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1 Purpose 

The purpose of this environmental calculation is to provide the methodology, assumptions and 
calculations used for the mathematical engineering analysis of the Reduction-Oxidation (REDOX) 
Facility in order to show sampling defensibility after increasing the effluent and sampling flows at the 
291-S-1 stack. 

2 Background  

A historical document review indicates that the REDOX facility had three canyon exhaust fans, per HW-
32319, Ventilation for Radiation Protection at REDOX.  Two electrically driven fans, capable of 20,000 
cfm each, and one steam powered turbine, capable of 40,000 cfm, was available for use from the 291-S 
fan house.  The turbine fan only powered on when the differential pressures upstream hit a predetermined 
emergency level. 

In 1966 and 1967, ISO-1108, REDOX Deactivation Manual, delineated the process of putting the 
REDOX facility into a stand-by mode.  The documentation indicates that the exhaust systems relating to 
the 291-S-1 stack had remained the same at that time. 

Engineering drawing, H-2-95383, 291-S-1 Probe Assembly Stack Sample/Monitor, indicates the 
specifications of the rake probe and the effluent and sampling speeds that are necessary for the system to 
be at a near-isokinetic state. 

A 1995 memorandum, REDOX Facility Surveillance and Maintenance S/RIDS and N&SCP Transmittal, 
from ERC Team to Bechtel Hanford Incorporated, summarized the necessary and sufficient standards for 
the REDOX surveillance and maintenance program.  That document confirmed that each of the two 
electrically driven fans were capable of 20,000 cfm each.  At that time, the standby electrical fan was 
available to be powered up via diesel engine that was on standby in the event of a power outage.  The 
turbine powered fan was identified as a backup fan that had been isolated in previous years. 

Currently, the steam turbine is isolated.  Both of the electrically powered fans are used interchangeably 
and neither fan has a separate diesel engine on stand-by to supply power to them. 

Given the age of the REDOX facility and the fact that it was built previous to any of the American 
National Standards Institute (ANSI) documents, specifically those relating to representative and 
defensible sampling, the reasonable assumption is that this facility was built to Department of Energy 
(DOE) standards.  The calculation to follow is a mathematical engineering analysis used to show the same 
near-isokinetic state after increasing the effluent flows to the original DOE standard. 

3 Methodology 

With the current sampling flows of the 291-S-1 stack documented to be near-isokinetic the following 
methodology implements a mathematical engineering analysis process to determine what the sample 
flows will need to be, after an increase in effluent flows, to ensure that the system remains near-isokinetic. 

The mathematical engineering analysis is determined as follows: 

1. Determine the current design effluent flows and sample flows and calculate the isokinetic ratio. 

a. Calculate the effluent duct “Stack Area” using design parameters. 

b. Calculate the effluent duct “Stack Velocity” with 1 electrically driven fan running. 
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c. Calculate the individual “Nozzle Area” for each of the sample rake nozzles using design 
parameters. 

d. Calculate the “Total Nozzle Area” of the current sample rake. 

e. Calculate the total “Sample Velocity” of the rake probe. 

f. Calculate the “Flow Ratio” of the effluent and sample design velocities to determine the 
isokinetics of the current system.  NOTE: Isokinetic = 1.0 

2. Assuming use of both electrically driven fans, at capacity, determine the “Sample Flow Rate” 
needed for the sampling system to remain isokinetic. 

a. Calculate the “Design Stack Flow Velocity” assuming both fans running at capacity and previous 
inputs, as needed. 

b. Calculate the “Sample Flow Rate” assuming an isokinetic sample profile and previous inputs, as 
needed. 

4 Assumptions and Inputs 

All of the assumptions and inputs are delineated as laid out in the methodology: 

1. For determining the current design effluent flows and sample flows in order to calculate the isokinetic 
ratio. 

a. Inputs: 

i. Based on historical documentation, HW-32319, Ventilation for Radiation Protection 
at REDOX, each of the two electrically driven fans is capable of 20,000 cfm.  The 
current system only runs one fan at a time, thus, 20,000 cfm is used. 

ii. Drawing, H-2-95383, 291-S-1 Probe Assembly Stack Sampler/Monitor (Sheet 1), 
states the following design parameters: 

1. The stack inner diameter is 47.75 inches. 

2. The stack is said to be near-isokinetic at stack flow velocities of 1610 
feet/minute.  This lines up with the calculated assumption below. 

3. Nozzles are sized to provide near-isokinetic sampling at 2.2 cfm sample 
extraction rate. 

4. Nozzle tip specifications show a 0.375 inch tube with wall thickness of 0.065 
inches on each side. 

iii. The remainder of the inputs are calculated based on constants and previously 
calculated values. 

b. Assumptions: 

iv. Drawing, H-2-95383, 291-S-1 Probe Assembly Stack Sampler/Monitor (Sheet 1), 
shows two rake probes.  It is assumed that one of these probes was for the historical 
purpose of pulling a sample for a continuous air monitor (CAM), much like U-Plant 
did. 
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2. Assuming use of both electrically driven fans, at capacity, determine the “Sample Flow Rate” needed 
for the sampling system to remain isokinetic. 

a. Inputs: 

i. Based on historical documentation, HW-32319, Ventilation for Radiation Protection 
at REDOX, each of the two electrically driven fans is capable of 20,000 cfm.  
Assuming that both fans are running at a time a value of 40,000 cfm is used. 

ii. Drawing, H-2-95383, 291-S-1 Probe Assembly Stack Sampler/Monitor (Sheet 1), 
states the following design parameters that are carried over: 

1. The stack inner diameter is 47.75 inches. 

2. Nozzle tip specifications show a 0.375 inch tube with wall thickness of 
0.065 inches on each side. 

iii. The remainder of the inputs are calculated based on constants and previously 
calculated values. 

b. Assumptions: 

i.  i. Drawing, H-2-95383, 291-S-1 Probe Assembly Stack Sampler/Monitor (Sheet 1), 
shows two rake probes.  It is assumed that one of these probes was for the historical 
purpose of pulling a sample for a continuous air monitor (CAM), much like U-Plant 
did. 

ii. The “Stack Flow Velocity” is assumed to be double with both fans running (a linear 
relationship).  It is recognized that due to system losses that this value will actually be 
less but 40,000 CFM is used as a conservative highest possible value.  The 
components/system is assumed to be able to handle the increase in velocity. 

iii. The “Desired Flow Ratio” is 1.00 as the increased flows are to remain isokinetic. 

3. Overall 

a. The basis of this calculation assumes a linear relationship between the effluent flow rates and 
the sample flow rates. 

5 Software Applications 

A Microsoft EXCEL®1 spreadsheet was used to complete the mathematical engineering analysis. 

6 Calculation 

The calculation is presented in Tables 1 and 2 using the steps defined in the Methodology. 

 

 

 

                                                      
1 Microsoft and Excel are registered trademarks of the Microsoft Corporation. 
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Table 1 - Mathematical Engineering Analysis for Current Effluent/Sample Flows at REDOX 

A B C D E F 
Stack Effluent Flow Analysis 

  
Calculated Value Designation Units Reference / Assumption 

Number 
Current Flow 
Calculations Calculation 

1 Max Design Stack Volumetric Flow ft3/min 1 20000.00 Input 

2 Design Stack Inner Diameter in 2 47.75 Input 
3 Design Stack Area in2 --- 1789.85 PI*((E2/2)^2) 

4 Design Stack Area ft2 --- 12.43 E3/144 
5 Design Stack Flow Velocity ft/min --- 1609.07 E1/E4 

Sample Effluent Flow Analysis 

  
Calculated Value Designation Units Reference / Assumption 

Number 
Current Flow 
Calculations Calculation 

6 Design Sample Flow Rate ft3/min 2 2.20 Input 
7 Individual Nozzle Diameter in 5 0.25 0.375 - (2* 0.065) 

8 
Individual Nozzle Area 

in2 --- 0.05 PI()*(E7/2)^2 

9 Individual Nozzle Area ft2 --- 3.27E-04 E8/144 

10 Number of Nozzles N/A 2,3 5.00 Input 
11 Total Nozzle Area ft2 --- 1.64E-03 E9*E10 
12 Design Sample Velocity ft/min --- 1343.98 E6/E11 
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Table 1 - Mathematical Engineering Analysis for Current Effluent/Sample Flows at REDOX 

Isokinetic Flow Ratio for Effluent and Sample Velocity 

  Calculated Value Designation Units Reference / Assumption 
Number 

Current Flow 
Calculations Calculation 

13 Flow Ratio N/A 4 0.84 E12/E5 

NOTES: 
1. Value obtained from HW-32319, Page 3.  The REDOX facility has 2 electrically driven fans designed for 20,000 cfm each. 
2. Value taken from H-2-95383, 291-S-1 Probe Assembly Stack Sampler/Monitor, Sheet 1, 10/28/85 
3. Drawing indicates there are two parallel rakes with 5 nozzles each and an extra nozzle each to measure stack flow.  Only one of these 
rakes are currently utilized for stack sampling. 
4. The flow ratio is a comparison of the Design Stack Flow Velocity and the Design Sample Velocity to show how isokinetic the sampling 
system is. 
5. Value taken from H-2-95383, 291-S-1 Probe Assembly Stack Sampler/Monitor, Sheet 2, 10/28/85 
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Table 2 - Mathematical Engineering Analysis for Doubling Effluent/Sample Flows at REDOX 

A B C D E F 
Stack Effluent Flow Analysis 

  
Calculated Value Designation Units Reference / Assumption Number Current Flow Calculations Calculation 

1 Max Design Stack Volumetric Flow ft3/min 1 40000.00 Input 

2 Design Stack Inner Diameter in 2 47.75 Input 
3 Design Stack Area in2 --- 1789.85 PI*((E2/2)^2) 

4 Design Stack Area ft2 --- 12.43 E3/144 
5 Design Stack Flow Velocity ft/min --- 3218.15 E1/E4 

Isokinetic Flow Ratio for Effluent and Sample Velocity 

  Calculated Value Designation Units Reference / Assumption Number Current Flow Calculations Calculation 

6 Desired Flow Ratio N/A 4 1.00 Desired Input 
Sample Effluent Flow Analysis 

  
Calculated Value Designation Units Reference / Assumption Number Current Flow Calculations Calculation 

7 Individual Nozzle Diameter in 2 0.25 0.375 - (2* 0.065) 

8 Individual Nozzle Area in2 --- 0.05 PI()*(E7/2)^2 
9 Individual Nozzle Area ft2 --- 3.27E-04 E8/144 

10 Number of Nozzles N/A 2,5 5.00 Input 

11 Total Nozzle Area ft2 --- 1.64E-03 E9*E10 
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Table 2 - Mathematical Engineering Analysis for Doubling Effluent/Sample Flows at REDOX 

12 
Design Sample Velocity 

ft/min --- 3218.15 =E5 

13 Sample Flow Rate ft3/min 6 5.27 E12/E11 

NOTES: 
1. Value obtained from HW-32319.  The REDOX facility has 2 electrically driven fans designed for 20,000 cfm each. 
2. Value taken from H-2-95383, 291-S-1 Probe Assembly Stack Sampler/Monitor, Sheet 1, 10/28/85 
3. Although the Design Stack Flow Velocity is calculated the same as the current flows, it is double the current Design Stack Flow Velocity. 
4. The flow ratio is a comparison of the "Design Stack Flow Velocity" and the "Design Sample Velocity" to show how isokinetic the sampling 
system is.  In the case of using both electrically driven fans a fully isokinetic system is desired. (Isokinetic = 1.00) 
5. Drawing indicates there are two parallel rakes with 5 nozzles each and an extra nozzle each to measure stack flow.  Only one of these rakes 
are currently utilized for stack sampling. 
6. "Design Sample Flow Rate" was calculated based on a desired velocity profile to maintain an isokinetic relationship as discussed in Note 4.  
The original "Total Nozzle Area" remains the same. 
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7 Results/Conclusions 

The mathematical analysis effectively backs the historical documentation and allows the facility to 
employ higher effluent rates and still maintain sampling defensibility.  The calculation shows that running 
both electrically driven fans concurrently and doubling the effluent flows at the REDOX facility can 
create the same near-isokinetic sampling scenario that currently exists while running one fan. 
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Appendix A 

H-2-95383, 291-S-1 Probe Assembly Stack Sample/Monitor 
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