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Introduction 

again, a standardized field test data sheet (FTDS) will be available to complete the 

assignment. 

Laboratory Station 5: Source Simulator/Calibration of Type S Pitot 
Tube 

As identified in Federal Reference Method 2, a Type S pitot tube can be calibrated using a 

standard type pitot tube. The objective of Laboratory Station 6 is to follow standardized 

procedures provided in order to calibrate a Type S pitot tube using a standard pitot tube. _ 

Entry points will be provided for inserting the Type S and standard pitot tube into the source 

simulator. The Type S and Standard pitot tube along with a digital man ometer can be 

acquired from the Inspector's TooI Kit (see Appendix C). Once again, standardized 

calibration forms are provided to complete this assignment. 

Laboratory Station 6: Source Simulator /Stack Gas Moisture 

One of the most important parameters to estimate correctly when selecting your nozzle 

diameter and setting up your isokinetic rate equation is the stack gas moisture (Bw5). For 

every % stack gas moisture you estimate incorrectly will cause your % isokinetics to be off 

the same%. The objective of Laboratory Station 6 is to determine the stack gas moisture 

content of the source simulator using the wet bulb/dry bulb technique. Obtain a Type K 

thermocouple along with the digital readout instrument from the Inspector's Tool Kit (see 

Appendix C). Once again, standardized forms are provided to assist in the calculations. In 

addition, other techniques for determining stack gas moisture will be reviewed. 

Laboratory Station 7: Pitot Tube Inspection 

In order to assign a known pitot tube coefficient factor, Cp, the pitot tube must meet certain 

design and construction requirements as identified in Federal Reference Method 2 (FRM 2) 

in order to assign a value of 0.84. To complete this exercise, you will be given a Type S 

pitot tube along with a "bulls eye" and level indicator out of the Inspector's Tool Kit (see 

Appendix C). Using the standardized data form, inspect the Type S pitot tube and see if it 

meets specifications by evaluating a, B, z, w and A characteristics so a Cp of 0.84 can be 

assigned to the Type S pitot tube. 

Laboratory Station 8: Federal Reference Method 5 (FRM 5) Sampling 
Train 

Laboratory Station 5 contains a complete Federal Reference Method 5 (FRM 5) sampling 

train, however unassembled. The task of Laboratory Station 5 is for the participant to 

completely assemble the FRM 5 train, including attaching a nozzle, adding silica gel and 

water to the impingers, and inserting a filter to the assembly. Once completed, the 
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Laboratory Station 4 
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Laboratory Station 4 

Calculations 

Flue Gas Velocity Equation 

Where: Vs

Ts

Bws

= average velocity of the gas stream, ft/sec 
= absolute temperature, °R (°F + 460). 

(Use dry bulb temperature from Laboratory Station 6.) 
= absolute pressure, in. Hg (Assume Pbar for sampling location) 
= velocity pressure, in. H2O 
= constant: 85.49, in units of [(ft')(in. Hg)(lbs/lbs-mole)/(sec2)(in. 

H2O)(0R)] 1/2

= pitot tube coefficient, dimensionless 
= stack gas molecular weight 
= Mct(l-Bws) + 18 Bws

(Since the source simulator uses ambient air, assume Mct = 29.0) 
= the average moisture fraction by volume of the gas stream. Use the 
value determined in Station #6 ( ~ 2 % moisture). 

)x( I ( ) 
) x V-,-( ------) x--,-(-------,-)

Volumetric Flow Rate Equation 

There are two equations used for calculating the volumetric flow rate of a flow gas. One 
determines the flow rate at actual stack temperature and pressure conditions. The other 
determines the volumetric flow rate corrected to standard conditions of 68 °F and 29.92 in. Hg. 
Both are important. 

Actual Stack Gas Volumetric Flow Rate 

Where: As = area of stack = 3. l 4(Diameter/2)2 

Q
0 

=3600 X ( ) X ( ) 
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Laboratory Station 8 

Laboratory 

Station 

8 

Federal Reference Method 5 (FRM 5) Sampling Train 

Federal Reference Method 5 (F
R

M 5) is the principal method used for sampling particulate matter from 
industrial sources. However, other particulate sampling methods can also be used and may be applied for 
specific source categories. These methods include the FRM 8 and 17, given in 40CFR60, Appendix A 
and the PM-10 sampling methods given in 40CFR51, Appendix M. Equivalent methods for special 
purposes, or when emissions from a given facility are not capable of being measured by FRM 5, are also 
used. However, their use is generally subject to the approval of the agency administrator. 

The objective of Laboratory Station 5 is to assemble the FRM 5 sampling train, charging the filter holder 
with a filter, and charging the impingers with water and silica gel. Once assembled, your objective is to 
"leak check" the train to see if you indeed assembled the system properly. Once the "leak check" has 
been completed, it is your task to use data from the other laboratory stations and determine a correct Dn 

and "K" factor in order to set-up the isokinetic rate equation. Once the isokinetic rate equation has been 
established, complete all data entry to the Laboratory Station 8 Worksheet [i.e., FRM 5 Field Test Data 
Sheet (FTDS)] and prepare to sample the source simulator gas stream . Sample the traverse points for 5 
minutes each maintaining isokinetic conditions. After sampling is complete, remove the sampling train 

from the monorail and recover the filter, water and silica gel. Use the equations in the procedure to 
complete the emission 
calculations. 
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Laboratory Station 8 

APTI #468: MONITORING COMPLIANCE TEST AND SOURCE TEST OBSERVATION 

Federal Reference Method 5 (FRM 5) Sampling Train 

D Pre-Test Preparation 

D Obtain a filter from the laboratory equipment supply and check the filter visually against light 
for irregularities and flaws or pinhole leaks. Label the filter on the back side near the edge 
using numbering machine ink. 

D The filters have been desiccated at 20° ± 5.6°C and ambient pressure for 2::: 24 hr, and weighted 
at intervals of� 6 hr to a constant weight(::; 0.5 mg change from previous weighing). Record 
weight on your Laboratory Station 8 Worksheet/Field Test Data Sheet (FTDS). 

D The probe liners and probe nozzles have been internally brushed, first with tap water, then 
distilled/deionized water, followed by reagent-grade acetone. The probe liner and probe nozzle 
have been rinsed with acetone and allow to air-dry. Inspect visually for cleanliness and repeat 
the procedure if necessary. Cover the probe liner openings to avoid contamination. Nozzles 
should be kept in a case to avoid contamination or damage to the knife-edge. Note: Special 
cleaning procedures may be required for other test methods (for example, metals or dioxin). 

D The glassware (filter assemblies, impingers and connecting glassware) have been cleaned 
internally by wiping the joints, washing with glass cleaning detergent, rinsing with distilled/de­
ionized water, followed by reagent-grade acetone, and then allow to air-dry. All exposed 
openings have been covered with parafilm, plastic caps, serum caps, ground-glass stoppers or 
aluminum foil (not for metals!) to avoid contamination. Note: Special cleaning procedures 
may be required for other test method (for example, metals or dioxin). 

D Preliminary Determinations 

D Select the sampling site, measure the stack or duct dimensions, and determine the number of 
traverse points (Use Federal Reference Method 1 Laboratory Station 10 results). 

D Determine the stack gas pressure, range of velocity pressure heads, and temperature (Use 
Federal Reference Method 2 Laboratory Station 4 results) 

D Determine or estimate the dry molecular weight (Use Federal Reference Method 3 Laboratory 
Station 6 results). 

D Determine the moisture content of the stack gas (Use Federal Reference Method 4 Laboratory 
Station 6 results). 

D Select a suitable probe assembly length such that all traverse points can be sampled. 
D Using the following equation, calculate an estimated nozzle diameter (Dn) using the values 

from other laboratory stations. 

Dn(est) =

[NOTE: Assume the following values to complete the selection of the nozzle: 

Ks= 0.0358
Qm

= 0.75 cfm 
Pm

= Barometric pressure at laboratory site (inches of mercury) 
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Laboratory Station 8 

Y = Dry gas mater calibration factor 
K3 = 0.3858 °dK/mm Hg (metric units) 

= 17.64 °R/in. Hg (English units) 

Where: Wf 

W; 
Ki 

Where: Bws 

= Final weight of water collected, g 
= Initial weight of water collected, g 
= 0.001335 m3 / g (metric units) 
= 0.04715 ft3/g (English units) 

Bws 
= __ v_w_c

-',..
(st_d)

'--_ 

Vm(std) + Vwc(std) 

= Proportion of water vapor, by volume, in the gas stream 

Next, the average stack gas velocity is calculated. The equation for average gas velocity in a 
stack or duct is: 

Where: v. 
cp

(✓ti.p)avg

V = K C ( �) Ts(avg) 
s p p -.JD.JJ avg 

PM 
s s 

= Average stack gas velocity, m/sec (ft/sec) 
= Pitot tube coefficient, dimensionless 
= Average of the square roots of each stack gas velocity T. = Absolute 
average stack gas temperature, °K (0R) 
= Absolute stack gas pressure, mmHg (in. Hg) 
= Pbar + P/13.6 
= Barometric pressure at measurement site, mm Hg (in. Hg) 
= Stack static pressure, mm H20 (in. H20) 
= Molecular weight of stack on wet basis, g/ g-mole (lb /lb-mole) 
= Md (1-BwJ + 18.0 Bws 

= Molecular weight of stack on dry basis, g/g-mole (lb/lb-mole) 
= Constant, 34.97 for metric system (85.49 for English system) 

□ Calculate the average percent isokinetic sampling rate using the following equation:

where A
0 

0 
K4 

= Cross-sectional area of the nozzle, m2 (ft� 
= Sampling time, minutes 
= 0.003456  ((mm Hg)(m3))/((ml)(°K)) for metric units. 
= 0.002668  ((in. Hg)(ft3))/((ml)(°R)) for English units. 
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Text Box
V1c = Total volume of liquid collected in impingers and silica gel (see Figure 5-6), g

Kevin.Mattison
Text Box
V1c = Total volume of liquid collected in the impingers and silica gel (see Figure 5-6), g










































































































