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Sample Manifold Design for Precursor Gas Monitoring 

Many important variables affect sampling manifold design for ambient precursor gas monitoring: residence time of sample gases, materials of construction, diameter, length, flow rate, and pressure drop.  Considerations for these parameters are discussed below.  

Residence Time Determination: The residence time of air pollutants within the sampling system (defined as extending from the entrance of the sample inlet above the instrument shelter to the bulkhead of the precursor gas analyzer) is critical. Residence time is defined as the amount of time that it takes for a sample of air to travel through the sampling system.  This issue is discussed in detail for NOy monitoring in Section 4.2, and recommendations in Section 4 for the arrangement of the molybdenum converter and inlet system should be followed.  However, residence time is also an issue for other precursor gases, and should be considered in designing sample manifolds for those species.  For example, Code of Federal Regulations (CFR), Title 40 Part 58, Appendix E.9 states, “Ozone in the presence of NO will show significant losses even in the most inert probe material when the residence time exceeds 20 seconds. Other studies indicate that 10-second or less residence time is easily achievable.”1   Although 20-second residence time is the maximum allowed as specified in 40 CFR 58, Appendix E, it is recommended that the residence time within the sampling system be less than 10 seconds.  If the volume of the sampling system does not allow this to occur, then a blower motor or other device (such as a vacuum pump) can be used to increase flow rate and decrease the residence time. The residence time for a sample manifold system is determined in the following way. First the total volume of the cane (inlet), manifold, and sample lines must be determined using the following equation:

Total Volume = Cv + Mv + Lv 

Equation 1
Where:

Cv = Volume of the sample cane or inlet and extensions

Mv = Volume of the sample manifold and moisture trap

Lv = Volume of the instrument lines from the manifold to the instrument bulkhead
The volume of each component of the sampling system must be measured individually. To measure the volume of the components (assuming they are cylindrical in shape), use the following equation:

V = π * (d/2)2 * L 


Equation 2

Where:

V = volume of the component, cm3
π = 3.14

L = Length of the component, cm
d = inside diameter of the component, cm
Once the total volume is determined, divide the total volume by the total sample flow rate of all instruments to calculate the residence time in the inlet.  If the residence time is greater than 20 seconds, attach a blower or vacuum pump to increase the flow rate and decrease the residence time.

Laminar Flow Manifolds: In the past, vertical laminar flow manifolds were a popular design. By the proper selection of a large diameter vertical inlet probe and by maintaining a laminar flow throughout, it was assumed that the sample air would not react with the walls of the probe. Numerous materials such as glass, plastic, galvanized steel, and stainless steel were used for constructing the probe. Removable sample lines constructed of FEP or PTFE were placed to protrude into the manifold to provide each instrument with sample air. A laminar flow manifold could have a flow rate as high as 150 L/min, in order to minimize any losses, and large diameter tubing was used to minimize pressure drops.  However, experience has shown that vertical laminar flow manifolds have demonstrated many disadvantages which are listed below: 

· Since the flow rates are so high,  it is difficult to supply enough audit gas to provide an adequate independent assessment for the entire sampling system;  

· Long laminar flow manifolds may be difficult to clean due to size and length; 

· Temperature differentials may exist that could change the characteristics of the gases, e.g.,  if a laminar manifold’s inlet is on top of a building, the temperature at the bottom of the building may be much lower, thereby dropping the dew point and condensing water.  
· Construction of the manifold is frequently of an unapproved material.
For these technical reasons, EPA strongly discourages the use of laminar flow manifolds in the national air monitoring network.  It is recommended that agencies that utilize laminar manifolds migrate to conventional manifold designs that are described below. 

Sampling Lines as Inlet and Manifold: Often air monitoring agencies will place individual sample lines outside of their shelter for each instrument. If the sample lines are manufactured out of Polytetrafluoroethylene (PTFE) or Fluoroethylpropylene (FEP) Teflon®, this is acceptable to the EPA.  The advantages to using single sample lines are:  no breakage and ease of external auditing.  In addition, rather than cleaning glass manifolds, some agencies just replace the sampling lines. However, please note the following caveats: 

1. PTFE and FEP lines can deteriorate when exposed to atmospheric conditions, particularly ultraviolet radiation from the sun.  Therefore, it is recommended that sample lines be inspected and replaced regularly.  

2. Small insects and particles can accumulate inside of the tubing.  It has been reported that small spiders build their webs inside of tubing.  This can cause blockage and affect the response of the instruments. In addition, particles can collect inside the tubing, especially at the entrance, thus affecting precursor gas concentrations.  Check the sampling lines and replace or clean the tubing on a regular basis.  

3. Since there is no central manifold, these configurations sometimes have a “three-way” tee, i.e., one flow path for supplying calibration mixtures and the other for the sampling of ambient air.  If the three-way tee is not placed near the outermost limit of the sample inlet tubing, then the entire sampling system is not challenged by the provision of calibration gas.  It is strongly recommended that at least on a periodic basis calibration gas be supplied so that it floods the entire sample line.  This is best done by placing the three-way tee just below the sample inlet, so that calibration gas supplied there is drawn through the entire sampling line.  

4. The calibration gas must be delivered to the analyzers at near ambient pressure.  Some instruments are very sensitive to pressure changes.  If the calibration gas flow is excessive, the analyzer may sample the gas under pressure.  If a pressure effect on calibration gas response is suspected, it is recommended that the gas be introduced at more than one place in the sampling line (by placement of the tee, as described in item #3 above).  If the response to the calibration gas is the same regardless of delivery point, then there is likely no pressure effect.  

Conventional Manifold Design - A number of “conventional” manifold systems exist today.  However, one manifold feature must be consistent: the probe and manifold must be constructed of borosilicate glass or Teflon® (PFA or PTFE). These are the only materials proven to be inert to gases.  EPA will accept manifolds or inlets that are made from other materials, such as steel or aluminum, that are lined or coated with borosilicate glass or the Teflon® materials named above. However, all of the linings, joints and connectors that could possibly come into contact with the sample gases must be of glass or Teflon®.  It is recommended that probes and manifolds be constructed in modular sections to enable frequent cleaning. It has been demonstrated that there are no significant losses of reactive gas concentrations in conventional 13 mm inside diameter (ID) sampling lines of glass or Teflon® if the sample residence time is 10 seconds or less. This is true even in sample lines up to 38 m in length. However, when the sample residence time exceeds 20 seconds, loss is detectable, and at 60 seconds the loss can be nearly complete.  Therefore, EPA requires that residence times must be 20 seconds or less (except for NOy).  Please note that for particulate matter (PM) monitoring instruments, such as nephelometers, Tapered Element Oscillating Microbalance (TEOM) instruments, or Beta Gauges, the ambient precursor gas manifold is not recommended.  Particle monitoring instruments should have separate intake probes that are as short and as straight as possible to avoid particulate losses due to impaction on the walls of the probe.

T-Type Design:  The most popular gas sampling system in use today consists of a vertical "candy cane" protruding through the roof of the shelter with a horizontal sampling manifold connected by a tee fitting to the vertical section (Figure 1).  This type of manifold is commercially available.   At the bottom of the tee is a bottle for collecting particles and moisture that cannot make the bend; this is known as the “drop out” or moisture trap bottle.  Please note that a small blower at the exhaust end of the system (optional) is used to provide flow through the sampling system. There are several issues that must be mitigated with this design: 

· The probe and manifold may have a volume such that the total draw of the precursor gas analyzers cannot keep the residence time less than 20 seconds (except NOy), thereby requiring a blower motor.  However, a blower motor may prevent calibration and audit gases from being supplied in sufficient quantity, because of the high flow rate in the manifold.  To remedy this, the blower motor must be turned off for calibration.  However, this may affect the response of the instruments since they are usually operated with the blower on.  

· Horizontal manifolds have been known to collect water, especially in humid climates.  Standing water in the manifold can be pulled into the instrument lines.  Since most monitoring shelters are maintained at 20-30 oC, condensation can occur when warm humid outside air enters the manifold and is cooled.  Station operators must be aware of this issue and mitigate this situation if it occurs.  Tilting the horizontal manifold slightly and possibly heating the manifold have been used to mitigate the condensation problem.   Water traps should be emptied whenever there is standing water.
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 Figure 1.  Conventional T-Type Glass Manifold System

California Air Resources Board “Octopus” Style: Another type of manifold that is being widely used is known as the California Air Resources Board (CARB) style or “Octopus” manifold, illustrated in Figure 2.  This manifold has a reduced profile, i.e., there is less volume in the cane and manifold; therefore, there is less need for a blower motor.  If the combined flow rates of the gas analyzers are high enough, then an additional blower is not required. 
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Figure 2.  CARB or “Octopus” Style Manifold  
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Placement of Tubing on the Manifold: If the manifold employed at the station has multiple ports (as in Figure 2) then the position of the instrument lines relative to the calibration input line can be crucial.  If a CARB “Octopus” or similar manifold is used, it is suggested that sample connections for analyzers requiring lower flows be placed towards the bottom of the manifold.  Also, the general rule of thumb states that the calibration gas delivery line (if used) should be in a location so that the calibration gas flows past the analyzer inlet points before the gas is evacuated out of the manifold.  Figure 3 illustrates two potential locations for introduction of the calibration gas.  One is located at the ports on the “Octopus” manifold, and the other is upstream near the air inlet point, using an audit or probe inlet stub.  This stub is a tee fitting placed so that “Through-the-Probe” audit line or sampling system tests and calibrations can be conducted.
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Measurements and Features

1.  Knurled Connector

2. O-ring

3. Threaded opening 

4.  Top extension - 56 mm

5.  Overall Length - 304 mm

6.  Outside  diameter -  24  mm

7.  Top and bottom shoulder - 50 mm

8.  Length of  inlet tube - 30 mm

9.  Distancebetween inlet tubes - 16 mm

10.  Length  of internal tube - 145 mm

11.  Width of inlet tube OD - 6 mm

12.  Distance from inner tube to wall -  18 mm

13.  Inside width of outer tube 60 mm

14.  Down tube length 76 mm

15.  Width Down tube OD - 24 mm

16 Overall Width ~  124   mm

10

7


Figure 4.  Specifications for an ‘Octopus” Style Manifold
Figure 4 illustrates the specifications of an Octopus style manifold. Please note that EPA-OAQPS has used this style of manifold in its precursor gas analyzer testing program. This type of manifold is commercially available.  

Vertical Manifold Design:  Figure 5 shows a schematic of the vertical manifold design.  Commercially available vertical manifolds have been on the market for some time.  The issues with this type of manifold are the same with other conventional manifolds, i.e., when sample air moves from a warm humid atmosphere into an air-conditioned shelter, condensation of moisture can occur on the walls of the manifold.  Commercially available vertical manifolds have the option for heated insulation to mitigate this problem.  Whether the manifold tubing is made of glass or Teflon®, the heated insulation prevents viewing of the tubing, so the interior must be inspected often.  The same issues apply to this manifold style as with horizontal or “Octopus” style manifolds: additional blower motors should not be used if the residence time is less than 20 seconds, and the calibration gas inlet should be placed upstream so that the calibration gas flows past the analyzer inlets before it exits the manifold. 
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Figure 5.  Example of Vertical Design Manifold 

Manifold/Instrument Line Interface:  A sampling system is an integral part of a monitoring station, however, it is only one part of the whole monitoring process.   With the continuing integration of advanced electronics into monitoring stations, manifold design must be taken into consideration.  Data Acquisition Systems (DASs) are able not only to collect serial and analog data from the analyzers, but also to control Mass Flow Calibration (MFC) equipment and solid state solenoid switches, communicate via modem or Ethernet, and monitor conditions such as shelter temperature and manifold pressure. As described in Chapter 6, commercially available DASs may implement these features in an electronic data logger, or via software installed on a personal computer. Utilization of these features allows the DAS and support equipment to perform automated calibrations (Autocals).  In addition to performing these tasks, the DAS can flag data during calibration periods and allow the data to be stored in separate files that can be reviewed remotely.   
Figure 6 shows a schematic of the integrated monitoring system at EPA’s Burden Creek NCore monitoring station.  Note that a series of solenoid switches are positioned between the ambient air inlet manifold and an additional “calibration” manifold.  This configuration allows the DAS to control the route from which the analyzers draw their sample. At the beginning of an Autocal, the DAS signals the MFC unit to come out of standby mode and start producing zero or calibration gas.  Once the MFC has stabilized, the DAS switches the analyzers’ inlet flow (via solenoids) from the ambient air manifold to the calibration manifold.  The calibration gas is routed to the instruments, and the DAS monitors and averages the response, flagging the data appropriately as calibration data.  When the Autocal has terminated, the DAS switches the analyzers’ inlet flow from the calibration manifold back to the ambient manifold, and the data system resets the data flag to the normal ambient mode. 

The integration of DAS, solenoid switches, and MFC into an automated configuration can bring an additional level of complexity to the monitoring station.  Operators must be aware that this additional complexity can create situations where leaks can occur.  For instance, if a solenoid switch fails to open, then the inlet flow of an analyzer may not be switched back to the ambient manifold, but instead will be sampling interior room air.  When the calibrations occur, the instrument will span correctly, but will not return to ambient air sampling.  In this case, the data collected must be invalidated.  These problems are usually not discovered until there is an external “Through-the Probe” audit, but by then extensive data could be lost.  It is recommended that the operator remove the calibration line from the calibration manifold on a routine basis and challenge the sampling system from the inlet probe.  This test will discover any leak or switching problems within the entire sampling system.  
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Figure 6.  Example of a Manifold/Instrument Interface

Figure 7 shows a close up of an ambient/calibration manifold, illustrating the calibration manifold – ambient manifold interface. This is the same interface used at EPA’s Burden’s Creek monitoring station.  The interface consists of three distinct portions:  the ambient manifold, the solenoid switching system and the calibration manifold.  In this instance, the ambient manifold is a T-type design that is being utilized with a blower fan at the terminal.  Teflon® tubing connects the manifold to the solenoid switching system.  Two-way solenoids have two configurations.  Either the solenoid is in its passive state, at which time the ports that are connected are the normally open (NO) and the common (COM).  In the other state, when it is energized, the ports that are connected are the normally closed (NC) and the COM ports.  Depending on whether the solenoid is ‘active’ or not, the solenoid routes the air from the calibration or ambient manifold to the instrument inlets.  There are two configurations that can be instituted with this system.  

1. Ambient Mode:  In this mode the solenoids are in “passive” state.   The flow of air (under vacuum) is routed from the NO port through the solenoid to the COM port.   

2. Calibration Mode:  In this mode, the solenoids are in the “active” state.  An external switching device, usually the DAS, must supply direct current to the solenoid.  This causes the solenoid to be energized so that the NO port is shut and the NC port is now connected to the COM port. As in all cases, the COM port is always selected.  The switching of the solenoid is done in conjunction with the MFC unit becoming active; generally, the MFC is controlled by the DAS.  When the calibration sequences have finished,  the DAS stops the direct current from being sent to the solenoid and switches automatically back to the NO to COM (inactive) port configuration.  This allows the air to flow through the NO to COM port and the instrument is now back on ambient mode. 
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Figure 7.  Ambient – Calibration Manifold Interface

Reference 

1.  Code of Federal Regulations, Title 40, Part 58, Appendix E.9 
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Figure 3. Placement of Lines on the Manifold
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