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Hoosic River (upstream)

Hoosic River (downstream)

Date

#1

#4

diff

Variable 1

Variable 2

9/6/2002

16.8

17.7

0.9

Mean

16.72581

17.92258

9/7/2002

17.2

18.3

1.1

Variance

2.841978

3.423806

9/8/2002

17.9

19.4

1.5

Observations

31

31

9/9/2002

18.9

20.4

1.5

Pearson Correlation

0.985053

9/10/2002

19.8

21.3

1.5

Hypothesized Mean Difference

0

9/11/2002

17.9

19.5

1.6

df

30

9/12/2002

15.4

16.6

1.2

t Stat

-19.20965

9/13/2002

15.9

17.2

1.3

P(T<=t) one-tail

1.04E-18

9/14/2002

17.4

18.9

1.5

t Critical one-tail

1.69726

9/15/2002

18.2

20.5

2.3

P(T<=t) two-tail

2.08E-18

9/16/2002

18.1

19

0.9

t Critical two-tail

2.04227

9/17/2002

17.7

18.7

1

9/18/2002

17.3

18.1

0.8

9/19/2002

17.5

18.5

1

9/20/2002

18.2

19.4

1.2

9/21/2002

19.1

20.5

1.4

9/22/2002

19.2

20.8

1.6

9/23/2002

18.1

19.2

1.1

9/24/2002

16.2

17.4

1.2

9/25/2002

15.3

16.3

1

9/26/2002

14.7

16.4

1.7

9/27/2002

14.1

15.4

1.3

9/28/2002

15

15.6

0.6

9/29/2002

13.8

14.7

0.9

9/30/2002

14.2

15

0.8

10/1/2002

15.8

16.7

0.9

10/2/2002

17.1

18

0.9

10/3/2002

16.8

18

1.2

10/4/2002

14.4

15.7

1.3

10/5/2002

16.1

17

0.9

10/6/2002

14.4

15.4

1

MANUAL

mean

16.72580645

17.92258

1.196774

sd

1.685816863

1.850353

0.346875

n

31

F

1.204726376

Fcrit (est.)

1.5

F<Fcrit, so variances not signif different---run t-test

Standard t-test

pooled var

3.132892473

Sm

1.053412274

t*

1.136092889

df

60

tcrit, 1side

1.68

est

tcrit, 2side

2

est

 

t*<tcrit, so no signif diff between monitoring stations

alpha

0.05

t* using 

diff 

(paired)

19.20965184

df

30

alpha 

0.05

tcrit, 1side

1.68

est

tcrit, 2side

2

est

t*>>tcrit, so there is a signif diff between monitoring stations
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1.0
SCOPE AND APPLICATION
Automated, cost-efficient, high-frequency-interval (continuous) water temperature data can be useful to environmental managers trying to understand surface water temperature dynamics in single waterbodies or at many locations within watersheds.   Specifically, validated data can be used to determine statistics such as maximum, minimum, and mean daily temperatures, to examine the timing of diurnal temperature fluctuations, to assess the potential for exceedances of State Surface Water Quality Standards (SWQS), to determine appropriate thermal NPDES permit limits and discharger impacts, and assist in waterbody classifications based on temperature (e.g. cold vs. warm water fishery).

This SOP is mainly intended for continuous temperature sensor deployment in streams and rivers for durations up to several months.
2.0
SUMMARY

Standard procedures for collecting and analyzing continuous temperature monitoring data using inexpensive, stand-alone sensors are provided.

3.0
SAFETY CONSIDERATIONS
Standard safety considerations for DWM field surveys, as contained in Sampling Techniques for DWM Surface Water Quality Monitoring (CN 1.21), apply.  There are no SOP-specific, additional safety “rules”, other than to review standard protocols and to consider any project- and/or location-specific safety issues that may exist. 

4.0
SAMPLE COLLECTION, PRESERVATION AND HANDLING
No water samples are collected during this type of monitoring.   If water quality or other type samples are taken in the vicinity of the placed sensors, monitors must be aware of potential effects on the continuously-logged temperature data.   This also applies to nearby construction and other activities in the water.   

See Section 8.0 for discussion regarding the use of the field thermometer(s) for QC accuracy checks.

5.0
APPARATUS, EQUIPMENT AND MATERIALS

The following materials and procedures can be used to collect continuous temperature data (see Appendix A for additional information regarding Optic Stowaway® sensor specifications):

Sensing and Data Retrieval Equipment:  Optic Stowaway and ProV2 temperature sensors, optic shuttles, optic base stations and BoxCar® Pro and Hoboware Pro software (Onset Computer Corp.).   The 6” long, sealed polycarbonate optic sensors are initially launched (data logging initiated) using the appropriate software (BoxCar® program for older Stowaway units and Hoboware for the newer ProV2 units).  These programs are loaded on specific DWM PCs.   The units are tested for logging capability and accuracy over several days.   All sensors must be deemed fit to use and re-launched prior to placement in rigid plastic tubes for field use.   At the same time, the optic shuttle (used for field downloading without a laptop) and the optic base station (for data transmittal from a sensor or the shuttle to the PC) are also tested to make sure they are working satisfactorily.  After placement in the plastic tubes, the sensors are anchored at representative stream/river locations at each location.

Sensor Housing and Anchoring Assembly:  To protect each sensor, each unit is placed in a 9-12” long, 2” O.D. ABS plastic pipe with  caps on both ends.  Several ¾” holes are drilled into each pipe section to reduce buoyancy.    Also, the enclosures are numbered to keep track of which sensors are at which locations.  Flexible plastic coated cables with looped ends and locks are used to secure the units at each location.  

Field Deployment and Retrieval:   Units are typically deployed from June through September for a 3-4 month period.   All locations and placements are selected to be representative of typical stream/river conditions.   At each station, the enclosure containing the temp logger is secured off the bottom with rocks and/or concrete block.   The cable must be hidden as much as possible.   The pipe number, station name and number, exact time and other relevant field data are documented on dedicated deployment fieldsheets.  

NIST-traceable accuracy checks:  A hand-held digital thermometer (e.g., Eutechnics 4400 Series, Digi-sense RTD, Fisher “Traceable” or similar) that is traceable to a NIST-certified thermometer must be used in the lab prior to deployment and in the field to check sensor accuracy.  At a minimum in the field, checks should be made using similar QC thermometers both at deployment and at retrieval (required), with a minimum preferred frequency of monthly in-situ checks.    

Data Upload:   After retrieval, units are transported back to the office for upload to PC.  Units are cleaned and dried.  The optic base stations are used to connect the loggers to the PC (Room 226).  Using READOUT, each logger’s datafile is uploaded into BoxCar® Pro 4 and Hoboware Pro, where they are then exported to read-only EXCEL files on C:/ and W:/.   While data can be viewed, graphed and analyzed using the BoxCar® Pro 4 and Hoboware Pro software programs, data processing is done using EXCEL or other at the discretion of DWM database managers.
Data Validation, Management and Analysis:   Data are exported to MS EXCEL or other database tool(s) for trimming, validation, analysis and graphics.  Data may be ultimately managed as large “blobs” in DWM’s database. 

6.0
REAGENTS

NA

7.0
CALIBRATION

Continuous temperature sensors are factory-calibrated.  No DWM lab or field “calibration” is necessary.  Quality control checks or audits, however, are required prior to, during and after use to verify accuracy.  A NIST-certified or traceable thermometer is required to perform the QC checks.   

The precision thermometer used to check (audit) the field sensors is factory calibrated, but should be re-calibrated about once a year.   To re-calibrate the Eutechnics unit, forward it (postage paid) to:

Eutechnics @ Alpha Sensor Inc.

1560 Orangethorpe Way, Anaheim, Ca.  92801

(ph. 714-578-9205; fax 714-773-9327).  

8.0
PROCEDURE
Perform the following procedures (approximately sequential) to plan, design and implement a continuous temperature monitoring project:

Quality Assurance Project Plan and/or Sampling & Analysis Plan Development:

1. Provide sufficient time for project documentation (e.g., to prepare the project QAPP/SAP, fill out continuous temperature monitoring fieldsheets, report data in a detailed, organized manner, etc.) and for proper implementation of SOP(s).  Note:  Use of continuous temperature sensors should follow adopted SOPs, but may not require a dedicated QAPP (although it should be discussed in a watershed-based monitoring QAPP, if applicable).

2. Target sampling period consistent with project objectives.  For example, if interested in maximum mean monthly temperature(s), deploy sensors long enough to estimate the statistic, and during “worst-case” months (June through August-September) when daytime air temperatures are highest and flows lowest.

3. When evaluating thermal impacts from a discharge, deploy a sufficient number of properly-placed sensors to be able to draw conclusions.   Ensure that upstream and downstream sensors are spaced as close as possible (outside mixing zones) to minimize effects of natural heat gain, which complicate the analysis.

SOP Review:

1. Review this SOP when planning a monitoring project and prior to deploying sensors. 

2. Discuss any deviations from this SOP with DWM’s QA Analyst, as appropriate. 

Equipment Inventory:

1. Take inventory of available equipment to perform work well in advance.  When not deployed, continuous temperature monitoring equipment is stored on the second floor at DWM’s offices at 627 Main St., Worcester, Ma.   

2. As of 2009, DWM has approx. 60 Onset temperature loggers (each  with protective cases, cables and locks) and Boxcar Pro/Hoboware Pro software.

Documentation:

1. Use probe deployment fieldsheets for all fieldwork, including deployment, QC audits and sensor retrieval.  Important “metadata” to document at each site include on exact sensor location, flow, water velocity, average water depth, channel width, habitat type, riparian cover, weather (cloud cover, air temperature, precipitation, etc.).   
2. Report data in a detailed organized manner, preferably in a technical memorandum using validated data, and undergoing internal review.
Launching and Pre-Testing of Sensors/Software:

1. Follow manufacturer’s steps to initiate data logging for each sensor using office PC and Hobo software.  Set measurement interval (30 minutes typical), units (degrees Celsius) and delayed start date/time on the ½ hour.  

2. Make sure that the PC clock is accurate, as this time is used by the sensors.  Launch at the same time (preferred) so that data files have same time stamp for each logged datum (at least at the start).

3. Once “launched”, perform pre-deploy QC testing by placing all sensors in a completely mixed room temperature bath.  Allow the sensors to record temperature data for sufficient time to be able to evaluate unit accuracy and precision.  Also record water temperatures using a calibrated NIST-traceable thermometer, and compare results to acceptance limits/data quality objectives (typically +/- 0.5 °C).   If ambient temperatures are anticipated to be 0-10C, also place loggers in an ice bath (0.0-0.2 °C.  
4. Document the pre-test results accordingly.  
5. Upload the QC files to PC for analysis.  DO NOT USE any loggers that do not meet acceptance criteria.
6. When ready, launch “approved” units for deployment.

Sensor Placement and Retrieval:  

1. Place all water temperature sensors in locations in representative flowing conditions and shaded from direct sunlight during most/all daylight hours (this will prevent direct solar heat gain by the sensors).  In open, shallow rivers settings, use anchor rocks atop the tube to shade it.
2. Before actual deployment in-stream, take a few moments to observe the river’s flow patterns, streambank features, bedload type, meander pattern, possible anchor points, etc.   Since the temp logger will be deployed for 2-3 months (typically), anticipating river conditions at lower/higher flows may help to avoid problems. 

3. If appropriate, anchor cables to fixed objects on the near shore for easier access, especially for wide, flashy rivers. 
4. Camouflage sensor assembly (tube and cable) sufficiently and as needed.  In most cases, employ “stealth” deploy protocols.  Also, make sure deployment does not create a hazard (e.g., tripping, boating hazard).  

5. Mark anchor points (e.g. tree) with unique flagging color to differentiate from other colors used. In some cases (e.g., boating), it may also be necessary to flag the cable line to notify boaters of the hazard.
6. Make sure encased sensors are properly secured and anchored in the water column (on large flat rocks or blocks off the sediment) for all anticipated water levels and velocities for the duration of the deployment (typically 2-3 months).  High flows and velocities can be mitigated against by using the largest rocks available to secure the tube in place AND anchoring the tube and cable to fixed objects on shore (not large in-stream objects such as LWD).   For wider rivers, this may require the use of multiple cable lengths looped together.  For meandering rivers, avoid anchor trees on the outer banks that appear that they might be swept downstream in the next big rain event.  Inner bends are also problematic, as these are depositional areas where tubes can be buried under rocks and sediment as stream beds shift and realign.  
7. For each deploy, fix the tube as low as possible in the water column to mitigate against lowered water levels, due to natural summertime low flows and/or tidal fluctuations, water withdrawals, etc.  Use stable blocks to keep tube off the bottom for the duration of the deployment.  For deep slow-moving rivers, 
8. Beware of areas with recent or active beaver activity. If such conditions exist or are anticipated, choose the largest diameter trees available and attempt to anchor the cable as low as possible at the tree base.  Alternatively, anchor to non-beaver food objects.
9. Due to the potential for older used locks to fail during the deployment, consider the use of additional mechanisms to secure the tube caps, such as cable/zip ties   
10. During the deployment period, instruct crews performing other survey work to briefly inspect the deploy tube setup, and if problems have arisen since the last visit, to rectify problems immediately and document actions on the deployment fieldsheet (back at the office).

11. Place in locations that are well mixed horizontally and vertically, and outside any mixing zones from thermal discharges.

12. For placements downstream of a discharge, keep the sensor as close to the discharge as possible without mixing zone effects (site-specific).   This will minimize the issue of natural solar heat gain over river length.

13. For air temperature sensor placement (associated with a specific water sensor location), place in air in a shaded area, cable to a fixed object at approximate chest/head height and make sure deployment does not create a hazard (e.g., tripping). 

Field Quality Control Sampling:  

1. Perform adequate quality control audits (accuracy checks using high-quality, NIST-certified/traceable thermometer(s)) to increase confidence in the data.  Co-located, simultaneous measurements are preferred.  If a bridge deploy (temp QC sensor cable does not reach down to the water), perform dropoff and pickup QC after deployment and before retrieval using a water bucket (collect ¾ full bucket, take temp readings immediately).
2. Consider duplicate (side-by-side) deployed sensors @ 10% of sites to better estimate instantaneous mean temperatures for each location (and to estimate sampling precision).

3. Beware that one or more sensors may fail before or during the monitoring period.  Have additional, back-up sensors on hand to replace failed sensors.  Weekly, bi-weekly or monthly data downloads using a “shuttle” device or laptop can be employed to verify sensors are in working order.
4. See also Section 9.0.

Data Upload and Post-Deploy QC: 

1. After all units have been retrieved and cleaned, use Hobo software with base station to upload data from loggers to PC (READOUT).  Set units to degrees Celsius for uploaded files.
2. Retain original raw uploaded files in Hobo software (unaltered) and also export files to EXCEL (.csv) as read-only.
3. All temperature data files are stored electronically at DWM offices in Worcester, MA. to C:/ (working PC); W:/sop/temp (network temporary); W:/dwm/sop/temp/year data/temperature; and in secure database areas.   Immediately after upload to the temp location, contact DB Manager and QA Officer for import to protected network locations.
4. Use uploaded files for processing, validation and analysis. 

5. Additional steps related to DWM database management of large temp files :  TBD

6. Perform post-deploy QC (as done for pre-deploy QC---see above)
Data Validation:

1. Although data can be “shifted” to account for sensor drift over time (USGS, 2000), this is not recommended for short-duration projects.   For projects lasting more than a month, shifts to the data record can be employed provided drift is within acceptable limits.

2. Data generated through the use of continuous temperature sensors must be validated prior  to use.  This can be performed by DWM’s QA Analyst (preferred) and/or by project staff with concurrence from DWM’s QA Analyst and Database Manager.  Validation steps include:

a. Raw data are reviewed for obvious errors. 

b. The beginning and ends of the data records for each deployment are trimmed (i.e. censored) as appropriate to discard inappropriate and problematic data (i.e. those data not logged as intended).   

c. Excel data files, spreadsheets and charts are reviewed for errors.  

d. Quality control data (as recorded, un-rounded) are used to provide qualification or censoring of data where necessary, using data qualifiers as contained in DWM’s SOP for data validation (CN 56.2).   

e. All data are rounded for reporting purposes to the tenths digit, reflecting the lack of confidence in the hundredths place. 

Data Management:  in general; TBD

1. Perform standard data management procedures for continuous temperature data   
2. Given the large amount of data, organization and storage of data files are very important considerations to avoid misuse of data and/or use of erroneous (“censored”) data.   

3. Consider the use of automated spreadsheet/database “macros” to facilitate standardized data storage, manipulation and analysis, similar to that developed by the State of Idaho (Idaho DEQ, 1999).

Data Analysis and Reporting:  in general; project-specific
1. When analyzing the data, use appropriate tools and data sets based on project objectives and the results of QC sampling.   Statistical estimates, such as means, medians and maximums, may vary greatly depending on what data is used.  Perform adequate data validation prior to analysis to ensure data is usable. 

2. Include monitoring period rainfall, air temperature and streamflow data (if available) in the evaluation of ambient water temperatures.   For nearby gages, perform reasonable extrapolation if appropriate. 

3. Data can be analyzed both for the “total” deployment period (minus any censored and clipped data), as well as for a selected “low-flow” period.  For each time period, standard statistics are calculated for each sensor data set using the same time interval (“apples-apples”).  Where appropriate, data are related to temperature thresholds, such as those contained in State Water Quality Standards (SWQS) (e.g. 20° C and 28.3° C) and permit limits (e.g. 33.3° C).   Inter-station data comparison can be performed both without respect to water time-of-travel (no time shift) and accounting for travel time from upstream to downstream using estimated average water velocities (time shift). 

4. Report standard statistical analyses for continuous temperature data, in order to streamline and focus the reporting of results.   Although some projects may require specific data analyses, calculate the following baseline statistics for each location (draft, final stats TBD).  When comparing upstream-downstream locations, use time-shifts as appropriate to account for time-of-travel between locations (measured or estimated):

a. Mean (period of record)
b. Median (period of record)

c. Maxima (period of record)

d. Minima (period of record)

e. STDEV (period of record)

f. IQR (period of record)

g. Daily mean 

h. Daily maxima

i. 7-day average of the daily maxima (rolling average)
j. Maximum duration > WQS (e.g., 20° C, 28.3° C. and other “thresholds” as applicable)

k. Average daily duration > WQS
l. % days > WQS
m. T-test for statistically-significant differences in means (as applicable; e.g. mean daily temperatures upstream/downstream of a discharge).
n. Instantaneous “delta T”s (temperature changes) from one location to another, as applicable.
9.0
QUALITY CONTROL

Typical data quality objectives (DQOs) for use of continuous temperature sensors are as follows:

Table 1:  Typical DQOs for Continuous Temperature Sensors


	Analyte
	Units
	Expected Range
	Accuracy (+/-)
	Resolution
	Overall Precision (RPD)

	Temperature
	°C
	0-35°
	0.5° (vs. NIST-traceable thermometer)
	0.15°
	< 0.5 difference when compared to side-by-side field measurements

	Time (sensor internal clock)
	minutes, seconds
	---
	< 5 minutes over an approximate 2 month deployment
	1 sec.
	---


Based on manufacturer specifications, the Eutechnics QC lab thermometer is accurate within 0-50° C to +/- 0.015° C (plus probe tolerance).   The resolution is listed as 0.01° C, with a one year probe drift of +/- 0.010° C.  Specifications for other QC thermometers used by DWM (e.g., Digi-Sense RTD, Fisher Traceable) are similar.
See also Section 8.

10.0
INTERFERENCES
See Section 8.0 for discussion of potential complications and problems related to sensor setup, location and poor quality control. 

11.0 PREVENTIVE MAINTENANCE

Upon retrieval and transport back to the office, thoroughly wash and clean sensor units, cases, cables and anchors with soap and warm water.  Store in labeled box/bin accordingly for the next user. 

12.0 CORRECTIVE ACTIONS

Take the following corrective actions (as needed) during and following data collection:

1. Inspect sensor placement immediately following deployment and during data collection for problems related to sensor placement.   If encased sensor is not in the water column, retrieve and replace correctly.   Document on fieldsheet that sensor was re-positioned (even if for a moment).

2. Take necessary measures during data validation to edit the data record, based on the need to qualify, shift (see Section 8, data validation, for discussion of “shifts”) and/or censor data.   Document all data decisions in a report.

13.0 WASTE AND POLLUTION PREVENTION

Consider the following in order to minimize waste during continuous temperature sensing projects:

1. 
Reuse sensor PVC/ABS cases as much as possible by cleaning and storing after use.

2. 
When planning QC field checks/audits of the sensors, combine the effort with water quality and/or other field surveys to save staff resources, gas, etc.

3.   When analyzing data, focus on meeting objectives as outlined in the QAPP.   Perform appropriate statistical and graphical analyses, in order to avoid inefficient use of staff time. 

14.0
REFERENCES
USGS. 2000. Guidelines and Standard Procedures for Continuous Water-Quality Monitors: Site Selection, Field Operation, Calibration, Record Computation and Reporting, WRIR 00-4252

Idaho Division of Environmental Quality. 1999.  Protocol for Placement and Retrieval of Temperature Data Loggers in Idaho Streams.  Report#10

Oregon Dept. of Environmental Quality. 2002.  Consolidated Assessment and Listing Methodology for Oregon’s Draft 2002 303(d) List and 305(b) Report, Draft

MADEP. 2003  Continuous Temperature Data at Four Locations in the Hoosic River Watershed (September-October, 2002). CN 132.0.    Massachusetts Department of Environmental Protection, Division of Watershed Management.   Worcester, MA.
USGS. 1998.  National Field Manual for the Collection of Water Quality Data, TWRI-Book 9

15.0
DEFINITIONS/ACRONYMS

NA

16.0
APPENDICES

16.1 Appendix A:  Temperature Logging Equipment and Accuracy Check Form

16.2 Appendix B:  Example Statistical Analysis 

16.3 Appendix C:  Example Graphical Analysis

Appendix A:  Typical Temperature Logging Equipment (circa 2003)
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Stowaway sensor, plastic tube and cable (anchor  screw optional; unit assemblies typically cabled to fixed object, e.g., large tree)
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Available Temp Loggers

	
	SN #
	Manufacturer
	Description
	Status (01/2015)

	
	
	
	
	

	1
	515486
	Onset 
	Stowaway
	OK

	2
	552434
	Onset 
	Stowaway
	OK

	3
	515472
	Onset 
	Stowaway
	Died in 2011

	4
	706751
	Onset 
	Stowaway
	OK

	5
	735455
	Onset 
	Stowaway
	OK

	6
	730537
	Onset 
	Stowaway
	OK

	7
	9140
	Onset 
	Stowaway
	missing

	8
	729121
	Onset 
	Stowaway
	OK

	9
	515474
	Onset 
	Stowaway
	Died 2013

	10
	738001
	Onset 
	Stowaway
	OK

	11
	552435
	Onset 
	Stowaway
	OK

	12
	552426
	Onset 
	Stowaway
	OK

	13
	552431
	Onset 
	Stowaway
	OK

	14
	515471
	Onset 
	Stowaway
	OK

	15
	729118
	Onset 
	Stowaway
	OK

	16
	737992
	Onset
	Stowaway
	OK

	17
	1134422
	Onset
	Pro v2
	OK

	18
	1134432
	Onset
	Pro v2
	OK

	19
	1134433
	Onset
	Pro v2
	OK

	20
	1134434
	Onset
	Pro v2
	OK

	21
	1134435
	Onset
	Pro v2
	OK

	22
	1134436
	Onset
	Pro v2
	OK

	23
	1134437
	Onset
	Pro v2
	OK

	24
	1134438
	Onset
	Pro v2
	OK

	25
	1134439
	Onset
	Pro v2
	Died in 2014

	26
	1134440
	Onset
	Pro v2
	OK

	27
	1134441
	Onset
	Pro v2
	OK

	28
	1134442
	Onset
	Pro v2
	Lost in 2011 in Middle River

	29
	1134443
	Onset
	Pro v2
	Lost in 2007

	30
	1134444
	Onset
	Pro v2
	OK

	31
	1134445
	Onset
	Pro v2
	OK

	32
	1134446
	Onset
	Pro v2
	Lost in 2011 in Stockwell Brook

	33
	1134447
	Onset
	Pro v2
	OK

	34
	1134448
	Onset
	Pro v2
	Lost in 2009

	35
	1134449
	Onset
	Pro v2
	OK

	36
	1134450
	Onset
	Pro v2
	OK

	37
	1134451
	Onset
	Pro v2
	Lost in 2011 in unnamed trib 

(                     )

	38
	1134452
	Onset
	Pro v2
	Died in 2014

	39
	1134453
	Onset
	Pro v2
	OK

	40
	1134454
	Onset
	Pro v2
	OK

	41
	1134455
	Onset
	Pro v2
	OK

	42
	1134456
	Onset
	Pro v2
	Vandalized in June 2012 (case was broken open and logger was found, tested and determined to be non-functional)

	43
	1134457
	Onset
	Pro v2
	Data loss error in 9/2010

 (not OK)

	44
	1134458
	Onset
	Pro v2
	OK

	45
	1134459
	Onset
	Pro v2
	OK

	46
	1134460
	Onset
	Pro v2
	Lost in 2011 in Cold River

	47
	1292378
	Onset
	Pro v2
	10/16/13 upload of file OK, but dessicant (or other) loose inside casing.  Still functioning, but use as last resort

	48
	1292379
	Onset
	Pro v2
	Stolen/lost (cut from tree during air deploy in 2012-13 (climate change study; at Browns Brook, Holland)

	49
	1292380
	Onset
	Pro v2
	OK

	50
	1292381
	Onset
	Pro v2
	Lost in 2011 in unnamed trib, near Gateway park in Fitchburg

	51
	1292382
	Onset
	Pro v2
	OK

	52
	1292383
	Onset
	Pro v2
	OK

	53
	1292384
	Onset
	Pro v2
	OK

	54
	1292385
	Onset
	Pro v2
	OK

	55
	1292386
	Onset
	Pro v2
	OK

	56
	1292387
	Onset
	Pro v2
	OK

	57
	2381495
	Onset
	Pro v2
	OK

	58
	2381496
	Onset
	Pro v2
	OK

	59
	2381497
	Onset
	Pro v2
	OK

	60
	2381498
	Onset
	Pro v2
	OK

	61
	2381499
	Onset
	Pro v2
	OK

	62
	2381500
	Onset
	Pro v2
	OK

	63
	2381501
	Onset
	Pro v2
	OK

	64
	2381502
	Onset
	Pro v2
	OK

	65
	2381503
	Onset
	Pro v2
	OK

	66
	2381504
	Onset
	Pro v2
	OK

	67
	9734121
	Onset
	Pro v2
	OK

	68
	9734122
	Onset
	Pro v2
	OK

	69
	9734123
	Onset
	Pro v2
	OK

	70
	9734124
	Onset
	Pro v2
	OK

	71
	9734125
	Onset
	Pro v2
	Died upon upload in Jan. 2015; file not retrievable (contacted Onset on 1/6/15)

	72
	9734126
	Onset
	Pro v2
	OK

	73
	9734127
	Onset
	Pro v2
	OK

	74
	9734128
	Onset
	Pro v2
	OK

	75
	9734129
	Onset
	Pro v2
	OK

	76
	9734130
	Onset
	Pro v2
	OK

	77
	9996353
	Onset
	Pro v2
	OK

	78
	10028927
	Onset
	Pro v2
	OK

	79
	10000516
	Onset
	Pro v2
	Unit uploaded in May, 2013 and found to have malfunctioned in Nov. 2012; battery “reset”; the logger was already stopped” (RSN CC project); UNIT DISCARDED.

	80
	10035078
	Onset
	Pro v2
	OK

	81
	10000520
	Onset
	Pro v2
	OK

	82
	10000525
	Onset
	Pro v2
	OK

	83
	10028922
	Onset
	Pro v2
	OK

	84
	10000523
	Onset
	Pro v2
	OK

	85
	10028924
	Onset
	Pro v2
	OK

	86
	10035074
	Onset
	Pro v2
	OK

	87
	
	
	
	

	88
	
	
	
	

	
	
	
	
	


Units starting in 999 and 100… purchased in 2012 

Units starting in 973… purchased in 2010 

Units starting in 238… purchased in 2009 

Units starting in 129… purchased in 2008 

Units starting in 113… purchased in 2007

Appendix B:  Logger Specs

Optic  Hobo Pro v2 and Stowaway® Specifications:  (as provided by Onset Computer Corp.)
	PARAMETER
	HOBO PRO v2 (U-22)
	STOWAWAY

	Range
	-20 to 70 C in air (max. 50 C in water)
	

	Accuracy
	0.2 C (from 0-50 C)
	0.2 C (from 10-30 C)

	Resolution
	0.02 C at 25 C
	0.02 C

	Response time (90%)
	5 minutes in water  (12 minutes in air @2m/sec)
	

	Stability (drift)
	0.1 C per year
	

	Real-time clock
	+/- 1 minute per month @ 0-50 C
	up to 1 hour per year

	Battery
	factory-replaceable (3.6 V lithium) only
	

	Battery life (typical)
	6 years
	

	Sleep mode
	yes; low power mode after 30 minutes of no communication
	

	LED indications
	LED blinks every 1-4 seconds AND when logging a sample

LED blinks every 8 seconds when awaiting start (delayed start mode)
	

	Logging modes
	samples and events
	

	Memory 
	64K bytes ; non-volatile (approx. 42,000 measurements)
	

	Case
	polypropylene, EPDM o-rings, SS retaining ring
	

	Cleaning
	warm water; mild detergent if necessary
	

	Buoyancy
	slightly +
	

	Water resistance
	waterproof  to 120 m
	> 100 feet

	Exposure risks
	chlorinated water; other non-aqueous liquids; harsh chemicals, abrasives, solvents
	

	Logging interval
	1 second to 18 hours; user-defined
	

	Launch modes
	immediate start and delayed start
	

	Battery indication
	low battery indication in datafile; if repeatedly < 3.3 V, return for battery replacement
	

	NIST certificate
	available at extra cost
	

	EU compliance
	yes
	


Appendix C:  QC Check Forms

Continuous Temperature Logger

Accuracy Check Form

Date: _______________________

QC Check Staff: __________________________________________________________

Logger Serial #: __________________________________________________________

NIST-Traceable Thermometer Used: _________________________________________

Reference SOP:  SOP for Continuous Temperature Monitoring (CN 103.1) 

	Time
	Bath Temp, °C (using NIST thermometer)
	Bath Temp, °C

(using logger)
	Difference (°C)
	Comments

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Appendix D:  DWM QuickGuide for Logger Launch and Readout Procedures

(general for both Stowaway and Pro V2 units; assumes pre-QC checks prior to launch)

To LAUNCH logger…

1)  Connect logger to PC (room 226 or cube 232 @DWM-Worcester) using base station and serial (Stowaway)/USB (ProV2) ports.  For ProV2, align arrows for proper fit.

2)  Open Boxcar (Stowaway) or Hoboware (ProV2) program

3)  “Launch” using predetermined setup parameters, as follows:

a)  file= serial # (default) or OWMID#  (logger location must be tracked via fieldsheet info)

b)  delayed start= deployment day (am) to verify operation of unit before deployment AND to synchronize same times for each temp data file.  Do not launch using “now” option.

c)  interval=  30 minutes (standard) or other (e.g., 15 minutes)

d)  units= deg. C

e)  for ProV2 units, check for “good” battery indication (NA for Stowaway units)

4)  Prior to field placement the day of deployment, verify operation by green blinking light (Stowaway) and red blinking light (ProV2).  If problems, re-launch/replace as necessary.

5)  Proceed to field deployment using black tubes, cable, lock, block, bungee cords, field QC thermometer, “deployment” fieldsheets, etc.  

To READOUT data file…

1)  After retrieving units from the field and returning to the lab, clean tube assemblies, cables, etc. thoroughly.  Remove logger and rinse well with warm tap water.  Use mild soap if necessary.  Avoid shock and scratches to units.

2)  When loggers are dry, connect to PC using base station and open program as appropriate. 
3) Select “Readout” from the Device menu or use the “Readout” button on the toolbar.

4) Select to “Stop” logging when prompted.

5) Save the native Hobo file (.hobo) to a read-only folder (w/dwm/sop/temp/year data/temperature). This will launch the Plot Setup window.

6) Change the temperature units to Celsius in the Plot Setup window.  Hit “Plot” button.

7) Select “Export Points as Excel Text” from the File menu.  Select “Export to a single file” and hit the “Export” button.

8) Save the export file in coma delimited format (.csv) to the directory with the native Hobo file (.hobo).

9) Contact QA Analyst that files have been uploaded.

Appendix E:  Example Statistical Analysis

[image: image7.wmf]Figure 11:  Continuous Temperature Monitoring at Four Locations Associated with the Specialty 

Minerals Inc. Discharge Canal, Hoosic River Watershed, MA.
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Temperature (*C)

Hoosic upstream of canal

SMI Canal

Outlet of SMI Canal

Hoosic downstream of SMI Canal

Class B Cold Water Fishery Standard :T< 20 degrees C

Class B Warm Water Fishery Standard: T< 28.3 degrees C

SMI Proposed Permit Limit = 88 degrees F (31.1 degrees C)



SMI Current Limit= 92 degrees F (33.3 degrees C)

Standard and Paired T-Tests Using Daily Mean Temperatures at Hoosic 1 and Hoosic 4 (MADEP, 2003): 

[image: image8.wmf]Figure 16:  Instantaneous "delta T"s between upstream and downstream assuming a time of 

travel of 1 hour 
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Appendix C:  Example Graphical Analysis  (MADEP, 2003)
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