If the thermistors are deployed in-stream with no fence post or re-bar extending above the surface of the stream, it is suggested that a marker (metal fence post, electrical fence post, a tree or large rock with marker paint, etc) be placed on the streambank as reference to where the thermistor is located in the stream.

Note that some thermistors are deployed on the stream bottom, while others are suspended off the bottom. The stream type and size may determine which deployment method is most likely to keep the thermistor submerged and free of sediment during the deployment period.

A tag identifying the equipment as owned by the DNR with a name and phone number can be attached to the deployment equipment. 
DEPLOYMENT PERIOD
· Baseline monitoring - June 1 to August 31 (minimum)

· Movement of smallmouth bass – April 1 to November 1

· Trout reproduction potential – mid-September through March

· Point sources (data for ammonia limits) – 12 months, or April through October

· Impoundment influence to streams – 12 months

· Reference stream- indefinitely

For consistency purposes, summer and winter are defined as:

Summer = June, July, August

Winter = December, January, February

SITE SELECTION

For baseline monitoring, choose a site within one of the stations where fish and habitat data are taken.  If more than one station on a stream is surveyed, choose only one station for temperature data or more if thermistors are available and a significant change in average temperature is expected. Special studies other than baseline monitoring may determine very specific placement of thermistors (near redds for trout reproduction, point source thermal discharge, etc)

Streams – Attempt to place the thermistor in an area that will be submerged, well-mixed, and free of sedimentation during the period of deployment.  The latter is an important consideration when monitoring in low-gradient streams, or alluvial high and moderate gradient streams with aggrading or shifting substrates (e.g. sand). A riffle or run is preferred to a pool. Seek shade so as to minimize any radiant heat from the sun. A deep run or riffle in the sun would be acceptable.

Rivers –It is recommended to securely anchor the thermistor to a fixed structure such as a bridge abutment. The depth and flow of rivers may severely restrict placement of thermistors. Consider how those restrictions may affect the data.

FIELD OPERATION
Check the thermistor and download data routinely if they are deployed year round. The data interval and storage capacity of a thermistor may also dictate how frequently data must be downloaded. Check and download thermistors before anticipated high water events which will prevent the loss of data if the thermistor becomes irretrievable. Example field sheets are found in Appendix C.

Many options exist to download data from the thermistors. Downloading may entail removal of the thermistor from the waterbody and transport back to the office computer. Transport of a laptop streamside to download thermistors is also an option. The optic shuttle allows downloading in the field with immediate re-deployment of the thermistor. The shuttle is then brought back to the office to transfer data to the office computer. Download to a PDA is also possible with appropriate hardware and software. Since the thermistors may accumulate a film on them while deployed in-stream, an old toothbrush or soft cloth is handy for cleaning them in order to successfully download the data.

DATA COMPUTATION
Required*:

Daily: max, min, mean, maximum daily mean, median,

range, count 

Monthly: max, min, mean, median, range, count 

Optional :

weekly max, min, and mean




moving daily average




warmest summer 7 day average




coolest summer 7 day average





frequency analysis by degree

Summer = June, July, August

Winter = December, January, February

Temperature ranges for cold, cool and warmwater streams as per John Lyons (citation)

Cold = 
maximum summer daily mean temperature <22 C (<72 F)

Cool = maximum summer daily mean temperature 22 to 25 C (72 to 77 F)

Warm = maximum summer daily mean temperature >25 C (>77 F)

* An Excel spreadsheet is currently being developed in order to facilitate compilation of the required statistics. It will be widely distributed after it has been tested and finalized.

META DATA
The following list of information must be included in the .txt file with the associated water temperature data. This information can also be in other files, but since the .txt files will be archived, this information must be included there. 

Stream name 

WBIC

County code

Narrative description of location

TRSQQQ

Lat/Long (with datum)

Thermistor type (Manufacturer and model e.g. Onset stowaway tidbit)

Thermistor serial number

Date range (record begin and end date and time)

Why data was collected (baseline, reference, point source, etc)

Biologist who collected the data

DATA STORAGE
Since the raw data files (.dtf) from the thermistors are small in size, some staff choose to keep them. The .dtf file is exported as a .txt file which can then be opened in Excel. Because there is no central database containing continuous water temperature data, it is required to save all continuous water temperature data and summary statistics with all metadata in the .txt format for eventual easy migration to a database. Clean up any extraneous data known to be false in the txt file (e.g. air temperatures recorded because thermistor was moved out of the water). It is unknown at this point whether or not the raw data will be stored in a database. It is very probable that only the required summary statistics with the meta data will be stored.

Analysis of data can be done in Excel. These files containing data summaries and metadata should also be saved for future reference. 

Until a central data location for all temperature data exists, BACKUP txt files, and spreadsheet files whenever new data is downloaded or a new spreadsheet is created.  Backup can be to a CD, tape drive, floppy disk, another computer, or network drive. Since the only place this data resides right now is on personal computers, if it crashes, the data can be lost forever. The importance of backing up this valuable data cannot be stressed enough.

Consider implementing a logical file structure to stored data for ease of retrieval by anyone from the computer where it resides. Suggested file structures are shown below:

County



OR
Basin

     Stream Name


     Watershed


Raw data files



Stream Name


     Thermistor serial #a.dtf


Raw data files


     Thermistor serial #b.dtf


     Thermistor serial #a.dtf


TXT data files




     Thermistor serial #b.dtf


     2003 streamname.txt



TXT data files

     2004 streamname.txt



     2003 streamname.txt



Excel data files




     2004 streamname.txt

     2003 streamname.xls


Excel data files



     2004 streamname.xls


     2003 streamname.xls









     2004 streamname.xls

Appendix A. Equipment

Onset Computer Corporation (www.onsetcomp.com)  is what WDNR staff have been using for many years. The equipment described below can be purchased directly from Onset or through Ben Meadows or Forestry Supply Co. Other companies have different versions of temperature thermistors. Prices below are from the Onset Computer Corporation 2004 catalog. 

Thermistors

Hobo H8 – Size is 2.4” x 1.9” x 0.8”, Temperature range –4 deg C to 70 deg C ( -4 to 158 deg F), Capacity: 7,943 measurements, user replaceable battery (usually lasts one year), thermistor is not waterproof so purchase of submersible case is necessary ($29 or $39 each), Cost/thermistor $65 + submersible case $29 = $94

Stowaway Tidbit – Small round size (size and thickness of about 6 quarters), Temperature range –4 deg C to 37deg C (24 to 99 deg F), Capacity: 32,520 measurements, non-replaceable battery with a 5 year life, Cost/thermistor $119.

Hobo Water Temp Pro (formerly called Optic Stowaway) – size and shape of a cigar, Temperature range 0 deg C to 50 deg C (32 to 122 deg F), cannot use in frozen environments, Capacity: 21,580 measurements, Factory battery replacement available with a 5 year life, Cost/thermistor $110.

Software & Miscellaneous

BoxCar Pro 4.3 – cost $95 

Optic Base Station – to transfer data from thermistors and/or optic shuttle to computer, cost $80

Optic Shuttle – Rather than bringing a computer streamside, the shuttle transfers data from multiple Stowaway Tidbits and Water Temp Pros and stores it for download onto the base station. Cost $199

Appendix B. Onset Computer Co. Temperature Thermistor Calibration Process

While the thermistors cannot be calibrated, they can certainly be checked to see if they are recording within their specifications. Ideally, testing should be done in a controlled environment. 

Following is a simple test that can be run to check the temperature accuracy of a thermistor. Please keep in mind that those thermistors that are not waterproof will need to be put into a waterproof container prior to testing. Please allow time for the inside temperature of the container to acclimate to the external temperature.
Place crushed ice (preferable made from distilled water), in an insulated container that is large enough to hold the thermistors being tested. It is important to crush the ice to maintain as consistent and uniform a temperature as possible. Fill the container with distilled water to just below the level of the ice and stir the mixture around. Submerge the thermistors, or thermistor probes being tested. Place the entire container in a refrigerator to minimize temperature gradients. Allow enough time for the thermistors to acclimate. The ice will melt slowly, so the actual temperature should settle around 0°C if the ice bath was prepared correctly. The thermistors should be recording data and a certified thermometer should be in the same ice water bath. Then either remove the thermistors and certified thermometer from the ice bath and allow them to reach room temperature or remove the cooler from the refrigerator and allow the ice bath to reach room temperature. Record the certified thermometer temperature at  predetermined intervals (e.g. 1 hour, 4 hours). Download the thermistors and plot the data on a graph with the certified thermometer data to see if the data is within the acceptable error boundaries specified by the manufacturer. The thermistors, however, do not allow any adjustment to the calibration. If they do not fall with in the acceptable error boundaries, they must not be used. Conducting this accuracy check on many thermistors at once saves time and can also reveal those thermistors that may be unsuitable for deployment. Record the date, time and results in a log book for each thermistor. 

Listed below are the accuracy range you would expect to see from the thermistors, if everything was performed correctly.

	Part #
	Accuracy

	HTI-05+37 
	@ 0°C ± .67°C
	

	STIxx-05+37
	@ 0°C ± .67°C
	

	HTEA-05+37
	@ 0°C ± .67°C
	

	STEBxx-05+37
	@ 0°C ± .67°C
	

	HTI-37+46
	@ 0°C ± .62°C
	

	STIxx-37+46
	@ 0°C ± .62°C
	

	HTEA-37+46
	@ 0°C ± .62°C
	

	STEBxx-37+46
	@ 0°C ± .62°C
	

	HTI-39+75
	@ 0°C ± .77°C
	

	STIxx-39+75
	@ 0°C ± .77°C
	

	HTEA-39+123
	@ 0°C ± .77°C
	

	STEBxx-39+123
	@ 0°C ± .77°C
	

	XTIxx-05+37
	Internal thermistor
@ 0°C ±.33°C
	External thermistor:
@ 0°C ± .33°C

	XTIxx-37+46
	Internal thermistor
@ 0°C ± .39°C
	External thermistor:
@ 0°C ± .39°C

	XTIxx-39+122
	Internal thermistor
@ 0°C ± .51°C
	External thermistor
@ 0°C± .51°C

	TBI32-05+37
	@ 0°C ± .23°C
	

	WTAxx-05+37
	@ 0°C ± .23°C
	

	WTAxx-39+75
	@ 0°C ± .51°C
	

	TBI32-20+50
	@ 0°C ± .42°C
	

	TBXT08-20+70
	@ 0°C ±.33°C
	

	H8* Family Internal Sensor
	@ 0°C ± .74°C
	

	H8* Family with TMC6- HA
	@ 0°C ± .57°C
	

	H8* Family with TMC6-HB
	@ 0°C ± .40°C
	

	H8* Family with TMC6-HC
	@ 0°C ± .57°C
	

	HOBO Pro with Internal Sensor
	8 Bit Resolution:
@ 0°C ± .39°C
	12 Bit Resolution:
@ 0°C ±.19°C

	HOBO Pro with External Sensor
	8 Bit Resolution
@ 0°C ± .39°C
	12 Bit Resolution:
@ 0°C ±.19°C


*H8 Customers seeking to measure RH should be sure to download the BoxCar software 3.7.3 patch.

The accuracy of HOBO H08 relative humidity measurements is being improved. Recent quality assurance tests found certain H08 data thermistors fell outside their ± 5% accuracy specification above 60% RH. The outcome of efforts to improve the accuracy of the H08’s RH measurements in environments with elevated humidity is a new humidity formula that has been implemented in BoxCar 3.7.3. These changes ensure all affected H08 thermistors* satisfy the published RH accuracy specification in elevated humidity, and improve thermistor accuracy across the units’ RH operating range of 5° to 50°C.

The improved RH accuracy function resides within the new BoxCar 3.7.3 software and is available free to BoxCar customers via the BoxCar 3.7.3 upgrade patch available on this website. The new software improves all RH data accuracy for all affected thermistors, including older data files.
Note: Affected H08 units include H08-003-02, H08-004-02, H08-007-02, H08-007-02-IS.
Appendix C. Example Field Sheets for Continuous Temperature Thermistors

	Location:                                                                                       Thermistor # 



	Activity
	Date

mm/dd/yy
	Time
	Water Temp.
	Notes

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Activity examples = deploy, download, visual check, etc

Water Temp. – record if using Celsius or Fahrenheit

Notes examples = logger buried in debris/sediment, logger in good condition, etc.
	OPTIC SHUTTLE LOG

	Stream Name
	Location
	Thermistor #
	Date
	Time
	Water Temp
	Notes
	Who
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