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Stack Test Summary for TA-59-0001 

Introduction  

The Radioactive Air Emissions Management (RAEM) team performed stack flow characterization tests at 
Technical Area (TA) 59 Building 0001 Exhaust Stack (ES) 8. These tests were completed in accordance 
with Title 40 of the Code of Federal Regulations (CFR), Part 61, Subpart H and the American National 
Standards Institute (ANSI) N13.1-1999 required by the Clean Air Act. Subpart H of the regulation is the 
National Emission Standards for Hazardous Air Pollutants (NESHAP) for radionuclides, which 
compliance with is maintained by the REAM team.  

The majority of TA-59-0001 activities are conducted by the Inorganic, Isotope, and Actinide Chemistry 
(C-IIAC) group. Previously, C-IIAC performed experiments at the Chemistry and Metallurgy Research 
(CMR) facility, which is now deemed ready to be deactivated and decommissioned, or D&D. Portions of 
the C-IIAC mission are being relocated to a more modern facility like TA-59-0001. These activities 
include the addition of the Plutonium Science Laboratory (PluS Lab). The mission of the PluS Lab is to 
steward the fundamental plutonium science underpinning nonproliferation missions while enabling agile 
responses to emergent needs. The PluS Lab will cultivate high caliber plutonium scientists and engineers 
and host collaborations with universities as well as other national laboratories. The scope of these 
activities require monitoring per Subpart H, which in turn requires stack flow characterization tests of the 
stack to be monitored.  The results of these characterization tests are described below.  
 
The ANSI N13.1-1999 summary of acceptance criteria for the sampling location and test results are as 
follows: 

1. Cyclonic flow angle: The average resultant angle based on all measurement grid points shall be 
less than 20°.  Pass 

2. Velocity profile: Coefficient of Variation (COV) shall not exceed 20% over the center region of 
the stack that encompasses two-thirds of the stack area. Pass 

3. Tracer gas concentration profile: COV shall not exceed 20% over the center region of the stack 
that encompasses two-thirds of the stack area. Pass 

4. Tracer gas concentration variation about the mean: Concentrations at all points on the complete 
measurement grid shall be within 30% of the mean value. Pass 

5. Aerosol-particle concentration: COV shall not exceed 20% over the center region of the stack that  
encompasses two-thirds of the stack area. Pass 

All tests were conducted with the fan running at 34.1 Hz, which was approximately 6200cfm. Below in 
Figures 1 and 2 are the testing locations and the proposed sample port location.  
  
 

 
 
 
 
 
 

 

Figure 1. TA-59-0001 ES-8 Duct 



 

Figure 2. Testing Port Locations 

Stack Flow Measurements Conducted at TA-59-0001  
 

Cyclonic Flow Angle  
 
Criteria:  The average resultant angle based on all measurement grid points shall be less than 20°. 
Result: Pass 
 
Flow measurements were taken in both the vertical (A Port) and horizontal (B Port), locations as shown 
in Figure 2. The average rotation angle measured was 7.4° and meets the criteria above as can be seen in 
Attachment 1. Measurements were taken by Dave Fuehne, Alberto Hernandez Luna, Madelyn Owen, and 
Kris Hyatt.  

 

Velocity Profile 
 
Criteria:  COV shall not exceed 20% over the center region of the stack that encompasses two-thirds of 
the stack area. 
Result: Pass 
 
A summary of the velocity profile measurement results are shown in Table 1 with the full results shown 
in Attachment 2. Measurements were performed by Dave Fuehne, Alberto Hernandez Luna, Madelyn 
Owen, and Kris Hyatt in accordance with EPC-CP-TP-0127 and is compliant with the criteria stated 
above.   
 
 



Table 1. Velocity Profile Results 
Average Velocity 1854 fpm 
Maximum Velocity 2043 fpm 
Minimum Velocity 1492 fpm 
COV 7.82% 

 
 

Tracer Gas  
 
Tracer gas concentration profile 
 
Criteria:  COV shall not exceed 20% over the center region of the stack that encompasses two-thirds of 
the stack area. 
Results: Pass 
 

Tracer gas concentration variation about the mean 
 
Criteria:  Concentrations at all points on the complete measurement grid shall be within 30% of the mean 
value.  
Results: Pass 
 
Tracer gas was injected at a single point near the center of the duct in a port located upstream of the 
HEPA bank using a bent tube. The portable SF6 detector (PN# 1114591) was used to measure SF6 along 
a 2x8 traverse. It was not required to perform additional injections (top, bottom, front, and back) due to 
the injection point location upstream of the fan, which provides mixing throughout the duct. The gas 
bottle settings were as noted: Black (i.e., coarse adjustment valve) was opened to approximately 1/8 of a 
turn (1 o'clock) position. Green (i.e., fine adjustment valve) was opened to approximately 7 psi.  
 
Three measurements were taken at each traverse point approximately 10 seconds apart from each other. 
Calculations for all traverse points and the center 2/3 of the traverse included the average, standard 
deviation, and coefficient of variation. This particular stack did not show significant differences between 
the three measurements at each of the traverse points and passed both requirements in the criteria above. 
Please see Attachment 3 for the full report.   
 

Aerosol-Particle Concentration 
 
Criteria:  COV shall not exceed 20% over the center region of the stack that encompasses two-thirds of 
the stack area.  
Results: Pass 
 
Prior to testing, we confirmed the operation and zero readings of the AeroTrak particle counter. For 
aerosol generation, we used a newly constructed, dual stage aerosol generator based off the type used for 
stack commissioning at Oak Ridge National Laboratory (ORNL) and Pacific Northwest National 
Laboratory (PNNL). This design produces a more consistent particle size than the previous methods used, 
as well as allowing direct centerline aerosol injection. The aerosol mixing test was performed by Madelyn 
Owen, Alberto Hernandez Luna, and Alexandra Saari. The aerosol was injected along the stack centerline 
approximately twenty duct diameters (40ft) upstream from the sample plane. We experimented with flow 
rates on the aerosol generator until we found a flow that consistently produced about a hundred 10µm 
particles per measurement along the centerline. The flow rate we settled on was 12 liters per minute 
(lpm). The 59-0001 exhaust stack is a 24" stack fed by two blowers (Fan Exhaust (FE)-034 and FE-035), 
both equipped with variable frequency drives (VFDs), to allow for variable speed operation. According to 
the stack users, the smaller blower (FE-034) is not used. FE-035 draws air from the fume hoods in the 



upstairs labs, passing through a HEPA bank, then blows the filtered exhaust air into the final length of  
the 24" ducting. FE-034 draws air from the upstairs gloveboxes through a smaller 4" duct, through a 
separate HEPA bank, then injects the filtered exhaust air vertically into the final 24" stack. The FE-034 
injection point is between the aerosol injection point and the FE-035 blower. As a precaution, we 
performed a few test measurements with both fans running, but there was no obvious difference in the 
particle detections. Dave Fuehne discussed the operational needs with the stack users and determined the 
primary blower (FE-035) would need to operate between 32 and 35 Hz to meet the operational flow 
requirements of the end users. For this test, we set FE-035 to 34 Hz.  
 
The 59-0001 stack's sampling location is difficult to perform aerosol mix testing on. It is located in the 
building's basement with many concrete and metal obstacles around it due to the building's HVAC, 
plumbing, compressed air, and HEPA requirements. While the location is relatively accessible for 
sampling purposes, the location complicates aerosol sampling due to these obstructions thus creating 
difficulty in maintaining the geometry of the sample pickup tube when moving the sampling probe across 
the stack. Aerosol sampling is extremely sensitive to changes in the geometry of the sample collection 
tube and length. To address this issue, one person positioned the probe in the stack, one positioned the 
AeroTrack to maintain the shape of the sample tube, and one person recorded measurements from the 
instrument. A semi-rigid 3/8" ID poly tube was used to connect the 1/2" sub-isokinetic sample probe with 
the 3/8" inlet barb on the AeroTrak instrument. The semi-rigid tubing was chosen to help maintain the 
sample tube geometry and flow rates.  
 
We collected two measurements at each traverse position, two sets of measurements in the centerline 
position of the horizontal "B" traverse, and one additional centerline set in the vertical "A" traverse. Once 
all the measurements were collected, we averaged the measurements at each traverse point and then 
calculated the COV for the traverse points across the center 2/3rds of the sample plane (A2-A7 and B2-
B7). Please see Attachment 4 for the full report.  
 
The calculated COV for these traverse points was 13.4%, verifying that the stack flow is well mixed 
(PASS). 

  
Conclusion 
 
TA-59-0001 ES-08 sample location has been evaluated and proven to show it passes all of the 
requirements called out in ANSI N13.1-1999 and 40 CFR 61, Subpart H. Additional information 
including field and flow data are located in Attachment 5. Digital copies of all testing aspects will also be 
stored in the “Rad-NESHAPS” share drive.   
 



Attachment 1: Cyclonic Measurement 

         

         
59000108   Profile 1         

         

         

6/13/2024      

Average 
Rotation 

Angle: 7.4   

         
start time 10:52        
end time 17:00        

     

Velocity 
Pressure at 

alpha=0 
Angle at 
VP=0 

abs 
value 

of 
Alpha   

   A1 -0.011 +5 5   

   A2 -0.023 +5 5   

   A3 -0.042 +8 8   

   A4 -0.020 +6 6   

   A5 -0.123 +9 9   

   A6 -0.091 +12 12   

   A7 0.013 -4 4   

   A8 -0.137 +15 15   

   B1 -0.010 -3 3   

   B2 0.004 -2 2   

   B3 0.022 +14 14   

   B4 0.015 +6 6   

   B5 0.014 2 2   

   B6 0.095 10 10   

   B7 0.068 +8 8   

   B8 -0.041 -10 10   

         
ANSI N13.1 criteria:  cyclonic flow angle must be less than 20 degrees Pass   

         
Data Entry & Calculations by: Kris Hyatt    6/27/2024 

Verification & Validation by: Shimi Didla   7/30/2024 



Attachment 2: Velocity Measurements 
 

    Velocity Profile 59000108 Profile 1     Stack location; FE-08 
only  

  Flow Config 34.3 Hz     

Center 2/3 COV calcs, based on: 
        sqrt(dP) velocity ft/min 
Measurement 
Date 

6/14/2024      Average = 0.4144 1898 

       Std Dev = 0.0212 97 
start time 10:52      COV = 5.11% 5.11% 
end time 17:00         

   Traverse A 1 2  
average 

sqrt A Center2/3 dP Velocity 

avg temp 76.5 F A1 0.123 0.128 0.1255 0.35426   
RH 17.43  A2 0.162 0.153 0.1575 0.39686 0.39686 1817 
Static Pressure 0.712  A3 0.188 0.182 0.185 0.43012 0.43012 1970 
Backpurge 
location 

n/a - S-
Type 

 A4 0.194 0.193 0.1935 0.43989 0.43989 2014 

Reading n/a  A5 0.190 0.180 0.185 0.43012 0.43012 1970 
   A6 0.171 0.160 0.1655 0.40682 0.40682 1863 
Pref (HG") 22.7  A7 0.155 0.144 0.1495 0.38665 0.38665 1771 
Elv (prof, ft) 7376 DF estimate A8 0.082 0.089 0.0855 0.29240   
Elv (ref, ft) 7374 TA-6 A Centerline n/a      

          
Cp 0.99 Std        
T (K) 536.5  Traverse B 1.000 2.000  

average 
sqrt B Center2/3 dP Velocity 

Pbar 22.698  B1 0.114 0.114 0.114 0.33764   
Pg 0.0524605  B2 0.148 0.149 0.1485 0.38536 0.38536 1765 
Ps 22.750460

5 
 B3 0.167 0.167 0.167 0.40866 0.40866 1871 

MW 29  B4 0.182 0.184 0.183 0.42778 0.42778 1959 
K 4625.5  B5 0.201 0.197 0.199 0.44609 0.44609 2043 

   B6 0.182 0.176 0.179 0.42308 0.42308 1937 
Velocity 1808.0 ft/min B7 0.154 0.153 0.1535 0.39179 0.39179 1794 
Stack Area 3.142 ft^2 B8 0.135 0.124 0.1295 0.35986   
Flow Rate 5680.1 cfm B Centerline n/a      

    average sqrt across full  
plane of stack 

0.39484 max velocity 2043 
Data Entry & 
Calculations by: 

Kris Hyatt 6/27/24    min velocity 1765 

Verification & 
Validation by: 

Shimi P Didla 07/30/2024       

 

  



 

Attachment 3: Tracer Gas 
 

 

 

 



Attachment 4: Aerosol Measurements 

 



Attachment 5: Field and Flow Data 
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