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Manifolds in Region 2Manifolds in Region 2

Common manifold for all analyzers Common manifold for all analyzers –– analyzer analyzer 
hook up by individual hook up by individual ¼”¼” Teflon pigtailsTeflon pigtails
Manifold constructed of borosilicate glassManifold constructed of borosilicate glass
Variety of sizes Variety of sizes –– 11””, 2, 2””, 3, 3””, 4, 4””
Flow volumes typically 15Flow volumes typically 15--40 liters/minute40 liters/minute
Use of a blower motor or vacuum pump to Use of a blower motor or vacuum pump to 
generate air flowgenerate air flow





























TTP Laboratory Trailer InterfaceTTP Laboratory Trailer Interface

½”½” o.do.d. Teflon lined steel jacketed presentation . Teflon lined steel jacketed presentation 
line line –– 150150’’ in lengthin length
Maximum flow rate of 14.5 liters/minuteMaximum flow rate of 14.5 liters/minute



Problems adapting TTP Laboratory Problems adapting TTP Laboratory 
to Region 2 Manifold Systemsto Region 2 Manifold Systems
Adapting Adapting ½”½” o.do.d. presentation line to glass . presentation line to glass 
manifolds of various sizesmanifolds of various sizes
Insufficient sample flow from TTP risks Insufficient sample flow from TTP risks 
burnout of blower motors or negative pressure burnout of blower motors or negative pressure 
in manifoldin manifold
14.5 liters/minute TTP flow results in excessive 14.5 liters/minute TTP flow results in excessive 
residence times residence times –– outside EPA specification of outside EPA specification of 
20 seconds20 seconds



To address TTP/Region 2 Issues:To address TTP/Region 2 Issues:

Region 2 constructed a 2Region 2 constructed a 2”” Glass manifoldGlass manifold
Adapted presentation line to manifold using Adapted presentation line to manifold using 
silicone stopperssilicone stoppers
Attached suite of CO, Attached suite of CO, NONOxx, SO, SO22, and O, and O33
analyzers to the manifold with analyzers to the manifold with ¼”¼” pigtailspigtails
Conducted TTP audits of the analyzers and Conducted TTP audits of the analyzers and 
compared the results of using the manifold vs. compared the results of using the manifold vs. 
plugging in to the back of the analyzers plugging in to the back of the analyzers 













Experimental ProcedureExperimental Procedure

TTP to provide OTTP to provide O33, SO, SO22, CO, and , CO, and NONOxx

Presentation line connected to analyzers via Presentation line connected to analyzers via 
manifoldmanifold
Presentation line connected directly to back of Presentation line connected directly to back of 
analyzers analyzers -- with a tee to vent to atmospherewith a tee to vent to atmosphere
Examine the differences in analyzer accuracy Examine the differences in analyzer accuracy 
when connected to the manifold vs. connection when connected to the manifold vs. connection 
at the back of analyzer at the back of analyzer 





Ozone ResultsOzone Results
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Sulfur Dioxide ResultsSulfur Dioxide Results
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NO ResultsNO Results

1.2%1.2%--1.1%1.1%0.0830.0830.0840.084--2.3%2.3%0.0820.0820.0840.084

0.0000.0000.0040.0040.0000.0000.0040.004

--1.2%1.2%1.8%1.8%0.1690.1690.1660.1660.6%0.6%0.1670.1670.1660.166

--2.2%2.2%2.5%2.5%0.2770.2770.2700.2700.3%0.3%0.2710.2710.2700.270

--1.7%1.7%2.0%2.0%0.4250.4250.4170.4170.3%0.3%0.4180.4180.4170.417

0.0000.0000.0040.0040.0000.0000.0040.004

Difference in % Difference in % 
DifferenceDifference

% % 
DifferenceDifference

Station Station 
NO  NO  

((ppmppm))

TTP TTP 
NO NO 

((ppmppm))

% % 
DifferenceDifference

Station Station 
NO NO 

((ppmppm))

TTP TTP 
NONO

((ppmppm))

Back of AnalyzerBack of AnalyzerGlass ManifoldGlass Manifold



NONOxx ResultsResults
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NONO22 ResultsResults
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Carbon Monoxide ResultsCarbon Monoxide Results
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Significant FindingsSignificant Findings

Back of the analyzer results tended to be higher Back of the analyzer results tended to be higher 
than manifold resultsthan manifold results
Differences were typically in the 1Differences were typically in the 1--2% range2% range



CaveatsCaveats

Initial equilibration of the manifold system took Initial equilibration of the manifold system took 
2.5 hours2.5 hours
Possibility of error induced by constant Possibility of error induced by constant 
switching of presentation line from manifold to switching of presentation line from manifold to 
back of analyzerback of analyzer
CO station analyzer zero drift could have CO station analyzer zero drift could have 
compromised lowest comparison point for the compromised lowest comparison point for the 
CO comparisonCO comparison



ConclusionsConclusions

TTP Laboratory is suitable for audits of large manifold TTP Laboratory is suitable for audits of large manifold 
based systems  based systems  
Differences between manifold audits and back of the Differences between manifold audits and back of the 
analyzer audits are typically in the 1analyzer audits are typically in the 1--2% range2% range
Acceptance criteria for manifold audits may have to be Acceptance criteria for manifold audits may have to be 
““stretchedstretched”” to account for this variabilityto account for this variability
Further study to quantify the variability between the Further study to quantify the variability between the 
manifold and the back of analyzer sample delivery is manifold and the back of analyzer sample delivery is 
warrantedwarranted


