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If your equipment requires maintenance in ltaly:
BEFORE YOU SHIP THE INSTRUMENT BACK TO ITALY REMEMBER:

' When you ask your shipping agent to send theltimygtrument to
check that on the Air Waybill the Airport oPIdBefssAimyation is
other airport of destination creates a lot of prodltdras in deliverin
items (delay, costs, custom problems, etc).

I' Check that the Company your shipping agent chdidees lands in Ga
Galilei Airport in Pisa. If not, ask your shippogegthgent to chan
Company or send the items by DHL or UPS or FedEXx.

I Mark each item with a serial number, if not alreadyteresent, and
this number on the document (proforma or origteal invoice or
list) where you list the parts you are sending back to Italy.

I Specify a correct value of the parts you are sthreding back in
documents mentioned above.

Pay attention to these rules because Custom law in Italy is v
complicated and probably different from your Country.

If you follow these suggestions everything will be dasier for you ar
us.

West Systems srl

Via Don Mazzolari 25

Zona Ind. La Bianca

56025 Pontedera (PI)

Phone : +39 0587 294216 ; +39 0587 483335
Fax : +39 0587 296068

Support:

G.Virgili@westsystems.com
D.Continanza@westsystems.com
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The package contents

List of the Portable fluxmeter components:

Accumulation chambers

[l Accumulation chamber type A

| Accumulation chamber type B

| Accumulation chamber type C

] Accumulation chamber type C-floati
Sensors

CQ ] LI820 Detector s/n

CH ] WS-HC Detector s/n
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H S| TOX05-H2S Detecsdnm
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1 Air probe
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1 Soil probe
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Pocket PC
'] Pocket PC with accessories

Accessories
'] Flux meter handbook
Flux meter software CD

Battery charger

WEST Syst

Backpack
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Q.ty 2 Battery pack




Safety information

Carbon dioxide is a TOXIC GAS.
Carbon dioxide is colorless, odorless, taavtiesshaand asr.hAir

co ntration higher than 5000 ppm can casbherdnzezsin®ss,
br h, rapid pulse. Higher concentrations idé aarbore diox
le I

M ne is a colorless, odorless, tastlessaaha ya&sy flamm

Hy gen Sulfide is a poisonous gas:Air é¢gheentranibdeawh

pp an bethal.

Di se carbon dioxide fluxes are normaldg a¢daise dc o baan

di de air concentration. The user must vecidydihieorsafety
before entering dangerous areas.

T luxmeter described in this manual is designkidficeme
e ion of soil gases and CANNOT be nsedifposkéfere

The instrument and the electronic accessorimedn® MOidkdesig
in explosion risk areas.

Hints
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Accumulation chamber (see page 5.2)
The mixing device of the accumulation chambeédry ianpowere
alkaline 9 Volt battery.
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Accumulation Chamber (see page 5.3)
About the utilization of the water trap refer to chapter 5.
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Quick start guide

Pneumatic connections

Check internal connections.

Check the internal filter.

Connect the accumulation chamber and check its filter.
Do not use the magnesium perchlorate water tr@p if the
in the soil gases (see chapter 4 and 7).

External connection panel

Accumulation chgmber

Internal fijter

Powering ON

Press the On/Off button on the external connection panel.
The LED on the button will become RED immediately ynholld the
the LED becomes GREEN.

FLUXMETER- B1® DATA and BATEEH

On/Off button

C€ WIEST ‘ @W

Systems o 51
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Quick start guide

Please NOTE

In order to conserve battery-life the instrumemt will turn
automatically after one hour if not under the control
FluxManager software.

When the battery is close to depletion the LED starts to
alternating between green and red , continuously.

Pump

! The pump is managed by the instrument and isltwoned off unt
begin a measurement.

Accumulation chamber

! Turn on the mixing device using the switch on the accumulation
chamber handle.

PalmTop PDA

! Turn on the PalmTop. Please refer to the PDA hweotddoo.k for inst

Powering Off

Press the On/Off button on the connection panel.
The LED on the button will become RED immediatalynhidlidhehe but.»
LED is off.
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Software FluxManager

How to use the FluxManager software

! The instrument must be ON and con
to the Palmtop (PDA).

! Turn on the PDA.
! Click on Windows Mo®&iteutton.

! Click dnuxManagerin a couple of
seconds the main screen will appe

Today
Calendar
Contacts
Inbox

Internet ex
FluxManag

If the FluxManager icon is not prese
the Start menu, proceed with
installation of the software. To ins
copy the file FluxManager.exe (furn
the SD storage card and in the ship]|
in PDA's directory \Windows\Start

Fil@racks Tools FFI

CO2: 453.2 ppm

Status labej

Once started, the software loads the last ins
configuration and <check its wvalidjty.
FluxManager will show the actual concen
reading of the first gas detector.

= Sé?pten1ber é%yig.vvests;ysterns.corn

If the configuration is no longer valid, or becj
first run of software, or you reinstalled the g
you changed the sensor configuration, FluxM
take you to the sensor configuration menu. P
Filaracks Tools el to Appendix A page 4

CO2: 453.2 plpm

\C Status labe)

Now FluxManager is showing the alctua
reading
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To change the currently displayed detector,
desired one from the Tracks menu.

e
{ Tracks me)u

FiIé’racksTooIsli-FI

To change the active detector select th
one from the Tracks menu. A "c
highlights the active track.

When working with the WS-HC dete({
[@reriodic reset of the base line value
necessary. Please see page M.2.
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Software FluxManager

FiIé’racksTooIsl-Fi
H2S: 22.2
&m\c Status Iab%:

Now Flux Manager is showing the actual H2S
reading

Fil&@racks Tools

" CStarting the measure)ncnt

H2S: p\
To start the recording of flux curves prless the start
buttorp
The reading of both detectors will be dhown as fiux
curves.
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The LICOR LI820 IR sensor is temperature-stabtidizmesduice otrller
interferences due to the gas sample tempemaperatlfdahof the sensor is

less than 50°C the software will advise you and willsaskt id you want
measurement in these non optimal conditions.

Normally the L1820, after a cold startup needso Bedchminluees50¢C
temperature and 10-15 minutes to reach a good realOhregssatméility.
considerations about a 20 minutes warm-up period arB2@lisealsorfor the

/( Target gas naae

FiIa’rackﬁTools%i’
H2ST 3.4 ppm,7*s————( Target gas actual reading and elépsed tima
987

Slope:0.036 ppm/s , KO
40.0

Meter
elease 8.2
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\( Target gas flux and regression qDality factor

//C CO2 (blue) Flux curve )
)

, ‘X( Regression left and right limits @arker
S

20.3 100

Time scale )

While measuring the flux curves of sensors withretraltewnacflile
concentration scale maximum and minimum values, as awedl as the ‘lux
regression quality factor, refer to the selecCbdngryggtiyeas.elected gas

does NOT affect the recording or the flux compplyatiloan ghewt whmc h
information is shown. To facilitate the individuationebfGaradkamde Tarc
label has the same color of the track.

To change the active detector select the dehsdrerh ok enfrroum t

WEST Syst

then the H2S track color can be blue or red de perodirvey @ ltdre
minstrument configuration.

| Please note that the track color change is reladear whtl tther dete




Software FluxManager

Filaracks Tools} <@ While recording, the plot of target gas concg

H2S: 3.4 showed in real time: two labels indicate the mi
: .4 ppm, 75 s X

Slope:0.036 ppm/s , r 0987 maximum value of the p|0t.

:?‘\<7Y axis maximum scale value (pp)ﬂ
w//<jY axis minimum scaHavaIue(pp@)

The first touch on the screen will place the lef
second will place the right one. Once both ¢
s placed and there are points between the two,
the slope, if the ACK has not been set) and thg
quality factor information is shown on the s¢
they refer to the selected target gas.
The flux is computed making a linear fit of the
interval between the "left" and the "right" limi
The selection of the flux curve interval where
the flux is critical and a wrong selection ca

Filgracks Tools} i@ error on the estimation of the flux. In the follo
H2S: 3.4 ppm, 75 s some examples of the correct interval sele
Slope:0.036 ppm/s , r 0.987 shown.
40.0

Pa—

~

= September é/vovi\%.westsystems.com

4—{: Leftlimitrnar@}r

To change the interval move the left and righ
the desired position. To move the limit you ha
20.3 100 s the screen close to the limit you want to move
to the correct position.

The software will move the limit that's closest
you touch on the screen. (See the next exampl
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Fil@racks Tools el. Initial pOSitiOﬂ

H2S: 3.4 ppm, 75 s
Slope:0.036 ppm/s , r 0.987
40.0

Dragging

Final position

20.3 100 |s

To move the left marker touch the screen closkE toattkedesfnd drag it
shown in the drawing.

The software will move the closest limit, and ittisheehigneéetrtioo rsetvech
touching the screen outside the interval deflimeidshyfahexample if vy
want to move the right limit you have to touchhtheigbtegartnof th
screen, outside the interval, to be sure tomat&et.the right

WEST Syst



Software FluxManager

FiIé’racksTooIsFeP’

H2S: 3.4 ppm, 75 s
Slope:0.036 ppm/s , r 0.1987

40.0

,//

20.3 100 |s

Once having selected the interval FluxManager meigreossipntanthéhe
results will be shown as text and as best fit line.

FiIa’racksTooIsFeP.

H2S: 3.4 ppm, 75 s
Slope:0.036 ppm/s , r 0.1987

40.0

1

Each flux curve (H2S, CO2) has a distinct regression
interval, then after the computation of the regressicn of
one flux curve you have to select, using the {Track}
20.3 100 s menu, the other gas flux curve and select tne

appriopriate regression interval.
FiIé’racksTooIsl—ei.

H2S: 3.4 ppm, 75 s
Slope:0.036 ppm/s , rg 987

40.0 Flux and regression quality factor

Plot of thHhex-curve and of thiéenear bestftit
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The results of the flux measurement are given, as siope

// in ppm/s (ppm per second) or as flux, in m/smsday
(moles per square meter per day, if the ACK factor has

"""" been set). Subject matter is investigated in de =] in
chapter 4.
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20.3 100 |s

FimacksToolsFe/

H2S: 3.4 ppm, 75 s .
Slope:0.036 ppm/s , r 0J9s7 Normally a flux measurement requires from 90 up to 240

40.0 seconds. This depends on the measured flux.

Only while measuring low H2S fluxes a longer period is
///

necessary.

o To stop the flux measurement press the Round rircle
shaped button.

20.3 100 |s

WEST Syst

For a more detailed description of the flux resdbttsipnthe accumu
chamber calibration and the flux measurement units please refe
m baragraph 4 of this handbook.




Software FluxManager

Filadracks Tools el ( Target gas flux and regression qgality
H2S: 3.4 ppm, 75 s
FIdX 0.036 ppm/s , rQ...:.ﬂJJ

{The selected target gas is shown)on th

_///( H2S Flux Curve )

1)

Once having selected the desired interval
compute the flux for the target gas, H2S in thi
20.3 100 Js the operator has to select the second target g
Data menu.

Fil@racks Tools»elp

HZ¢/Blue C
Fl Red H2s m/s , r 0.

40.0

The display will show the CO2 information,

=i
/ operator has to select the interval range wher
the CO2 flux.

Once having computed the flux for both gases
possible to save the data on the PalmTop mem(

)

= September é/\bV\i\%.westsystems.com
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Fildracks Tools el

Connect
Save
Exit
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20.3 100 |s

File Tracks Tooll*i\ ]

sitd l After selecting the [File][Save] menu an in

Poifit  |Elevation | summary form appears.

Latitudé | It will be possible to store some user informati

Longitule ] ! Site name

Temperature[°C | ! Sampling point #

Pressure mBlar | | Elevation

Accumulation ChamAer] | Latitude
|
I
I
I

Sitq | Longitude
Notp | User note

o
>
n
l—
n
"
=

Datp01/01/0«|[ 12:12:3H
[ Next> [Cancal
BB

Air temperature
Barometric pressure




Software FluxManager

F”eT,acksTomw\ b If your instrument is equipped with a LICOR LI8x0 the
sitd ‘ value oft_he ceIIpress_ure channelwillbe_ assigned to tf
Poifit _ |Elevation | Barometric Pressure field. The pressure is read when th
Latitudg | instrument pump is off.

Longitule |

Temperature[°C______ | If your instrument is equipped with a WS-HC detector the
Pressure mBar | value of the cell temperature will be assigned to tne Ai
Accumulation Chamher] temperature field. Please note that this temperature is
Siti } normally 3°C more than the real air temperature.

Not

Datp01/01/0«[ 12:12:3H

[ Next> [Cancd
=

! Site:ls theamplingsite, for instance "Etna volcano" or "Taiwan-EOF";

! Point:iis a numerical field that allows you to identify eveay.point on your
This field will be automatically increased by the software;

! EleviPoint elevation in meters or feet;

! Lat: Geographical latitude, for example: "N21° 49'50.2"";

! Long:Geographical longitude, for example: "E 121° 10' 50.5";

! Note:User notes, feel free to insert any note here;

! Press. The barometric pressure, expressed in mBardHPaiheneasur
instrument if aLICOR is present, or enteriddabbyatbenetsréc pressure
gauge is not present. Anyway the information caithba nepiaced w
accurate barometric pressure measurement if available .
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& ! Temp: As for the pressure, this information can beheepiaced with
© temperature or the soil temperature measured dry tlséngsthre WS -
N HC detector the cell temperature of the deteyx derfaislshown
v »
Eg ! Acc.Chambe®elect the accumulation chamber you re using: Type A. B, C
= — C-floating.
%)
Q2 o
o ®
File Tracks Toolg( » Once having entered the user information press :ne
Sitd \ NEXT> button to proceed, please note that Site ard
Poifit |Elevation | Point information are considered mandatory and must be

Latitudg ] entered.

Longitude ] Pressing ti€ancelbutton will abort the saving
Temperature[°C | operation.

Pressure mBlar |
Accumulation ChamAer]
Sitd |
Notp |
Datp01/01/0+|[ 12:12:3}

Next> [ Cancel

N
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Software FluxManager

File Tracks Tooll*h D

s Sl e se el ossNOW you can modify the default filename, if
The Default filename is composed wusing
information, followed by the POINT number

Date/time info.

Enter the filename to bejused pregging tilGancelbutton will abort the sa
[Pisa_3_02012007_1234B4 operation.

Now, after you have saved the last measuremeagerning |FwxiMdar you
press the Starticon to begin a new analysis.

S
o
o
»
S
o
@
>
%)
”
o
=
N
S
o
Q
S
o
a
o
n

Obviously the data are the most important thing of your work.
It s strongly recommend you take note of the ml@gdwreks. in your
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Software FluxManager

Battery status

Filaracks TolbdpP | Selecting [Help][About Flux Manager] menu option a
h2s: 3 luxmandger COPYright form will appear and the release number as
= Flux:o0. well the compilation date will be shown.
(@] 40.0
(&S]
(%]
(S i
()] //
1z —
> -
(%]
0
()
; 20.3 100 |s
N
S
g Filaracks Toled P Selecting [Help][Battery Status] menu voice the Power
S H2s: 9 About Fluxmanhger [OFM will be loaded. This form show the status of the
() Flux:0.| Batterestatus p87 NiMH 14.4V 4 A/h battery that supply the instrument and
o 40.0 e the status of the PalmTop battery.
o
(7))
N //
® — _
o S
— o
()
o
o ;
s — 20.3 100 |s
o

N

b
b

Initial configuration

&

After the installation the sofware has to be corofilyelreeld é nt @ cbernect the
fluxmeter. The software communicates with thee arsstriah &Bt282 port. This
port can change, depending on the palm top brand aRdmrc&i@igMaatigar
from the [Start] menu of the palmtop.

(0)
a

Tools menu

el

m FiIé‘rack‘SooIHeh} Selecting [TOOIS][Setting] menu
hes: 3 option the settings form |will be
Flux:0.| Settiaas .p87 loaded. This form shows some
40.0 De"‘& important information, desqribed ir

Rescan .

I Zoom Out the detail below:
— j—

LL -

; 20.3 100 |s




Software FluxManager

File Tracks ToolgpH p ! Comm port:ls the number of th
Settings communication porflimaManagewill use
Communication port: to connect the instrument: The list of th
com1 v/ serial ports will be shown when you p
Mode down arrow of the combo-box. See Appe
Pum off delay (se@5 | get the port to be used.
Unit ! Mode:This field must be set to: Flux.
AC.K. ! Pump off delays the period, expressed
Gps Tife 1.0 | seconds, that the pump remains ON afte
| of the flux measurement. This pumpin
[_cet Jsynchronse useful for the cleaning of thz tupbesg
| ok ][ cancel sensors cell from the soil gases.

! A.C.K.is the "constant" of the accumu
chamber. This factor is used to cony
results of the measurement from the ba
"ppm/sec", to the desired unit, by defau
per square meter per day. To enter in
detail please refer to Chapter 4 of this h

! GPS TIMEf you don't see this box, your
not equipped with an integrated GPS, or
is not well configurated (signal t
info@westsystems.com). Press Get to
the GPS time. If you have GPS coverage
see the time in the text box, otherwise
Check also the time zone settings of
(press the Windows Mobile Start butto
Settings, navigate to System tab and
Clock & Alarms. Set the proper time
The Synchronise button permits to synd
the PDA clock from the GPS time. It's i
that the clock of the PDA is correct sin
measurements points will be tagged w
PDA date and time.

= September é/vovi\%.westsystems.com
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wrong setting of the CommPort field value camenbop t
om working.

wrong setting of the A.C.K. can change thsp omsste uim emt
mpredictable way.

(0)
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After making changeOXé¢ssaccept the new vaQuweescelto
[llancel the operation.

WEST Syst

FiIé’rack‘EooIHe'\}
H2S: 3
Flux:0.| Settings
40.0 Device
?ssrcn ot Selecting [Tools][Rescan] menu voice FluxMa
reset the actual sensor configuration and w
L search the sensors that are connected to the i
Normally this operation is NOT necessary
i configuration of instrument is changed. Once
—_— the sensors is finished the "Devices Form" mus
in order to configure the working configuration
20.3 100 |s




FiIé’rack‘BooIHe»

H2S: 3
Flux:0.l Settings .p87

40.0 De"'%
Rescan
Zoom Out

1)

|
20.3 100 |s ;

|
FiIeTracksTooIls}H p :

Connected devices

05 D3 CO2 [V Tracle |
ppm 20000 [ Filtg

09 FO H2S Wels¥ Tracle
ppm 20 [l Filtg
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Gas concentration

Software FluxManager

To configure the detectors |and the
tracks select [Tools][Devicegs] menu
voice. The Connected deviges form
will be loaded. This form show the
list of the detectors and allows the
configuration of tracks and ffiltering.

The list of detectors contains the following information:

The ID that's is the "ldentification" of the
detector: In the example 05 is the ID of the CO2
detector and 09 is the ID of the H2S detector. The
ID is not user editable and each detector must
have a unique ID in the RS485 chain otherwise
FluxManager can't work.

The Type of the detector , in the example D3 is
the type assigned to the CO2 and FO is the H?2S
one.

The description of detector: CO2 and H2S.

The unit used by the detector: ppm.

Select theacecheck-box of the detector you

wish to use to measure flux: In this case CO2 and
H2S. Only for debug purpose you can check the
Temp.°C or Press. mBar., if present, in order to
see the variations of barometric pressure or Cell
temperature during the flux measurement. You
can select up to a maximum of 8 tracks.

Select Filter check-box to apply a digital low-pass
filter to the track: this feature will reduce the
noise of the detector.

Low pass digital filter

| The filter will"clean" the curve frori
the noise of the detector that can
affect the curve when the
concentratration increasing is low.
On red the unfiltered curve and cn
blue the curve after filtering.

The digital filter is designed to do not «fiect
the slope of the curve and then to do not
affect the accuracy of the fluc«
measurement.

Time

WEST Syst
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Software FluxManager

Changing the visualization scale

%Target gas
FiIJrakaooIMAe'V
2 s€3
Flux:0.l Settings .p87
"R siican w
Rescan -
\ Zoom OLﬂ<_
N —t By clicking [Tools][Zoom[Daadlsd[fZoom In]
can switch from the default "autoscale"” featurg¢
- to the fixed scale visualization: In this case t
axis will be fixed between 0 and the full scale
target gas.
N
20 100

Y Axis scale labels
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Measuring flux

In this chapter how to measure the flux and hbw tesintalpbetexplained
Please refer to chapter 2 to learn about the meeatoAndehaskiuxManag
software. To better understand the this chayptersaexpsainde:

The theorical flux curve is shown in the figureaeErlesenThtbelvatriation 1S
the concentration of the target gas versus time. 8
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In the next figure some characteristic areas aftittiedplot are ide
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Figure 3.2 K Time

Concentration increase ppm/sec

C.. is the target gas air concentration, 350 ppmrbmobhheicaiske offew ppm
the case of other gases. C is the target gas thoemmcenltrakivarynlo
recording period is necessary toreagh the limit C concentration.

In the first part of the flux curve a "sampling hirns highhiigigtedrein t
area the gas pumped from the accumulation chambeegas iepdathie @ aimp
the tubes and the cell detector cell( Dead volumgesjfiTireerncyedampends
the dead volumes and on the pumping flow.

When the target gas concentration become close tathoensthid¢ €lauxceunr
slope decreases. Normally the flux curve recordiowgghime hnghoitght th
effect. The carbon dioxide concentration in the anomalloum srod | 5h esn
5%.

The two vertical lines delimit the good flux curivee dotepubad twhheefleu x.
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Measuring flux

A

To have a good evaluation of the flux the correct
interval of the flux curve has to be selected.

A period in the range from two up to four minute of
flux curve record is necessary to obtain a good flux
curve.

Gas concentration

A linear best fit of the flux curve in the intervial asdeomopudgealuate the
coefficiapntusing the following formula:

>

Figure 3.3 Time

a, the angular coefficient of the linear fis:is computed a

2 xy- 2 x nXV
- sz— (Lnx)z

Wherex is the time, in secorwydisartde concentration expressed in ppm. Each
summative functidas intended for each point in the flux curve ¢hat is within t
selected interval.

The numbris the number of points used for the flux evaluation.

a has the ppm/sec dimension and is the slope okghesshenlimfe almer flux

curve, and is assumed as the the slope ofntthe fdekecuedeinterval.
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ErrQ, the linear regression quality factor is computed as:

(5., IL.)
[ZXZ- @] [zvz- @]

The value of ErrQ can vary in the range from O up to 1.

Values of ErrQ close to zero (ErrQ < 0.5) meassibmatstmetrggod and that
the linear curve computed does not fit the curve.

Values of ErrQ close to one (ErrQ > 0.9) meamssithmtsgaiteggood and the
linear curve fits the flux curve very well.

Since the points are homogeneously distributed in tithee Erm@ dwoalatin
factor is a univocal indicator of the regression quatiwwheérnaaseshope o
the regression is zero the ErrQ also has to be zero.

b
b

&

(0]
a

ErrQ=

Obtained the slope of the flux curve expressed in pipimhssdccadoudaddion
will be necessary, taking account of the accumulatiorandaharbtdre shape
environmental parameters, to transform the slope into Tahfbum a&tMa&luiestion
described in detail in the chapter 4.

WEST Syst

The complete theory of the accumulation chamber mdivousweld bre thos
handbook and can be found in the papers listedin the Appendix




Measuring flux

The measurement

File Tracks Tool

CH4
2500 ppm 4.8 ppm, |85

Run FluxManager and start the measurement.
in chapter 2 please let the detectors warm
starting a measurement. Having pressed the s
the plot of the concentration of the target
shown in the display.

File Tracks Toolls’i‘
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CH4
2500 ppm 4.8 ppm, 85 s
Flux:50.6 ppm/s , r10.999 The chamber was placed onto the soil.
-

&

Meter
elease 8.2

3

_/ Now place the accumulation chamber in the
2ol 2om 1do p0|nt,'check|ng the perfect sealing of the ch =
the soil. E
o ®
File Tracks Tool ‘J
CH4
2500 ppm 4.8 ppm, 85 s
Flux:50.6 ppm/s , r]0.999 The chamber was removed from the soi

/‘/

The lenght of the flux curve recording is nor

interval 90-240 seconds. Only when measurin

_/ flux of methane a 300-360 second measure
be necessary.

WEST Syst
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Measuring flux

CH4
2500 ppm 4.8 ppm, 85 s
Flux:50.6 ppm/s , r|0.999

The "perfect" curve

In the figure on the left the display of palmtop during a
flux mesurement is shown.

For clearness only the CO2 flux curve is shown.

The shape of the curve is quite perfect and the
computation of the flux is done with a very gcod
accuracly(regression quality factor) very close to 1.

In the following figures some examples of strangesshape flux curv

CH4
2500 ppm

200 ppm

Flux:32.6 pmeS/— 0.815

4.8 ppm, 85 s

200 ppm

100
CH4
2500 ppm 4.8 ppm, 85 s

Flux:32.6 ppm/s , r|0.815

100

CH4
2500 ppm

pm

4.8 ppm, 85 s

Flux:32.6 ppm/s , r|0.815
;

1Q0

Air contamination

The flux curve is no longer "linear", the linear bec
fit curve do not fit exactly the flux curve as pointe
out by the regression quality factor (0.815 in the
example). This effect is probably due to
atmospheric air contamination.

If you obtain this kind of curve check the sealing o
the accumulation chamber with the soil or check
that tubes, filters and pump are intact.

Gas stratification

This shape of curve indicates that the concenuiatio
of the target in air, close to the soil, is verv nigh
This stratification is quite common in case ¢f ver)
high flux combined with a very stable atmospfreie.

In this case clean the gas line making a measure it
air, one meter above the soil surface, and
afterwards repeat the flux measurement.

You can use the measurement choosing the second
part of the curve for regression computation.

Selecting the second part of the curve the line fit
the flux curve very well and the regression quality
factor become 0.999.



Measuring flux

NO
ao
or

0O ppm
Flux:0.6 ppm/s , r

0.925

Flux:0.06 ppm/s ,|r 0.8

-
*

ppm 100

LI UL, U Ty

20

ux:0.006 ppm/s , 0.04

ppm 100

co
25

go ppm 19600 ppm, 85 s

Flux:500 ppm/s , 2.0.925
»

N

Low fluxes

This type of curve is normal when the fl
and the "noise" of the detector is compa
with the increase of concentration. This
bigger for the methane sensor and is mi
for the carbon dioxide one.

Very low fluxes

Of course the noise disturbation
the flux is very low.

No flux

is flat and the
is very low.

The curve
concentration

! There is no flux.
! Is the pump working?

! Are the tubes correctly connected?

Very high flux

The first part of the curve is not linear.
problem is due to the combined effect of

flux and the sampling line cleaning. To a

increase the flux curve record time until
concentration of gas reachs the full scal
and select the last part of the curve for
computation.

This effect is due to the
cleaning of the sampling
line dead volumes

increast¢

increase of the
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Measuring flux




Quantifying the flux

How explained in the chapter 3 the flux is propoetibmadido therease ra
ppm/sec. The proportionality factor depends on the/shafmberradilumj
well as the barometric pressure and the air temipheradccamuosadien

chamber.
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Concentration increase ppm/sec

There are two methods to carry out the field werkr, emdbdlotrhe@asueaemen
you have torecord the type of accumulation chaminematseadptbéssure, a
the air temperature.
The variation of few mBar of the pressure andodrtéenmp @rmgueesdo n g
affect the evaluation of flux very much, then ye@ancaaluwesdoa ot
parameters. Of course that depends on the actare&aclhdomtdiretevaluat
of flux.

The instrument measures the barometric preseurkee didendgptriessure sen
of the LICOR, with a good accuracy. A platinum d>tloQu® lcer ttheéhmmoimete
can be used to measure the air temperature aseme@ldragutihe soil t

Meter
elease 8.2

3

b
b

Choosing the flux measurement unit

The first measurements made, 10 years ago, wliahidhechambreu was
expressed in cm/sec which is a speed, the skhe&tddefftawbmogm out from
soil. During the last ten years several units bgveoboserologedt and
geochemistry researchers. The most common unienseggampslsdawyrbu
using the same instrument for two gas speciesfltwxexpimegs shtils unit me
to have two different conversion factors. Actwmilthy hee issjeu afemeter

per dayhat has two advantages: A single conversion dactpe dicer ®ve ra
easy conversion of the flux in grams/sm per day githplyemulti@Xypiresse
in moles/sm per day for the molecular weight of the target gas.

&

(0]
a

From the [tools][settings] menu you can set e
amber factor in the "A.c.K." field.

this factor is set to 1 the instrument willksgiv
pressed in ppm/sec, that's simply the slepa oligh
lected interval.

p)
>
p)
—
0p)
LL]

ITf you set the A.c.K to a value differenttimomrmeht whiéfins
.’ve you the results expressed in moles perisgagre metc* pe

Please see next page.



Quantifying the flux

Method 1: Measuring the slope

Set the Accumulation Chamber factor to 1 in ordéuxtondaverdament
expressed in the slope unit "ppm/sec" and traresliaed itinit thi¢hda post
processing.

Using this method you can focus only on the accumuéafacn nogh avitbhetrh ien
soil, the flux curve shape and the other asasgtsenodnthepumeéing off
choosing the correct accumulation chamber factor.

Method 2: Measuring the flux directly in moles/sm/day.

To get the results directly in moles/sm/day ybe Wacemaladton Chamber
factor to the correct value, taking it from the tables.

For each measurement, if there are variations in uhe, @ir tempgéaeat
barometric pressure, or if you changed the accunywlatianechamélerct the
[tools][settings] menu and put the correct accumudbattiomiohtdhmb'e.c.K."
field. This operation can be "critical". In any caseyon'théisdvde fridsults
of flux evaluation expressed in both units , thedrawe ppoml/s®/cmhday
computed with the A.c.K. you set.

The accumulation chamber factors

Here following the formula used to compute the A.c.K.:

(S
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n
o
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Q
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o
(&
N

_86400P  V

K
10-RT A

Meter

Pis the barometric pressure expressed in mBar (HPa)
Ris the gas constant 0.083145'10 b'ar L K mol

T, is the air temperature expressed in Kelvin degree
Vis the chamber net volume in cubic meters

Ais the chamber inlet net area in square meters.

|
- elease 8.2

3

b
b

&

The dimensions of the A.c.K. are

(0]
a

-2 -1
moles- meter - day
ppm - sec’

K=

In the table the conversion factors vs temperaure @meds darreomedr the
Accumulation Chamber Type A and B are reported.

An example:

You're using the accumulation chamber B, the clope isf 2h% dpux/sec, the
barometric pressure is 1008 mBar (HPa) and theisi22enCperatu

From the table B get the value that correspond to phesdare neatd
temperature. In this case | get the value codnandedOflo @Bar : 0.696.

EST Syst

Then the flux is: 2.5 x 0.696=1.74 moles perpequlaye met



) } lagqwaldas - z'g asea|aE- gpye \A
wod meum\Awumw; @,?@,\W 1919 N m_EQmOH m m F m m

L¥T00 S@%T00 LBETO 09T'0 €9T'0 99T'0 69T°0 ¢LT'0 S.T'0 6.T°0 ¢8T'0 €6V
€9T00 T9%T00 ¥8ETO 99T°0 69T°0 ¢LT'0 9.T°0 6.T°0 ¢8T'0 98T°'0 06T°'0 €IS
66700 /LBYTOO0O O%BTO €.1T°0 9/.1°0 6.T°0 ¢81°0 9871°0 68T°0 €6T°0 L6T°'0 €€9
G9T00 €89T00 9IZITO 6.T°0 €810 98T'0 68T°0 €6T°0 L6T'0 00¢'0 v02'0 €SS ©
m T,.700 O08ZT00 €81IT0 9871°0 68T°0 €6T°0 96T1°0 00c¢'0 020 80¢°0 ¢1¢c'0 €.9 M.
o L/.T00 968100 68810 ¢6T°0 96T'0 66T°0 €0¢'0 L02C'0 T12°0 §T1¢'0 6T¢'0 €65 H\
+— €8T00 ¢B88T00 96810 66T°0 ¢0c'o 90¢'0 0Tc¢'0 v12¢'0 8T¢'0 ¢ce'o 9¢¢'0 €19
o 68T00 6B8T00 <¢OBTO §0¢'0 60¢'0 €120 LTC'0 T¢e'0 §¢c¢'0 6¢¢’0 vez'o ¢€g9 ©@
@®© S6T00 S88BT00 80D@2O ¢1¢'0 9120 0cc'o vcec o 8¢c¢’'0 ¢ec’'o LET O Ivz'0 €59 =
= T0200 T¥BZOO SBBZO 8T¢'0 ¢¢ec’'o 9¢¢'0 0€C'0 S€cC'0 6€C'0 vYve o 6vz'0 €£.9 °
< L0¢00 LDEcCOO TEZECO G¢c¢'0 6¢¢°0 €€¢'0 LEC'O ¢ve’0 9¥ <2 0 TG¢°0 96¢°'0 €69 w
€Tc00 v8Tc00 L@cceo T€C'0 S€C¢'0 0Ove'o vvec' o 6v¢'0 €520 8G¢'0 €920 €1. ¢
= 6T¢00 0&cco0 v8cCco 8€¢'0 ¢ve' o 9v¥¢'0 1620 96¢°'0 09¢'0 99¢°'0 T,LC¢°0 €g€L 5
o G§¢c¢00 962200 0%€20 vve' o 6v¢'0 €620 8G¢'0 €9¢'0 89¢'0 €L2°0 8.¢°'0 €S.
Q T€200 <¢®€c200 L8€Z2O TS2'0 §6¢'0 09¢'0 §9¢°0 0.2°0 S PAAN(] 08¢0 98¢'0 €L/, =
e L€200 6%EC00 €S%20 LSC'0 ¢9¢'0 L92°0 1.2°0 LL2'0 ¢8¢'0 L8¢C'0 £€62°0 £6L o
© €¥200 G&EC00 6EECO 7920 69¢'0 €L2°0 8L.2°0 7820 6820 §6¢°0 00€'0 €718 m
- &rg00 T8EC00 92820 0L¢'0 §.¢'0 08¢0 §8¢'0 16¢'0 96¢'0 ¢0€e’0 80€°0 €€8
S) GG200 ©86BC00 <ZZ820 LL2°0 ¢8¢'0 L8C'0 Z6¢°0 L6C°0 €0€'0 60€°0 GT€'0 €98 m
waoo 748200 86820 €8¢'0 88¢'0 v6¢'0 66¢°0 ¥0€'0 0T€'0 9T€'0 ¢ce’0 €18
c £9¢00 0BZ200 S8Z¢20 06¢'0 S6¢'0 00€'0 90€°0 TT€°0 LT€'0 €2¢€’0 0€e€'0 €68
= wwmwoo 987200 T1TB820 96¢°0 ¢0€g’'0 LO€E'0 €T€’0 8T¢€'0 v2ze’o0 T€€'0 LEE'0 €16
— 6.L<¢00 €88200 88820 €0€'0 80¢€'0 v¥1€°0 6T€'0 §2¢€'0 ¢e€e’'0 8€€'0 S¥€'0 €€6
(4o} a8@00 668200 Vv©6CO 60€°0 ST€'0 0ce’'0 9¢€'0 ¢eE’0 6€€°0 S¥€'0 ¢s€’'0 €96
—_ 16200 S686200 O000¢€E0 9T€'0 T2€'0 L2€E'0 €€€’0 6€€°0 9v€'0 ¢2s€’0 6S€°0 €.6
= L6¢00 TTIOEOO LBOED ¢ce’0 8¢¢’'0 veEE'0 ove 0 9¥€'0 €G6¢€°0 09€°0 L9€'0 €66
= %om.oo 8168€00 €cCtE0 62€°0 S€E'0 Tve'0 LVE'0 €9€°0 09€'0 L9€'0 v.€°0 €T0T
S 80800 ©VEEE00 O06EE0 GEE'0 Ive'0 LVE'0 ¥S€'0 09€'0 L9€°0 v.€'0 ¢8€'0 €€0T7T
O 0r o e o€ S¢ 0¢ ST 0T S 0 G- 0T- ST- 0c-
O > < D, @inlesadwal Iy
<



Accumulation chamber B factors
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Accumulation chamber C factors
Vol

Barometric pressure mBar (Hpa)
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Accumulation chamber C-floating factors
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Components

Depending on your instrument configuration some tsf mhag lnsted bea
provided, please refer to page 1.1 of this handobodwoke dmplomewmtsv
included with your instrument.

The accumulation chambers
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Internal diameter: 0.2 m (200 mm)
Internal height: 0.097 m (97 mm)
Internal volume chamber: 2°797*10 m
Dead volumes (electric engine,
filters and detector cell): 4.095*10 m
Net volume: 2.756*10 m
Base area: 3.146*T0 m
Mass: 1.650 Kg (with alkaline battery)
N
(e}
- o
L »n
= ®©
)
E_
()
Internal diameter: 0.2 m (200 mm) _Ea
Internal height: 0.198 m (198 mm)
Internal volume chamber: 6°231*10 m
Dead volumes (electric engine,
filters and detector cell): 4.498*10 m o o
Net volume: 6.186*T0 m m
Base area: 3.146*70 m o ®
Mass: 2.150 Kg (with alkaline battery)

With Accumulation Chamber Type B you can meas
higher than 10000 grams/m x day with more acc

WEST Syst

Internal diameter: 0.3 m (300 m
Internal height: 0.97 m (97 m
Internal volume chamber: 6°925*10 m
Dead volumes (electric engine,

filters and detector cell): 4.647*10
Net volume: 6.878*10 m

Base area: 7.116*T0 m

Mass: 1.900 Kg (with alkaline batte




The accumulation chambers

Type C-floating

Internal diameter: 0.3 m (300 mm)
Internal height: 0.97 m (97 mm)
Internal volume chamber-floating:11°277*10 m
Dead volumes (electric engine,

filters and detector cell): 4.647*10 m
Net volume: 11.231*7°0 m

Base area: 6.697*T0 m

Mass: 2.000 Kg (with alkaline battery)

With accumulation chambers type C-floating you canembealsais e flaxher water
sources.
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Mixing device

The mixing device is supplied by a 9 volts battery.
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&

Battery replacement

(0]
a

Unscrew the 4 screw on the gray box
and replace the battery.

Accumulation chamber electrical specifications

Motor : RS245-6089
Mixing device speed : 80 RPM (rotations per minute)

Battery: 9 Volts MN1604 6L61 Duracell or equivalent
Battery expected life 48 hours

WEST Syst




The accumulation chambers

Water trap

Filter IN

A.C. Outle @

tube fittipg to OUTLET  toINLET

A magnesium perchlorate dessicant trap can be thee@grxtemulatio
chamber between the outlet fitting of accumulatibe chlambérnraend® TF
F r: It could be used when you're working in a very avetv@irdvir(
c ensation inside the instrument.

D not use magnesium perchlorate if there is an hightremtetmane
M nesium perchlorate can trigger fire or explosion Wwihembusbibliac
g S.

- September é/\bvi\%.westsystems.com

trap volume is intentionally very small in order td noltuaxkedimohe
pling line.

0

Meter
elease 8.2

If.u're using it please check the status of thhe mthyearntdapdrage it wh
necessary.

3

y attention while handling magnesium perchlorate.
causes irritation, and contact with combustibleemademieial®rcpn cause firg
plosion.

EST Systems do not provide magnesium perchlorat@ibgcisunetitsIsligpd by
Carriers.
!e 'Baker Analyzed' company markets magnesium predehlorateANMD RIHONE
rand.

Tygon tube Q o
Sponge plug
- ©
Mg(CLQ ) Sponge plug P
| ] =
Filter IN A.C. outlet fitting (D
Siringe Filter: PTFE Membrane 0.45 um
JJCOLE-PALMER Part number 02915-30 I
NGER! III



The accumulation chambers

The instrument is supplied with two accumulationypreambEtsighhel 00
mm) is useful to increase the sensivity of thwergsltownfiluxtetoby a factor 2.
Under normal use we advise using the type B (Hthigthc2® Covmr a very
large range of soil flux with a good sensitivity and linearity.

The accumulation chamber is the main part of your instrument.
The interfacing of the chamber with soil must begpeafeatrhedt voir .

Once the chamber is placed on soil in the meaubia g esriitfé eid hlasttthe rim
is placed correctly on soil in order to avoid atmospédehtambreto enter
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Soil

If necessary seal the external rim of the chamberirwttre thiguseil, as
above, carefully putting some earth around the rim.

Meter
elease 8.2

3

The measuring site should be disturbed as litlleogdepessdble. J.O.R
have demonstrated that if soil is disturbed, for exaguplenlkewelling th
digging a hole in order to place the chamber, tharfilaax imoadition
unpredictable way and takes a long time to stabilize again
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On the contrary measures performed on the sammdistugptrlyéngotl
as little as possible, shows a very good precision and repeatibility

(0]
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If you plan on sampling underground gas, féerfltupemmoasutédment
and then the sampling.

The instrument has good resistance against siunlfthregmesss pbhigh
concentration of hydrogen sulphide it is betitrethe gas kdnteap

Hydrogen sulphide is very aggressive and therefore gwto advise reduci
minimum the instrument (especially the palmtop) pasdreptorator e
corrosive gases.

Working in high gas emission areas take care of your safety: Do not
work alone and use a gas mask or take adequate precautions.

WEST Syst




The pump

Pump drawing

OQutlet
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PIN1 :12.0 Volt to positive pole of Pu
PIN 4 : Ground to negative pole of Pu

&
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Pump specifications

Rated flow: 1000 SCCM (Standard cubic centimeter per minut
Power supply 150 mA @ 12 Volts

Manufacturer #1 ASF THOMAS, Germany
ANR 50020972

Manufacturer #2 KNF, Germany
NMP 02067694

Pneumatic fittings diameter : 4 mm

WEST Syst

In order to avoid unwanted variation of pumpimogwtliowugpwpédyto
the pump is supplied with a stabilized voltage reglulator.



The pump

Pump maintenance

The pump efficiency can be affected by depositserofWdhuest or wa
necessary it's possible to clean the pump:

! Disassemble the pumping head.

! Clean the diaphragm, the washer, and the valvessadiagra compres
flow.

! Reassemble the head.

Unscrew the 4 screws

Screws (4)

Pump head cover
Pump head gasket
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Pump head
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Pump diaphragm

WEST Syst




The battery

Battery specifications
Type : WS14-4 Ni-MH Sealed maintenance-free
Nominal voltage 14.4 Volts
Nominal capacity 4.0 A/h
Nominal battery duration 4 hours
CAUTION
avoid short circuit
do not charge in a sealed container
Charging instruction:
Charge the batteries after every use.

tsystems.com

Battery mechanical specifications:
Size: 110 x 90 x 55 mm
Mass: 1100 grams

Connectors: male panel 4 pin: Battery inlet

Pinl : +14.4 Volts

Pin2: +14.4 Volts

Pin3: Battery Temp-Sensor
Pin4: Ground
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Battery
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IN

SERIAL 1/0

L/-520

17, 645 ANALYZER

WEST Syst




The battery

Battery charger

Model GENIUS 1000/12

Input 100-250 VAC , 50/60 Hz
OutPut 1,1 A : Charging time 4 hours

GREEN LED light: Power ON.

YELLOW/RED LED:

YELLOW light on: Charging the battery.
YELLOW light off: Battery charged.
RED light: Replace battery.

To recharge the spare battery connect the btdtehrg bhtteyegrand
wait that the yellow led light switch off.

The recharge the battery inside the instruneehatdenyn-edtatiger to
the adapter and connect it to the Data and battertyhe coprereector on
panel of the instrument.

lATTENTION: Please do not turn on when the instrunggngiwitha

the adapter.
| |
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Battery charger
connector

Battery chag

WEST Syst




Cables

Palmtop charger cable

USB type A Female connector Amphenol 6+T Female connec

The cable have to be connected to the RiIsel@Xtpontabfconnection pan

The cable have a power supply of 5 Vdc , 500 mA.
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CS-D0023 01 Board panel

RS485 Battery Pump Power-A Powegr-B

RS232-A

SENSORS POWER SUPPLY female panel connector
POWER-A POWER-B connectors

PIN 2 :14.4 Volt -to PIN 1 of Detectors Terminals
PIN 4 : Ground - to PIN 2 Detectors LI8B800 Termina'ls

PUMP POWER SUPPLY female panel connector

PIN1 :12.0 Volt to positive pole of Pump
PIN 4 : Ground to negative pole of Pump

BATTERY IN male panel connector

PIN1 :14.4 Volt to battery
PIN 3 : Battery Temp. Sensor
PIN 4 : Ground
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RS232-A female panel connector: LICOR LI820/840 port
Connect here the Licor LI820/840 using a pin-to-giablenale/female

$0]
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RS232-B male panel connector: External BT
Connect here an optional emergency Bluetooth device,
to be used in case of fault of the internal BT.

(0]
a

RS485 male IDC panel connector:

DB9 PIN IDC PIN Function

1 1 GND

2 3 14.4V

3 5 GND

4 7 RS485 B
5 9 RS485 A
6 2 GND

7 4 14.4V
8 6 GND

9 8 RS485 B

WEST Syst




The backpack

Backpack assembly.
Assemble the Fluxmeter on the backback using themstakw on
side of backpack

é/\bV\i\%.westsystems.com
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Safety hints
If you need to free your self from the backpaokemtd pthld thet
red best=
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Calibration of the flux meter

Fluxmeter calibration

Here is reported the procedure followed by WEe ckyshemdutxamete
calibration.

How to verify the fluxmeter calibration

The calibration described refers to carbon dioxide ealiggasae¢ison|ike
methane or hydrogen sulphide, the same proceduwwedas been f

Sketch of calibration device

Calibration table

Mass flow controller

100% carbon dioxide (or target gas)
cylinder and pressure reducing valve

CQ fluxes from soil are simulated by injecting aaskimaw nthéo
accumulation chamber. The interface between theambeumobat
the calibration table is built to minimize the gas leakage.

The apparatus is schematized in figure 1.

For flux between 0.5 and 300°moles/(m day) the omjterotéedfbuxd
measured with a precision mass flow controller. Thfier MCEXC, icsa

electronically stabilized (Accuracy 1%).
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Calibration of the flux meter
Fluxmeter calibration

For fluxes between 300 nmoles/(m day) and 700 moleérsje¢meday) the
flux is controlled by means of a mechanical flowsueed aeriragné mea
bubble flowmeter (Accuracy 3%) before and afterethenftluitmeasur

the accumulation chamber.

Two series of measure were performed for flux df 300omoles/(in day
evaluate the coherence between the two different methods of

measurement.

A thermometer and barometer were utilized to measure the baiom
pressure and the air temperature during the experigeé¢actinherder to
correct accumulation chamber conversion factor.

A flow meter is utilized to measure the pumping flow @ntring the experim
During all the measures a ,100% CO flow was utilized.

The same procudure was utilized to check the insseurh@ntal respo

methane / Hydrogen Sulfide.
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Calibration of the flux meter

The influence of pumping flow

Influence of pumping efficiency on the flux measurement resul
We have carried out some sets of measures utilizied fhuex stant e

with different pumping flow from the accumulatiemehactiber to

The pumping flow was changed by means of a mecltamiaald fl
measured with a Microbridge Mass Airflow sensor (Accuracy 24
We have not noted a significant variation of the méasuthe

pumping flow is less than 200 SCCM.

%V\i\%.westsystems.com

Imposed flux
1 10 100 1000 10000 100000

elease 8.2 - September

3

-—=®— 1000 SC

. \‘ —+— 800 ScCCH

—— 500 SCCH
,,\ —»— 300 SCC)

o2 ¥ >
A\ \ —— 1200 SC
4 %

Error %

/
e

—— 100 SCC

(0}
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In the diagram the plot of the measurement erroo vedsfls xt lod
carbon dioxide (expressed in grams per square meaitidfepentd
pumping flow rates is shown.

In order to avoid unwanted variation of pumpprogvéllowugpéytohe
pump is supplied at 12 V DC with a stabilized voltage regulato

The pumping flow , after the power supply stabi$ic@tkon,2i0s%10
The efficiency of pump can vary due to dust be momspube diy.
Periodic maintenance is necessary.

WEST Syst



Calibration of the flux meter

The influence of mixing device

The mixing device was suspected, by some résetathbeacdaraxfy of the flux
measurement.

In our experience the precision of the measurearbéytreduacsed owethout a
mixing device present.

In the two plots below the measurements at varioMsngedemiece ofotation
are reported.

Influence of the mixing device rotation speed

Influence of the mixing device rotatidimgpeed on flyx relan the pIot the measured flux vs the mixing
os device rotation speed.
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S — RPM vs battery voltage In the plot the mixing device RPM (Rotation peor
- 14 minute) vs power supply voltage. The normal range
m 12 for the battery voltage is between 9.6 V (new
= " battery) and 6 Volt (discharged battery)
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Pneumatic connections

The tubes

Four types of tube are used to realize the gas sampling line:

! RILSAN tube 6 mm external diameter 4 mm internal dia

! SILICON tube 8 mm external diameter 3.3 mm internal d
! SILICON 12.5 mm external diameter 4.3 mm internal dia
! Tygon 13.5 mm external diameter 8 mm internal diamete

The filters
Two types of filters are used to protect the gas sampling lin

! 25 mm diameter .22 m PTFE membrane Cole-Palmer 2
equivalent;
! 50 mm diameter®.45 m PTFE membrane Cole-Palmer 2

é/\bV\i\%.westsystems.com

equivalent. o
o]
1S
()
The PTFE membrane filters are permeable to gases amd arate 0}
impermeable to liguid water and dust particles. Tleepusteatst g
the gas detectors and the other pneumatic partise Btaase ah ele .
filters very often. -
©
(5}
(2]
S «
The fittings o
WEST Systems Tube fitting for RILSAN 6x4 and Silicon tubes ﬁ
M10 x 1mm e
2.8 mm Diameter %3
/ —— Y o ®
— "N
25 mm _
Material : Chromed brgss 44 mm >

The gas sampling line is assembled with 1/8" gas cylhmdaitditbimgsen
The sealing is guaranteed by (r) Loctite 542 dope.
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Pneumatic connections

Inside the fluxmeter
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Tubing legend |

! C-Flex or silicon tube 6 mm e
I diameter 3.3 mm internal diam
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Pneumatic connections

Accumulation chamber connections

FLUXMETER- B0 DATA and BATEEH

%V\i\%.westsystems.com

PTFE filter 0.45 u
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| Tubing legend :

! RILSAN tube 6 mm external diameten 4
internal diameter BLUE color;

! RILSAN tube 6 mm external diameten 4
internal diameter RED color;
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_ ! SILICON 12.5 mm external diameter }4.3
mm internal diameter;




Pneumatic connections

| Tubing legend |}

! Tygon 13.5 mm external diameter 8 fhm
internal diameter;

! SILICON 12.5 mm external diameter }4.3
mm internal diameter;

T tub
Sponge plug ygoo "ibe

i \ Mg(CLQ ) Sponge plug

|| 2 S
Filter IN A.C. outlet fitting

Siringe Filter: PTFE Membrane 0.45 um
COLE-PALMER Part number 02915-30
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or the usage of water trap see the warning of page 5.3.
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Troubleshooting

In most cases the problems are related to the battery charddosta
the serial data communications between palmtop and instrument.

The palmtop and its serial cable are the most fragile componen
instrument.

A) Power supply related problems

The FluxMeter does not turn On:

The LED light on the On/Off button do not become green:
! The battery pack is plugged to the instrument?

! The battery pack is charged?

tsystems.com

Hints

! A charged battery's voltage must be more than 14.4 Vol

! NiMH batteries can be recharged in any charge status.
have "memory effect"”.

! The LED light on the power button is flashing green/red
that the battery charge status is LOW.

B) Basic communication problems

Message: Connection failed / not connected

Fluxmanager cannot communicate with the instrument:

! The selected communication port is not the correct one

! The bluetooth of the palmtop is OFF;

! The instrument is OFF;

! The distance between the instrument and the palmtop e
bluetooth range.

”
o
=
=N
S
o
Q
S
o
a
o
n
(N
0]
o
”
©
o
o

Please see Appendix P
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Message: Fluxmeter not found
Fluxmanager can communicate with remote bluetlbdhle kbt no
instrument:
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! Reset the palmtop by pressing the reset button in the p
bottom.

! Switch off the instrument, wait 10 seconds @adnturn on

! Restart with the connection procedure (see Appendix P

WEST Syst




Please report all problems that you encounter in using this device to us
This will help us to improve our instrument as well as customer support.

e-mail to: g.virgili@westsystems.com
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Software FIuxRevision

FIluxRevision is the software that allows to quicgky red miberaod
files created by FluxManager. Note: FluxRevision WWims cowms M
operating systems; the Microsoft .NET frameworhkeimaehuneed o

There are two ways to download the FluxManager files dro
personal computer:

- Copy the files from thel\IMdgaDoccruments\FluxManagderthiées
storage card (SD or MicroSD card) and plug rtcheomea R E€r
(using a card reader).

- Install on the PC the software Microsoft Activesyrom (tthe
CD furnished with the PDA, or it can be freely downlo
Microsoft website). Then plug the PDA to the PC with the
ActiveSync window will appear and will allow to naviga
directories. Go to théMpalbcuments\FluxManagarditepy
the files to the PC.

tsystems.com

Once you have the files in the PC, start the FluxRehn stitoen fa pst
instance you'll be ask to select the folder where yow beave
examinated. The folder you select will be proposed thetnédet

software. Select the folder @iKdlprndese are valid files, the app
will start to parse the data.

To estimate the flux from the slope of the regreskkiceatibimewit
need to know the following parameters (see chapter 4 for detai

- Airtemperature
- Barometric pressure
- Volume of the accumulation chamber

elease 8.2 - September oY -wes

3

If the barometric pressure is missing (becausa ypoasdamét heovie
inside the fluxmeter and you didn't manually insertelde the
FluxManager saving window), but the fluxmeter of thewPthAais
GPS antenna, FluxRevision can estimate the pressura froorm
course this calculation can't be as accuratecrg.having a sen
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ACK calculation p =l

Qne or mare measures are missing barometric pressure daka. Do you wank to estimate it From elewation?

If some files are missing environmental parameters, yow'll
appear.
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Software FIuxRevision

8 Ack calculation 10| =i

Ore or more meazues are mizzing environmerntal
parameters

Prezsure [mB ar) |1 ma3
Temperature [C) IEEI

¢ Apply anly if not prezent in the original data

" Apply to all analysis

Accumulation chamber bype IE "’I

{* Prezerve chamber type wiitten in file

" FReplace with thiz value

OE. Cancel

The volume of the accumulation chamber is obtaimddctwatrhbtdre tyne
(A, B or C) that you inserted in the FluxManagek shdtwiare. Chec
information about the chamber type (A in the idlhustcrtatithre) is c
displayed type is the one obtained from the files.tlihohe fhl®&s presen
one chamber types, an asterisk will signal this. Bedecxtaan pdedigr, 14
with some file with accumulation chamber A and somevwitbetg @me B, y
window like this:

¥ Ack calculation 10| x|

Ore or more measures are miszing ensvionmental
parameters

Preszure [mBar) |1 ma
Temperature [*C) IED

¢ Apply anly if not present in the original data
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™ Apply to all analyzis

Accumulation chamber bype 7] I,-'h, vl

¢ Preserve chamber type wiitten in file

" Replace with this value
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Software FIuxRevision

To set the barometric pressure or the temperature tiimatharene
missing this parameter, replace the default valueals2(@0Q1)3 amB 3
press OK. If the Apply to all analysis box iaralmetleed,inhheh ¢
measures that already had them will be overwritten.

Once all the files are parsed, you'll see the mealserdedtin the |ig

Create KML: If the f
Folder The folder tha%reate reparAllows to contain GPS data, wil
contains the measure filescreate the report file. Y@@ erated a KML file,
the paragraph for detaif, have a quic
the representation of t
pecie. spatial distribution
the measure points. The
and can be opened wi
ilter software like Google Ez

Curve You can choos
currently displayed gas
Changing the specie ha
effect to display the Err
the Flux on the list. So the
and the sorting of the list
refer to the selected specie.

= September %V\i\%.WGStS)/StGmS.Com

Filter RecordEhis box alloW A asuceili=l 2
filtering the measures in the IF'IcI B e
alaer . Campangn
The measures excluded from B
filter will however be present|s, .. CHa = c,eate,epmt| Create KML |
the report file. ,
ilter Recards
Never revisedChecking this Neverrevised I >
box, the list will contain on il |— Flli |— ©
measures that have never )
; ; P L »
revised (with no revision & cibsiod ek |;r1;?1 ﬂl =
)
ErrQandrlux Entering a value fuito Regression EE
in these 2 boxes will exclud e (" BestSlope © BestEmg © BestProduct m
migher or lawer than the | e ) [LrE —
. i > s
:)hurt?(i:c\)l\:idn inPVreer?stlhnegSih << First I <Previ0us| Mexst > I Last »> I
o
Foint ISampIingdate IHevisiDndate IEer IFIUH =
Auto Regressionthis 40 22/02/2008 15.56.38 16/11/2009115438 0933 3282 = m
: : 1 42 22/02/200815.26.01  16/11/200911.54.38 0,902 0.70 e’
automgtlca_lly determine Tl 43 22/02/200816.15.51 16/11/200911.54.38 0986 233.43 ©
best time interval to cafcy 22/02/200816.00.48 16/11/2009 115446 0.000 0.00
ine linear regression. acpofINg  ZmALEL WimaD 02 00
to the following algorithmjs: 22/02/200816.4316 16/11/2003115438 0977 2408
- Best Slope: the interva 22/02/200810.39.09 16/11/200911.54.38 0951 1.21
22/02/2008 104948 16/11/200911.54.38 093 0.79

determines the highest
Point it's the value you inserted in the Hoi
mFEﬁ FluxManager saving window. By ef
numerical and auto incremental but yo§ c
"% I'S$o words.

Sampling dateit's the date and the tifne
ritiheasure was performed. Warning: this irjfo
itaken from the PDA clock so check it befdre
analysis' sequence.
VIOURevision datét's the date and time the fne
was edited (with FluxRevision) by modiflyi
right limits of flux interpolation and thgn
the value of the flux.
ErrQ it's the value referred to the currenfly
First..Last Navigates he gas specie. For example select Errqg <= 0]9
measure list. You can ort ithehere are curves with a bad linear interpo
measures by clicking n theux it's the value referred to the currenjly
column header. gas specie.

is chosen.

- Best Errqg: the interva
determines the highes
chosen.

- Best Product: the alf¢
looks for a good comgr
between the 2 pr
parameters.
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Selecting an item in the list or pressing one of tihe, nhegiflae butto
curves are displayed. Like in FluxManager, are dispdaytdéa@d the graphs
sensors with TRACK=ON. They are usually the gas sensors.

The window is composed by 3 panels:

- The graph: time vs. concentration (or whatever measure unit
Clicking with the middle mouse button, the X and Y value wili be ¢
Clicking with the right mouse buttons, it will be pbhssible to exp«
plot as a JPEG image file, or to perform an auto(mmatilceregression
same way asAbeo Regresswork, but only for this file).

- The control panel, compocxled dyel aRégressipanel.

- The information box, which contains additionaduitnftdemation ab
measure point.

The scale panel allows to scale the Y axisCafstbahptbdn Pleemits
to view only concentration interval. Then press thletduestordiew A
the whole range.

CO2 02/07/2008 7.47.13 - _ o] x|

 Scale

Auto I Viewalll Eustoml

— Regression

Slope [ppm/zec) |2.D?3
Flu [moles/m”2/day] |0.658
Entd 0,998

Save ta File |
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Date: 02/07/20087.47.13
Air Temperature: 20 °C
Barornetric Pressure: 334.9 mBar
Soil Temperature: n.a.

Soil Relative Humidity: n.a.

o AL Type: &

Mite: none

- Position

o Latiyde: 43 566623 N
- Longitude: 10802697 E
- Elevation; 18259 m

Meter
elease 8.2
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Full Scale: 20000 ppra
Length: 207 87 sec
ACK: 0318

o Left Limit: 70.87 &

. Right Limit: 198.87 ¢

(0]
a

The red points are used to calculate the interpoJahierfllixne taed sn
green ones are ignored. To modify the interpolatiooveéimhe ihgtirval, m
and right limits with the mouse left button. As yon,lelaedihleeibut
automatically recomputed and drawn: you wilE bemek hexEab®@ s

Left LimRtight lincitange. As you decide the interval is c&oraeet, click the
to Fillkutton.

Warning: By saving, the file of that measure will thhee uptertea, and
you chose in the PDA with FluxManager will be overwritten.

You will see also tRevVieldn dateghe list will be updated with the current
time.
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Software FIuxRevision

Report file

The report file is a table where each row correspomdis tt.oTd en
number of the columns is variable, since the 3 reddfifold & \wary
sensor with TRACK=ON. The fields are the following:

- DATE

- TIME

- SITE

- POINT

- LONGITUDE

- LATITUDE

- UTM ZONE

- UTM LONGITUDE

- UTM LATITUDE

- ELEVATION

- NOTE

- PRESSURE (Hpa)

- AIR TEMPERATURE (°C)
- SOIL TEMPERATURE (°C)
- SOIL RELATIVE HUMIDITY (%)
- ACCUMULATION CHAMBER
- ACK

- SLOPE [ppm/s]

- FLUX [mol/mqg/day]

- ERRQ

- FILENAME

tsystems.com

The report file is a text file, the fields are sep draartaect dry sloetié
file can be easily opened with applications such asONMEearO §fa ttek
Calc.
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Air-Soil Box

Installation

The design below shows the connections of air and soil prob
The soil probe needs to be completely covered byfeiok).(not j
When removing the soil probe, do not pull it bypuhe weedk: thi

the internal wires. ]
Air probe

tsystems.com

Soil T&RHP
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Soil probe

FLUXMET:ZR- BB DATA and BATEE]
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Air-Soil Box
RS485 Configuration

Sensor Conf RS485 ID

Soil Relative Hum 0xAQOQ 0x14

Soil Temperature| 0xBO 0x15

Air Relative Humi| OxDA O0xA4

Air Temperature 0xD9 O0xAS5

Soil temperature and volumetric water

content gauge
Sensor Specifications

Soil temperature
Range: -40 to +50°C
Resolution: 0.1 °C
Accuracy: *1°C

Soil relative humidity
Range: 0-100% (volumetric water content)
Accuracy: 3%
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Air-Soil Box

Silicon Air Temperature and relative humid
gauge

37 1S
o Sensor specifications o
(SIS0 =8 Two sensors for relative humidity & tempera "

- Measurement range: 0-100% RH S

- Absol. RH accuracy: +/- 2% RH (10...90% <

- Repeatability RH: +/- 0.1% RH "

j ik B - Temp. accuracy: +/- 0.4°C (5...40 °C) 7

12 5E 0.5 - Calibrated & digital output +
e H* . Fastresponse time < 3 sec. >
o N o | 2
ME] L ,

4 N

{ — | §

?% ;

o]

=

[ hrd {n':{* >
n

N
. o0}
Probe schematics

i3 5

AMP 6+T MALE -

R TMMBAT46 ;2

SEN1 Tk D1 oA @
VD VDD K +BV 2

SCK 3 SCK SCKD 3 m

DATA % g/:IT)A DATAD I|>é 4 =
GN 1 5
SHT1X IKR2= 6
- 7

D2 o o

TZB 5V m

o

Probe Layout (actual size)

Amphenol 6T male
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Air-Soil Box

Silicon Air Temperature and relative humidity gauge

Air Temperature accuracy Vs. temperature

Temperature accuracy

1.6
LK
1w
s 1
- 0.8 \\ /
W 0.6 C —

0.4

0.2

0

-40 -20 0 20 40 60 80 10( 120

Measured temperature °C
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Relative Humidity accuracy Vs. RH%

Relative Humidity Accuracy

Meter
elease 8.2

/
/

Error %
o = N w > ol

Q_Q T T
m 0 20 40 60 80 100 120
o ® % RH
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Glossary of terms

Activesynch Communication software, furnished
palmtop, that allows the communications between
and the desktop computers via docking cradle
connection.

AcK: Conversion factor between the native unit o
(ppm/sec) and the user unit (Normally moles/square

CF Compact Flas@mory card: Non volatile memory c
iIs used to store programs or data. The card cam be
the data between the palmtop and your personal c
adapter might be necessary to use the card on
computer.

ZOVX\QIW.Westsystems.com

Docking Cradleéesktop base used to connect the pal
personal computer via USB using MS ActiveSyn
palmtop manual).

ErreQ, r*"2, sthe quality factor of the regression.
ErreQ higher than 0.9 means that the regressgiryn
good.

Meter
elease 8.2 Septemner

Filter:PTFE membrane syringe filter.

'3

LICOR,LI820,LI8Xx0 LI800, GasHourAd carbon dioxic
detector.

b
b

&

LPM: Flow unit, Liter per minute

(0]
a

PDA, PalmToprhe Compagq iPAQ or Hewleet Packa
PC palmtop computer.

p.p.m. Gas concentration in parts per million per v

PTFE Polytetrafluorethylene or (r) TEFLON, inert p
not suffer chemical attacks.

SCCM Flow unit, Standard cubic centimeter per min

ST Syst

SD Secure digital memory:cArdon volatile memory
(see CF compact flash and appendix A).
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Hydrogen Sulfide (H S) Detector

@ @ @) @-Ee .
~»" A 8
@ ] wwsfsysfens@/ g
()]
Power supply in n
& >
0
Inlet Outlet RS485 Output 7
()
=
=

Pin Signal
1 Gnd %3,
2 +VDC Legenda .
3 Gnd Gnd:Ground reference for power supply and RS4 ()
4 RS485-B +VDC:10-28 Volts Power supply input =
5 RS485-A RS485-ADigital signal output A g
6 Gnd RS485-BDigital signal output B +—
7 +12V >
8 Gnd wn
9 RS485-B .

Sensor specifications

Ambient conditions:

Air temperature -30°C to 50 °C

Air pressure 800 hPa to 1200 hPa

Air RH 15% ... 90% non condensating.
Expected sensor life > 24 months.
Chemical cell order code: WEST H2S-BH
Detector order code: WEST TOX-05-H2S-BH
Factory calibration : 20 ppm

RMS Noise < 0.02 ppm

Zero Offset < £0.05 ppm

Max Overrange 200 ppm

Meter
elease 8.2
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The chemical cell reaction is:

HS + 20 = HSO

the gas sample specific consuption is very low:

2.5 x 10 moles/sec per ppm

Due to this consuption the H2S flux is met
understimated by a -10% with the accumulation c
and by a -5% when using the accumulation cha
Then we advise to use the accumulation chamber
when the flux is very very low.

WEST Syst



Hydrogen Sulfidld S) Detector

Cross sensitivity tables

Unfortunately the hydrogen sulfide detectorrossaffensetivhiyyc with
several gas species: In the table below theseam®sspaermstivity

Test @ ppm Reading ppm

SQ Sulfur Dioxide 20 < 2

N O Nytrogen monoxide 50 <1.5

NQ Nytrogen dioxide 10 < -3

C} Chlorine 10 < -2.5

H, Hydrogen 400 <1

G H, Ethylene 400 < 0.4

coO Carbon monoxide 400 < 4

N H Ammonia 20 < 0.02

Example: if the detector is exposed to a 20 ppm swlfoe rdtiratide of
the reading can reach a maximum of 10 ppm.
The reading is negative when exposed to chlorixeder. nytrogen dio
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Hydrogen Sulfidld S) Detector

Hydrogen sulfide detector calibration dates:

Date: By:
Standard gas mixture: Zero[ppm
Barometric pressuge Air T.o ¢ £
(@]
()
0
Date: By: E
Standard gas mixture: Zeroppm ;
0
Barometric pressuge Air To¢ -
()
=
=
Date: By: %
Standard gas mixture: ZeroLppm =
()]
o]
Barometric pressuge Air T.o ¢ £
()
a
()
Date: By: n
Standard gas mixture: Zero[ppm N
[ee]
Barometric pressuge Air T.o ¢ )
v »
 ©
Qo
=3
Date: By: m
Standard gas mixture: ZeroLppm e
Barometric pressugeg Air T.o ¢ oo
o ®
Date: By: I
Standard gas mixture: ZeroLppm m
Barometric pressuge Air T.o ¢ >
Date: By:
Standard gas mixture: Zero[ppm l—
Barometric pressuge Air T.o ¢ (D




Hydrogen Sulfidld S) Detector

Calibration

As explained previously in Chapter 4 the flux memsnuie maintoishe slope of
the concentration curve versus time. The proportepraldsy ofmctbe d
volume/surface ratio of the accumulation chamber wsed ¢ot,tlas meHs
as, the barometric pressure and air temperature atf thaknmgmeng
measurement.

The most important aspect to understand is thpontiernfauxadstipe gradient of
concentration over time: ppm/second.

This aspect allows us to simplify the control ofelya sessspososes atitlhsed.

Each time a measurement campaign is initiated thepomste uaf etrhtea |g Bess
sensors must be verified and, if necessary, theetucatibration fin

To simplify the explanation see the following example:

Calibration control example:

Before verifying the calibration turn on the inserutnoenfoana meavmum of
20 minutes to stabilise the temperature of the detector.

Stepl: Verifying the zero:

Inject a flow (1 liter per minute) of nitrogen, brteytmtheénsdraiment and on
the palmtop screen read the concentration of caribaoslgjadxiibkeinpmuwtant
that the injected mixture not contain Hydrogee Shs$gidee o6f dhstandard
mixture with these caracteristics you can intakeaathomgphasritciaiputside
the area of abnormal emissions.
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The method for injecting standard gas mixtures ésaelkxphathedfahladwing
pages.

Meter
elease 8.2

Step2: Verification of the span:

Inject a standard mixture containing approximately ah@ pgphmclbftideS
response of the instrument.

3

Let's suppose that the check performed gavesthleasfollowing r
Injecting a mixture at zero concentration of H Sutimes caeteatdngeof 0.2
ppm.

Injecting a mixture containing a 20 ppm concentradton tHeuthe daeading
of 19.7 ppm.

b
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At a variation of concentration set at 20 ppm theaissitghthendiffiasent
response: 19.5 ppm (=19.7 - 0.2 ppm). The evislodtabowwiroab ppm, which
in percentage points over the span corresponds to 2.5% less.

The error in evaluating the increment in concentratiogsteamatésterasr dnsthe

evaluation of flux and, therefore, must be correcttded hysc¢almeatsngvhen it is too
high (> 5%).
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Hydrogen Sulfidld S) Detector

Step 1 : Calibrating the Zero

Option A)

Inject a flow (approximately 1 liter per minute) ofetitr@ageninos slyatimstrum
using a Mass Flow Controller or a needle type flowwegetator foltowifig th
scheme below.

In this case the instrument pump must be disconnect
calibration circuit.

Flow-meter

| o

@]:.

Needle-type Flow regulator
or
Mass flow controller

= September é/\bV\i\%.westsystems.com

Option B) Preferred N
Fill the 5 liters Tedlar-bag with nitrogen, or syethetic@ithandstooment: -
- o
L »n
= @©
Qo
2_
j q)

In this case the instrument pump is connected a
managed by the Calibra.exe calibration software.

3

QL o
o ®
= |
I:j
d waste

5 Liters Tedlar-bag
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Hydrogen Sulfidld S) Detector

Step 1 : Calibrating the Zero

'Iro calibrate the detector you need :

IA cylinder with nitrogen or UPP air (Mixture of 9% ofiyendnd 21
IA cylinder with 15/ 20 ppm of H2S in nitrogen or UPP air;

IA 5 (10) liters TEDLAR bag;

IWarm up the instrument for a 30 minutes periddchkiborgitonstar

Open the calibration software supplied with Cradibratrument:

Calibraeads the instrument configuration made by FluxtManaderyuhen b
Calibra be sure that FluxManager recognized theiooroé dhsborufmgurta t

2 devices founid

Check that the communication port is the correct
one:

Selemse'{sor- V| COMG6: Bluetooth for the wireless connection
COM1: Serial for the wired connection.

n The port information 1is taken from the

FluxManager <configuration file, then if
FluxManager was working also Calibra has to wcrk.

Comm por{.COMG: Bluetooth séTal
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‘ Restore configurat’01

Meter
elease 8.2

Actual reading : 5.00 pgm Select the H2S det®®to:2S

Comm por{.COMG: Bluetooth swry

Select ser{s@g.: H2S //v—l

3

b
b

&

(0}
a

Start calibratign

‘ Restore configurat’on

Once selected the sensor you want to calibrate you

2 devices found can see the actual reading.

|l
Actual reading : 5.0%m

Comm pori.COMG: Bluetooth svrlal

Select ser{sues Vl

Start calibratign

‘ Restore configurat’o

=

WEST Syst




Hydrogen Sulfidld S) Detector

Step 2 : Calibrating the Span

2 devices founld
Actual reading : 5.00 pgm

Comm por{.-COM6: Bluetooth swifal Fill the TEDLAR bag with the H2S free
mixture and connect it to the inlet port of
instrument.

Select sensb2S West v

/|
Start calibraf€ign

‘ Restore configurat’on

By pressi8gart Calibratittre detector

configuration is reset to default value and

pump is switched on.

By pressi@pgart Calibrati©alibra asks the current calibration values t
detector and store it in a file. These saved datoes tdmeb eheseurrent
calibration if something worog will happen.
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Now the gas mixture is injected into the deteceartratdonheeaanngs
are shown in the botton part of the screen.

The goal is to wait the stabilization of reading and emealtwhserlect an
the readings are stable.

Meter
elease 8.2

3

Nextp ‘ Candel

Currentvalue:33.4@._p_p_m_( H2S actual readlng

Average : 28.00 ppn

)
40.0"”“:0'200”@:\( H2S Drift and average )
)

b
b

&

(0}
a

_ /e-——-( H2S zero curve

< . .
\( left and right limits marker )

Once selected an interval you can read the averageérifaline thed th
interval. The average value of the selected inteaovabMblilabe thsed
detector. The drift value will give you an idea of "readimgssifabiliza
value must be close to zero as possible.

Once ready press the "NEXT>" button to procimedd with calibrat
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Hydrogen Sulfidld S) Detector

Step 2 : Calibrating the Span

Now connect the TEDLAR bag filled with the staad80D@agspmiwfur

H2S , inthe example) to the instrument.

Also here the goal is to wait the stabilization of readécg amd then to se
interval where the readings are stable.

1
Set S librate Calncel

Set Sp‘ SOOWCaIibr#te Céncel

Then you've to enter the exact concentration of
H2S in the gas mixture you'd like to use for the
calibration: for instance 8000 ppm.

Click on the "SetSpan" label and, using the virtual
keyboard, enter the value , expressed in ppm
8000, once finished click again "SetSpan" to hide
the keyboard.

Set Sp‘ BOOH)CaIibr#te Ce#ncel

Current value : 750 i
Averagenszo.ooﬁH H2S detector actual reading. )

drift : 0.200 ppmésef
8500.0 —( Drift/Average )

\g-——( H2S at span curve )

s~ left and right limits marker )

7000.0 -

Once selected an interval you can read the averageérivalie thed th
interval. The average value of the selected inteovahhMbllabe thsed
detector. The drift value will give you an idea of "readimgdsifabilization".
value must be close to zero as possible.



Hydrogen Sulfidld S) Detector

Step 2 : Calibrating the Span

Now, if you preaslibratethe detector will be calibrated with the
parameters.

If you want to abort the operatio@agreshkutien:

Set sp| 800pcalibrgte THace! |f you want to cancel the current calibrat

C:J;f;se"?';’gzio70500(:””2'“ because troubles during the procedure, press
drift : 0.200 ppm/sef button "cancel", the main calibra screen will ap

8500.0

= September é/\bV\i\%.westsystems.com

2 devices foun/d

Actual reading : 5.00 pgm

Comm pori,COMG: Bluetooth svrla

Select ser{erzS West vl

Then press the Restore configuration to rese
Start calibratig previuos calibration.

7
‘ Restore configurat’on

Meter
elease 8.2
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If you press Exit you'll use the "standard calib

that could be not so accurate.
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Hydrogen Sulfidld S) Detector

Replacing the sensor head

B el

Remove the 2 socket head screws
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Now proceed following the

w‘w instruction from step 1 to step 4.

\ (Step 4) Remove the O-ring gasket

(Step 3) remove the online adapter

<€

(Step 2) remove the flange

€

u u < (Step 1) remove the socket head screws
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Hydrogen Sulfidld S) Detector

Replacing the sensor head

Extract carefully the sensor he
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Meter
elease 8.2
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Now install the new sensor head (WS-H2S-BH Headf dahd detzsse
Please check the O-Ring status and check thesesesdinlyeatl/tdre lin
adapter.
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After changing the head you have to re-calilomate the detect
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Hydrogen Sulfidld S) Detector

WS6B11 HiResolution ADC Converter

M Bortaluc o
G\irgll

RIS

PROGR. ] cone RlE
| eceowo ¥ @
7| DOeess ' E ZIE -

@E%E @ ~ ggggg =
P W O R

c14+ WEST ST48540 ! u

N [
4 Syst
q] e djé:ﬂ“ e @
O \ I e Ll ol | | ] Relem Sept 02

The WS6B11 is a high resolution analog to digital cbmMNewniergwith the
specifications:

Resolution 20 bit @ 1 Hz;

Repeatibility 0.01% of Full Scale value;

Accuracy 0.025% of Full Scale value;

Full Scale value 20 mA;

Protocol WS6B11 with CheckSum enabled;

Configuration Type (Conf) DO

Interface RS485 @ 9600 bit/sec, none paritlyit 8tbpt;data, 1
RS485 Address 01;

Power supply 12-18 Volts DC 30 mA.
Sampling frequency 1 Hz
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The WS6B11 Must be set as:

Conf: DO;
Configuration PINS OPEN;
RS485 ID : By default 01 HEX;

The 4-20 mA configuration must be done ®hile in Conf:
The calibration software must be SetSensorH2S.exe

WEST Syst
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Hydrogen Sulfidld S) Detector

Flux and concentration calibration results

H,S fluxes from soil are simulated by injectinggaskindwrihféow of
accumulation chamber. The interface between themmbeumulation ch
and the calibration table is built to minimize the gas leakage.

For flux between 0.0002 and 0.02 moles/(m day) thésinjected flu
controlled and measured with a precision mass floMF®@nsroller. This

electronically stabilized (Accuracy 3%).

For fluxes between 0.06 ‘moles/m /day and 0.6 moljesi/tedday the in
flux is controlled by means of a mechanical flowuedad casirghd mea
a bubble flowmeter (Accuracy 3%) before and afterethentlux meas

with the accumulation chamber.

A thermometer and barometer were utilized to measure the barom
pressure and the air temperature during the experimlert therder tc

correct accumulation chamber conversion factor.

The same procudure was utilized to check the inmstseutoental respo

Carbon Dioxide.
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Mass flow controller

Standard mixture of hydrogen sulfide/carbon dioxide/nitrogen
cylinder and pressure reducing valve
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Hydrogen Sulfidld S) Detector

Flux and concentration calibration results

The simulated flux experiment was done using theaactlamBlation
that's more accurate for the hydrogen sulfide measurement.

Room temperature : Betwenn 20.2 and 21.4 °C

Air relative humidity 52-54%

Barometric pressure between 1013.1 and 1013.8 HPa
Accumulation Chamber B <constant at 1013
(moles/sm/day)/(ppm/sec)

For each imposed flux 3 measurement was done dbilshoty.the repe

and/020°C

1

%

Measured
moles/sm/day
-

»

0.000

0.0001 0.001 0.01 0.1 1

Imposed Flux moles/sm/day

Errors plot
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In the plot below the error evaluating flux vs flux are shown o~
©
error % Vs Flux - @
0.0 s [GRN7))
. s = ®©
-5.0pP ’0 — . ’: () @
. . P lo . 3 . *3 S —
10.00 e e ¢ - e 3
-15.00 - - - I
X -
‘6-20.00 L
E -25.00 -
. * o A
-30.0/0 : m
-35.00 - o ®
40.0/0
-45.0% T
0.0001 0.001 0.01 0.1 1

Imposed Flux moles/sm/day

A flux curve

I'n

the plot below a typical

ppm/sec and the flux is 0.019 moles/sm/day

hydrogen sulfide fluxe cisrwe028e sld

ppm

H2S Flux curve

T

200
Time Sec

250
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Hydrogen Sulfidld S) Detector
Flux and concentration calibration results

In the plot below the "base line" of the hydrogen sulkfide idetect
reported. The initial drift is due to the sensaadjutdammpenadtwhen the
pump is switched on. The injected gas mixturenyasithe laborat

H2S ppm
0.2
.
0.3 . e
. amoone ¢
. . . @5 000<H0 KID 0 CIIHO O B OO K> 0
0L GO KD ¢ e w 6000 CTIHITIICIATIN QeSS
* omooe -w o o
o1 o = 000 er—+
b - . v
» -
~ -
T °
0. I
-
-
o
>
0.0
0 T T T T T T T T
0 100 200 300 400 500 600 700 800 900
Time (sec)

In the plot below the stability of the hydrogenosutifude sdeepotraed.
The injected gas mixture at 1 liter per minutéfvBaim 20tppgeaf

medium term stability @ 20 ppm

20.

19.

19

18.

60 120 180 240 300 360

Time secs




LI820 CO2 Detector

ﬂ

General discussion

PAG

b

The subjects regarding calibration of your portabtde timetr
measurement of diffuse flux will be discussed in this chapter.

As explained previously in Chapter 4 the flux meastiom@akend i
the slope of the concentration curve versus timrealiTh ef goortop
depends on the volume/surface ratio of the accemulsadofocthe
measurement, as well as, the barometric pressure aadfiheée
moment of making the measurement.

The most important aspect to understand is pmapdhtdofhax s th
gradient of concentration over time: ppm/second.

This aspect allows us to simplify the control ofhté e & e speomssaer
utilised.

tsystems.com

Each time a measurement campaign is initiated the onserwme
the gas sensors must be verified and, if necestsanyfitteeturcadib

To simplify the explanation see the following example:

Calibration of LICOR

Before verifying the calibration turn on the instrutmemtf@ama
minimum of 20 minutes to stabilise the temperatuse of the deteg

Stepl: Verifying the zero:

Inject a flow of nitrogen, or synthetic air, int@andeoinsheuped mto
screen read the concentration of carbon dioxiibkeinpovitaunsliyha
the injected mixture not contain carbon dioxideoflm thta radared
mixture with these caracteristics you can intakeaatihomgpheritci
outside the area of abnormal emissions, and takragiomta
standard value of 350 ppm for carbon dioxide.

elease 8.2 - September JoNY-wes

3

The method for injecting standard gas mixtures edagkphaitmed
following pages.
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Step2: Verification of the span:

Inject a standard mixture containing approxim®telppin% Lo
carbon dioxide and check the response of the instrument.

Let's suppose that the check performed gave the following res

Injecting a mixture at zero concentration of bda&riCdnh2ddexeadeot
returns areading of 10 ppm.

Injecting a mixture containing a 10,000 ppm ¢oocecrdrotradioRi g
the CO2 detector returns areading of 9940 ppm.

At a variation of concentration set at 10,000npegpm hlas enstight
different response: 9930 ppm (=9940-10 ppm). Thereisadtiationt
70 ppm, which in percentage points over the spar) c®%résponds

The error in evaluating the increment in concentratdon manifég
systematic error in the evaluation of flux and, hbhecefogetem u s
by calibrating the instruments when it is too high (> 5%).

WEST Syst



LI820 CO2 Detector

When you need to calibrate the LICOR LI820/LI800

The LICOR is a very stable detector, the pressunal cbmplkesmtilon a
stabilization features allows the instrument toatiannfarnlongalibr
periods. The calibration is necessary if you decideidal cheathhg@rthe
to clean it. In any case we advise calibrating it only if necessary

What you need to calibrate the LICOR LI820/LI800

! A personal computer running MS Windows 9x, or NI@00 or WPndows

! A null modem cable, furnished with the LICOR LI8xO0;

! A cylinder of nitrogen or synthetic UPP Air, cam &OD A RAGE R
PIPE to trap the carbon dioxide.

! A cylinder of standard mixture of 1% of carbon dipxge®a)i;n dilre(or nit
CO2 concentration has to be minimum the 50% of tdhfeLfl8X G aale vale
maximum the 95% of this value. If the full scale vaheeoifsQO2 by volu
the concentration of standard must be in the rdongle 96 mfl®O2p

! A flow meter able to measure up to 2000 cubic memuim gteat pe
strictly necessary);

! A screwdriver and a hexagonal wrench to accestsothe DB9 connec

Connect the RS232 serial cable to a free seriagduytert of your com

Run the LICOR windows software (Furnished with then WW&OR senscr)
personal computer.

Flow the gas mixture into the LICOR , not exceedingqdlax@0 SCCM (Stz
Cubic Centimeter per minute)
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Follow the instruction of LICOR handbook to cahibitate sth@&nzef o
your detector:

LIB00 (page 3to 11 of the LIB00 handbook)

L1820 Page 3.24 of the LI820 handbook

Meter
elease

2 To access the LICOR DBY9 seriel
port you've to remove the
cable that connect the L1820 tn
the instrument.
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5 liters TEDLAR bag

9 PIN NullMODEM serial cable
(female - female connectors)
This cable is furnished
with your LI800 (L1820)

To the RS232 port of your computer

WEST Syst

Once ready reassemble the instrument.




LI820 CO2 Detector

(17820

g, 515 NALIZER

mm TEDLAR BAG
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To apply the gas mixture to the LI820 fill and RoBAEctoati& Dril&t port; th
turn on the pump START a measurement with FluxManager.

The LI800/820 settings.
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In the figure at the left the main screen of
configuration / checking software.
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Selecting [View][Settings] you access to the co
screen.

Enable heaterust be checked
Pressure compensatiromnst be checked
The Span range (Thas the Full scale of LICOR) fg
use is set to 20,000 ppm (2%). If you want tlowncre
flux measurement accuracy you can set the Span ra
ppm (0.5%). With the FS set at 5000 ppm the ca
measuring high flux will be reduced to a maximum d
per square meter per day.

Selecting [View][Calibration] you access to the
screen.
Calibrate for first the zero and then the span.

WEST Syst
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WS-HC Methane Detector

WS-HC Hydrocarbon Flux measurement:

The HydroCarbon detector is based on a double beam infrared
spectrometer able to detect methane, hexane , propane and other

molecules with HC linkages.  The instrument comes calibrated for the

methane. The instrument requires a frequent zero base-line
calibration that will be done using atmospheric air. The calibration requires

20 second .

Detector specifications:

Accuracy 5%

Repeatibility 2%

Resolution 22 ppm (Methane equivalent)
Full scale range is 10000 ppm of methane.
Detection limit 60 ppm.

www.westsystems.com

Methane flux measurement range from 0.2 to 300 moles/m per ddy
(accumulation chamber A or C) and from 0.2 to 600 moles/m per ddy
(accumulation chamber B).

The precision depends on the measured flux:

range 0.2 - 10 moles/ m per day +25%
10-600 moles/ m pet day +10%

The measurement of very low fluxes (< 0.2 moles/m per day ) is possible
but the error will increase due to the low detector sensitivity.

-
@ WS-HC Detector @

I
-
o
~
S
@
o]
(S
)
I
o
[
)
1
N
oo
@
(2]
@
@
)
@
1
X
o)
o)
e!
S
=
S
T

Lo
w p
JOROE a :
= s
® @ x
C £
@ Www.westsystems.com @ /) %
[
RS485 Connector DB9 Male panel =
o
Pinl Gnd
Pin2  +Power supply
Pin3 Gnd

Pin4 RS485B
Pin5 RS485A

Pin6 Gnd
Pin7  +Power supply
Pin8 Gnd

Pin9 RS485B

The gas fittings can be used with rilsan 6x4 mm tubes or silicon
5x3.2 tubes. Please respect inlet and outlet ports.

WEST Systems




WS-HC Methane Detector

WS-HC detector/ Set of baseline

The WS_HC detector requires a frequent baseline correction: From FluxManager
start a measurement taking the accumualtion chamber far from the soil in order to
sample atmospheric air instead of soil gas.

Select the {Tools} {Set zero} menu voice and wait for 15-20 seconds. During this
period the WS-HC will not send any concentration data. Once finished the base line
(then the readings) of WS-HC will be zero and the instrument will be ready to
work.

WS-HC detector/technical informations

To access the DIP switches

remove the 4 hexagonal screw and then remove the cover

www.westsystems.com

The dip switch
1 ON = Address base
5 ON = Temperature active

Re-assemble the cover.

Factory Configuration Dip switches

y
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Portable Flux Meter

Factory Configuration

Description Conf Unit Swl On Swl Off
Methane E6 ppm 01 OA
Temperature E9 °C 02 0B

DIP switch settings

DIP =nable Default
Swi Base Address On
SW2 Reserved Off
SW3 Reserved Off
SwW4 Reserved Off
SW5 Temperature On/Off On
SW6 Reserved Off
SW7 Reserved Off
SW8 Reserved Off

WEST Systems




WS-HC Methane Detector

WS-HC detector

The WS-HC readings are very stable: here is reported the record of 300 seconds
while injecting UPP air or nitrogen at 1 liter per minute flow rate.

WS-HC Detector s/n WS-HC 2007/33

0.01

0.008

0.006

0.004

0.002

50 100 150 200 250 300
-0.002
-0.004
-0.006
-0.008
0,01
WS-HC s/n WS-HC 2007/33
10000

9990

9980 S—
£ o970
(=}

9960

9950

9940 T T T T T T
0 50 100 150 200 250 300

sec

350

Here is reported the record of 300 seconds while injecting a standard mixture of
10000 ppm of methane in nitrogen at 1 liter per minute flow rate. The readings
driftis 0.086 ppm/sec. The average value is 9975 ppm and the error is -0.25%.

The drift is the most important parameter to control while measuring flux.

Since it's not possible to distinguish between a drift, due to thermal and
electrical instability of the detector, and a real variation of concentration
due to the flux the drift of detector reduce the precision while measuring
flux.

The drift of 0.086ppm/sec (at 1013 and 26°C ) correspond to a 0.03
u moles/m per day value of flux.

www.westsystems.com
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WS-HC Methane Detector

WS-HC s/n WS-HC 2007/33
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WS-HC Methane Detector
Calibration of the methane detector

General discussion

The subjects regarding calibration of your portable instrument for the
measurement of diffuse flux will be discussed in this chapter.

As explained previously in Chapter 4 the flux measurement is proportional to
the slope of the concentration curve versus time. The proportionality factor
depends on the volume/surface ratio of the accumulation chamber used for the
measurement, as well as, the barometric pressure and air temperature at the
moment of the measurement.

The most important aspect to understand is that the flux is proportional to the
gradient of concentration over time: ppm/second.

This aspect allows us to simplify the control of the response of the gas sensors
utilised.

Each time a measurement campaign is initiated the instrumental response of
the gas sensors must be verified and, if necessary, their calibration fine tuned.

To simplify the explanation see the following example:

www.westsystems.com

Calibration control example:

Before verifying the calibration turn on the instrument and leave it on for a
minimum of 20 minutes to stabilise the temperature of the detectors.

Stepl: Verifying the zero:

Inject a flow of nitrogen, or synthetic air, into the instrument and on the palmtop
screen read the concentration. Obviously, it is important that the injected
mixture donot contain methane. In the absence of a standard mixture with
these c haracteristics you can intake atmospheric air, as long as it is outside the
area of abnormal emissions, and taking into co sideration that you can have
few ppm of meth re in air.

The method for injecting standard gas mixtures is explained in detail in the
following pages.

The WS/HC requires a frequent set of base line, then before to proceed is
necessary to start the measurementin order to turn on the pump, then wait that
the reading is stable and then set the base line by selecting Tools Setmeru
voice offluxmanager. As shown in the previous chapter the WS-HC base line is
very stable and after the Set Zero procedure the methane reading will be zero.
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Portable Flux Meter

Step2: Verification of the span:

Inject a standard mixture containing approximately methane in the range from
7000 up to 10000 ppm and check the response of the instrument.

Let's suppose that the check performed gave the following results:

Injecting a mixture at zero concentration of theHlletector returns a reading
of 0 ppm.
Injecting a mixture containing a 10,000 ppm concentration of detedtor

returns a reading of 9930 ppm.

At a variation of concentration set at 10,000 ppm the instrument has a slightly
different response: 9930 ppm . The evaluation error is of about 70 ppm, which
in percentage points over the span corresponds to 0.6% less

The error in evaluating the increment in concentration manifests as a
systematic error in the evaluation of flux and, therefore, must be corrected
by calibrating the instruments when it is too high (> 5%).

WEST Systems
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WS-HC Methane Detector
Calibration of the methane detector

To calibrate the detector you need :

I A cylinder with nitrogen or methane free air UPP;

I A cylinder with 7500 / 10000 ppm of methane in nitrogen or UPP air;

I A5 liters TEDLAR bag;

I Warm up the instrument for a 30 minutes period before to start calibration.

Open the calibration software supplied with the instrument: Calibra

Calibra reads the instrument configuration made by FluxManager, then before to run
Calibra be sure that FluxManager reconnized the correct configuration of instrument.

2 devices found

Check that the communication port is the correct
one:

Select sensor | V| COMBG6: Bluetooth for the wireless connection
COML1: Serial forthe wired connection.

The port information is taken from the

‘ FluxManager configuration file, then if
FluxManager was working also Calibra has to work.

Comm port. COME6: Bluetooth serial

‘ Restore configuration

Actual reading : 5.00 ppm Select the methane detector: CH4

Comm port. COMB6: Bluetooth serial

Select sensor.

Start calibration

‘ Restore configuration ‘




WS-HC Methane Detector
Calibration of the methane detector

Here following the pneumatic connections while calibrating.
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EI%@%
Pump Gas inlet
Filter

5 liters TEDLAR bag
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Portable Flux Meter

Once selected the sensor you want to calibrate you

2 devices found can see the actual reading.

L
Actual reading : 5.00 ppm e

Comm port. | COMBS: Bluetooth serial vl

Select sensor. | CH4 Vl

Start calibration

‘ Restore configuration ‘

WEST Systems




WS-HC Methane Detector

Calibration of the methane detector

2 devices found

Actual reading : 5.00 ppm

Fill the TEDLAR bag with the methane free gas
mixture and connect it to the inlet port of the
instrument.

Comm port. | COMB6: Bluetooth serial Vl

Select sensor. | CH4 West

Start calibration

‘ Restore configuration ‘

By pressing Start Calibration the detector

configuration is reset to default value and the pump

is switched on.

www.westsystems.com

By pressing Start Calibration  Calibra asks the current calibration values to the detector
and store it in a file. These saved values can be used to restore the current calibration if
something worog will happen.

Now the gas mixture is injected into the detector and the concentration readings
are shown in the botton part of the screen.

The goal is to wait the stabilization of reading and then to select an interval where
the readings are stable.
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(]
S Next> ‘Cancel ‘
P53 Current value : 33.400 ppm i
3 veraae. 2.0 ppin 6\-( CH4 actual reading )
LL Drift : 0.200 ppm/sec <
2 00 \( CH4 Drift and average )
8
S
o

- /e———( CH4 zero curve

3 ‘:\( Left and right limits marker )
0.3 ~

Once selected an interval you can read the average value and the drift in the
interval. The average value of the selected interval will be used to calibrate the
detector. The drift value will give you an idea of "readings stabilization". The drift
value must be close to zero as possible.

Once ready press the "NEXT>" button to proceed with calibration.

WEST Systems




WS-HC Methane Detector

Calibration of the methane detector

Now connect the TEDLAR bag filled with the standard gas mixture (8000 ppm of
CH4 , in the example) to the instrument.

Also here the goal is to wait the stabilization of reading and then to select an
interval where the readings are stable.

www.westsystems.com

W/
Set Span | 8000 ||Calibrate [fancel | /7/////

Then you've to enter the exact concentration of
methane in the gas mixture you'd like to use for the

calibration: for instance 8000 ppm.

Click on the "SetSpan" label and, using the virtual
keyboard, enter the value , expressed in ppm :
8000, once finished click again "SetSpan" to hide
the keyboard.

Set Span ‘ 8000 HCaIibrate Hﬁancel ‘

Current value : 7500 ppm 6\-( CH4 detector actual reading.

Average : 7520.00 ppm
Drift : 0.200 ppm/sec <

8500.0 \( Drift/Average
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Portable Flux Meter

—— { CH4 at span curve )

3 G\C Left and right limits marker )

7000.!

Once selected an interval you can read the average value and the drift in the
interval. The average value of the selected interval will be used to calibrate the
detector. The drift value will give you an idea of "readings stabilization". The drift
value must be close to zero as possible.

WEST Systems




WS-HC Methane Detector

Calibration of the methane detector

Now, if you press calibrate the detector will be calibrated with the new

parameters.
S .
= If you want to abort the operation press the Cabaéion:
%)
IS
o)
i
(7]
>
2]
0
0
(]
s
Set Span | 8000 |[Calibrate ffance If you want to cancel the current calibration,
C:;ﬁg;‘f‘_";‘;:z;%%"pm“ because troubles during the procedure or.., press
drift : 0.200 ppm/sec the button "cancel", the main calibra screen will
8500.0 appear.
—zd
7000.0

2 devices found

Actual reading : 5.00 ppm

Comm port. | COMB6: Bluetooth serial Vl

Select sensor. | CH4 West
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Portable Flux Meter

Then press the Restore configuration to reset the
previuos calibration.

Start calibration e 4

7
‘ Restore configuration ‘

If you press Exit you'll use the "standard calibration”

that could be not so accurate.

WEST Systems




WS-CH4-TLD Methane Detector

WS-CH4-TLD Methane Flux measurement:

The detector is based on a TLD (tunable laser diode) coupled with a

multipass cell. The Tunable Diode Laser Absorption Spectroscopy

detection method is based on the principle of absorption of the light by

a medium which is described by the Beer Lambert law.

The operational wavelength of the laser diode is 1650nm. The signal is
then optimized by adding a multipass optical cell, which allows

increasing the pathlength in the gas.

The IN and OUT gasfittings can be used with rilsan 6x4 mm tu besor
silicon 5x3.2tubes. Please respectinletand outlet ports.

Always make sure that a filter (porosity 0.20 m or less) is
applied between the inlet on the fluxmeter and the inlet of WS-
CH4-TLD detector. If water, dust, dirt or any other polluting
substance comes inside the cell, it will alter the behaviour of the
mirrors. In the best case, it will be necessary to send the

N instrument to West Systems for a cleaning, which is a long and
expensive procedure.
Never open the protective case of the WS-CH4-TLD. Some
components like the optical fiber could be damaged if touched or
moved.

The RS485 cable provides both power supply and communicatio n

RS485 Connector

Pin1 Gnd
Pin 2 Gnd
Pin 3 +Power supply
Pin4  +Power supply
Pin 5 Gnd
Pin 6 Gnd
Pin 7 RS485 B
Pin 8 RS485 B
Pin 9 RS485 A
Pin 10 Rs485 A

www.westsystems.com
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WS-CH4-TLD Methane Detector

Detector specifications:

Resolution: 0.1 ppm

Concentration measurementrange: from0.1 ppmto 10% vol*
Accuracy: +10%

Operatingtemperature: -10°C...+45°C

Selectivity to methane

(S
o
O
(2]
GE) Flux Measurementrange: from 1to 900,000 millimoles/m2 perday
®
>
2 Range Unit Precision
g 0-1000 mmoles/m pet day +25%
3 1000 - 150,000 mmoles/m per’day +10%
% 150,000 — 900,000 mmoles/m per tay +20%

Start-up time
The methane detector is ready to measure in less than a minute.
During the warm-up time, the shown methane concentration is 0.

The following plot (ppm vs. seconds) shows a stability test while
injecting atmospheric air for about 1,000 seconds.
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; *The detector is actually able to measure concentration up to 100% vol,

which is not purpose of soil emission measurement.




WS-CH4-TLD Methane Detector

The plot (ppm vs. seconds) shows an accumulation curve while measur ing
afluxof 1.7 mmoles/m2 perday

*
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The plot (ppm vs. seconds) shows an accumulation curve while measur ing
afluxof 18 mmoles/m2 perday
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WS-CH4-TLD Methane Detector

In order to guarantee the measuring of CH4 concentration in a wide range
(0-100% vol),the sensor needs to apply different settings on the la ser
diode.This adaptations produce a gap of a few seconds during which a va lid

concentration value is not available.

Computing flux
The sensor presents a first change of scale around 140-150 ppm and a second
change around 2300-2400 ppm. During a change of scale, the val ue remains
constantforabout 10 seconds.
35252
31738 /
Ve
28226 “//
2nd change f/‘r
24712 of scale >
21198
17656
14173
1066.0
7146
o P 1st change
/ 5 < of scale
120 1f + I I i
oz 264 525 756 104.7 13089 157.0 1831 2082 2354 2615
If you cross that threshold during the accumulation curve, please appl y the
interpolation on the second part of the curve. Do not include the ten-seconds
gap into the linear regression in order to prevent measure erro rs. Extend the
duration of the accumulation curve if necessary.
9158
G248 f’}}
738 /""K’(‘
E428
A
5518 “I
460.9 xf
e Change ’y”
of scale
2788
by ey
w0 ,,x")‘x Regression on
% the second part
5q iy | | | iy

01 98 185 292 359 486 583 65.0 7T 875 972



WS-CH4-TLD Methane Detector

Calibration of the methane detector
General discussion

hasto be sentto West Systems for calibration.

The subjects regarding calibration of your portable instrument for the

measurement of diffuse flux will be discussed in this chapter.

As explained previously in Chapter 4 the flux measurement is pr oportional to

the slope of the concentration curve versus time. The proportional ity factor

depends on the volume/surface ratio of the accumulation chamber u sed for the

measurement, as well as the barometric pressure and air temperatur e at the

moment of the measurement.

The most important aspect to understand is that the flux is proportional to the £
gradient of concentration over time: ppm/second. 3
This aspect allows us to simplify the control of the response of the used gas g
sensors. %
Each time a measurement campaign is initiated the instrumental respo nse of E
the gas sensors must be verified. If the error is not acceptable, the instrument a;:

To simplify the explanation see the following example:

Calibration control example:

Before verifying the calibration turn on the instrument and le ave it on for a

minimum of 5 minutesto stabilise the temperature of the detectors.

In order to injext a mixture into the detector, we suggest filling a gas sampling

bag (e.g. Tedlar bag) from the cylinder and then let the pump of th e fluxmeter
flow the gas inside the detectors. In this way, it's possible to recreate ascenario

as mush as possible similarto the on field measurement.
Stepl: Verifying the zero:

N
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N
@
o]
=
(&)
o
)
Inject a flow of nitrogen, or synthetic air, into the instrumen t and read the '
concentration on the palmtop screen. Obviously, itisimportant that th einjected g
mixture doesn't contain methane. = 8
L . . . . . . o @©
The method for injecting standard gas mixtures is explained in detail in the % %
following pages. < ¥
=
Step2: Verification of the span: [T %
[}
Inject a standard mixture containing methane in a concentration po ssibly close % é
to the values you reach when measurering maximum fluxes (e xample 10,000 = 5
ppm). o
Let's suppose that the performed test gave the following results:
Injecting a mixture at zero concentration of CH the detector retur nsareading of
Oppm.
Injecting a mixture containing a 10,000 ppm concentration of CH detector
returnsareading of 9930 ppm.
At a variation of concentration set at 10,000 ppm the instrument h as a slightly
differentresponse: 9930 ppm. The evaluation erroris of abou t70 ppm, whichin

percentage points over the span corresponds to-0.6%

The error in evaluating the increment in concentration manif ests as a
systematic error in the evaluation of flux and, therefore, m ust be corrected
by calibrating the instruments when it is too high (> 5%).
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The palmtop

West Systems provhéestation with a palmtop. To know the m
palmtop please see the list of the package s compdneAotis mo rcd
information about the palmtop please read the paknetpuwi spleandHh

West Systems also provides a memory card with a yprefins
FluxManager. We advise using this card as aFlagkwemaoey arfd
buy another card to store and transfer the data.

The PDA has a memory card slot, so West Syst&msapreoptiare shag
you can plug the memory card into the adapteadampdetrhemtd htd e
card reader of a PC and copy the FluxManager files.

tsystems.com

If the battery of the PDA is down, you can reelilargradatewiblatttre r
West Systems furnishes a cable for connectingobhehB SUBEN RO et
external panel to the male USB A-type connector olflehésE®A
page 5.10 for the cable s specification). When ¢bie d glole dand
continue your field work while the PDA is recharging.

elease 8.2 - September gy -wes

3

b
b

&

(0]
a

o
>
"
I_
n
"
=



(S
o
(&)
»
S
()
o
>
n
o
[}
=
N
2
o
Q
1S
()
o
()
%)

Meter
elease 8.2

3

b
b

&

(0]
a

EST Syst

FluxManager installation

The FluxManager software is furnished by West Syldeemst on two d
supports:

- Onthe West Systems software CD.
- Onthe SD memory card.

PC based installation

1- Connect the PDA to your computer using the UBS8oftable. It Mic
Activesync is installed, its window will appear:

(&) Microsoft ActiveSync b _'I I:Ilﬂ

File Misualizza Strumenti 7

.
{f-} SinCronizea if'—e Pianifica @ Esplora

Ospite @
Connesso

Mascond dettagli &

Tipo informagiani Skato |

2- Pressing Ex@lorbutton, Activesync will allow to navigate into the
PDA directories.

3- Navigate to the\Wanhldows\Start Meemducopy here the two fileg
calibra.exe and FluxManager.exe from the softwamet@B®. From riow ¢
executables files you just copied will appear when pressirig the
Menu of the PDA. The PDA furnished by West Systams has alreac
two files installed.

@startdenu e [« .|

File  Modifica  Visualizza  Preferiti  Strumenti 7 | #
elndietro - @ - @ pCerca @Cartelle g @ x q | v i
Indirizza IE;] vindowsiStart Meru j b
Mome = | Dimensi. . . | Tipo | Modificata |

[&}Programs Cartella di file

(51 5ettings Cartella difile

@l calibra.exe 1.62MB  Applicazione 01/12/2007 0.03.16
[EFluxManager.exe 1.59MB  Applicazione 01/12/2007 0.03.34

4 oggetki | B Dispositivo portatile 4




FluxManager installation
Storage card based installation

1- Insertthe SD card into the SD slot of the palmtop.
2- On the PDA: press the Start button and thiem Pileggamer&
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‘& | Programs [ e Ty == <
Games Office ActiveSync |+ ;

Mobile i ©
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3- Navigate to Storage card.
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FluxManager installation

4- Copy FluxManager.exe by holding the stylus oscomed §i.le for few s

5- Navigate to My Device, then twthdopmaghStart Menu
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FluxManager installation

6- Hold the stylus in the white area and as the nmespRiIpsappears p
From now on the executables files you just copied will appear
pressing the Start Menu of the PDA.



Bluetooth communication

The Bluetooth connection system allows the wireless management ¢
portable fluxmeter. A Bluetooth RS232 adapter ishenmluddeterinto t

and connected to the palmtop via radio. The opgraodid@ naateass

To setup the communication between the PDA and the fluxmeter:

1- Switch on the fluxmeter.
2- Switch on the palmtop. Once the Windows Mobile main page disy

pressStartand seleBkettingsGo t&onnectiohsb and select
Bluetoo.th

Make sure Bluetooth is active.



Bluetooth communication

3- Go tbevicetab and check if there is an item with the serial numbe
of your fluxmeter (e.g. WS0001).

If it's displayed, go forward to point 4. i itthe poct(Qli&k, click
Add new devite &tart a Bluetooth search.

Click on the serial number of the instrument youd whick to add -
N e xt



Bluetooth communication

Enter the passkey 1234 adwuhaxttickfkinish

Now the instrument is in the list.



Bluetooth communication

4- Go to tB®OM Porntsb and clNeekw Outgoing .Port

Select the device by comparing the serial ni\wekxér and click



Bluetooth communication

Uncheckecure Connea@tidnselect a port (e.g. COMis@Glick

5- Now you can start FluxManalgeeorla@bidkehettinggnd select
the port you entered in the previous point (e.g. COM1).



Now you're ready to perform a measurement. The RBtedcdas an integ
GPS that you won't have to configure, FluxManager will recognize it.

West Systems provides a SD with a preinstalled cepyWd FluxManag
advise using this card as a backup copy of FlhnuManagleerand
card to store and transfer the data.

The PDA has a memory card slot, so West Syste&nbs aaraptieies an
thus you can plug the memory card into the eadapee acagtdh
into the card reader of a PC and copy the FluxManager files.

For more information about the palmtop please read the palmt
handbook equipped.



Bluetooth communication

Pageintentionallyleft blank



Soil Box

General description

The Soil.box is an hardware/software i nterfatteat convert the signal of Soil
Temperature and of the Soil Water Content TDR CS616 sensor to a digital format
compatible with the DF1A soilflux station.

The output of the Soil.box is a RS485 with the standard WEST Systems pin out.
Since the SoilBox is designed to be the last device in the bus the RS485 line is
terminated with a 120 Ohm embedded resistor.

www.westsystems.com

Connections:

! RS485-->IN A

! CS616 --> IN-B

! Pt100 -->OUT

Addresses

Description LCD Conf Unit LS FS IDO ID1 ID2 ID3
Water Content % TDR A0 % 0 100 1 5 9 oD
Water C. Pulse TDR RAW Al uSec 15 35 2 6 O0A OE
Soil temperature  6B13 22 °C 0 200 3 7 0B OF
PT100 Resistance 6B13 R. A2 Ohm 4 8 0C 10
Where:

LCD is the caption that the station display when the channel is selected.
Conf. Isthe channel type

Unitis the measure unit.

LS is the minimum reading

FS is the maximum reading

The RED highlighted is the default set.
IDO .ID3 arethe base RS485 address of the device that you can set following the

next table:
DIP SW SW5 SW6 SW7 Addr 0
IDO 0 0 0 01
ID1 0 0 1 05
ID2 0 1 0 09
ID3 0 1 1 13

Dip SW 8 :Reserved for calibration / no actual function.

Please note that the soilbox is designed to works only with the CS616 CS water
content TDR probe. The obsolete CS615 can not be used.

Please follow the instructions on the RS485 Expansion chapter of the station
Handbook to configure the station.
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SoilBox

Connectors pinout

Soil Temperature Pt100 Connections

Panel 3+T female connector
Pinl: Red1

Pin2: Red2

Pin 3: White 1

Pin T: White 2

CS616

If youl!re using a old Pt100 probe , supplied with the Rs485 HUB check that the
pin T is connected to the White 2 wire of the Pt100 probe. If NOT please modify
the Pt100 connection. A simple bridge between pin 3 and pin T can be enough ,
also if this simple solution can reduce the temperature measurement accuracy.

Connections

Panel 6+T female connector
Pin 1: Orange (Ignition)

Pin 2: Red (Power supply)

Pin 3: Green (Signal)

Pin 4: Black + Screen (Ground)

RS485 Connections

Panel 6+T male connector

Pin 1: G
Pin 2: A
Pin 3: B

nd Black
Yellow
Green

Pin 6: +V12 Red

DIP switch settings

DIP SW
Swi
Sw2
SwW3
Sw4

DIP SW
SW5
SW6
Sw7

Sw8

Enable/Disable Factory Default
TDR
TDR RAW
6B13
6B13 R.

il

Enable/Disable Factory Default
ID Set 0 0

ID Set 1 0 See page S.1
ID Set 2 0

Calibration 0



SoilBox
Schematic
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SoilBox

PCB Layout
| '
S R - = 5

. <\ o&uu‘vuuaanH - 2 ﬁ‘ﬂ % VVhIte 2 P|n T

IPORY/ VE] 2l & White 1 Pin 3

NS R B = Red2 Pin2
£ z e Red1l Pin1l
S R MERZ Ignition Pin 1(Yellow)
£ :EDE‘%& 1 = P.Supply Pin 2(Red)
5 COC-F I = Signal Pin 3(Green)
o “EDE= T8 = Gnd  Pin 4(Blue
2 COCE s| B (Blue)
s N Y -
§ “ . 7 Gnd  Pinl (Blue)

wgw EQ > E RS485-A Pin 2 (Green)

3ﬁ e = = RS485-B Pin 3 (Yellow)

é +12Volts Pin 6 (Red)
S srmed san DE j AaizL Ly
j B UZHQM -
[l=ﬂﬂ=ﬂI

ASEZL nm o

Testing temperature channel

Connect the dummy Pt100 probe , you can ask with no charge to WEST Systems, to the soil box
and check that the 6B13 channel reading is equal to the reading reported on the label attached to
the dummy probe. The Dummy probe resistance has a tolerance of 1/1000 of the value reported
on the label. The temperature reading error must be less than 0.5°C

WEST Systems provide a 100 Ohm (Zero degree Celsius) and a 154 Ohm (141.1°C ) dummy
probes.

Dummy Pt100
154 Ohm

141.1°C

To check the soil pt100 probe use a calibrated termocouple or pt100 (better) portable gauge
and compare the reading with the station one. A 1.6°C tollerance must be acceptedt if you
use a K termocouple, a 0.5°C tollerance is normal if you use a Pt100 probe.
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SoilBox

Soil water
Manufatcurer : Campbell Scientific
Ordering code : CS616/CS615 (Out of stock)
Water content
Range 5-50 %
Accuracy 3%

The CS616 (CS615) Water Content Reflectometer measures the volumetric water content of porous
media using time-domain measurement methods.

The Water Content Reflectometer consists of two stainless steel rods connected to a printed circuit
board. A shielded four-conductor cable is connected to the circuit board to supply power, enable the
probe, and monitor the pulse output. The circuit board is encapsulated in epoxy. The probe rods can
be inserted from the surface or the probe can be buried at any orientation to the surface.

The CS616 (CS615) response is dependent on the dielectric constant of the material surrounding
the probe rods. Water is the principal contributor to the dielectric constant value, but the solid
constituents such as quartz, clay and organic matter also affect the measurement. The same
calibration of volumetric water content to probe output signal period may not apply to all soils.
Accuracy can be optimized by using calibrations derived for a specific soil. Accuracy of + 2.0% over
the entire water content range and for a wide range of soil types is routinely obtained in our
laboratory. Applying the general calibrations from the operating manual provides accuracy of +
3.0%.

e ="

6+T Male cable connector (To the SoilBox)
Pin1:Red +12 Volt

Pin 2 : Orange Ignition

Pin 3: Green  Frequency signal out

Pin 4 : Black+Sh. Ground

Pin5:n.c.

Pin6:n.c.

Pin T : n.c.




SoilBox
Soil temperature

Manufatcurer : RS

Ordering code :RS 321-6090

Type : Pt100 DIN IEC 751 Class B 4 wires
Range 0to 200 °C

Max operating temperature 200°C
Accuracy 0.3°C

Probe length 300 mm

Probe diameter 6 mm

Cable length 3 Meter

Cable PTFE and silicon insulated

3+T Male connector (to the SoilBox)
Pin1:RED

Pin 2 : RED

Pin 3 : White

Pin T : White

300 mm
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