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Introduction:

The purpose of this document is to provide the operator of the CAT/NDIR system a
guidline for setting up or shutting down the system in addition to daily and weekly maintenance.

Principle of xCOg measurements using a CAT/NDIR system:

The automated underway xCO, monitoring system consists of a “shower-head" type

equilibrator and a non-dispersive infra-red (NDIR) analyzer (Li-COR model 6262) with solid state
detector. A system of automated valves (Figure 1) controls the frequent and regular switching of
gas flow to the NDIR analyzer between seawater equilibrated air (SEA), seasurface air sampled
at the ship

bow (AIR), and two gas standards (high and low CO, concentration, respectively). The small
size (approximately 40 cm high) equilibrator (modified from that used by Weiss) consists of two
concentric cylindrical stages constructed of plexiglass, with a drain in the center. The seawater
"showers" through the top of the equilibrator, and the first stage of the equilibrator is vented to
the clean marine atmosphere to maintain ambient pressure. The gas phase is continuously re-
circulated, at a rate of 200 ml/minute, by an air pump, through a closed loop passing through the
infra-red analyzer where the measurement is made. The seawater temperature in the
equilibrator, as well aé both atmdspheric pressure and the gas pressure in the closed loop are
continously monitored.

The CO,/H,0 differential NDIR analyzer is of small size, precise, and insensitive to vibrations

and lateral accelerations. The sample cells are gold-plated to enhance IR reflectivity and resist
tarnishing over time. One set of cells is used for both H,O and CO, measurements by using a

dichroic beam splitter to provide radiation to two separate detectors. A 150 nm bandpass optical
filter is used to select the 4.26 micron absorption band for CO, detection, and the H,O detector
is filtered for the 2.59 micron absorption band. Both filters provide excellent rejection of IR
radiation outside the desired band, allowing the analyzer to reject the response of other IR
absorbing gases. The filters are mounted directly on the detectors for thermal stability. The lead
selenide solid state detectors are cooled and regulated at -12°C by thermoelectric coolers, and
electronic circuits continuously monitor and maintain a constant detector sensitivity. The detector
housing is maintained free of water vapor and CO, by internally mounted desiccant and
absorbants. In order to maximize the signal sensitivity, the infra-red radiation from the source is
focused through the gas cell and onto the detector by lenses at each end of the optical bench. As
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a result, the typical CO, noise level is 0.2 ppm peak-to-peak (at 350 ppm) when using one
second signal averaging. This automated system allows us to monitor xCO, (mole fraction)

directly in the gas phase without having to pretreat it (no drying or gas separation are required).
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Figure 1.

CO, Automated Technique (CAT)

Continous underway xCO, monitoring system



This not only simplifies the measurement procedure, but also minimizes the potential errors in
the measurements. The Li-Cor CO, /H,0 analyzer uses an internal algorithm to correct the

measurements to a dry gas scale.
This system is regularly calibrated every two hours, using CO, standard gases

calibrated against those from the National institute of Standards and Technology (NIST).

The recorded xCO, data consist of an average of 10 readings taken every 6 seconds. The rate
of data storage is one measurement per minute. A typical duty cycle consists of a five-minute
cell flush with seawater equilibratéd air, followed by five one-minute averages. Next, this cycle is
repeated for the measurement of air (the air intake is located at the bow of the ship). Every two
hours the alternation of these two sample gases is interrupted with the measurement of the two
reference gases according to the same ten minute cycle.

(The technical description of the LI-COR 6262 operation is taken from the LI-COR UpDate,
Vol.4,#1,pp1,2)



Set up and installation of the system:
Setting up the CAT (CO, Automated Technique), can be conveniently broken down into 6 areas:

Sample collection tubing installation (Dekoron TM), equilibrator installation, computer
installation, gas installation, Dew Point Generator (D.P.G.) installation and NDIR (Non-Dispersive
Infra-Red) analyser (LI-COR LI-6262) calibration. The CAT is self-contained in its own shipping

container.

Dekobon Installation:
In order to analyse the air sample we need to collect it. The CAT is a continually monitoring
apparatus. The air sample is collected from the bow or stern depending on the ship's orientaion
relative to the wind direction, and pumped to the CAT through clean Dekobon tubing. Dekobon
is the registered trademark of Furon Dekoron Co.. We use Dekabon,Type 1300 metal/plastic
composite tubing with 3/8" O.D.. The tubing is supplied clean from the manufacturer and no
further cleaning is recommended. The intake end of the tubing should be positioned at a level
well above the deck of the ship where any contamination from the ship's exhaust or personnel
will be minimized. Generally a good place to put the intake is 3-5 meters above the deck on the
jack staff or other forward positioned mast or staff. A funnel should be attached, inverted, to the
intake end of the tubing, (secured with a banding clamp and sealed with silicone) to prevent
collection of seawater spray or rainwater. Mount the Dekoron tubing at the correct height , and
secure the tubing along the side of the ship and the mast with cable ties every meter. Before
0ing aloft re to get permission from the ship's watch. ropriate safely equipment
lert the appropriate watch personel. Run the tubing the length of the vessel to the lab
where analysis will be performed. Be careful to install the tubing in low traffic areas, if possible,
to eliminate accidental crimping or cutting of the tubing. If the tubing must be installed in high
traffic areas, make sure it is well protected and inspect it daily throughout the cruise for possible
damage. The Dekobon fubing is terminated at the water trap before the sample is pumped
through the air pump (P,). The output of P, is split with a tee. One path is to the air input (Vg) of

the CAT and the other path is to the air ballast and then into the equilibrator.



Equilibrator installation:
The equilibrator must have an uncontaminated seawater source. The seawater input will

optimally have a remote orv/off valve. An empirical experiment in the laboratory suggests that
the equilibrator works best when seawater flows at a rate of 4 liters per minute. The flow can be
controlled and monitored by a combination flow meter and valve or if the line is dedicated, the
flow can be set initially and regularly checked every few days. If the consistancy of the flow is
variable, a metering device in line, is highly recommended. An overflow of seawater into the
system will force water into the NDIR, corroding the coating of the measurement cell. This should
be avoided.

It is best to drain the seawater from the equilibrator overboard, (not into the ship's holding tanks).
Check with the ship's engineers for the nearest overboard drain or use a garden hose to run out
and overboard. Make sure the drain has a free run; the flow must be unrestricted (or again,
overflowing the equilibrator and the whole system may occur).

The air input to the equilibrator from the air ballast uses 1/4" clean copper tubing. The gas
sample output and the return from vaive 3V, use 1/8" clean copper tubing connected with
swagelok reducing unions (see Figure 2). The connection to the inner chamber is vented to
clean marine air to eliminate internal pressure imbalances. The procedure for cleaning the
copper tubing is described in Appendix A.

Air from the equilibrator is first pumped through a water trap mounted on the side of the
equilibrator housing and subsequently through a Whatman vacu-gard filter to prevent salt water
aerosols from damaging the NDIR and/or electrical valves.



Abstract

Accurate measurement of partial pressure of CO; in seawater is currently performed by
measuring pCO; in an aliquot of a small volume of gas equilibrated with a large volume of the
seawater to be measured. PCO, in the gas phase can be accurately measured either by gas
chromatography or infra-red analysis. In order to minimize human labor to monitor pCO, in surface
seawater we opted for the infra-red analysis which does not require a highly trained person and
which can easily be automated. This report describes how we have designed and automated a
system for continual surface seawater pCO, monitoring. It further indicates the necessary steps to set
.up, run, and maintain the system. With minors modifications this system can also be used to
measure pCO; in discrete seawater samples (Goyet et al., 1993).

Reference:

Goyet C., Millero F.J., Poisson A., and Shafer D.K. (1993). Temperature dependence of CO,
fugacity in seawater. Marine Chemistry, 44, 205-219.
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Computer Installation:
Software:

The software that drives the CAT and collects data is well documented in the Analyser Manual.
It is written in Quick Basic. There are four programs: '

licor.bas: This program is to be used on a computer that uses com1 to retrieve data
from the LI1-6262.

licor2.bas: This program is to be used on a computer that uses com2 to retrieve data
from the LI-6262.

licorn.bas: This program is to be used on a computer that uses com1 to retrieve data
from the LI-6262. '
Additionally this program outputs CO, and H,O mV readings.

The pressure coefficient and constant used in the algorithm are for the
transducer pair used on xCO, apparatus 1 (CAT 1).

licor2n.bas: This program is to be used on a computer that uses com1 to retrieve data from
the LI-6262.
Additionally this program outputs CO, and H,O mV readings.

The pressure coefficient and constant used in the algorithm are for the
transducer pair used on xCO, apparatus 2 (CAT 2).
Hardware:
The A-D converter board controlling the interface between the computer and the CAT is a
Dascon1. The transducers (Setra) and thermister (YSI), outputs are input to the computer
through this board, the electrical valves are also driven by the Dascon1 board.
The voltage converter on the CAT apparatus provides 24 VDC output to the Delta pumps and
the transducers. _
There are two cable connections; the Dascon1 ribbon cable to the “blue box" on the CAT and the
connection of the LI-COR 6262 to the RS 232 input of the computer (either com1 or com2). The
cable connections should be well secured. ’
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Gas Instaliation:
ideally, the CAT set up requires 4 cylinders of CO, in air: 2 full size working cylinders with “high*

and "low" concentrations of CO, in air (HSTD and LSTD), spanning the anticipated measured
values, and 2 sample size reference cylinders of CO, in air. The reference cylinders have been

calibrated at W.H.O.l. against a NIST standard. They are to be used initially to set the span of
the NDIR and to measure the HSTD and LSTD gases.

CO, in air requires a CGA 590 fitting on the regulator. The CGA 590 fitting is left hand threaded,
(i.e. turn it anti-clockwise to tighten and clockwise to loosen). A two stage, metal diaphram

. regulator, (Linde UPE 3 25 590) is essential. The delivery stage on this regulator has a
compound gauge with a range of 30 in. Hg vacuum to 30 psig. The supply stage range is O to
4000 psig. The regulators need to be purged three times with CO, cylinder gas before being
connected to the CAT. 1/8" clean copper tubing is used to connect the gas cylinders to the
respective CAT inputs. The delivery pressure of both HSTD and LSTD should be approximately
8 p.s.i..

For the initial calibration only the reference cylinders need to be hooked up to the CAT .

REMARKS:
BE EXTREMELY CAREFUL TO KEEP THE COPPER TUBING CLEAR OF THE ELECTRICAL
CONNECTIONS. -
LEAK CHECK CAREFULLY AND OFTEN.
DO NOT LET THE GAS LINES VIBBRATE AGAINST EACH OTHER.
SECURE THE GAS LINES WITH CABLE TIES WHEREVER POSSIBLE.
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Dew Point Generator:

The Dew Point Generator (DPG) is used to set the span of the H,O channel. Set up and
operation are well documented in the instruction manual provided by LI-COR inc.

Fill the radiator and condensor block with deionized water, adding algicide as suggested in the
manual.

Turn on the unit and adjust flow from output 1 into the CAT by opening or restricting the flow of
output 2.

Determine the DPG set point and NDIR span target using the psychrometric chart provided in the
DPG manual. (Figure 3).

-12-



Vapor Pressure (kPa)

Relative Humldity (%)

100%
90
/
80
7
ré
Vi l-70
y, - 60
y
50
4
AV,
4 40
4 y V y
y.
/
,I ,A
‘/ A 30
4dvavd
AP av4 o
pAV.AY
4 ARP -
pd '_20
¢ %4
1
= =
= - = L 110
11 14 T 1
1] }4-1 -t 1
0

(4]

10 15 20 25 30 35
Temperature (°C)

e

CARLEAPRAL2B NS ETLT SIS TUNE HE

This table gives the saturation vapor pressure of moist air in kPa. This table was derived
using the foliowing equation from Buck (1981):
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Figure 3.

Psychrometric chart and saturation vapor table for use calibratin_g the
Dew Point Generator (Reproduced here from the Li-610 Instruction
manual, page C-2, with permission of Li-Cor inc.).
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NDIR/ CAT Set up and calibration:
The NDIR is mounted on an acrylic base with the associated valves, pumps and pressure

transducers, etc. The NDIR /CAT samples the gases as described in the section Method of
Analysis. There are two loops being sampled; the reference loop and the sample loop. The
reference loop is a closed loop, consisting of a Delta pump which moves gas out of the analyzer

and through a roto-meter at 200 mi/min.. The flow is controlled by adjustment of a potentiometer
on the pump. CO, and H,0 are removed from the gas stream by a desiccant/absorbant trap

containing soda lime and magnesium perchiorate (Mg(ClO,),), followed by a gelman 1um filter

which removes any particles.

The sample loop is more complex. A Delta or metal bellows pump is used to move the gas
stream at 200 mi/min. The sample flows out of the NDIR, into a pressure transducer and through
a roto-meter. At this point the flow path diverges and is dependent 6n the requirements of the
operation. For determining the NDIR zero set point, the three way valves 3V, and 3V are

adjusted allowing the gas to flow through a trap/filter configuation identical to the reference loop.
Determining the span set point of the NDIR requires the valves 3V, and 3Vg be returned to the
sampling position and electrical valves opened via computer command, sampling the
HSTD/LSTD gases consecutively. Sampling the AIR and SEA gases is accomplished
automatically as the appropriate valves are opened by the computer program.

The desiccant/absorbant traps should be installed in the respective reference and sample loops.
The traps are filled with 1/2 soda lime (4-8 mesh) and 1/2 Mg(ClO,), (12-20 mesh). Appropriate
care should be used when handling these chemicals. The chemicals in the traps are separated

by phosphoric acid washed glass wool. Orientation of the traps in the CAT is critical, as the soda
lime removes CO, and requires a small amount of H,O to be effective, therefore the gas must

first flow through the soda-lime and then through the Mg(ClO,),. The correct orientation is
indicated in the gas flow diagram (figure 1).

Connections to the LSTD, HSTD, SEA, and AIR are made using swagelok fittings. Gas flow
rates are precisely controlled at the input to the CAT using needle valves (X, -X,). Flow rates are

200 mi/min. for the sample and reference lines. All connections should be carefully leak
checked.
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Calibration:

Once the integrity of gas input and output connections to the CAT are assured, the system is
ready to be calibrated as follows:

Turn on the auxillary power to the CAT (switch on the yellow cord).

Turn on the computer.
Turn on the NDIR.

Set Date/Time:
Set the computer clock to the correct date/time using UTC (Universal Time Coordinate).
itis optimal to sychronize the computer clock with the ship's navigation logging system.
Data Collection:
Make a subdirectory on the hard drive within \pco2 in which data will be stored as it is
collected.
Example: Data from the WOCE P17 cruise may be stored in subdirectory
c:\pco2\wocep17.

Change directory to c:\pco2.

Start program operation by typing the appropriate program name.
For example: If you are using xCO, apparatus 1 (CAT 1) and the NDIR is

connected to the computer via com1, the correct program for collecting data is
licorn.bas and you simply type <licorn> <enter> at the prompt (c:\pco2>).
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Begqin calibration:
The reference cylinders must be hooked up to the HSTD/LSTD inputs.

Turn the three way valves to allow flow through the desiccant/absorbant trap.

Choose option 5 from the main menu and follow the directions.

Allow approximately 15-20 minutes for stability.

Adjust the CO, and H,O zero pots on the NDIR .

Check for stability.

<Ctrl Enter> to step through the calibration procedure.
Disconnect the reference cylinders and hookup the HSTD snd LSTD cylinders.
Disconnect and turn off the Dew Point Generator.
Leak check the system. (If any leaks are found you may need to re-calibrate using the reference
cylinders).
Measure the CO, concentration of the HSTD and LSTD gases and mark the values on the
cylinders.

Begin data collection.
Choose option 6 from the main menu and type in the correct path and filename.
For example: Using the subdirectory created during the computer setup and the current
date, the path and filename will be wocep17\930326 <enter>.
Remember to use UTC.
Begin sample analysis.
Choose option 9 from the main menu.
Choose option 9 from the sub-menu.

Make syre the data collection has begun .
Make sure UTC is used.
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Maintenance:

Daily Maintenance:

Close existing file and open a new file:
In order to maintain files of a resonable size and to insure accurate record keeping, every 24
hours the data collection file is closed and reopened with the new date/time.

% <Ctrl enter> o halt program

° Choose option 7 to close file

° Choose option 6 to open new file using subdirectory filename (yymmdd);

\wocep17\930428 <enter>
° Choose option 9 to restart data collection

Check visually for any water in the trap, empty daily if required.

Check the vacugard filter in line from the equilbrator/water trap:
o|f the filter shows any indication of water in the filter housing, replace the filter with a
new one, taking care to orient it correctly.

Monitor CAT/NDIR operation on restart and note HSTD, LSTD,SEA and EQUIL readings in the
notebook.
Also note weather conditions, ships position and ship's operation status.
Check for correct gas flows in both reference and sample loops (200 mi/min.).
Check seawater flow, should be approximately 4 liters per minute.
. Check equilibrator drain, should be free flowing.
Check the water filter and change when necessary (every 2-3 days).

° If the filter is not wetted completely a problem may develop, as air can become trapped
in the lines restricting the seawater flow.

o |nstall the new filter in the filter cartridge holder. If the filter cartridge does not fill
completely, let the water flow through the filter for several minutes. Turn off the water
and reverse the orientation of the filter in the cartridge holder.

Weekly Maintenance:

Check visually the Geiman Acro filters in the reference loops for any contaiminants or particles.
© Replace if necessary.
¢ Back up data to floppy disks.

Monthly Maintenance:

Change absorbant and desiccant in reference line.

¢ <Ctrl enter> to halt data collection.

© Turn off power to Dascon1 board and reference pump (“yellow cord" ).

¢ Remove dessicant/absorbant trap and replace soda lime and magnesium perchlorate.

° The traps are filled with 1/2 soda lime and 1/2 magnesium perchlorate, separated with
glass wool. Use proper care when handling these chemicals. Replace the desiccant/
absorbant tube in the CAT, observing the proper orientation.

¢ Turn on power to Dascon1 board and reference pump. -

¢ Restart data collection.
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In the event of a power outage: .
The system is protected by a UPS system that will provide uninterupted power for approximately

30 minutes. This provides ample time to allow you to shut down the system gracefully, avoiding
the potential for damage to the equipment.

Power up sequence:
© CAT on (power to Dascon1 board).

° Computer on; change directory to pco2 and choose correct program (see Measuring
xCO, document).

° NDIR on

Shutting down the system:
© Stop data collection; Opt. 7
© Exit Program; Opt. 0
o Close the cylinder valves on the HSTD and LSTD gases.
o Turn off power to intake SEA pump.
Close uncontaiminated seawater input valve.
Stow drain hose so that it is out of way while in port.
Clean equilibrator if neccessary.

o O o

Backup the data you have collected onto a_floppy.

DO NOT ERASE FROM THE HARDDRIVE.

Turn off computer.

Turn off power to Dascon1 board.

Turn off the NDIR.

Please keep a copy of the data and send one copy to:
Dr. Catherine Goyet
Woods Hole Oceanographic Institution
Dept. of Marine Chemistry and Geochemistry
Woods Hole, MA 02543

' (508)457-2000 ext 2552

In Case of Emergency:

Catherine Goyet
cgoyet@whoi.edu
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APPENDIX A

Cleaning copper tubing.

Set up a vacumm pump with a rubber stopper in a heavy walled erlenmeyer flask with a side
arm. An 1/8" copper tube terminated on one end with a female swagelock fitting should be
inserted into the rubber stopper. Terminate one end of the roll of tubing to be cleaned with a
female swagelock fitting and attach it with a union to the copper tubing in the stopper.

Pour ~200 ml of acetone into a glass beaker.

Pull the liquid through the tubing (200ml/50 ft.).

Allow all of the acetone to be pulled out of the tubing.

Repeat the above procedure using methylene chloride.

Put the tubing into an oven at 90°C and continue to pull air through the tubing for approximately
1 hour.

USE APPROPRIATE SAFETY PROCEDURES WHILE HANDLING AND DISPOSING OF THE
SOLVENTS.
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Appendix B

Data Analysis

This document is an attempt to describe and clarify the process developed

for analysing data collected using the CAT/NDIR system.

Mike Hamilton of JPL developed the IMSL/IDL programs this analytical process
is based upon and his contribution is greatly appreciated.

This document is divided into the following sections:

l. xCO2 data
a.) Data collection
b.) Data integrity
¢.) Data averaging and correction
d.) IMSU/IDL
Il. DAS data (ship's data sometimes called SAIL)
a.) Data collection
b.) Data integrity
c.) Data averaging and correcting
d.) IMSL/IDL
Ili. Merge the xCO2 and DAS data
a.) xCO2 data
b.) DAS data
c.) IMSL/IDL
V. Transforming xCO2 data to pCO2 data
a.) Transforming xCO2(air) to pCO2(air)
b.) Transforming xCO2(eq) to pCO2(eq)
¢.) Transforming pCO2(eq) to pCO2 (seawater-insitu)
V. Misc.
a.) UNIGRAPH
b.) Final data - headers
c.) Final data - read.me file

NOTE: Before beginning the data analysis it is suggested that you

create a new directory and move the IMSL/IDL programs as well as your
data to that new directory.

-20-



l. xCO2 data

a.) Data collection:

The xCO2 data is collected using the CAT/NDIR system and stored to
either the floppy or hard drive of the computer driving the system. The
data is in ASCIL. It is preferable to have the operator of the CAT/NDIR
system stop and start the data collection regularly every 24 hours.

b.) Data integrity:

Once the data has been collected, a visual inspection is suggested.

c.) Data averaging and correction:

During this step the data will be averaged to a value representing

5 minutes of sampling. The data will also be corrected to the standard

values measured during the calibration of the system.

The inspected files should be listed to a file named pco2.lis.

e0s% Is 940107 >pco2.lis

Update the IMSL/IDL program wpco2.pro using the correct high standard reference
gas value and the correct low standard reference gas value.

example:

WPC02.pro
lines 32 and 33 read:

a=(408.72-278.69)/(hstd-Istd) ; compute coefficients
b=408.72-(a*hstd)

-the measured high standard and low standard values determined after the
span of the NDIR was set should be inserted instead of 408.72 and
278.69 respectively.

Also edit the program to reflect the correct year in the reftime
statement.

NOTE: An eariier version of pco2.pro was used to analyse the JGOFS data. That
version does not account for the collection of mV readings and will not

work on data collected after Debbie's most recent update of the basic program
for the CAT/NDIR (approximately Jan.1, 1993).
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d.) Run the IMSL/IDL program:
To initiate IMSL/IDL:

€05% source imslidi_setup <enter> “sources"” the setup file
€0s% Imslidl <enter> starts IMSL/IDL

Run the program wpco2.pro to correct and average the xco2 data. The
function avg.pro is called in the program and must be in the

working directory. Once you have initiated IMSL/IDL issue the
following commands:

==>.run,wpco2.pro <enter> compiles the program wpco2.pro
==>Wpco2 <enter> runs the program

(see the EOS SCF sw_packages document in /eos/binfadmin/docs for more
information on IMSL/IDL)

Il. DAS data

a.) Data collection:

The DAS or SAIL data is collected during the cruise by the ship's
technicians.

b.) Data integrity:

Visually check the data.

¢.) Run the IMSL/IDL. programs:

The program wstrip.pro will strip the end characters and bad data from
the DAS files.

==>.run,wstrip.pro <enter> compiles the program
==>wstrip <enter> runs the program

This program will append a .strip extension on the end of the filename.
Rename the files to eliminate the extension(s).

The program dasplotw.pro will truncate any data lines with errors and

then average the DAS data to 5 minute periods. The

function bandav.pro is called in the program and must be in the
working directory.

Depending on the format of the DAS or SAIL data, dasplot.pro may require
editing...check that the dataline commands are correct.

Once you have initiated IMSL/IDL issue the following commands:

==>.run,dasplotw.pro  <enter> compiles the program
==>dasplotw,'filename' <enter> runs the program



1ll. Merge the xCO2 and DAS data:
a.) xCO2 data

Inspect the xCO2 data, check to see that the calculations were done correctly
and that the data points are valid.

List all of the corrected xCO2 data fiies (.corr) to pco2.lis...Be
sure to erase the original pco2.lis.

e0s% Is *.corr >pco2.lis

b.) DAS data

Inspect the .fmt files to see that the data has not been corrupted and
that there are no illegal characters in the file.

List all of the formatted DAS files (filename.fmt) to a file named das.dat.

eo0s% Is *.fmt >das.dat

‘c.) Run the IMSL/IDL program:
Once you have initiated IMSL/IDL issue the following commands:

==>.run,mer.pro <enter> compiles the program
==>mer <enter> runs the program

IV. Transforming xCO2 data to pCO2 data:
a.) Transforming xCO2(air) to pCO2(air):

Use the measured atmospheric pressure and the measured in-situ -
temperature to calculate pCO2(air).

Calculate e(air): _
e(air)=0.981*exp(27.029-(0.0098* (insitemp+273.15))-(6163/(insitemp+273.15)))

Calculate pCO2(air):
pCO2(air)=xCO2(air)*(airpress*10)*(1-(e(air)/(airpress*10)))/1013.25

b.) Transforming xCO2(eq) to pCO2(eq):

Use the measured atmospheric pressure and the measured temperature in
the equilibrator to calculate pCO2(eq).

Calculate e(eq):
e(eq)=0.981*exp(27.029-(0.0098*(eqtemp+273.15))-(6163/(eqtemp+273.15)))

Calculate pCO2(eq): . ,
pCO2(eq)=xCO2(sea)*(seapress*10)*(1-(e(eq)/(seapress*10)))/1013.25
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¢.) Transforming pCO2(eq) to pCO2 (seawater-insitu):

No comment, I've never performed this step.

V. Misc.
a.) UNIGRAPH

| use UNIGRAPH to do most of the calculations and all of the plotting. | created
executable .ugr files (in directory UNIGRAPH). Exporting files from
UNIGRAPH is limited to 8 datasets of 16 characters.

b.) Final data - headers
Header descriptions:

date Julian date.decimal time (GMT).
xCO2a the measured value of xCO2 in the sea surface air sampled at the
ship's bow (umol/mol).
xCO2s the measured value of xCO2 in the seawater (umol/mol).
H20a the measured value of H20 in the air (mmol/mol).
H20s the measured value of H20 in the seawater (mmol/mol).
tempa the temperature of the water flowing in the equilibrator corresponding
to the air xCO2 measurement (deg C).
temps the temperature of the water flowing in the equilibrator corresponding
to the seawater xCO2 measurement (deg C).
airpress the ambient atmospheric pressure corresponding to the air xCO2
measurement (kPa).
seapress the ambient atmospheric pressure corresponding to the seawater xCO2
measurement (kPa).
insitemp surface temperature value (used to calculate ea).
(deg C).
ea the vapor pressure (calculated using insitemp)
es the vapor pressure (calculated using temps)
pCO2air the final calculated value of pCO2a (corrected to 100% humidity,using ea and
airpress)
~ in sea surface air (uatm).
pCO2eq the final calculated value of pCO2s (corrected to 100% humidity,using es and
seapress)
in seawater (uatm).
lat the latitude corresponding to the ship position at the time of the
pCO2 measurement.
long the longitude corresponding to the ship position at the time of the
pCO2 measurement.
salts  The salinity of the surface water as measured by the ship's
thermo-salinometer.
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c.) Final data - read.me file

This is a copy of newread.me from JGOFS_EQPAC and is a good example of
an informative read.me file.

17 Nov. 1993 (updated)

This file contains information describing the pCO2 data collected during
JGOFS EQPAC cruise TT007, TTO11 and TTO12.

The file name describes the contents.
For example:

tt007air.dat Contains the sea surface air measurements of xCO2,
collected during the Spring survey leg; Cruise tt007.
Includes Date,xCO2a,H20a,tempa,airpress,insitemp,ea and wetair.

Each file contains headers describing the columns.
Header descriptions:

date Julian date.decimal time (GMT).
xCO2a the measured value of xCO2 in the sea surface air sampled at the
ship's bow (umol/mol).
xCO2s the measured value of xCO2 in the seawater (umol/mol).
H20a the measured value of H20 in the air (mmol/mol).
H20s the measured value of H20 in the seawater (mmol/mol).
tempa the temperature of the water flowing in the equilibrator corresponding
to the air xCO2 measurement (deg C).
temps the temperature of the water flowing in the equmbrator corresponding
to the seawater xCO2 measurement (deg C).
airpress the ambient atmospheric pressure corresponding to the air xCO2
measurement (kPa).
seapress the ambient atmospheric pressure corresponding to the seawater xCO2
measurement (kPa).
insitemp surface temperature value (used to calculate ea).
(deg C).
ea the vapor pressure (calculated using insitemp)
es the vapor pressure (calculated using temps)
pCO2air the final calculated value of pCO2a (corrected to 100% humidity,using ea and
airpress)
in sea surface air (uatm).
pCO2eq the final calculated value of pCO2s (corrected to 100% humidity,using es and
seapress)
in seawater (uatm).
lat the latitude corresponding to the ship position at the time of the
pCO2 measurement.
fong the longitude corresponding to the ship position at the time of the
pCO2 measurement.
salts  The salinity of the surface water as measured by the ship's
. thermo-salinometer.
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REMARKS:

1) *?'s" represent eliminated data (due to sample contaimination by ship's
exhaust). . '

2) "99's" in insitemp or salts column represent data collection failure by DAS system.

3) xCO2 data has been corrected to gas standards and averaged
over 4 minutes.

4) H20, equilibrator temperature and ambient pressure, have been averaged
over 4 minutes.

5) insitemp is the corrected, estimated or interpolated sea surface water
temperature.

6) Salinity, surface temperature and ship's position have been taken from the

R/V Thomas G. Thompson, University of Washington, DAS files.
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Appendix C

Programs
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pro wpco2

here:

reftime=julday(12,31,1992) ;changed year to 1992

line=’

co2=fltarr(5) & h20=co2 & temp=co2 & press=co2 & std=co2 & time=co2
on_ioerror,finish

openr,listunit,”pco2.1is’ JGET_LUN

infile=’

for ifile=0,36 do begin

readf listunit,infile

outfile=infile+’.corr’

openr,inunit,infile,/get_lun
openw,outunit,outfile,/get_lun
for iline=0,2 do readf,inunit,line ; skip header lines

for isamp=0,1000 do begin ; begin main loop

for iline=0,4 do begin ; read low std info
readf,inunit,line
bline=byte(line)
std(iline)=float(string(bline(20:27)))

endfor

Istd=avg(std(1:4))

for iline=0,4 do begin ; read high std
readf,inunit,line
. bline=byte(line)
std(iline)=float(string(bline(20:27)))
endfor
hstd=avg(std(1:4))

a=(408.72-278.69)/(hstd-1std) ; compute

coefficients

b=408.72-(a*hstd)

for imeas=0,4 do begin ; 5 pairs of air, eqm readings

for iline=0,4 do begin ; air readings
readf,inunit,line
bline=byte(line)
field=string(bline(0:1))



month=fix(string(bline(2:3))) ; date/time -> julian day
day=fix(string(bline(5:6)))
tyr=string(bline(8:9))
year=fix(strcompress(’ 19’ +tyr,/remove_all))
hour=fix(string(bline(11:12)))
minute=fix(string(bline(14:15)))
jd=julday(month,day,year)-reftime
time(iline)=float(jd)+hour/24.+minute/1440.
co2(iline)=float(string(bline(21:26)))
h2o(iline)=float(string(bline(29:34)))
temp(iline)=float(string(bline(49:55)))
press(iline)=float(string(bline(56:62)))
endfor
meanairco2=a*avg(co2(1:4))+b
meanairh2o=avg(h20(1:4))
meanairtemp=avg(temp(1:4))
meanairpress=avg(press(1:4))
meanairtime=avg(time(1:4))

for iline=0,4 do begin ; eqm readings
readf,inunit,line
bline=byte(line)
field=string(bline(0:1))
month=fix(string(bline(2:3)))
day=fix(string(bline(5:6)))

tyr=string(bline(8:9))
year=fix(strcompress(’ 19’ +tyr,/remove_all))

; year=fix(string(bline(8:9)))
hour=fix(string(bline(11:12)))

" minute=fix(string(bline(14:15)))
jd=julday(month,day,year)-reftime
time(iline)=float(jd)+hour/24.+minute/1440.
co2(iline)=float(string(bline(21:26)))
h2o(iline)=float(string(bline(29:34)))
temp(iline)=float(string(bline(49:55)))
press(iline):ﬂdat(string(blinc(S6:62)))

endfor

meanegmco2=a*avg(co2(1:4))+b

meaneqmh2o=av g(h20( 1:4))

meaneqmtemp=avg(temp(1:4))

meaneqmpress=avg(press(1:4))
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meaneqmtime=avg(time(1:4))
outputtime=avg([meanairtime,meaneqmtime])

printf,outunit,outputtime,meanairco2,meaneqmco2,meanairh2o,meaneqmh20,$
meanairtemp,meaneqmtemp,meanairtime,meanegmtime,$
meanairpress,meaneqmpress,$
format="(11(1x,f7.3))’

endfor ; imeas=0,4
endfor ; isamp=0,1000

finish:
close,inunit
free_lun,inunit
close,outunit
free lun,outunit
endfor ; end of file list

close, listunit

FREE_LUN,listunit
end ; end program
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t

pro wstrip,infile

line=’
openr,1,infile
openw,2,infile+’ .strip’

on_ioerror,endfile

for i=0,4100 do begin ; =0,1 for pos files
getanother:
readf,1,line
bline=byte(line)
if string(bline(37:37)) ne ’N’ then goto,getanother
line=string(bline(0:n_elements(bline)-2))
printf,2 line
endfor

endfile:
close,1

close,2

end
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pro dasplotw.dasfile ;iflag

iflag=1

refday=julday(12,31,1992)

nmax=4091

nsSmoo=5

time=fltarr(nmax) & lat=fltarr(nmax) & lon=lat
temp=lat & salt=lat & speed=lat & heading=lat
date=strarr(nmax) & gmt=date

openr,unit,dasfile, /GET_LUN
'ON_IOERROR, loopend : if read bad line of data, ignore it
iline=0
for ii=0,nmax-1 do begin
dataline=’
readf, unit, dataline ; read a line as a string
dataline=byte(dataline) ; convert to array
of bytes '

~ then subarrays back to string
date(iline)=string(dataline(0:7))
gmt(iline)=string(dataline(9:16))

month=fix(string(dataline(0:1))) & day=fix(string(dataline(3:4)))
year=ﬂx(string(dataline(6:7)))+1900 & hour=fix(string(dataline(9:10)))
min=fix(string(dataline(12:13))) & sec=fix(string(dataline(15:16)))
jd=julday(mdnth,day,year)-j ulday(12,31,year-1)
time(iline)=float(jd)+hour/24.+min/1440.

lat(iline)=float(string(dataline(26:28))) + $ ; convert subarrays to real
float(string(dataline(29:35)))/60.

lon(iline)=float(string(dataline(39:41))) + $
float(string(dataline(43:49)))/60.

if string(dataline(18)) eq ’S’ then lat(iline)=-1at(iline)
if string(dataline(30)) eq "W’ then lon(iline)=-lon(iline)
heading(iline)=float(string(dataline(69:73)))
speed(iline)=float(string(dataline(57:60)))

if iflag eq 1 then begin
temp(iline)=float(string(dataline(83:88)))
salt(iline)=float(string(dataline(97:102)))
endif else begin

- 32 -



temp(iline)=-99.
salt(iline)=-99.
endelse
iline=iline+1
loopend:
endfor

endfile:
close,unit
FREE_LUN, unit
nlines=iline
print,’ got ’,nlines,” good data records’,format="(a5,i4,a)’

time=bandav(time(0:nlines-1),nsmoo) & heading=bandav(heading(0:nlines-1),nsmoo)
speed=bandav(speed(0:nlines-1),nsmoo)

lat=bandav(lat(0:nlines-1),nsmoo)

lon=bandav(lon(0:nlines-1),nsmoo) & temp=bandav(temp(0:nlines-1),nsmoo)
salt=bandav(salt(0:nlines-1),nsmoo)

idate=0

for ii=0,nlines-nsmoo,nsmoo do begin
date(idate)=date(ii+nsmoo/2)
idate=idate+1

endfor

nlines=n_elements(time)
print,’ band averaged to ’,nlines,’ records’ format="(a26,i4,a)’

data=fltarr(7,nlines)

data(0,*)=time(0:nlines-1) & data(1,*)=heading(0:nlines-1) & data(2,*)=speed(0:nlines-1)
data(3,*)=lat(0:nlines-1) & data(4,*)=lon(0:nlines-1) & data(3, *)—temp(O nlines-1)
data(6,*)=salt(0:nlines-1)

openw, 1,dasfile+’.fmt’

printf, 1 dasfile

printf,1,” JD1993 Heading Speed Lat Lon  Temp  Salt’
for iline=0,nlines-1 do printf,1,data(*,iline),format="(7f10.4)’

close,1

!p.mu_lti=[0,1,2,0,0]
wh=where( salt(0:nlines-1) gt 30. and salt(0:nlines-1) It 36.5 and abs(lat) 1t 17.)
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if wh(0) eq -1 then goto,here
xmin=max(lat(wh))+0.15 & xmax=min(lat(wh))-0.15

spread=abs(max(salt(wh))-min(salt(wh)))
ymin=min(salt(wh))-spread/15. & ymax=max(salt(wh))+spread/15.
set_Xy,Xmin,Xxmax,ymin,ymax
plot,lat(wh),salt(wh),ytitle="Salinity (psu)’ xtitle="Latitude’,$
title="DAS underway data: *+dasfile,xrange=[xmin,xmax],/xstyle

wh=where( temp(0:nlines-1) gt 24.5 and temp(O:nlines-1) It 29. )
 spread=abs(max(temp(wh))-min(temp(wh)))

ymin=min(temp(wh))-spread/15. & ymax=max(temp(wh))+spread/15.

set_Xy,Xxmin,Xmax,ymin,ymax

plot,lat(wh),temp(wh),ytitle="Temp !9%!XC’ xtitle="Latitude’ ,xrange=[xmin,xmax] Jxstyle

here:
end
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function bandav,in,iband

- function BANDAYV will band-average an input array,
; using npts as a window width. Also known as

; a boxcar filter.

npts=n_elements(in)

nout=fix(npts/iband)

out=fltarr(npts/iband)

for ii=0,nout-1 do out(ii)=avg(in(ii*iband:(ii+1)*iband-1))

return,out
end
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pro mer

line=’

co2file="’

openr,dasunit,’das.dat’ /GET_LUN
count=0

final=fltarr(7,123000)

while not eof(dasunit) do begin
filename="123456789123’
readf,dasunit,filename
;print,filename

;close,dasunit
;FREE_LUN,dasunit
openr, fileunit, filename,/GET_LUN
a=fstat(fileunit)
bytes=a.size
readf,fileunit,line
readf,fileunit,line

;print,line
;:data=fltarr(7,8867)
no_lines=(bytes-220)/71 +2
data=fltarr(7,no_lines)
count=count+no_lines

readf fileunit,data
close,ﬁleunit
FREE_LUN fileunit

final(*,count:count+no_lines-1)=data

count=count+no_lines
end

close,dasunit
FREE_LUN,dasunit

ndata=fltarr(7,count)
ndata=final(0:6,0:count-1)
;data=0
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:data=ndata

time=ndata(0,*) & lat=ndata(3,*) & lon=ndata(4,*)
temp=ndata(5,*) & salt=ndata(6,*)
openr,listunit,’pco2.lis’ /GET_LUN

for ifile=0,36 do begin

readf listunit,co2file

print,’co2file’ ,co2file
positi0n=strpos(c02ﬁle,’ ,0)
newfile=strmid(co2file,0,position)

openw ,outputunit,newfile+’.mrg’ JGET_LUN
openr,co2unit,newfile+’.corr’ /GET_LUN
;print,co2unit,outputunit

dataline=fltarr(11,1)

outputline=fltarr(15,1)

while not eof(co2unit) do begin
:for iline=0,1000 do begin
readf,co2unit,dataline
outputline(0: 10)=dataline
wh=where(time ge dataline(0))
outputline(11)=lat(wh(0)) & outputline(12)=lon(wh(0))
outputline(13)=temp(wh(0)) & outputline(14)=salt(wh(0))
printf,outputunit,outputline,format="(15£9.3)’
endofloop:
end
;endfor

finish:

close,co2unit

FREE_LUN,co2unit

close,outputunit

FREE_LUN,outputunit

endfor : ; end of list file
close,listunit

FREE_LUN,listunit

end
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‘program: LICOR2n.BAS

‘LICOR modifications (21dec92 dks)

) 1) eliminate code generating CO2 & H20 corrected to 1 atm

) 2) LI-COR now output CO2 (mv) and H20 (mv) which have been
) added to the list of variables displayed and saved to disk.

* This program is identical to the one shipped to sea ~jan92

' except that the eqn’s for the pressure transducers have been

*  set for the PCO2(2) apparatus setup.

* The ambient pressure eqn has been changed to reflect the transducer
' inuse (s/n 308420) (calib. data as of 9aug91) 24feb92 dks

* The Li-Cor pressure eqn has been changed to refiect the transducer

* in use (s/n 302581) (calib. data as of 30jund2) 16sept32 dks

" Quick Basic Program for IR-CO2 Equilibrator

(L]

‘LICOR is a modified version of IR_CO2AE which includes additional input
) from a transducer to measure atomospheric pressure and from a

! pCO2 value corrected to 1 atm (101.325kPa). Also the calibrate

! routine has been modified to give averages rather than discrete

! values for zero and span adjustment purposes. The key

) sequence to terminate a routine has been changed from <ENTER>

) to <CTRL ENTER>. - dks 18dec91

IR_CO2AE -includes an option for continuous standard and sample cycling
' where high and low standards are sampled at specified time

) intervals and air and equilibrator samples are run continuously

) for the remainder of the cycle time.

‘data handling modifications - dks 2jul91

! define variables

* DIO%() = data input or output from A/D board (DASCON-1)

* PDATA() = data storage array for temperature and pressures

* MD% = mode number for DASCON-1

* CH% = A/D channel number

*irdata$() = data storage array for pressure (Licor) corrected output
! from Licor

DECLARE SUB DASCON1 (MD%, CH%, BYVAL DUMMY%, BYVAL. DUMY%, BASADR%)
‘initialize DASCON-1 drivers :

DECLARE SUB diskoff ()

DECLARE SUB hexlook (s$)

DECLARE SUB line25 ({$)

DECLARE FUNCTION stopmid! (x{)

DIM dio%(8), pdata(3), eqtemp!(1024), irdata$(1024)

DIM ambbarpressi(1024), stype$(6)

COMMON SHARED dio%(), CH%, diskflag$

OPEN "com1:9600,n,8,1,asc” FOR RANDOM AS #1 ‘Communication port for LI-FCOR

BASADR% = &H300 *DASCON-1 Data acquisition board address
avgnum% = 10 ‘Number of readings to average
readint% = 6 ‘Number of seconds between readings

stype$(1) = "LSTD": stype$(2) = "HSTD": stype$(3) = "AIR "
stype$(4) = "EQUI": stype$(5) = "0CO2": stype$(6) = “SH20"
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message$ = SPACES$(80)

diskflag$ = “false” ‘Disk storage flag
Yfirst switch Dascon1 to default of all ports low (to equilibrator air)
dio%(0) = 0
GOSUB setdascont
K Select desired sample configuration
PRINT : PRINT

PRINT "This program assumes that the PCO2(2) apparatus is in use.”
PRINT "The apparatus configuration currently has SETRA pressure transducer”
PRINT* s/n 302581 to measure the LI-COR's intemal pressure and”
PRINT " SETRA pressure transducer s/n 308420 to measure the ambient”
PRINT " pressure. Either LI-COR infrared analyzer may be used.”
PRINT" Transducer and LI-COR calibration data last updated in this”
PRINT* program 16sept92."

PRINT : PRINT "Key <Enter> to continue program execution”

DO

LOOP WHILE INKEY$ <> CHR$(13)

CLS : LOCATE 2, 1

DO .
keyint$ = "false” ‘Keyboard interrupt flag
onepass$ = "false” *Flag for getreadings routine - if true,

* pop out after one average
PRINT "Program: LICOR2 *
PRINT : PRINT * MAIN MENU for IR-CO2 analysis ": PRINT
PRINT "DATE: *; DATES; " TIME: *; TIMES: PRINT
PRINT "Select from the following configurations:"
PRINT * <0> - STOP PROGRAM"
PRINT * <1> - Equilibrator air"
PRINT = <2> - Sample air” o
PRINT " <3> - Hi ppm CO2 standard”
PRINT " <4> - Low ppm CO2 standard”
PRINT " <5> - Calibrate”
PRINT * <6> - Tum disk storage on"
PRINT * <7> - Tum disk storage off”
PRINT " <8> - Adjust data input time interval”
PRINT " Currently *; readint%; * seconds between readings”
PRINT * with *; avgnum%; " readings averaged.”
PRINT " <9> - Sample analysis with periodic standard gas measurements”
PRINT " <A> - Apparatus setup”
IF diskflag$ = “false” THEN
message$ = "No disk storage
messlen = LEN(message$)
message$ = message$ + SPACES$(80 - messlen)
CALL line25(message$)
ENDIF
INPUT "Desired configuration number <0-9 or A>? *, a$
IF a$ = "0" THEN
EXIT DO
ELSEIF a$ = "1" THEN ‘sample analysis
dio%(0)=0 /O PBO-7 all low
itype% =4 :
GOSUB setdascon1
PRINT “type <Ctd Enter> to exit": PRINT
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GOSUB getreadings

ELSEIF a$ = "2" THEN ‘air analysis
dio%(0) = 130 /O PB1,7 high
itype% =3
GOSUB setdascont
PRINT *type <Ctrl Enter> to exit™: PRINT
GOSUB getreadings

ELSEIF a$ = “3" THEN ‘high standard
dio%(0) = 138 VO PB1,3,7 high
itype% = 2
GOSUB setdascont
PRINT “type <enter> to exit": PRINT
GOSUB getreadings

'ELSEIF a$ = "4" THEN ‘low standard
dio%(0) = 170 VO PB1,3,5,7 high
itype% = 1
GOSUB setdascont
PRINT “type <enter> to exit™: PRINT
GOSUB getreadings

ELSEIF a$ = "5" THEN ‘calibrate
GOSUB calibrate

ELSEIF a$ = "6" THEN ‘disk storage option chosen
GOSUB diskon

ELSEIF a$ = "7" THEN ‘disk storage off
CALL diskoff

ELSEIF a$ = "8" THEN ‘adjust data input time interval
GOSUB timeint

ELSEIF a$ = "9" THEN ‘sample & std. gas measurements
GOSUB sampstd

ELSEIF UCASE$(a$) = "A" THEN
GOSUB apparatus

ELSE

" PRINT T"; a$; " is not a valid entry. Please re-enter”
ENDIF

LOOP

dio%(0) =0 ‘set valves to equilibrator
GOSUB setdascon1

CLOSE #1 ‘communication port for LI-COR

IF diskflag$ = “true” THEN CLOSE #2 ‘close disk file if open
CLS
END -

setdasconi:
dio%(1) =0 'O PC0-3 all low

" e Enter call routine

MD% =9 ~ 'DASCON-1 mode 9 for digital /1O

CALL DASCON1{MD%, CH%, VARPTR(dio%(0)). dlo%(1) BASADR%)
GOSUB DERROR

RETURN

getreadings:

- Read data from LI-COR
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‘CLS : LOCATE 2, 1

CALL line25(message$)

keyint$ = “false”

PRINT #1, ™1322,32,42,43,21,31"  ‘sets print list for header and data
‘ist contains CO2(umoVmol), H20(mmol/mol), licor temp.(deg C),
*  licor bar. pressure(kPa), CO2(mv), H20(mv)

PRINT #1, "140" ‘tumn auto print off

PRINT #1, "*150" ‘tum auto header off

Z%=0 ‘data counter
start! = TIMER ‘start timer
DO
Z% = 2%+ 1 ‘increment data counter
GOSUB presstemp ‘get bar. pressure and equil. temp
‘output box pressure to LI-COR
z$ = STR${barpress!)
x$ = "77" + LTRIM$(z$) ‘strip off leading blank & add to press code
PRINT #1, x$ ‘output to LI-COR
IFz% =1 THEN
PRINT “Current readings:”
PRINT #1, 117 ‘asks for header
INPUT #1, w$
PRINT TAB(11); " CO2 H20 Licor Licor Equil amb CO2 H20"
PRINT TAB(11); " time pcomr pcorr temp presstemp press "
PRINT TAB(11); " um/m mmv/m degC kPadegC kPa mv mv”®
formatd = "\ \ & HHHHERE HHHEIHEE HHEAEE 1HEFEE IR B 1A # HHHEHE #E
END IF

beginwaitl = TIMER
DO wait 2.5 sec before bringing in LICOR press corr CO2
IF INKEY$ = CHR$(10) THEN
keyint$ = "true”
ENDIF '
endwait! = stopmid!(beginwait!)
LOOP WHILE endwait! - beginwait! < 2.5 AND keyint$ = “false”
PRINT #1, 12" ‘asks for data
INPUT #1, irdata$(z%) ‘saves press corr. data string in array

IF keyint$ = "true” THEN EXIT DO ‘leave getreadings main loop

" - 002 = VAL(MID$(irdata$(z%), 1, 7))
h2o = VAL(MID$(irdata$(z%), 9, 7))
temp = VAL(MID$(irdata$(z%), 18, 7))
press = VAL(MID$(irdata$(z%), 27, 7))
co2mv = VAL(MID$(irdata$(z%), 36, 7))
h2omv = VAL(MID$(irdata$(z%), 45, 7))

PRINT USING format$; stype$(itype%); TIMES$; co2; h2o; temp; press; eqtempl(z%);
ambbarpress|(z%); co2mv; h2omv

currentline% = CSRLIN

LOCATE currentline% - 1

‘CALL hexlook(irdata$(z%)) ‘look at hex version of data if
. ' needed

DO ‘this loop waits until readint%
* secs have elapsed
stopt! = stopmid!(start!) :
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IF INKEY$ = CHR$(10) THEN
keyint$ = "true”
END IF
LOOP WHILE stopt! - start! < readint% AND keyint$ = “false”
start! = stopt! ‘reset timer start

IF 2% = avgnum% THEN 'if avgnum% readings have been
GOSUB average * taken calc averages (and
* store on disk)
z%=0 ‘reset counter
IF onepass$ = "true” THEN RETURN ‘calling routine was SAMPSTD
* so0 only do one average then
' exit
END IF

LOOP WHILE INKEY$ <> CHR$(10) AND keyint$ = "false”
RETURN

presstemp:

‘e Enter call routine
MD% = ‘DASCON-1 mode 0 for data acquisition
‘Ch.0= DlO%(O) = output from equilibrator thermistor
*Ch. 1 = DIO%({1) = output from baro. pressure sensor (just outside LI-COR)
* Ch. 2 = dio%(2) = output from barometric pressure sensor (ambient)

CALL DASCON1(MD%, CH%, VARPTR(di0%({0)), dio%(1), BASADR%)

*~eeeeeere—--——- Read out data

FOR#% =0TO 2 ‘Ch.0, Ch.1and Ch. 2

pdata(i%) = dio%(i%) * 2.0475/ 4096! ‘convert digital data to voltage
NEXT i% '-4096=-2.0475 volts, 4096=2.0475 volts

‘e Calculate pressure and temperature

see data sheets in LI-COR manual for conversion values

‘Note that Setra transducer calibration data are based on 0-5v range and

* that our circuits are in the 0-2v range. Our voltages will be multiplied

* by a factor of 2.5 to adjust for the different voltage ranges

barpress! = ((pdata(1) ¢ 2.5) * 100.0256 + 599.9171)/ 10! °LI-COR lntemal pressure in kPa
(s/n-302581 calib 30jun92)

ambbarpressl(z%) = ((pdata(2) * 2.5) * 99.99693 +599.9035) / 10! ‘Ambient barometric
pressure in kPa (s/n 308420 calib 9aug91)

'For thermistor resistance the following equation is based on Svolts

resist! = 100 / (pdata{0) + 2.5) - 20!  Thermistor resistance

eqtempl(z%) = 11/ (.002726 + .0006207 * LOG(resistl) / LOG(10!) + 7.091E-06 * (LOG(resist!) /
LOG(101)) A 3) - 273.15 'Equilibrator temperature in celsius

RETURN

- -— Calibrate LI-COR

calibrate:
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DO  ‘start entire calibration routine loop
DO ‘start CO2 calibration routine loop

T Zero "
dio%(0) =0 /O PBO-7 all low
GOSUB setdascont
itype% = 5
CLS : LOCATE 2, 1
PRINT * CALIBRATE"

PRINT "The reference and sample paths should be CO2 and H20 free”
PRINT "Adjust ZEROS for CO2 and H20 free gas when slgnal has stabilized"
PRINT "and then key <CTRL ENTER>"

PRINT : PRINT

GOSUB getreadings

dio%(0) = 138  'Open valve to high ppm standard (VO PB1, 3, 7 high)
GOSUB setdascont

pe% =2
CLS : LOCATE 2, 1
PRINT " CALIBRATE"

PRINT “The sample path now contains the HIGH CO2 standard”
PRINT "Adjust span to read reference gas (check label) when signal”
PRINT " has stabilized and then key <CTRL ENTER>"
PRINT : PRINT
GOSUB getreadings
. mcm bw stamard“ttm“tt
dio%(0) =170  'Open valve to low ppm standard (/O PB1,3,5,7 high)
itype% =1
GOSUB setdascon1
CLS : LOCATE 2, 1
PRINT * CHECK CALIBRATION": PRINT
PRINT "The sample path now contains the LOW CO2 standard™
PRINT “When signal has stabilized check linearity by comparing”
PRINT " signal with reference gas (check label). Then key <CTRL ENTER>"
PRINT
GOSUB getreadings
PRINT : PRINT
DO
PRINT "1 Redo CO2 calibration”
PRINT "2 Proceed with H20 span calibration”
INPUT "Select 1 or 2 "; a$
IF a$ ="1"OR a$ = "2" THEN
EXIT DO
-ELSE
PRINT *T"; a$; "] is not a valid entry Piease re-enter”
END IF
LOOP
IF a$ = "2" THEN EXIT DO ‘proceed with H20 span calibration
LOOP ‘end CO2 calibration loop
* Start H20 Calibration loop
dio%(0) =0 : ‘17O PBO-7 all low
GOSUB setdascont
itype% = 6
CLS:LOCATE 2, 1
PRINT " CALIBRATE": PRINT
PRINT “Set dew point generator and valves so that the H20 span can”
PRINT * be adjusted when the signal has stabilized. Then key"
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PRINT * <CTRL ENTER>"
PRINT : PRINT
GOSUB getreadings
PRINT : PRINT
DO
PRINT "1 Redo entire calibration”
PRINT "2 Exit calibration routine”
INPUT “Select 1or2"; a$
IFa$ ="1"OR a$ = "2" THEN
EXIT DO
ELSE
PRINT "["; a$; "] is not a valid entry. Please re-enter.”
END IF
LOOP
IF a$ = "2" THEN EXIT DO
LOOP ‘end entire calibration routine loop
PRINT : PRINT
PRINT "Reset valves to default (equilibrator) setting.”
RETURN

*—————— DASCON-1 error check

DERROR: |
IF dio%(8) <> 0 THEN PRINT : PRINT " 11tiit! ERROR {HHf{llf": GOTO 500
RETURN

500 PRINT : PRINT "ERROR FLAGS": PRINT * *: PRINT

PRINT "Mode or channel error DIO%(8) = *; HEX$(dio%(8))
PRINT : PRINT : PRINT “Error codes (hex):-"

PRINT " 0 - Normal, no error”
PRINT " 10 - Mode number MD% out of range”
PRINT " 300 - A/D time out”
PRINT " 500 - Overload i.e. input beyond +/- FS”
PRINT * ~ 600 - Configuration error, CH% out of range”
PRINT " 700 - Data range error, DIO%{0) <0 OR >255"
PRINT * or DIO%(1) <0 or >15"
PRINT " 800 - A/D & Digital mode error i.e. selecting”
PRINT * A/D modes 1,2 or 3 with digital config. not 0"
990 STOP
diskon: ‘turn on disk storage

IF diskflag$ = "true” THEN  ‘disk file already open
PRINT : PRINT "Disk file ; filename$; " is already open.”
PRINT "It must be closed before a new one can be opened.”
DO .

PRINT "1 Close "; filename$; " now"
PRINT "2 Exit this routine to main menu "
INPUT "Select 1 or 2 *; a$
IFa$="1"THEN ‘close file already open
CALL diskoff
diskflag$ = "false”
EXIT DO
ELSEIF a$ = "2" THEN
. RETURN ‘returmn to main menu
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ELSE
PRINT *"; a$; "] is not a valid entry. Please re-enter”
END IF
LOOP
END IF
namemodeflag$ = “false”
ON ERROR GOTO errsort

numsecs! = readint% * avgnum%
PRINT "Data readings will be averaged and stored every *; numsecs!; " secs”
DO ‘remain in this loop until namemodeflag$ = "true”

PRINT

errflag$ = “false” ‘set false before each try on OPEN __ for INPUT

INPUT "Enter path and filename for data storage *; filename$

OPEN filename$ FOR INPUT AS #2

IF errflag$ = "false” THEN ‘file already exists
PRINT "File *; filename$; " already exists!"
PRINT " <1> change filename"
PRINT " <2> append new data to this file"
PRINT * <3> overwrite all data in this file"
DO
INPUT "Select option (1, 2 or 3) *; op$
LOOP WHILE INSTR("123", op$) = 0
CLOSE #2 ‘just opened #2 for checking
‘op$ = "1" will merely cause another loop through filename input

IF op$ = "2" THEN ‘append option chosen
OPEN filename$ FOR APPEND AS #2
namemodeflag$ = "true”
message$ = "Data will be appended to file " + filename$
messlen = LEN(message$)
message$ = message$ + SPACE$(80 - messlen)
ELSEIF op$ = "3" THEN  ‘overwrite option chosen
PRINT "Overwrite file *; filename$; " option chosen™

DO
INPUT "Are you sure (y/n) *; ans$

LOOP WHILE INSTR("YyNn", ans$) = 0

IF LCASE$(ans$) = "y" THEN
OPEN filename$ FOR OUTPUT AS #2
PRINT #2, TAB(11); " CO2 H20 Licor Licor Equil amb CO2 H20"
PRINT #2, TAB(11);" time pcorr pcorr temp presstemp press *
PRINT #2, TAB(11);" - unvm mmvm degC kPa degC kPa mv mv"
namemodeflag$ = “true™

message$ = "Starting at * + TIME$ + " data is overwriting oontenté of * + filename$
messien = LEN(message$)
message$ = message$ + SPACE$(80 - messlen)

ELSE
PRINT "Re-enter path and filename”
END IF ‘end overwrite if
END IF ‘end filename exists if
ELSEIF errflag$ = "true” AND ermum% = 53 THEN ‘file not found
OPEN filename$ FOR OUTPUT AS #2 ‘create new file
PRINT #2, TAB(11); " CO2 H20 Licor Licor Equil amb CO2 H20"

: PRINT #2, TAB(11);" time pcorr pcorr temp presstemp press
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PRINT #2, TAB(11); * untvm mm/m degC kPa degC kPa mv
namemodefiag$ = “true”

message$ = “file " + filename$ + * created”

messlen = LEN(message$)

message$ = message$ + SPACES$(80 - messlen)

ENDIF
LOOP WHILE namemodeﬂég$ = "false” ‘go back to re-enter filename
CALL line25(message$)
ON ERROR GOTO 0 ‘tumn off error trapping

diskflag$ = "true”
RETURN

efrsort:
ermum% = ERR
IF ermum% = 76 THEN
PRINT : PRINT USING *Pathname portion of & is inaccessible *; fi lename$
ELSEIF ermum% < 53 AND ermum% <> 76 THEN
‘err = 53 => file not found (new one will be created)
PRINT "Other error: *; ermum%;* Program execution continues...”
END IF '
errflag$ = “true”
RESUME NEXT

timeint: ‘set readings time interval and number of readings for avg
PRINT "Readings will be taken every "; readint%; " secs”

INPUT "enter new readings time interval (not less than 4 sec) *; readsec%
IF readsec% >= 4 THEN readint% = readsec%

PRINT "data will be averaged over *; avgnum%; " readings”

INPUT “enter new number of readings over which to average "; anum%
IF anum% > 0 THEN avgnum% = anum%

PRINT

PRINT "Readings will be taken every *; readint%; " secs"

PRINT " and averaged over *; avgnumd; " readings”

PRINT " which is equivalent to an average every *; readint% * avgnum%; * secs”

PRINT " or an average every *; readint% * avgnum% / 60; " min.”
PRINT : PRINT o
RETURN -

average: ‘average avgnum% readings (and save on disk if optlon chosen)
dateval$ = DATES
timeval$ = TIME$
~ seqt = 0: co2 = 0: h20 = 0: bt = 0: bp = 0: ambp = 0: co2mv = 0: h2omv = 0
FORj=1TO z%
seqt = seqt + eqtempl(j)
co2 = co2 + VAL(MID$(irdata$(j), 1, 7))
h2o0 = h2o0 + VAL{MID$(irdata$(j), 9, 7))
bt = bt + VAL(MID$(irdata$(j), 18, 7))
bp = bp + VAL(MID$(irdata$(j), 27, 7))
ambp = ambp + ambbarpress|(j)
co2mv = co2mv + VAL(MID$(irdata$(j), 36, 7))
h2omv = h20mv+VAL(MID$(|rdata$(j) 45,7))
NEXT j
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seqtf = seqt/ z%
co2f = c02 / z%
h2of = h20 /2%

btf = bt / 2%

bpf=bp /2%
ambpf = ambp / 2%
co2mvf = co2mv / 2%
h2omvf = m2omv / 2%

sampletype$ = MID$(stype$(itype%), 1, 1)
dval$ = MID$(dateval$, 1, 6) + MID$(dateval$, 9, 2) ,
formatiS = “& & & HHEHHE #Ht R AHHE W A HHHE A A A HEEE# HERR

PRINT
PRINT
PRINT "Averages over *; avgnum% * readint%; “ secs”
PRINT USING formatf$; sampletype$; dval$; timeval$; co2f; h2of; btf; bpf; seqtf; ambpf;
co2mvf; h2omvf
PRINT
IF diskflag$ = “true” THEN
PRINT #2, USING format$; sampletype$; dval$; timeval$; co2f; h2of; bt; bpf; seqtf; ambpt;
co2mvf; h2omvf

CLOSE #2 ‘close to dump above contents to disk
OPEN filename$ FOR APPEND AS #2

END IF

RETURN

sampstd: ‘sample analysis with periodic standard gas measurements
="true" ‘'set flag for only one pass through getreadings routine
keyint$ = “false” ‘interrupt flag
cycletime% = 7200  ‘total stds & measurements cycle time (two hours)
meastime% = 300 ‘measure each std. for 300 sec (5 min.)
stdflushtime% = 300 ‘flush with each std for 300 sec (5 min.) before meas.
sampflushtime% = 300 ‘flush with sample for 300 sec (5 min.) before meas.
saveavgnum% = avgnum ‘save preset number of readings to average
savereadint% = readint% ‘save preset # of sec between samp data readings
stdreadint% = 6 *# of secs between std data readings (from LI-COR)
stdavgnum% = 10 ‘# of std readings
sampreadint% = readint% ‘# of secs between sample data readings
sampavgnum% = avgnum% ‘# of sample readings to average

DO
PRINT " <0> - Exit to Main Configuration Menu"
PRINT * <1> - A sequence of Standard gas measurements will be started"
PRINT" once every *; cycletime%,; * secs (once every *;
PRINT cycletime% / 3600; ™ hour(s})."”
PRINT" (ie. The low and high stds. will be sampled for *; meastime% / 60; " min(s) each”
PRINT"  and then for the remainder of the *; cycletime% / 3600; * hout(s) the equil.”
PRINT"  and air will be sampled alternately.)"
PRINT * <2> - Each STANDARD or SAMPLE will be measured for a period of
PRINT " "; meastime%; " secs (or *; meastime% / 60; " min(s)) before "
PRINT"  switching to the next one in the sequence.”
PRINT " <3> - Each STANDARD will be flushed through lines for *; stdflushtime%
PRINT"  secs before being measured.”
PRINT " <4> - SAMPLE wilt be flushed through lines for *; sampflushtime%;
PRINT " secs before * )

— 47 -



PRINT"  being measured”
PRINT * <5> - Data readings will be taken from LI-COR for STANDARDS"
PRINT"  every "; stdreadint%; * secs™
PRINT " <6> - Number of STANDARDS readings to average "; stdavgnum%
PRINT * <7> - SAMPLE data readings will be taken every *; sampreadint%; " secs”
PRINT * <8> - Number of SAMPLE readings to average "; sampavgnum%
PRINT * <9> - Accept above values and CONTINUE WITH ANALYSIS®
PRINT * The above yields a configuration where a complete STANDARDS and"
PRINT " SAMPLE analysis cycle will take about *; cycletime% / 36001; * hour(s) with”
PRINT " total STANDARD flush and analysis time (for both high and low) = *;
PRINT 2 * (meastime% + stdflushtime%) / 60; " min.”
PRINT * This leaves about *; (cycletime% - 2 * (meastime% + stdflushtime%)) / 60;
PRINT " min. for sample (equil and air) analysis."
DO
INPUT "Select a number from 0 to 9 *; iopt$
LOOP WHILE INSTR("0123456789", iopt$) = 0
IF iopt$ = "0" THEN ‘exit to main configuration menu
CLS
RETURN
ELSEIF iopt$ = "1" THEN
INPUT "Enter new value (secs) for total SAMPLE/STD cycletime *; newval%
IF newval% > 0 THEN cycletime% = newval%
ELSEIF iopt$ = "2" THEN
INPUT "Enter new time (sec) for each STANDARD and SAMPLE to be measured *; newval%
IF newval% >= 6 THEN meastime% = newval% ‘ :
ELSEIF iopt$ = "3" THEN
INPUT "Enter new time (sec) for STANDARD to be flushed through lines *; newval%
IF newval% > 0 THEN stdflushtime% = newval%
ELSEIF iopt$ = "4" THEN
INPUT "Enter new time (sec) for SAMPLE to be flushed through lines ™; newval%
IF newval% > 0 THEN sampflushtime% = newval%
ELSEIF iopt$ = "5" THEN
PRINT "Enter new time (secs) (not less than 6) between data readings from"
INPUT " LI-COR for STANDARDS *; newval%
IF newval% >= 6 THEN stdreadint% = newval%
ELSEIF iopt$ = "6" THEN
INPUT *Enter new number of STANDARDS readings to average "; newvat%
IF newval% > 0 THEN stdavgnum% = newval%
ELSEIF iopt$ = “7" THEN
PRINT *Enter new time {secs) (not less than 6) between data readings from"
INPUT " LI-COR for SAMPLE "; newval% '
IF newval% >= 6 THEN sampreadint% = newval%
ELSEIF iopt$ = "8" THEN _
INPUT "Enter new number of SAMPLE readings to average "; newval%
IF newval% > 0 THEN sampavgnum% = newval%
END IF
LOOP WHILE iopt$ <> "9"

PRINT : PRINT

PRINT “type <Ctrl Enter> to exit™: PRINT

* now start cycle

DO ‘start cycle loop
startcycletime! = TIMER ‘start cycle timer
avgnum% = stdavgnum%
readint% = stdreadint%

* cycle through standards
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FOR itype% = 1TO 2
SELECT CASE itype%
CASE 1
dio%({0) = 170 ‘choose low std
CASE 2
dio%(0) = 138 ‘choose high std
END SELECT
GOSUB setdascont
startflush! = TIMER ‘start flush timer
PRINT stype$(itype%); " flush now in progress”
DO

IF INKEY$ = CHR$(10) THEN keyint$ = "true”
LOOP WHILE stopmid!(startfiush!) - startflush! < stdflushtime% AND keyint$ = "false”
IF keyint$ < “false” THEN EXIT FOR
startmeas! = TIMER ‘start measurement timer
DO
GOSUB getreadings
LOOP WHILE stopmidi(startmeas!) - startmeas! < meastime% AND keyint$ = "false”
IF keyint$ <> "false” THEN EXIT FOR
NEXT itype%
IF keyint$ < “false” THEN EXIT DO ‘exit cycling and prepare to leave routine

) now start sample cycling
avgnum% = sampavgnum%
readint% = sampreadint%
DO ‘start air and equil sample cycling
FOR itype% =3TO 4
SELECT CASE itype%
CASE 3
dio%(0) = 130 ‘choose air sample
CASE 4
dio%{(0)=0 ‘choose equil sample
END SELECT
GOSUB setdascont
startflush! = TIMER ‘start sample fiush timer
PRINT stype$(itype%); * flush now in progress”
DO

IF INKEY$ = CHR$(10) THEN keyint$ = "true”
LOOP WHILE stopmidi(startfiusht) - startflush! < sampflushtime% AND keyint$ = “false”
IF keyint$ <> “false” THEN EXIT FOR
startmeas! = TIMER
DO
. GOSUB getreadings _
LOOP WHILE stopmid!(startmeas!) - startmeas! < meastime% AND keyint$ = "false"
IF keyint$ <> "false™ THEN EXIT FOR
NEXT itype%
‘end AIR and EQUIL sample loop
LOOP WHILE stopmid!(startcycletimel) - startcycletime! < cycletime% AND keyint$ = “false”

LOOP WHILE keyint$ = "false” ‘end cycling loop

avgnum% = saveavgnum
readint% = savereadint%
dio%{0) =0

GOSUB setdascont
RETURN '
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appsaratus: ‘menu and routine for setting and checking appartus
CL
DO
PRINT : PRINT " APPARATUS MENU"
PRINT : PRINT “Select from the following options”
PRINT * <0> - Return to MAIN MENU"
PRINT " <1> - Send manufacturer's calibration data for CO2 and H20"
PRINT * to LI-COR"
PRINT * <2> - Check pressure transducer and temperature sensor readings”
PRINT : INPUT "Enter option number <0 - 2> *; op$
IF op$ = "0" THEN ‘exit loop and return to previous menu
EXIT DO
ELSEIF op$ = "1" THEN  ‘send manufacturer's calibration data to LI-COR
GOSUB sendlicorcalib
ELSEIF op$ = "2" THEN ‘check pressure and temp readings
Z% =1 '
GOSUB presstemp
PRINT : PRINT
PRINT USING "equil temp voltage (pdata(0)) = ###.#Ht *; pdata(0)
PRINT USING "Equilibrator temp. (deg C) = ##.### ", eqtempl(z%)
PRINT USING “LI-COR barom press voltage (pdata(1)) = ###.#i# *; pdata(1)
PRINT USING "LI-COR barometric pressure (kPa) = ##it#.##"; bampress!
PRINT USING "Ambient barom press voltage (pdata(2)) = ##t# ##t °; pdata(2)
PRINT USING "Ambient barometric pressure (kPa) = ####.##"; ambbarpress}(z%)
ELSE
PRINT *[*; a$; "] is not a valid entry. Please re-enter.”
END IF
LOOP
CLSs
CALL line25(message$)
RETURN

sendlicorcalib:  'send manufacturer's calibration data to LI-COR
PRINT : PRINT :
PRINT "in general, sending the calibration data is not necessary unless"
PRINT * there has been a LI-COR hardware failure (eg. an EEPROM failure).”
DO :
PRINT " <0> - Return to APPARATUS MENU"
PRINT " <1> - Send LI-COR #1 (s/n IRG3-150) CO2 & H20 calibration data”
PRINT " <2> - Send LI-COR #2 (s/n IRG3-209) CO2 & H20 calibration data”
PRINT : INPUT "Enter option number <0-2> *; cop$
IF cop$ = "0" THEN ‘return to apparatus menu
EXIT DO _
ELSEIF cop$ ="1" THEN ‘send LI-COR 1 (s/n IRG3-150) its calib. data
‘send CO2 calibration data - last calib. date 12may92
PRINT #1, **0135.9,19270,.1428,1.699¢-05,2.352e-09,.1370,1.995¢-05,2.08 1¢-09,0,2,H"
‘send H20 calibration data '
PRINT #1, ™0240.8,15780,6.450e-03,2.948e-06,-1.868e-11,0"
PRINT : PRINT : PRINT "CO2 and H20 calibration data sent to LI-COR #1"
PRINT
ELSEIF cop$ = "2" THEN ‘send LI-COR 2 (s/n IRG3-209) its calib. data
'send CO2 calibration data - last calib. date 20jul92
PRINT #1, "0135.4,18980,.1414,1.751e-05,2.421e-09,.1365,2.006¢-05,2.176¢-09,0,2,H"
‘'send H20 calibration data :
'PRINT #1, ™0240.3,15100,6.378¢-03,3.029¢-06,-4.284e-12,0"
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PRINT : PRINT : PRINT "CO2 and H20 calibration data sent to LI-COR #2"

ELSE
PRINT "["; cop$; "] is not a valid entry. Please re-enter.”

END IF
LOOP
RETURN
END
SUB diskoff ‘turn disk storage off
diskflag$ = “false”
message$ = "disk storage oft -
messlen = LEN(message$) _
message$ = message$ + SPACES$(80 - messlen)
CALL line25(message$)
CLOSE #2 ‘close diskfile
END SUB

SUB hexlook (s$) ‘look at hex form of a string
PRINT
FOR i =1 TO LEN(s$)
PRINT HEX$(ASC(MID$(s$, i, 1))); " ™
NEXT i
PRINT
END SUB

SUB line25 ($) ‘print text on line 25
currentline% = CSRLIN

LOCATE 25: PRINT $  ‘'print message on line 25
LOCATE currentline%

END SuB

‘check for midnight event

FUNCTION stopmid! (startvall)
checkvall = TIMER
IF checkval! < startval!l THEN * if midnight passed, make adjustments
stopmid! = checkval! + 86400
ELSE
stopmid! = checkval!
END IF
END FUNCTION
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Accurate measurement of partial pressure of CO, in seawater is currently performed by measuring pCO, in an aliquot of a
small volume of gas equilibrated with a large volume of the seawater to be measured. PCO, in the gas phase can be accurately
measured either by gas chromatography or infra-red analysis. In order to minimize human labor to monitor pCO, in surface
seawater we opted for the infra-red analysis which does not require a highly trained person and which can easily be automated. This
report describes how we have designed and automated a system for continual surface seawater pCO, monitoring. It further indicates

the necessary steps to set up, run, and maintain the system. With minor modifications this system can also be used to measure
pCO, in discrete seawater samples. (Goyet et al., 1993)
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