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EPA RequirementEPA Requirement
Guide to how a local 
gal found her trailgal found her trail
Verification

ZeroZero
Span

CalibrationCalibration
Zero
Spanp



CO, NOX and SO2 must have their Gas Dilution CO, NOX and SO2 must have their Gas Dilution 
Systems evaluated once every 3 months with 
an accuracy of +/- 2%

EPA-454/B-08-003, December 2008.
l db k fQuality Assurance Handbook for Air

Pollution Measurement Systems, 
Volume II, Ambient Air Quality y
Monitoring Program.  Appendix D 
Measurement Quality Objectives and 
Validation TemplatesValidation Templates.



Poor instruction manualPoor instruction manual
Lack of guidance from EPA
Up hill battle   Up hill battle   



Pioneer 
As an operator, our 
motto is if it isn’t 
broken don’t try to fix 
it!



Operating at low p g
levels.
Proactive to insure 
accurate data.
Requirement by EPA



Measurement Quality Q y
Objectives (MQO’s) 
require once every 3 

hmonths
New – Out of the box
F ll i   i  Following a repair 
Following a 
calibrationcalibration



NIST traceable flow 
meter 

Zero Air MFC: 
DC-Lite 40K BIOS
Gas Air MFC: DC-Lite
L BIOS

Zero air generator: Zero air generator: 
Teledyne API 701H
Temperature gauge
P  Pressure gauge
9/16” and 7/16” 
wrenches 





Power off instrument.
Disconnect MFC2 
from the interface 
board.



Connect a source of 
clean, dry air to the 
zero air inlet on the 
b k f th  146iback of the 146i.



Directly connect the y
NIST traceable flow 
meter (40K BIOS) to 
h  Z  Ai  MFC (20 the Zero Air MFC (20 

slpm) with a 9/16” 
wrench.wrench.



With the power back With the power back 
on, press the OPER
key.y
Select GAS A.
Select ZERO gas g
dilution mode.



Manually adjust GAS y j
A flow to verification 
levels of:  90%, 60%, 
30%  d 15%30%, and 15%.
For a 20 L Calibrator:  
18 000 12 000 6 000 18,000 12,000 6,000 
and 3,000 sccm
respectively.  



Turn the NIST traceable 
flow meter on. Wait 
until it stabilizes.  
Record readings from Record readings from 
the flow meter and 146i
on the Mass Flow 
Controller Verification Controller Verification 
Form.
Note:  the calibrator is 
reading the flow in reading the flow in 
sccm.  Divide by 1000 to 
convert all units to L.



Once all 4 points are 
completed, enter the completed, enter the 
results into the Mass 
Flow Controller 
V ifi i  Li  Verification Linear 
Regression.



Return GAS A zero air flow back to its 
previous setting by selecting the OPERATIONp g y g
button and turning Gas and Zero mode to off. 
Turn off instrument and plug the MFC2 back 
into the interface board. 
Disconnect Flow device and reconnect the 
f hfitting to the Zero MFC.
Turn instrument back on.



If readings are < 2%, the verification is If readings are 2%, the verification is 
complete.
If readings are off by > 2%, a calibration must g y ,
be done on the Zero Air MFC.



Part 1 - target values versus the measured flowPart 1 target values versus the measured flow
Zero Mass Flow Controller (20 lpm) is verified 
at 3000, 6000, 12000, & 18000.  The allowable , , ,
difference is ± 200 sccm.



Part 2
fl f ll lSet flow 90% full-scale

Push the Menu button 
and select and select 
DIAGNOSTICS and 
then FLOWS to view 
the Zero Actual the Zero Actual 
Readings
Actual flow must be 
no more than +/- 2% 
Target Flow





Turn Off Instrument. 
Disconnect MFC1 
from the interface 
boardboard.



Connect a source of 
clean, dry air to the y
GAS A inlet on the 
back of the 146i. 



Directly connect the 
NIST traceable flow NIST traceable flow 
meter to the Gas MFC 
(100 sccm) inside the 

hinstrument with a 
7/16” wrench.



Push the OPER
button.  Select GAS A.  
Scroll to MANUALScroll to MANUAL
and press ENTER.
Select ENTER again Select ENTER again 
and set GAS A 
Z FLOW to 90% 
(18,000 sccm) and 
press ENTER.



Turn on the NIST 
traceable flow meter 
and allow it to stabilize . 
Push the menu button Push the menu button 
and select 
DIAGNOSTICS and 
then FLOWS to view then FLOWS to view 
the Gas Actual reading. 
Record readings on the 
Gas Mass Flow Gas Mass Flow 
Controller Verification 
Form.



Select the OPER button again.  Toggling back 
and forth from the OPER button to the MENUand forth from the OPER button to the MENU
button will allow the user to view both actual 
readings and set readings.readings and set readings.
Continue for gas flow settings of 60%, 30%, and 
15% of full-scale (12000, 6000 and 3000 ( ,
respectively).
Once all 4 points are complete, enter the results p p
into the Mass Flow Controller Linear 
Regression.



Turn the GAS off in the OPERATION menu. 
Put back in STANDBY mode.
Turn instrument off and plug the MFC1 back 
into the interface board. 
Disconnect the dry air 
source.
Disconnect flow device 
and reattach fitting to 
the gas MFC.



If readings are < 2%, the verification is If readings are 2%, the verification is 
complete.
If readings are off by > 2%, a calibration must g y ,
be done on the Gas MFC.



Target values versus the measured flow
Gas Side (100 sccm) Verify at 15%  30% 60%  Gas Side (100 sccm) Verify at 15%, 30% 60%, 
90% full scale ± 1.0 sccm
If readings are off by ± 1 0 sccm a calibration If readings are off by ± 1.0 sccm a calibration 
must be done on the Gas MFC.





Same as Verification:Same as Verification:
1)Power off the instrument and disconnect MFC2 

from the interface board. 
2)Connect a source of clean, dry air to the zero air 

inlet on the back of the 146i.
3)Directly connect the NIST traceable flow meter 

to the zero MFC (20 slpm) inside the 
instrument.



Put 146i in Service 
Mode.
Once in Service Mode, 
the Service Menu 
becomes available.  



Scroll to 
CALIBRATION 
PRESS/TEMP and 

 ENTER  press ENTER. 
Enter the transfer 
standard barometric standard barometric 
pressure and 
temperature readings.g



Press the OPER key.y
Select GAS A.
Select ZERO gas g
dilution mode.



From the Service 
Menu, scroll to ZERO 
FLOW 
CALIBRATION d CALIBRATION and 
press ENTER.
Select 95% and press Select 95% and press 
ENTER. 



Enter the NIST 
traceable flow reading 
into the VOL FLOW 

 th  146ion the 146i.
Continue for Zero Air 
settings of 80%, 65%, settings of 80%, 65%, 
50%, 35%, 20% and 5% 
of full-scale.



Record readings from g
flow meter and new 
standard flow 

di  f  146i  readings from 146i on 
the Mass Flow 
Controller Calibration Controller Calibration 
Field Sheet



Once all points are p
completed, enter the 
results into the Mass 
Fl  C ll  Flow Controller 
Calibration Linear 
Regression.Regression.



Same as Verification:Same as Verification:
Return GAS A zero air flow back to its 
previous setting by selecting the OPERATIONp g y g
button and turning Gas and Zero mode to off. 
Turn off instrument and plug the MFC2 back p g
into the interface board. 
Disconnect Flow device and reconnect the 
fitting to the Zero MFC.
Turn instrument back on.



If readings are < 2%, the calibration is 
complete.
If readings are > 2%,  repeat procedure.  If 
unable to meet technical support.
(Thermo: 866-282-0430)





Same as Verification:
1)Power instrument off and disconnect the MFC1 1)Power instrument off and disconnect the MFC1 

from the interface board.  
2)Connect a source of clean, dry air to the Gas A 2)Connect a source of clean, dry air to the Gas A 

inlet on the back of the 146i.
3)Directly connect the NIST traceable flow meter ) y

to the gas MFC (100 sccm) inside the 
instrument .



Press the OPER key, y,
select Gas A and 
MANUAL Mode.
From the Service 
Menu, Scroll to GAS 
FLOW FLOW 
CALIBRATION and 
press ENTER.
Select Solenoid A.



Select 95% and press 
ENTER. 
Enter the NIST traceable 
flow reading into the VOL 
FLOW on the 146i.
Continue for gas flow 
settings of 80%, 65%, g
50%, 35%, 20% and 5% 
of full-scale.
Once all points are Once all points are 
complete, enter results 
in the MFC Calibration 
Linear RegressionLinear Regression



If readings are < 2%, the calibration is If readings are 2%, the calibration is 
complete.
If readings are > 2%, repeat procedure.  If g , p p
unable to meet, call technical support. 
(Thermo: 866-282-0430)( )



Same as Verification:
Turn the GAS off in the OPERATION menu.  Put 
in STANDBY mode.
T  i  ff d l  h  MFC1 b k i  Turn instrument off and plug the MFC1 back into 
the interface board. 
Disconnect the dry air source.Disconnect the dry air source.
Disconnect flow device and reattach fitting to the 
gas MFC.

Unique to Calibration:
T k  t f SERVICE dTake out of SERVICE mode.



Hasn’t been an easy task – Black Diamond Hasn t been an easy task Black Diamond 
Run!
Think we are there to the best of my y
knowledge.
Remember to verify after a calibration.y
After instrument passes initial Thermo Criteria 
from factory stick to EPA Criteria.
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