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Standard Operating Procedure (SOP) 2—Calibration Check of Data Loggers

Overview

This SOP describes how to determine if data loggers are measuring temperature to the manufacturer’s specifications.
Thermometers and data loggers calibrated to National Institute of Standards and Technology (NIST) standards are available
as a reference during calibration checks. A calibration check should be performed before and after each field installation.

A calibration check consists of data loggers recording for 30 minutes in a warm bath, 30 minutes in a cool-down bath, and
30 minutes in a cold bath. This process takes approximately 2 days to complete.

Supplies

» Three coolers (large enough to submerge all data loggers with lots of extra room)

e Crushed ice

* Onset data loggers (U22, Pendant, or TidbiT)

* One NIST-calibrated Onset data logger (use same model as data logger being calibrated: U22, Pendant, or TidbiT)

* 8-in. cable/zip ties (0.095 in. width)

* 10-0z lead fishing weights (one weight per five data loggers)

* Onset Optic USB Base Station

» COUPLER2-A (for Pendant), COUPLER2-C (for U22), or COUPLER2-D (for TidbiT)

» Computer with HOBOware Pro software installed

Procedure—Day 1

1. Fill a cooler about 3/4 full with room temperature

water and place in a climate controlled room (stable air
temperature). This will be the warm bath.

2. Launch data loggers, including the NIST-calibrated data
logger following procedures in SOP 1.

a. Selecta 10 second logging interval.

b. Set a delayed start to a time the following day to
initiate the calibration check. Make sure there is
adequate time to set up the cold bath (see step 4).

c. Create a Calibration Check Worksheet to record
basic metrics from the calibration process (fig. 2.1).

d. Record the serial number and battery voltage at the
time of launch on Calibration Check Worksheet.

Serial# CalibVoltage CalibDate CalibMeanWarmDiff CalibMeanCoolDiff
10768077 3.57 7/26/2016 0.068 0.011
10768078 3.54 7/26/2016 0.057 0.084
10768079 3.57 7/26/2016 0.019 0.000
10768080 3.57 7/26/2016 0.043 0.055

Figure 2.1. Example of a Calibration Check Worksheet.
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Bundle five data loggers and one 10-0z lead fishing
weight together with an 8-in. cable/zip tie (fig. 2.2).

Immerse launched and bundled data loggers in the warm
bath and let soak overnight with the cooler lid open
(fig. 2.3).

Figure 2.2. Photograph showing five Onset U22 data loggers
attached to a 10-ounce lead weight with an 8-inch cable/zip
tie.

Figure 2.3. Photograph showing four clusters of five
Onset U22 data loggers soaking in a warm bath used for a
calibration check.

Procedure—Day 2

Approximately 3 hours before the data loggers are
programmed to start recording, fill two coolers about 3/4
full with crushed ice and add cold water until ice is fully
immersed in water.

a. Close lids and place coolers in the same climate
controlled room (stable air temperature). These will
be the cool-down and cold baths.

Following the delayed start time, begin mixing the water
in the warm bath by gently lifting one end of the cooler
about 4 in. off the ground.

a. Repeat this mixing/lifting about every 20 seconds for
30 minutes. The warm calibration check is complete.

Remove the bundled data loggers from the warm bath
and immerse them in the cool-down bath (one of the two
coolers with ice/water mixture) and close the lid.

a. The cool-down bath is used to decrease the
temperature of the data loggers from room
temperature to about 0 °C.

b. Leave the data loggers in the cool-down bath for

30 minutes.

Remove the bundled data loggers from the cool-down
bath and immerse them in the cold bath.

Mix the water in the cold bath by gently lifting one end
of the cooler about 4 in. off the ground.

a. Repeat this mixing/lifting about every 20 seconds for
30 minutes. The cold calibration check is complete.

Open HOBOware Pro software and download all the
available updates, if prompted (fig. 2.4)

Connect the Onset Optic USB base station to

the computer using the USB cable and connect a
temperature data logger to the base station using the
appropriate coupler (see SOP 1—Launching Data
Loggers).

Updates to HOBOware may be available online. Would you
like to check for updates at this time?

The frequency of update checks can be set in Preferences.
Currently checking once per week.

Figure 2.4. Screen capture showing HOBOware Pro Check for
Updates? dialog box.
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8. Readout data from the data logger. c. Create or select a folder in which to store .hobo file,

. ) then save the file (fig. 2.7).
a. On the HOBOware Pro main screen, click Device >

Readout... (fig. 2.5). d. The Plot Setup dialog box will open (fig. 2.8). To
see a graph of the data, click Plot, otherwise click

b.  When prompted to stop the data logger, click Stop Cancel.

(fig. 2.6).

ol MEXAS|ree:|QaQaBEBEERITO®=|?

iR
Ctrl+1
Cui+k

Manage HOBO Data Node Network... Ctrl+Shift+H
Configure Modules/Ports.. Crl+Shift+C
»

T, Y Y,

o Ready.
BEM
Dev: No device selected... No devices connect ted

Figure 2.5. Screen capture showing HOBOware Pro screen capture showing the Readout... option under the Device menu.

The logger is currently logging.

7 N

Do you wish to stop logging before reading out the logger?

[Don'tStopJ[ Stop H Cancel

Figure 2.6. Screen capture showing HOBOware Pro Stop
Logger? dialog.
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Savein: | | Temperature_Data_Files

L=
Recent Items

-
My Documents

ﬁ&.“

Computer

, E—
A Filename: | 10950791.hobo

Netwark Files of type: | hobo Files

Figure 2.7. Screen capture showing HOBOware Pro Save dialog box to determine the
location to save a .hobo file.

Description: | 10950791-20C

Select Series to Plot

Series Measurement Units Label ~

@1 Temp [ec v‘

2 Batt v -

Select Internal Logger Events to Plot

Event Event Type Units -
1 Coupler Detached

2 Coupler Attached

[¥]3  Host Connected

4 Stopped

5  End OfFile N

Offset from GMT | -8/%| (+/- 18.0 hours, 0 = GMT)

WV Data Assistants Process...

%? Growing Degree Days Assistantie What's This?

Figure 2.8. Screen capture showing
HOBOware Pro Plot Setup dialog box.
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9. Disconnect the temperature data logger from the base b. Browse to the folder where the .hobo files were

station. After readout, the data logger will be stopped saved and select all the files, then click Continue
and will remain in that state until it is launched again. (fig. 2.10).

10. Continue to readout data from all data loggers (repeat c. Inthe Choose Export Folder dialog box, choose
step 7). folder where to save the .csv files, then click Export

fig. 2.11).

11.  After reading out data from all data loggers, export the (fig )
.hobo files as .csv files. d.  When the bulk file export is complete, click OK.
a. On the HOBOware Pro main screen, click 12.  Close HOBOware Pro.

Tools > Bulk File Export > Select Files to

Export... (fig. 2.9). 13.  Open Microsoft Excel or other spreadsheet application

and create a blank worksheet.

:\‘mmsm&pm“ * B3 roe i e BB EBERIYTO® ‘#“ 2
elp
About

T, Y Y P

Ready.

BEM
Dev: No device selected... No devices connect ted

Figure 2.9. Screen capture showing HOBOware Pro Select Files to Export... option under the Bulk File Export option, under the
Tools menu.
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w Help

58580k B-B-cEXaAdriec: QA BBEHERITO=|?

Lookin: | J, Temperature_Data_Fies

L
-
Recent Items

Flename:  [bo™"10768083.hobo" *10768086.hobo" “10768087.hobo" Continue

Fiesoftoe:os0uereoota e -

R Ready.
BEN

Dev: No device selected.. No devices connected

Figure 2.10. Screen capture showing HOBOware Pro Select Files to Export dialog box to select .hobo files to export as .csv files.

CAaNENERITYO=|?

Lookin: | ). Temperature_Data_Fies

P
Recent Items

Computer

a
‘.!-‘ Folder name: |C:\VJsers\heck Desktop Tenperature_Data_Fies
Fiesof type: [AiFies

i Ready.
.=
Dev: No device selected... No devices connected

Figure 2.11. Screen capture showing HOBOware Pro Choose Export Folder dialog box to determine the location to export .csv
files.
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14.  Open an exported .csv file, select the Date Time and
Temp columns (fig. 2.12), then copy and paste them into

columns A-B of the blank worksheet.

15. Continue opening .csv files and copying and pasting the
Date Time and Temp columns into C-D, E-F, G-H, and
so on (fig. 2.13). The header of the Temp column can be

shortened to the data logger serial number (S/N).

16. Create a graph of data logger temperatures over time.
Make sure to include the NIST-calibrated data logger

temperatures (fig. 2.14).

a.

Identify a period during the warm bath of greater
than or equal to 15 minutes (90 consecutive records)

when data loggers are recording highly consistent
temperatures. It is not possible to quantify what
“highly consistent” temperatures are because the
purpose of the calibration check is to look for data
loggers that are dissimilar from one another and the
NIST data logger. That comparison needs to be made
when all data loggers are recording temperatures in a
highly consistent or similar way.

Identify a period during the cold bath of greater
than or equal to 15 minutes (90 consecutive records)
when data loggers are recording highly consistent
temperatures.

10768077.csv - Microsoft Excel =il
Home | Inset  Pagelayout  Formulas  Data  Review  View  Adddns  Acrobat o @ o @
% cut A . = o ﬁ [Coicaiation ]~ | Bem | Egl = Autosum - A
g Calibri n v A B » | Siweptet General tj B [nomal léad Good Neutsl o B S [l e 7]’ H
e e | B T U | B Bl = | EMerge&Center~ | $ v % o | %8 5% Fc‘;::“@s;n;lv Jomat || Explanatory Linke Note oot Deete Fomat | Sota Fings
Clipboard Font 5 Alignment Number Styles cells Editing
Al ad J« | Plot Title: 10768077 v
A B c D E F |
1 |Plot Title: 10768077 =
2 ¥ Date Time, GMT-07:00 Temp, °C (LGR S/N: 10768077, SEN S/N: 10768077) Coupler Detached (LGR S/N: 10768077, SEN S/N: 10768077)  Coupler Attached (LGR S/N: 10768077, SEN S/N: 10768077) Host Connected (LGR S/N: 10768077, SEN S/N: 10768077)  Stopped (LGR S/N: 10768077, &
3 1 7/26/2016 12:30:00 22.705 Logged
4 2 7/26/201612:30:10 22.705
5 3 7/26/201612:30:20 2705
6 4 7/26/201612:30:30 22.705
7 5 7/26/201612:30:40 22.705
8 6 7/26/201612:30:50 22.705
9 7 7/26/2016 12:31:00 22.729
10 8 7/26/201612:31:10 22.705
1 9 7/26/201612:31:20 22.705
12 10 7/26/201612:31:30 22.705
13 11 7/26/201612:31:40 22.681
14 12 7/26/201612:31:50 22.657
15 13 7/26/2016 12:32:00 22.705
16 14 7/26/201612:32:10 24.074
17 15 7/26/201612:32:20 25.72
18 16 7/26/201612:32:30 26.695
19 17 7/26/201612:32:40 27.382
20 18 7/26/2016 12:32:50 27.801
21 19 7/26/201612:33:00 28122
2 20 7/26/201612:33:10 28.493
23 21 7/26/201612:33:20 28.891
2 22 7/26/201612:33:30 29215
25 23 7/26/2016 12:33:40 29.414
2 24 7/26/201612:33:50 29.49
27 25 7/26/2016 12:34:00 29.515
28 26 7/26/201612:34:10 29.515
2 27 7/26/201612:34:20 29.464
30 28 7/26/2016 12:34:30 29.414
31 29 7/26/201612:34:40 29.315
32 30 7/26/2016 12:34:50 29.165
33 31 7/26/201612:35:00 29.065
34 32 7/26/201612:35:10 28.941
35 33 7/26/2016 12:35:20 28.816
36 34 7/26/201612:35:30 28.692
37 35 7/26/2016 12:35:40 28.593
38 36 7/26/201612:35:50 28.493
39 37 7/26/201612:36:00 28.369
40 38 7/26/201612:36:10 28.27
41 39 7/26/201612:36:20 28.147
42 40 7/26/2016 12:36:30 27.998
a3 41 7/26/201612:36:40 27875
44 42 7/26/201612:36:50 27.751
45 43 7/26/201612:37:00 27.677
46 44 7/26/201612:37:10 27.899
a7 a5 7/26/2016 12:37:20 28.27 o
| > | 10768077 3 T4 C L1}

Ready | |[EOm 100% O Iv! )

Figure 2.12. Screen capture showing exported .csv file opened in Microsoft® Excel with the Date Time and Temp columns highlighted.
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Combo.xisx - Microsoft Excel
Home | Inset  Pagelayout  Formulas  Data  Review  View  Adddns  Acrobat o @ o @
e = = & =
1 & ocut Calibri BT B »  Swepre Custom = flj g [vorma Bad Good Neutsl Calculation i il %“““’5‘"“ 9? H
Copy + £ — - Fill ~ =
Pttt ponter | B 2 U - | EMerge & Center~ | $ v % > | %8 % Coidions Carmi Explanatory Note oot Deete Fomat | Sota Fings
Clipboard . Font 5 Alignment . Number : cets diting
AL ~ & F | Date Time, GMT-07:00
A 5 < D € G 5 [l 1 ] K T N o 3 Q R B T [ v W X Y s |

1 Date Time, GMT-07:00 10950790-NIST Date Time, GMT-07:00 10768077 Date Time, GMT-07:00 10768078 Date Time, GMT-07:00 10768079 Date Time, GMT-07:00 10768080 =
2 7/26/2016 12:30:00 22657 7/26/2016 12:30:00  22.705 7/26/201612:30:00  22.705 7/26/2016 12:30:00 22872 7/26/2016 12:30:00 22633 E
3 7/26/2016 12:30:10 22657 7/26/201612:30:10  22.705 7/26/201612:30:10  22.705 7/26/2016 12:30:10 22872 7/26/2016 12:30:10 22633

4 7/26/2016 12:30:20 22657 7/26/2016 12:30:20  22.705 7/26/201612:30:20  22.705 7/26/2016 12:30:20 22872 7/26/2016 12:30:20  22.633

5 7/26/2016 12:30:30 22681 7/26/201612:30:30  22.705 7/26/201612:30:30  22.705 7/26/201612:30:30  22.872 7/26/2016 12:30:30 22633

6 7/26/2016 12:30:40 22681 7/26/2016 12:30:40  22.705 7/26/201612:30:40  22.705 7/26/2016 12:30:40 22872 7/26/2016 12:30:40 22633

7 7/26/2016 12:30:50 22681 7/26/2016 12:30:50  22.705 7/26/2016 12:30:50 22.705 7/26/2016 12:30:50  22.872 7/26/2016 12:30:50 22,633

8 7/26/2016 12:31:00 22705 7/26/20161231:00 22729 7/26/20161231:00 22705  7/26/201612:31:00 22872  7/26/201612:31:00 22633

9 7/26/2016 12:31:10 22705 7/26/20161231:10 22705  7/26/201612:31:0 22705  7/26/20161231:10 22872 7/26/201612:31:10 22633

10 7/26/2016 12:31:20 22705 7/26/2016 12:31:20 22705 7/26/2016 12:31:20 22681 7/26/2016 12:31:20 22872 7/26/2016 12:31:20  22.633

1 7/26/2016 12:31:30 22729 7/26/2016 12:31:30  22.705 7/26/2016 12:31:30 22681 7/26/201612:31:30  22.872 7/26/2016 12:31:30  22.633

12 7/26/2016 12:31:40 22729 7/26/2016 12:31:40 22681 7/26/2016 12:31:40 22681 7/26/2016 12:31:40  22.824 7/26/2016 12:31:40  22.609

13 7/26/2016 12:31:50 22729 7/26/2016 12:31:50  22.657 7/26/2016 12:31:50 22705 7/26/2016 12:31:50  22.776 7/26/2016 12:31:50  22.609

14 7/26/2016 12:32:00 22753 7/26/2016 12:32:00  22.705 7/26/2016 12:32:00 22848 7/26/2016 12:32:00  22.896 7/26/2016 12:32:00  22.776

15 7/26/2016 12:32:10 22753 7/26/2016 12:32:10  24.074 7/26/2016 12:32:10 23.881 7/26/2016 12:32:10 24171 7/26/2016 12:32:10 24195

16 7/26/2016 12:32:20 22776 7/26/2016 12:32:20 2572 7/26/2016 12:32:20 25137 7/26/2016 12:32:20  25.355 7/26/2016 12:32:20 2572

17 7/26/2016 12:32:30 22776 7/26/2016 12:32:30  26.695 7/26/2016 12:32:30 26134 7/26/201612:32:30  26.256 7/26/2016 12:32:30  26.769
18 7/26/2016 12:32:40 28 7/26/2016 12:32:40  27.382 7/26/2016 12:32:40 26.867 7/26/2016 12:32:40  27.014 7/26/2016 12:32:40  27.407

19 7/26/2016 12:32:50 28 7/26/2016 12:32:50  27.801 7/26/2016 12:32:50 27.308 7/26/2016 12:32.50  27.481 7/26/2016 12:32:50  27.776
20 7/26/2016 12:33:00 228 7/26/2016 12:33:00  28.122 7/26/201612:33:00  27.727 7/26/2016 12:33:00  27.875 7/26/2016 12:33:00  28.122
2 7/26/2016 12:33:10 22824 7/26/201612:33:10  28.493 7/26/201612:33:10  28.221 7/26/2016 12:33:10  28.369 7/26/2016 12:33:10 28518
22 7/26/2016 12:33:20 22824 7/26/2016 12:33:20  28.891 7/26/201612:33:20  28.642 7/26/201612:33:220  28.816 7/26/2016 12:33:20  28.866
3 7/26/2016 12:33:30 22848 7/26/201612:33:30  29.215 7/26/201612:33:30  28.965 7/26/2016 12:33:30  29.165 7/26/2016 12:33:30 2914
24 7/26/2016 12:33:40 22848 7/26/201612:33:40  29.414 7/26/2016 12:33:40 2924 7/26/2016 12:33:40  29.464 7/26/2016 12:33:40 2934
5 7/26/2016 12:33:50 22872 7/26/2016 12:33:50 29.49 7/26/201612:33:50  29.464 7/26/2016 12:33:50 2969 7/26/2016 12:33:50  29.515
26 7/26/2016 12:34:00 22872 7/26/2016 12:34:00  29.515 7/26/2016 12:34:00  29.665 7/26/2016 12:34:00  29.865 7/26/2016 12:34:00  29.665
27 7/26/2016 12:34:10 2289% 7/26/201612:34:10  29.515 7/26/201612:34:10  29.815 7/26/201612:34:10  29.941 7/26/2016 12:34:10  29.815
28 7/26/2016 12:34:20 2289% 7/26/201612:34:20  29.464. 7/26/201612:34:20  29.916 7/26/2016 12:34:20  30.016 7/26/2016 12:34:20  29.916
29 7/26/2016 12:34:30 2292 7/26/201612:34:30  29.414 7/26/201612:34:30  29.966 7/26/201612:34:30  30.117 7/26/2016 12:34:30  29.966
30 7/26/2016 12:34:40 2292 7/26/2016 12:34:40  29.315 7/26/201612:34:40  30.016 7/26/2016 12:34:40  30.192 7/26/2016 12:34:40 29916

31 7/26/2016 12:34:50 2292 7/26/2016 12:34:50  29.165 7/26/201612:34:50  30.016 7/26/2016 12:34:50  30.167 7/26/2016 12:34:50 2979
32 7/26/2016 12:35:00 22924 7/26/2016 12:35:00  29.065 7/26/201612:35:00  29.991 7/26/2016 12:35:00  30.117 7/26/2016 12:35:00  29.615

33 7/26/2016 12:35:10 22924 7/26/201612:35:10  28.941 7/26/201612:35:10  29.941 7/26/2016 12:35:10  30.041 7/26/2016 12:35:10  29.414
34 7/26/2016 12:35:20 22968 7/26/2016 12:35:20  28.816 7/26/2016 12:35:20 2984 7/26/201612:35:20  29.941 7/26/2016 12:35:20 2919
35 7/26/2016 12:35:30 22968 7/26/20161235:30 28692  7/26/20161235:30 29765  7/26/201612:35:30 29815 7/26/201612:35:30 28961
36| 7/26/2016 12:35:40 22992 7/26/20161235:40 28593 7/26/201612:3540 2964  7/26/201612:35:40  29.665  7/26/201612:3540  28.717
37 7/26/2016 12:35:50 22992 7/26/2016 12:35:50  28.493 7/26/2016 12:35:50 29.515 7/26/2016 12:35:50 2954 7/26/2016 12:35:50  28.493
38 7/26/2016 12:36:00 23.016 7/26/2016 12:36:00 28369 7/26/2016 12:36:00 29.414 7/26/2016 12:36:00  29.389. 7/26/2016 12:36:00 2827
39 7/26/2016 12:36:10 23.016 7/26/2016 12:36:10 2827 7/26/2016 12:36:10 29.265 7/26/2016 12:36:10 2924 7/26/2016 12:36:10  28.048
40 7/26/2016 12:36:20 23.04 7/26/2016 12:36:20  28.147 7/26/2016 12:36:20 29.14 7/26/2016 12:36:20  29.065 7/26/2016 12:36:20  27.825
41 7/26/2016 12:36:30 23.04 7/26/2016 12:36:30  27.998 7/26/2016 12:36:30 2899 7/26/201612:36:30  28.916 7/26/2016 12:36:30  27.604
42 7/26/2016 12:36:40 2304 7/26/2016 12:36:40  27.875 7/26/2016 12:36:40 28.841 7/26/2016 12:36:40 28766 7/26/2016 12:3640  27.407
43 7/26/2016 12:36:50 23.064 7/26/2016 12:36:50  27.751 7/26/2016 12:36:50 28692 7/26/2016 12:36:50  28.617 7/26/2016 12:36:50  27.259
44 7/26/2016 12:37:00 23.064 7/26/2016 12:37:00  27.677 7/26/2016 12:37:00 28.543 7/26/2016 12:37:00  28.468 7/26/2016 12:37:00  27.136
45 7/26/2016 12:37:10 23.088 7/26/2016 12:37:10  27.899 7/26/2016 12:37:10 28394 7/26/2016 12:37:10 28345 7/26/2016 12:37:10  27.038
46 7/26/2016 12:37:20 23.088 7/26/2016 12:37:20 2827 7/26/2016 12:37:20 28.345 7/26/2016 12:37:20 2832 7/26/2016 12:37:20  27.063
47 7/26/2016 12:37:30 23112 7/26/2016 12:37:30  28.617 7/26/2016 12:37:30 28.568 7/26/2016 12:37:30 28593 7/26/2016 12:37:30  27.431
48 7/26/2016 12:37:40 23112 7/26/2016 12:37:40 28916 7/26/201612:37:40  28.816 7/26/2016 12:37:40  28.891 7/26/2016 12:37:40  27.875
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Figure 2.13. Screen capture showing Microsoft® Excel with Date Time and Temp columns copied from five .csv files and pasted into
one worksheet. The Temp column headers were shortened to the data logger serial number (S/N).
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Figure 2.14. Graph showing temperature over time for five Onset U22 data loggers. During
this calibration check, data loggers were placed in a warm bath before moving to a cool-
down and then a cold bath. Periods of 15 minutes (90 consecutive records) with highly
consistent temperatures are highlighted by red ovals.
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Calculate the mean temperature for each data logger
during that period of 90 consecutive records during the
warm calibration.

Calculate the difference between the mean temperature
of the NIST calibrated data logger and mean temperature
of each individual data logger.

a. Record that value under CalibMeanWarmDiff in the
Calibration Check Worksheet (fig. 2.1).

Calculate the mean temperature for each data logger
during that period of 90 consecutive records during the
cold calibration.

Calculate the difference between the mean temperature
of the NIST calibrated data logger and mean temperature
of each individual data logger.

a. Record that value under CalibMeanCoolDiff in the
Calibration Check Worksheet (fig. 2.1).

Diagnose data loggers with inaccurate measurements by
identifying data loggers with a CalibMeanWarmDiff or
a CalibMeanCoolDiff that is outside the manufacturer
specified tolerance.

a. Accuracy for Onset U22 and TidbiT data loggers is
+0.21 °C.

b. Accuracy for Onset Pendant data loggers is
+0.53 °C.

¢. Send inaccurate data loggers back to the
manufacturer.

Procedure—Post-Field Installation Calibration
Check

1. Perform a calibration check after a data logger has been
collected following field installation to check for drift in
temperature measurements.

a. Drift of temperature measurements is when pre- and
post-field calibration checks are not equal.

2. Test the accuracy of a data logger following its field
installation by performing the same 2-day calibration
check as outlined here.
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