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1.0 Introduction 
 
The Mini CH4 is a compact in situ submersible pCH4 sensor designed for broad use in 
water sciences and the environment where measurements of pCH4 are required.  The 
sensor can be deployed in either fresh- or sea-water.  The Mini CH4 instrument can be 
used for long term monitoring in remote areas, and in industrial applications. 

The Mini CH4 operates through diffusion of dissolved gases from liquids through a 
supported semi-permeable membrane to a non-dispersive infrared detector (NDIR).  
The NDIR sensor is factory calibrated using certified calibration gases. 
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2.0 Instrument Setup           
 
2.1 Instrument Checklist 
Each Digital Mini CH4 purchase comes complete with: 

A.  Mini CH4 Instrument 

B.  User’s Manual, QuickStart Guide 

 

 
 

Recommended: 

C.  Water-Resistant Deck Box with  

2 meter Underwater Cable and Connector Sleeve 

D.  2 meter RS-232 cable 

E.  AC to DC 12 V Power Supply 

 

 

  

E
D

C
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2.2 Optional Accessories 
	  

a) Water-Pumped Head Assembly 
b) Copper Antifouling Shield 
c) Pelican Storm Hard Shell Case 
d) Internal Battery Pack 

a. 4.8 Amp-hour capacity rechargeable NiMH 
b. 19 Amp-hour capacity Non-rechargeable 

Alkaline 
e) External Battery Pack 

a. 76 Amp-hour capacity 
b. 134 Amp-hour capacity 

f) Mooring frame with instrument brackets 
g) Mooring cage with instrument brackets 
h) Pigtail Cables with Locking Sleeve 

a. 5 meter Pigtail Cable with Locking Sleeve 
b. 10 m Pigtail Cable with Locking Sleeve 
c. 25 meter Pigtail Cable with Locking Sleeve 
d. 50 meter Pigtail Cable with Locking Sleeve 

 

 

 

 
 
 
 
 
	  

	  

	  

 
  

Mini CH4 water-pumped 
head 

Instrument and Battery Housing 
Mooring Bracket 

Underwater pigtailed cable with 
connector and locking sleeve 

Mini CH4 copper 
antifouling shield 
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2.3 Gas Concentration Ranges Available 
Standard Measurement Range 0–1% pCH4   
Optional Ranges:   0–5% 
     0–10% 
     0–100% 

 

 

2.4 Customized Units 
Pro-Oceanus can provide customers with uniquely designed and/or modified Mini CH4 
instruments. Customizations can take the form of larger battery pack capacity, variable 
concentration ranges, and modifications to the logging program, housing material, 
membrane thickness, and more.  If you have a specific need, contact Pro-Oceanus to 
discuss possible solutions. 
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3.0 Instrument Setup and User Interface 
 
3.1 Instrument Setup 
The Mini CH4 employs a flat semi-permeable membrane interface for equilibration of 
headspace gas with surrounding water.  A water-pumped head with water pump is 
strongly recommended to provide faster detector equilibration and improved anti-fouling 
of the semi-permeable membrane.  

Power and communication to the instrument is through an Impulse MCBH 4-pin 
underwater bulkhead connector (see pinout diagram in Appendix B). Alternative 
bulkhead connectors are available (i.e. SubCon). 

 

3.2 Sensor Communication and User Interface 
The Mini CH4 sensor can be equipped with an internal Oceanus Logger/ Controller 
module.  The hardware provides the user with an easy to use system for modifying data 
logging parameters.  Units without the logger/controller will still be controlled through the 
user interface described below, however, many of the features will not be available to 
the user.   

Communication with the Oceanus Controller begins with a PC-based computer running 
Microsoft Windows.  The computer must be equipped with a serial port, or a USB-serial 
cable with appropriate drivers installed.  Any terminal program can be used to 
communicate with the Oceanus Logger.  Tera Term is recommended by Pro-Oceanus 
and is freely available for download online.  The setup of the communication port must 
be set as described below. 

 

Serial Communications 
Parameter 

Value 

Baud rate 19200 
Data bits 8 
Parity none 
Stop bits 1 

 

The logger completely controls the sensor to provide highly accurate data at the lowest 
possible power consumption.  It handles all interface and timing functions and controls 
the water pump duty cycle, sensor power and wait times to provide accurate data that is 
stored in internal memory with a capacity of two gigabytes. 
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The logger has three operational modes with different options available for each. 
Continuous mode takes samples as fast as possible.  Timed mode takes samples on a 
timed schedule.  Command mode allows the user to trigger a single sampling 
sequence.  Different options are provided for each mode to allow the user to fine tune 
the sampling process.  Detailed settings for each mode are described in Section 3.2.3 

 

3.2.1 User Interface 
The logger is controlled and configured through the user interface that consists of a 
dedicated serial port and a menu driven command and control system.  The serial port 
is normally shut down for low power consumption, but will power up automatically on the 
reception of any byte on the port.  Once the system is powered up, an “escape” (0x1b 
hex) command is required to activate the user interface.  

To begin communication with the Oceanus Logger/ Controller: 

1) Connect the instrument to the communication/power deck-box supplied with the 
instrument (item B in the image below). 

2) Connect the instrument to a personal computer with the supplied RS-232 cable 
(item C in image below). 

3) Open a terminal program on the computer and set the baud rate to 19,200 (see 
user interface for more details). 

4) Select the correct communication port and open this port. 
5) Using the supplied AC/DC wall outlet adapter (item D in image below), power the 

instrument through the deck box. 
6) Follow the instructions in section 3.2.2, Logger / Controller Menu, to set up the 

instrument parameters including the time, sampling mode, and sampling rate. 
 

 

E
D

C
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When power is applied to the instrument, or when a byte is received on the user 
interface while the system is in low power sleep, the following text will appear in the 
terminal program: 

***************************************(Mini series)*************************************** 
                                                              Oceanus Logger Main Menu 
                                                                        FW Version 1.0.07 
                                                                         Pro Oceanus Inc. 
 
Date: 2015/12/02 Time: 11:34:13 
 
System status: 
Detector ORT = 77.96 hours,   Supply Voltage = 12.0 volts,    Mode = Command 

******************************************************************************************* 
 

Above is the system banner that contains the software version as well as the current 
time and a system status line.  The Oceanus Controller is equipped with automatic 
sleep mode.  If no user interaction is detected within 60 seconds of powering the 
instrument, it will return to low-power sleep.  From the banner display press the 
“escape” key to enter the user interface.  If the 60-second user-interface timeout has 
occurred, press the “escape” key twice.  The first key press will wake the unit from sleep 
mode and reprint the banner, and the second “escape“ key press with start the user 
interface. 

 

The system status line has three entries:  

1) Detector ORT: the amount of time that the CH4 detector module connected to the 
logger has been on and operating,  

2) Supply Voltage: measure of the main system power input. 
3) Mode: This is the current mode of measurement the sensor has been configured 

for. This is changed in the main menu under Setup Sampling. 
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3.2.2 Logger / Controller Menu 
Once activated, the user interface will display the main system menu as shown below. 
 

*************************************************************************************** 
    1) START sampling                       6) Print status banner 
    2) STOP sampling                        7) Sensor status 
    3) Setup sampling 

     
    4) View logged data                     t) Set clock time 
    5) Erase logged data                    b) Set baud rate 

f) Restore factory defaults 
 
      s) Single sample acquisition in command mode 
 

*************************************************************************************** 
The menu is navigated by pressing the character immediately before the ")" in the menu 
listing above.  No enter key is required for any menu selection and the escape key 
always exits sub-menus and returns the user to the main menu.  All other entries other 
than menu selections must be followed by the enter key. 

Each of the menu options is described below. 

 

1) START sampling 
This option is used to start the system logging data.  It is used after the setup sampling 
system has been configured using the Setup sampling menu selection to start operation 
of the logging system.  

2) STOP sampling 
This option stops any sampling in progress.  NOTE: In order to resume sampling after 
using this option the user must select Start sampling from the main menu. 

3) Setup sampling 
This option displays the sampling setup menu.  The Setup sampling menu and its 
options are detailed in section 3.2.3. 

4) View logged data 
This option is used to view the information saved onboard the Oceanus Logger.  When 
viewing logged data, the first two lines do not contain sensor data.  The first line 
contains the column headings for the data and the second line contains the formatting 
information used by the Pro-Oceanus Windows hosted user interface program (in 
development).  Printing the data to a terminal program in this can be time consuming 



Pro-‐Oceanus	  Digital	  Mini	  CH4	  User’s	  Manual	  

Revision	  2.0.1	   2016-‐01-‐15	   11	  

due to the limitation of baud rate.  To reduce the time to download data in this manner, 
adjust the baud rate to the maximum allowable rate under the Set baud rate option.  
Ensure that the baud rate is then changed in the terminal program to allow 
communication.  Pressing the escape key stops the printing and reprints the main menu 
returning control to the user.  Viewing the data will stop all logging of data and the 
START sampling menu selection must be used to begin logging data again.   

For faster data download, the micro-SD memory card may be removed from the internal 
logger electronics board (and read by a PC equipped with an SD card reader).  The log 
file is named MainLog.txt and is in standard comma separated variable format that can 
be read by any spreadsheet program or text editor such as notepad.  NOTE: For details 
on removing the micro-SD card, please contact Pro-Oceanus Systems. 

5) Erase logged data 
This option is used to clear the memory of ALL internally saved data.  To prevent the 
accidental deletion of data, a second confirmation is required.  After a second 
confirmation, any saved data on the Oceanus Logger is permanently erased.  Erasing 
the data will stop all logging of data and the START sampling menu selection must be 
used to begin logging data again.  

6) Print status banner 
This selection displays the system banner. 

7) Pressure and temperature 
This option displays the current detector gas pressure and temperature. 

t) Set clock time 
This option is used for changing the system clock that is used to sync all operations of 
the Oceanus Controller.  After selecting this option, the user will be prompted to enter 
the year, month, day, as well as hour, minute and seconds.  Time is entered in 24-hour 
format. NOTE: This must be completed before the start time of the first sample is set. 

 
b) Set baud rate 
The baud rate for communication with the sensor can be changed by selecting this 
option.  The following options will be displayed: 

The present setting is 19200 
 

Please select one of the following baud rates: 
1. 9600 
2. 14400 
3. 19200 
4. 57600 
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5. 115200 
 
f) Restore factory defaults 
This restores all settings to their factory defaults. 

s) Single sample acquisition in command mode 
This option commands the logger to acquire a single sample.  It is only active if the 
system is configured to command mode using the sampling setup menu.  During this 
sample, all system timing is followed so the logger will power up the sensor, wait for 
warm-up and equilibration then take and store the sample.  

 

3.2.3 Sample Setup Menu 

This menu allows setting the sampling mode of the instrument.  There are three 
possible modes, 1) Continuous, 2) Timed, and 3) Command.  Each mode is outlined 
below.  After selecting “3” from the main menu, the following appears on screen: 

********************************************************************* 
1) Continuous 
2) Timed 
3) Command 

 
Current mode is set to timed 
********************************************************************* 
Press ESC to exit 
 

Selecting 1, 2, or 3 will bring up a sub-menu of options for each mode of operation. 

 

1) Continuous Mode: 
This mode is intended for use when the logger is connected to an external computer.  
The logger will wait for the sensor to warm up and then start acquiring data at the 
fastest rate possible, approximately 1 sample every 1.6 seconds.  Each sample is sent 
to the user interface port for display in a terminal program running on an external 
computer.  In addition, each sample is stored locally in the internal memory.  The menu 
for continuous mode is shown below: 

 

Continuous mode menu 
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**************************************************************************** 
 1) Number of continuous mode samples skipped between log entries (0) 
**************************************************************************** 
Press ESC to exit 
 

The current setting for any option is displayed in parentheses at the end of each line.  
The number at the start of each line is pressed to select that option from the setup 
menu. 

1) Number of continuous mode samples skipped between log entries  
This selection sets the number of samples to skip between logging in continuous mode.  
Samples are still displayed on the user interface, but skipped samples are not logged 
internally to save file space on the micro SD card.  To save space in the memory, the 
logger can be configured to store every N'th reading, where N can range from zero to 
twenty.  

 

2) Timed Mode 

In this mode the logger is configured for autonomous operation.  The system will take a 
sample on a timed schedule and the user may set the time of the first sample and the 
time interval between samples.  Each sample is comprised of up to 20 readings and 
either the individual readings or their average may be logged to the internal memory, 
with all readings sent to the user interface.   

The timed mode menu is as follows: 

Timed sampling setup menu 
************************************************************************************* 
 1) Set sample interval in minutes                                   (35) 
 2) Set number of readings per sample                               (1) 

  3) Start time for first sample                                      (00:20:00) 
  4) Log average                                                       (n) 

************************************************************************************* 
Press ESC to exit 
 

Each of the menu options is described below. 
1) Set sample interval in minutes 
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This selection is used to set the time interval between samples.  The time interval is set 
in minutes with a minimum value of 2 minutes and a maximum of 10080 minutes.  As a 
reference: 

3 hours = 300 minutes 
6 hours = 600 minutes 
1 day = 1440 minutes 
7 days = 10080 minutes 
 
2) Set number of readings per sample 
This selection allows the user to set the number of consecutive readings taken at each 
sample interval.  If the log average (selection 4) is set to y (yes) then the average value 
of all the data samples is logged.  If the log average selection is set to n (no) then each 
data sample is logged. 

3) Start time for first sample 
This sets the time of the first sample in timed mode.  This allows for delays to deploy the 
sensor.  Any time may be entered, up to 24 hours from the current time.  The user will 
be prompted to enter the hour, the minute and the second of the start time.  Setting a 
time before the present will result in a start time during the following day.  The function 
basically acts as an alarm clock, waking the system and starting the first sample. 
NOTE: The start time must be set to at least 4 minutes beyond the current time in order 
to allow the sensor to turn on 4 minutes before the measurement. This time is required 
to provide sufficient time for the instrument to warm up and equilibrate. 

4) Log average 
This selection allows averaging multiple readings for each sample in timed mode.  If set 
to “y” (yes), the instrument will average N readings per sample.  N is set using the 
number two selection from the sampling setup menu.  If set to "n", (no) all readings will 
be logged for each sample. 

 

3) Command mode 

This mode gives the user control over the timing of the sample.  When configured in this 
mode the user may start a sample by typing an "a" in the user interface at the main 
menu.  All other functions of this mode are the same as timed mode.  This mode is 
useful for external controllers to initiate a sample when desired.  Note that a sample 
takes 4 minutes to complete from warm-up through to final equilibration, and the “a” 
command should be sent to the instrument 4 minutes before the desired sample time. 
The menu is as follows: 
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Commanded mode sampling setup menu 
************************************************************************************* 
 1) Set number of readings per sample                             (1) 
 2) Log average                                                      (n) 
************************************************************************************* 
Press ESC to exit 

 

1) Set number of readings per sample 
This selection allows the user to set the number of consecutive readings taken at each 
sample interval.  If the log average (selection 8) is set to y (yes) then the average value 
of all the data samples is logged.  If the log average selection is set to n (no) then each 
data sample is logged. 

2) Log average 
This selection allows averaging multiple readings for each sample in timed mode.  If set 
to “y” (yes), the instrument will average N readings per sample.  N is set using the 
number two selection from the sampling setup menu.  If set to "n", (no) all readings will 
be logged for each sample. 

 
 

3.3 Data Output   
The data is output and stored in the following format: 

W M,2015,12,02,11,38,14,1676,2139,500.000,503.280,20.697,1007.002,18.400,11.8,4095,2439,1895 

The data is in coma separated variable (CSV) format where the fields (numbers 
between the comas) have the following meanings: 

Field number Description Value in example 

1 Start of data line (this is fixed and may be used to search for 
the beginning of the data on any line) 

W M  

2 Year 2015 

3 Month 12 

4 Day 02 

5 Hour 11 

6 Minute 38 

7 Second 14 
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8 Reference A/D [counts] 1676 

9 Current A/D [counts] 2139 

10 Raw CH4 [ppm] 500.000 

11 Corrected CH4 [ppmv] 503.280 

12 Pressure sensor temperature 20.697 

13 Pressure [millibar] 1007.002 

14 IRGA detector temperature 18.400 

15 Supply voltage [volts] 11.8 

16 Logger temperature [A/D counts] (0-4095) 4095  

17 Analog input 1 [A/D counts] (0-4095) 2439 

18 Analog input 2 [A/D counts] (0-4095) 1895 

19 Digital input 1 [logic level] (0-1)  

20 Digital input 2 [logic level] (0-1)  

 

Each data line is terminated with a carrage return linefeed, CRLF, sequence.  The 
resolution (number of digits after the decimal) is fixed for each field. 

The “Raw CH4” column is uncorrected for changes in gas pressure.  The “Corrected 
CH4” (molar ratio of CH4) column of data has been corrected for variance in dissolved 
gas pressure and this data can be used with the “Pressure” data column to determine 
the partial pressure of CH4, pCH4.  See Section 4.3 for details on calculating pCH4. 
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4.0 CH4 Measurement 
	  

4.1 Equilibration dynamics and instrument response time 
The equilibrium of dissolved gas sensors with surrounding water requires diffusion of 
molecules from a liquid across a semi-permeable membrane to a gaseous headspace.  
Once in the gas phase, detectors are used to measure a concentration in gaseous form.  
Several factors affect the time it takes to equilibrate a gas headspace with a 
surrounding water parcel through a semi-permeable membrane.  The main factors are 
described below. 

There is a finite time that is required for the shift between the dissolved and gas phases 
of a substance due to the kinetics of solubility.  The rate is dependent on temperature 
and salinity, and to a much lesser degree, pressure. 

The membrane effect can be described using the Laws of Diffusion, whereby the 
diffusion coefficient of the semi-permeable membrane is a function of the gas solubility 
coefficient in the membrane, and the permeability of that gas through the membrane.  
The thickness of the membrane also plays a crucial role in the time for equilibration.  
Temperature and salinity can dramatically affect the diffusion through a membrane. 

The equilibration rate of diffusion processes is often measured in terms of a time 
constant, t63.  This represents the time it takes reach 63% of equilibrium.  The flux of 
gases across a membrane is a function of the gradient of difference between the 
concentrations on either side of the membrane.  For example, the flux of a gas across a 
membrane will be faster when the difference in concentration in surrounding water and 
the gas headspace is large.  As a gas moves across the membrane either into or out of 
the gas headspace, the concentration gradient decreases, and as a result, the rate of 
gas flux across the membranes slows. 

The concentration gradient across the membrane continually changes, and the resulting 
change in concentration of a particular gas in a headspace can be described 
mathematically as a logarithmic function.  Below is a graph that illustrates the change in 
concentration in the headspace of an instrument using a semi-permeable membrane to 
equilibrate.  The graph also shows commonly used time constants used in industry, t63, 
t90, t95.  
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t63 is taken as one fifth of the total time to equilibrate,  
t90 is approximately half the time to equilibrate, and 
t95 is roughly 60% of the time to equilibrate. 
t99 is taken as teq. 
 

The time constant, t63 is commonly used and is the number referred to by Pro-Oceanus.  

There is also the effect of the water-side boundary layer.  Advection transfers the 
dissolved gas to near the membrane surface is a rapid process, but diffusion of gas 
through the water boundary layer is the rate limiting factor in the transfer from the water 
to the outer surface of the semi-permeable membrane.  Temperature once again has a 
major effect on the diffusion rate.  In all cases, warmer temperatures improve the 
response time of the instruments, while cooler waters will slow the process. 

The thickness of the boundary layer can vary (and as a result, so too does the time to 
diffuse through the boundary layer) and the thickness is determined by the 
hydrodynamics next to the membrane surface.  Stagnant water will produce the thickest 
boundary layer, resulting in the slowest response time.  Maximizing the water shear 
across the membrane surface will reduce the boundary layer thickness to a minimum 
and is recommended using a Pro-Oceanus pumped head assembly.  The effect of high 
shear also reduces the potential for biofouling of the instrument. 
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4.2 Infrared detection method 
The Mini CH4 instrument employs a non-dispersive infrared detector (NDIR) to facilitate 
the measurement of the wet mole fraction of CH4 in the gas phase that is in equilibrium 
with the surrounding water.  Measurement of CH4 using IR-based detectors is a 
standard method for accurate determination of CH4 at both low and high concentrations. 

IR detection measures a gaseous mole fraction of CH4 within the measurement cell and 
the output must be corrected for any pressure variations within the cell.  A pressure 
sensor within the detector cell outputs the pressure in millibars (see Data Output).  This 
pressure is used to internally correct the CH4 measurement and this value is output by 
the instrument. 

 

Pressure Dependence of Signal: 
The dependence of the gas pressure within an NDIR cell is an important, yet often 
understated issue in measuring gas concentration accurately.  The underlying physical 
principles of NDIR sensor gas detection provide a measure of the number of molecules 
of a specific gas.  In order to accurately calculate the concentration, the total gas 
pressure must be known in order to determine the ratio of molecules being measured 
versus the total number of molecules. 

The Mini CH4 sensor provides a pressure compensated CH4 value, so that changes in 
gas pressure are corrected for without the need for post-processing.  The pressure of 
gas inside the detector cell can also be used to estimate the partial pressure of CH4, 
pCH4. 

 

Temperature Dependence: 
Changes in temperature within the detector cell will affect the accuracy of the 
measurement if not appropriately corrected.  As gas molecules are heated, their 
velocities increase, leading to the apparent increase in the number of gas molecules in 
a given volume by a NDIR detector. 

The Mini CH4 measures the internal IR cell temperature and uses this temperature to 
correct the signal generated by the sensor. 
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4.3 CH4 solubility and dissolved phase concentration 
The measurement of CH4 in water using Pro-Oceanus instruments is facilitated through 
equilibrating a gas head space with surrounding water. This results in a measurement 
that is in the “gas” phase as a partial pressure of the total gas pressure equilibrated with 
the water. The same equilibration dynamics occur at the surface of a body of water in 
contact with the atmosphere, such that the concentration of CH4 in the water is in 
equilibrium with the partial pressure of CH4 in the atmosphere. 

𝐶𝐻! 𝑔 ↔ 𝐶𝐻!(𝑎𝑞)           (4.1). 

The equilibrated ratio of partial pressure to dissolved concentration is governed by the 
Law of Solubility: 

𝑝𝐶𝐻! =   𝛽![𝐶𝐻! 𝑎𝑞 ]         (4.2), 

where pCH4 is the partial pressure of CH4 in the gas phase, 𝛽! is the Bunsen Solubility 
Coefficient, and CH4 (aq) is the concentration of CH4 dissolved in the water. 

The solubility of CH4 in water is a function of both the temperature and the salinity of the 
water, from Wiesenburg and Guinasso (1979): 

ln 𝛽! = −68.8862+ 101.4956 !""
!

+ 28.7314 ln !
!""

+    (4.3), 

𝑆(−0.076146+ 0.043970 !
!""

− 0.0068672 !
!""

!
)  

Where the solubility coefficient, 𝛽! has the units of ml CH4 ml H2O-1 atm-1, temperature 
is Kelvin, and salinity is in parts per thousand (approximately equal to PSU). 

To convert the Bunsen coefficient to units of mg L-1 atm-1 one must first convert using 
the molar volume for CH4, which for an ideally behaving gas is 1 mol / 22.414 L: 

!  !"  !"!
!  !"  !"#

× !  !"#  !"!
!!"#"  !"  !"!

× !"""  !"
!  !

= 0.0446  𝑚𝑜𝑙  𝐿!!𝑎𝑡𝑚!!     (4.4). 

Then convert using the molar mass of CH4 (16.04 g/mol): 

!.!""#  !"#
!  !"#

× !".!"  !  !"!
!  !"#  !"!

× !"""  !"
!  !

= 716  𝑚𝑔  𝐿!!𝑎𝑡𝑚!!     (4.5). 

To convert to solubility units of mg/L atm: 

𝑆𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦   𝑚𝑔  𝐶𝐻! 𝐿  𝑎𝑡𝑚 = 716×𝛽!×
!"#.!"

!"#.!"!!
     (4.6). 

The Bunsen coefficient relates solubility to STP conditions, i.e. T=0 oC, P=1 atm. The 
right-hand term of Eq. 6 adjusts the solubility as a function of temperature.  
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Figure 1 depicts the solubility of CH4 in freshwater and seawater as a function of 
temperature. CH4 is more soluble in freshwater than seawater, and solubility decreases 
with increasing temperature. 

 

Figure 1. Solubility of CH4 in freshwater and seawater as a function of temperature. 

An excel spreadsheet that performs the conversion calculations can be obtained by 
contacting Pro-Oceanus Systems at sales@pro-oceanus.com. 

 

References: 

Wiesenburg, D.A. and Guinasso, N.L. 1979. Equilibrium solubilities of methane, carbon 
monoxide, and hydrogen in water and sea water. Journal of Chemical and Engineering 
Data, Vol. 24(4), 1979. 
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5.0 Instrument Deployment  
 
5.1 Pre-deployment set-up   
Prior to deployment of the Mini CH4, cleaning the instrument’s semi-permeable membrane 
is highly recommended to ensure accurate CH4 measurements and fastest equilibration 
times. The membrane is the most important part of the instrument and great care must be 
taken to not damage the instrument during cleaning. Section 6.3 describes the 
recommended cleaning process. If the membrane appears to be damaged, the user can 
replace it, as described in Section 6.3. 

The internal datalogger uses a clock battery to maintain accurate time for several years. If 
the sensor is more than two years old, it is recommended to replace the internal clock 
battery (Section 6.2). This battery ensures the instrument maintains accurate time even 
when power is removed from the instrument. 

Immediately prior to deployment, the user must program the instrument clock time and 
sampling routine, and first sample start time, as described in the previous section. Note that 
the sample start time must be set to at least 20 minutes after setting up the sampling 
parameters, to allow for the instrument to thermally stabilize and equilibrate before the 
scheduled measurement. 

 

5.2 Recommended Deployment Practices 
After ensuring the instrument is configured correctly for sampling mode and frequency, 
deployment of the instrument is simple. It is recommended that the sensor be mounted 
in a horizontal position if possible, however, a vertical mount with the instrument 
membrane head pointed downwards may be more practical on a mooring and this is an 
acceptable orientation. If mounting the sensor head pointed downwards, ensure that 
gas does not become trapped along the outside of the membrane. A simple solution to 
this is to briefly tilt the sensor to a horizontal position once in placed into the water prior 
to deployment. 

Caution: When deploying the instrument into water that is significantly colder than the 
surrounding air, condensation of water vapour inside the detector is possible. This issue 
would be most prevalent when deploying the instrument from warm humid air into cold 
water. Condensation of water inside the detector can affect the detector’s performance 
and potentially cause failure. 

During deployment, the instrument membrane may not be fully compressed against its 
support and this will lead to elevated total dissolved gas pressure inside the gas stream 
where CH4 is measured. While the detector compensates for changes in gas pressure, 
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readings may not be within the specified accuracy while this excess pressure is 
released via diffusion through the membrane. 

Biofouling is always a concern for instrumentation deployed for long periods of time. 
Any additional biofouling prevention that can be used to aide in providing an accurate 
CH4 measurement is encouraged. The instrument will not be affected by most traditional 
biofouling methods, but if you are unsure about the method and its affect on the Mini 
CH4 and its measurement, contact Pro-Oceanus. 

Caution:  In areas when total dissolved gas pressure (TDGP) is substantially above 
atmospheric pressure, caution is required when removing the instrument from water.  
As water pressure holds the membrane against a rigid support when submerged, any 
gas pressure buildup on the gas side of the membrane can result in bulging of the 
membrane when removed from immersion.  In the case of high TDGP, it is 
recommended to slowly bring the instrument to the surface while monitoring gas 
pressure.  The excess gas pressure will slowly dissipate as the instrument approaches 
waters in equilibrium with the atmosphere. 

	  

5.3 Integration Options 
The Mini CH4 can easily be integrated into a number of platforms. It provides real-time 
data that does not require any post-processing of data, allowing for direct input into a 
system with minimal effort.  

If you have a specific requirement for integration and require assistance, Pro-Oceanus 
staff can assist in this process. 

 
	  

5.4 OPTIONAL Internal Battery Power   
The internal battery power option of the Mini Series sensors is designed to provide 
continuous power to the instrument for applications requiring measurement and 
collection of data for periods of time without being connected to an external power 
source. The standard internal rechargeable battery pack (10 x AA NiMH) provides 4.8 
Amp Hours (A-hr) of power. Procedure for removal and charging of internal battery 
packs is described in Section 6. 

Note: A D-Cell option can be requested at the time of ordering for a total of 19 A-hr.  
Please note the D-Cell pack requires a lengthened housing to accommodate and 
therefore D-Cell batteries cannot be used in the standard battery-powered model. 
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To begin, connect the instrument to the supplied deck box and connect the deck box to 
a computer through the supplied serial cable. Next, power the instrument, this can be 
done in one of two ways, 1) connect the deck box to an AC outlet using the supplied 
AC/DC power cable, ensuring that the shorting plug is not connected, or 2) insert the 
shorted plug in the rear of the housing (see image below), but not supplying power to 
the deck box.   
 

   
Left: rear of Mini sensor with optional internal battery power. The sensor can be powered with the internal 
battery by using the “shorted” 2-pin dummy plug shown at the top of the image on the right. When the 
internal battery is not to be used, a non-shorted 2-pin dummy plug (bottom right) should be inserted into 
the Battery ON/OFF bulkhead connector of the instrument. 
 
Using a terminal program, the instrument can be programmed and then power removed 
from the instrument.  When the instrument is ready for deployment, connect the 
“shorted” 2-pin plug to the rear connector of the housing to enable the saved sampling 
program. Also ensure that the 4-pin dummy plug is connected to the second bulkhead 
(labelled POWER/COM) on the rear of the instrument. An estimate of the run time of the 
instrument using the internal battery pack is outlined in the next section. 

	  

5.5 Power Budgets   
The Mini CH4 can be operated using direct cable power input, an external battery pack, 
or an optional internal battery pack (outline above).  The average power consumption 
for the Mini CH4 is approximately 0.45 W (~35 mA @ 12 VDC) when on and the internal 
controller requires ~30 µA of current during sleep.  

In order to determine the battery endurance of a pre-set measurement frequency, use 
the table below to estimate of the duration a battery pack will provide power to the Mini 
CH4. Please note that these are estimates based on a standard Mini CH4 with an 
average water temperature of 20ºC.  
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Mini CH4 internal battery pack endurance. 
	  	   	  	   Measurements	  	   Battery	  Pack	  Endurance	  in	  Days	  
Logger	  Mode	   	  	   per	  day	   (4.8	  Amp-‐hours)	   (19	  Amp-‐hours)	  

Continuous	  
	  

86400	   3	   11	  
15	  minute	  

	  
96	   11	   42	  

30	  minute	  
	  

48	   21	   84	  
1	  hr	  

	  
24	   42	   167	  

3	  hr	  
	  

8	   125	   494	  
6	  hr	  

	  
4	   245	   970	  

12	  hr	   	  	   2	   473	   	  	  
 

Mini CH4 external battery pack endurance. 
	  	   	  	   Measurements	  	   Battery	  Pack	  Endurance	  in	  Days	  
Logger	  Mode	   	  	   per	  day	   (12V,	  76	  A-‐hr)	   (12V,	  134	  A-‐hr)	  
Continuous	  

	  
86400	   83	   147	  

15	  minute	  
	  

96	   331	   584	  
30	  minute	  

	  
48	   661	   1165	  

1	  hr	   	  	   24	   1313	   	  	  
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6.0 Care and Maintenance 
 
6.1 Instrument Housing and Bulkhead Connectors 
The standard Mini CH4 instrument is made of acetal plastic and uses 316 stainless steel 
screws and electrical connectors.  The optional titanium housing uses titanium screws 
and electrical bulkhead connectors. 

Upon recovery, rinse the external surface of the housing with clean, fresh water.  Mild 
detergents may be used to help remove biofilms.  A soft cloth can be used on the 
housing to remove larger and more difficult to remove biological material.  See “Cleaning 
the Interface” for instructions on proper maintenance of the interface. 

Unplug all cables and dummy plugs from the rear of the housing and inspect the 
connectors for corrosion.  Apply a light coat of non-conductive grease to each of the 
connector pins.  Re-connect electrical cables and plugs and ensure the lock-down 
sleeves are secured.  Do not over-tighten the locking sleeves, hand tighten only. 

 

6.2 Internal Clock Battery Replacement 
The Mini CH4 uses an internal battery to power the logger/controller when not powered 
externally. This allows for the clock to remain active and accurate when not in use, or 
between measurements when external power is removed. It is recommended to replace 
the clock battery once every two years. 

The battery model is a 3V Panasonic CR2450, and can continually power the 
instrument’s clock and maintain the sensor in sleep mode for more than 3 years if 
needed (at 20 degrees Celsius with new battery). 

	  
	  
6.3 Cleaning and Replacing the Interface 
The gas transfer interface is a semi-permeable membrane.  The instrument is designed 
to allow removal of the membrane for both cleaning and replacement if required.  The 
flow-through water head is engineered to minimize biofouling, however, under most 
conditions biofilms will eventually form on the surface.  This leads to two effects, 1) a 
slowdown of the equilibration rate due to decreased permeability of the membrane, and 
in rare instances, 2) the production of CH4 by the organisms of the biofilms can result in 
erroneous data.  Regular cleaning can minimize this effect. 

In the laboratory, immerse the instrument in a solution of dilute cleaning agent, oil-free 
detergent is recommended.  Use a water pump attached to the water-pumped head to 
flow the soapy water solution across the membrane, a flow rate of 1-3 liters per minute 



Pro-‐Oceanus	  Digital	  Mini	  CH4	  User’s	  Manual	  

Revision	  2.0.1	   2016-‐01-‐15	   27	  

for 30 minutes is recommended.  If the water-pumped head is not available, direct the 
flow of the submersible water pump directly at the membrane at a distance of five 
centimeters away.  If this method does not remove all biofilms from the membrane, it 
may be carefully cleaned after removing it from the instrument head. Do not use 
abrasive materials as this will damage the membrane. Please contact Pro-Oceanus for 
methods of cleaning safely. 

After cleaning, inspect the membrane for damage.  The membrane should appear 
smooth and not have any punctures or large creases.  If the membrane appears 
damaged, such as deep scratches or indents, it can be simply removed and replaced 
with a new membrane that may be purchased through Pro-Oceanus. If the integrity of 
the membrane is questionable, Pro-Oceanus can assist in determination.  If there is any 
indication of moisture behind the membrane on the membrane support, or a failure to 
communicate with the sensor, it is highly likely that there has been a failure of the 
membrane. Refer to the Troubleshooting Section if this occurs. 

The following steps must be followed to replace the membrane. 

1) Dry the sensor and place it on a clean surface. 
2) Using a 3/32” Hex driver, remove the six screws from the face of the sensor.  

Caution: Be careful to not damage the membrane, the hex driver can easily 
puncture the membrane if it slips from a screw.  It is recommended to alternate 
sides when removing the screws to release the faceplate evenly. 

 

3) Once all six faceplate screws are removed, gently twist the faceplate while 
pulling away from the sensor body. 
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4) Place the sensor faceplate on a clean flat surface with the inside facing upwards 
to prevent scratching of the O-ring and O-ring groove. 

 

5) Remove the damaged membrane and inspect the membrane support for any 
indication of water.  Note: If the membrane has been damaged and water 
intrusion into the sensor has occurred, the sensor potentially need to be returned 
to Pro-Oceanus Systems.  Refer to the Troubleshooting Section. 

6) Inspect the two faceplate O-rings and replace if necessary.  The inner O-ring 
replacement size is 026 and the outer O-ring size is 029.  Very lightly grease 
each O-ring. 

7) Holding the sensor housing vertically, place a new membrane into the sensor 
head. Note: Use an uncoated rubber glove or Kim-Wipe to place the membrane 
so that no oil residue or dirt ends up on the membrane. 

8) Using a 3/32” Hex driver, re-install the six screws securing the faceplate of the 
sensor.  Caution: Be careful to not damage the membrane, the hex driver can 
easily puncture the membrane if it slips from a screw.  It is recommended to 
install all six screws and tighten until the O-ring begins to compress.  Then 
alternate sides and tighten each screw with a quarter turn each to install the 
faceplate evenly. 

9) After installation, test the sensor in freshwater for several hours while monitoring 
the sensor signal.  This is to ensure that the membrane is installed properly and 
no leakage into the detector is occurring.  If the sensor output become erratic or 
begins to output zero or negative values, immediately remove the sensor from 
water and refer to the Troubleshooting Section. 
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6.4 Removing and Charging the Internal Battery Pack (if installed) 
The internal battery pack for the Mini series sensors can be charged by following the 
procedures listed below. 
 

1) Remove the instrument from water and dry completely. 

2) Place the instrument on a clean and dry bench and secure in place from rolling. 

3) Disconnect the deck box connection and/or shorting plug from the instrument. 

4) Carefully remove the set screws holding the back end cap to the housing using a 
1/16” Hex driver. 

 
5) Ensure that there is no water in and around the back end cap, and then gently 

pull the cap out of the housing. 

6) Once the back end cap is away from the housing, remove the insulating foam 
and continue pulling until you can take hold of the end of the battery pack, then 
pull the battery pack out. 

 
7) Disconnect the battery pack with the two pin black connector (See image below, 

red circle denotes the connector). 
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8) Using the supplied Turnigy Accucell 6 charger, connect the charging leads to the 
corresponding outputs that are marked on the charger, [+] is red and [–] is black, 
and then connect battery to the charging leads. 

 
9) Power the charger with the AC switching adapter, which is connected to 110 or 

220 VAC. 

10) Once the charger is powered, ensure that the correct battery type selected. 

11) To change the battery type, push the 1st button that says TYPE, you will see 
LiPo, NiMH, NiCd, and Pb Batteries, then push the 4th button to select the type of 
battery. 

12) You will then be given the option to select charge, discharge, and cycle, these 
are selected by pushing the 2nd and 3rd buttons as a reverse and forward 
function, select charge now and push the 4th button. 

13) You will see a flashing value that is the amount of current to charge the batteries 
at, the batteries are 2.4A each so do not charge any higher than that but you can 
charge at a lower rate if you wish but it will take longer to compete. 
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14) Once all your values are set, push and hold the 4th button to start the charge, 
there is a battery check that is done first to make sure there is no issues but once 
completed, you will receive real-time information on the charging, ie. charging 
current, charging voltage, time, etc. 

15) The charger will give you a series of beeps to signal the charge is complete. 

16) Disconnect battery and power down the charger by unplugging from the 110 or 
220 VAC source. 

17) To reinstall the battery into the sensor, follow the steps 7 through 1 in reverse. 
Note: You may have to remove the set screws in the front end cap with a Hex 
driver as well; this is so that the excess wire can be pulled up front. 

18) As you slide the battery in to the housing and move the back end cap toward the 
opening, pull the front end cap out to keep the wires running straight through the 
sensor. 

19) Clean and Grease the O-rings and housing opening before inserting the end cap 
into the housing to ensure a proper seal. 

20) Once the battery, foam and back end cap are back in place, reinstall the set 
screws carefully and ensure they are properly aligned. 

21) Carefully push the front end cap back in to the housing and reinstall the set 
screws with the same care as you did with the back end cap. 
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6.5 Detector Re-Calibration 
Calibration of the Mini CH4 must be completed by Pro-Oceanus staff.  The calibration 
procedure requires 4-6 calibration gases and a proprietary curve fit function.  Multiple 
calibrations are made in sequence to ensure the best possible accuracy. 

It is recommended that each Mini CH4 to be returned to Pro-Oceanus once every 12-18 
months for re-calibration and functional testing.  Normal sensor drift over one year is 
typically less than 3% of the maximum measuring range. 

To return an instrument for re-calibration, please contact Pro-Oceanus for an RMA 
number prior to shipping it freight pre-paid to Pro-Oceanus: 

Pro-Oceanus Systems 
80 Pleasant Street 

Bridgewater, NS, CANADA 
B4V 1N1 

 
Carefully package in the instrument’s original protective case, and clearly mark as 
“fragile goods” and “return for repair” on the outside of the case. 
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7.0 Troubleshooting 
 

1) No power: check the power supply (should be 6-18 VDC); if no power is reaching the 
instrument, check the fuse in the deckbox and replace if necessary. 

2) Standard gas measurements are not accurate: typically this means that the instrument 
has experienced a significant temperature or other environmental change. 

3) Upon startup, very high CH4 levels are experienced.  This may mean that the interface 
was not prepared properly for storage, and the damp interface has a substantial bio-film 
layer.  The best solution is to avoid this problem entirely by preparing the interface 
properly before storage.  See section above “Cleaning the Interface”. 

4) Length of time for gas – water equilibration after the instrument has warmed up is 
excessively long.  The membrane interface has a biofilm that needs to be removed, see 
section above “Cleaning the Interface”. 

5) Sensor is outputting zero or negative values after the warmup period. The sensor is 
in waters undergoing very rapid changes in environmental conditions, damage to the 
membrane has allowed water to enter the infrared detector or electronics, or the sensor 
is experiencing pressure waves due to turbulent waters when the membrane is not 
compressed flat against its support. 

6) Sensor membrane is damaged and water intrusion into the detector has occurred. If 
the intrusion was with freshwater, follow the steps here, if a liquid other than freshwater 
has intruded into the detector, please contact Pro-Oceanus for an RMA to return the 
instrument.  Dry the sensor and remove the sensor membrane as outlined in Section 
6.3.  Then, place the sensor into a sealed container or bag with a drying agent such as 
Drierite.  Ensure that the drying agent is placed inside of a filter bag to avoid dust and 
particles from the drying agent to enter into the detector.  Leave the sensor to dry for a 
minimum of 24 hours before attempting to power the sensor.  After powered, check to 
see if the sensor is behaving normally, if so, install a new membrane and continue use.  
If the sensor does not operate normally, please contact Pro-Oceanus for an RMA to 
return the sensor for repair. 
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8.0 Warranty 
 

Pro-Oceanus Mini series instruments are covered by a 1-Year Limited Warranty 

For a period of one year after the date of original shipment, products manufactured by 
Pro-Oceanus Systems Inc. are warranted to function properly and be free of defects in 
materials and workmanship.  Should an instrument fail during the warranty period, please 
contact Pro-Oceanus for an RMA number prior to shipping it freight pre-paid to Pro-
Oceanus: 

Pro-Oceanus Systems 
80 Pleasant Street 

Bridgewater, NS, CANADA 
B4V 1N1 

 
Carefully package in the instrument’s original protective case, and clearly mark as 
fragile goods and return for repair on the outside of the case. 
Pro-Oceanus Systems Inc. will repair it (or at the company’s discretion, replace it) at 
no charge, and pay the cost of shipping it back to the customer. 
 
Modifications / Exceptions / Exclusions 

1. Gas permeable membranes, rigid permeable membrane supports, support screens, 
absorbents, batteries, and other consumable/expendable items are not covered under 
this warranty. 
2. Damage to the sensor or other internal electronics as a result of flooding from 
either a punctured membrane or an improperly customer installed O-ring seal is not 
covered under this warranty.  Care must be taken to deploy instruments according to 
procedures described in this manual to minimize the possibility of instrument flooding. 
3. Corrosion damage is not covered under this warranty 
4. Welded mounting tabs and other mechanisms used to mount Pro-Oceanus Systems 
Inc. instruments to ships, buoys, mooring lines etc., are not covered under this 
warranty.  Pro-Oceanus Systems Inc. expects the best and safest engineering 
practices to be applied by knowledgeable and experienced persons during the 
deployment and recovery of instruments and cannot be held liable for any injuries or 
damages incurred during use of Pro-Oceanus instruments. 
6. This warranty is void if the instrument has been damaged by accident, mishandled, 
altered, or repaired by the customer where such treatment has affected its performance 
or reliability.  In the event of such abuse by the customer, repair costs plus two-way 
freight costs will be borne by the customer.   
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Appendix A: Sensor Specifications 
 
Parameter Specification 
Accuracy + 2% (of maximum range) 
Power Consumption 0.45 W (35 mA @ 12 VDC) 

30 µA Sleep Current 
Input Voltage 5-18 VDC 

Signal Output 
RS-232, CSV ASCII String 
0-5 VDC or 4-20 mA Analog output 
available 

Water Temperature Range -2 to 35 ˚C  
Detector Non-Dispersive Infrared (NDIR) 
Warm up Time 3 minutes 
Housing Material Acetal Plastic (Titanium optional) 
Dimensions Length: 28 cm (37 cm w/AA battery pack) 

Diameter: 5.34 cm 
Depth Rating 300 meters (up to 4000 meters optional) 
Weight 1 kg in Air (2 kg for titanium housing) 

0 kg in Water (1 kg for titanium) 
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Appendix B: Instrument Dimensions and Pin Outs 
 
Standard Mini Sensor 
 

 
 

 
 
Mini Sensor with Internal Rechargeable AA Battery Pack 
 

 

  

280 mm (11”)

53.4 mm
(2.1”)

1
23

4

1.  Gnd 
2.  RX
3.  TX
4.  V+ (5-18VDC)
MCBH(WB)-4-MP-SS

370 mm (14.6”)

53.4 mm
(2.1”)

1.  Gnd 
2.  RX
3.  TX
4.  V+ (5-18 VDC)
MCBH(WB)-4-MP-SS12

Requires:
MCDC(WB)-2-MP-SS
Shorted Dummy Plug
(Supplied)

Battery Power

1
23

4
Power / Comm.
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Appendix C: Installing a Water Flow Through Head 

 

Figure C1. Mini-Pro Series pumped head assembly. 

 
The water-pumped head assembly is simple to install.  The water-pumped head 
provides a watertight O-ring seal with the instrument head and provides a reduced time 
for sensor equilibration with a surrounding water sample.  In addition, the high water 
shear across the membrane through use of the pumped head provides an effective 
means of preventing biofilms from forming on the membrane. 

1

3

2
Side View Face View

Water In

Water Out

Sensor Interface

Faceplate Pumped Head Assembly

Flow-through Gap

4-40 x 3/4” long

1/4” Tube Fitting

Mini-Pro Series Water-Pumped Head Interface
Part Number: WPH-M-01

Installation and water flow diagram
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  Figure C2. Alternate screws removed.          Figure C3. Pumped head with screws and hex key. 

 
To attach the assembly to the sensor head, first remove three of the socket-head 
screws that affix the sensor head to the instrument as depicted in Fig. C2.  Ensure that 
during removal of screws that an alternating pattern as shown.  Do not loosen the three 
remaining screws as this will compromise the instrument integrity. 

The pumped-head assembly (Figure C3) will fit directly on top of the three remaining 
socket head screws (Figure C4).  Ensure that the pumped head is flush with the sensor 
head and then insert and hand tighten the three screws that are supplied with the 
pumped head.  Once the pumped head is gently resting on the O-ring seal, creating a 
small and even gap between the pumped head and the sensor head, the three screws 
can be tightened using the supplied hex key.  Using a quarter turn on each screw and 
then rotating to the next and continuing to do this until the pumped head is securely 
connected to the sensor head, will allow the O-ring seal to remain seated.  Do not over-
tighten the three screws.  

 

     

    Figure C4. Head resting on sensor.        Figure C5. Fully assembled sensor with pumped head. 
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The pumped head is also supplied with a 30 cm piece of silicone tubing for connecting a 
small, user-supplied water pump to one of the ports of the water pumped head.  The 
recommended water rate is 0.5-3 liter per minute when using the water-pumped head 
accessory.  Higher flows may abrade the membrane more quickly and should be 
avoided. 


