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2. PROJECT 2: VENTILATION EFFECTIVENESS ADVANCED SYSTEM 
RESEARCH 

2.1 Executive Summary 

Overview 

Key Results 
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Gate Status 

1. Source Energy Savings and Whole Building Benefits (“must meet”) 

2. Performance-Based Code Approval (“must meet”) 

3. Prescriptive-Based Code Approval (“should meet”) 

4. Cost Advantage (“should meet”) 

5. Reliability Advantage (“should meet”) 

6. Manufacturer/Supplier/Builder Commitment (“should meet”) 
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7. Gaps Analysis (“should meet”) 

Conclusions 
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2.2 Sacramento Tracer Gas Testing 

2.2.1. Description of House 

Figure 2.1: Floor plan of the house tested 

Figure 2.2: Front elevation of the house tested 
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2.2.2. Description of Test Method 

2.2.3. Test Performed 

Table 2.1: List of tracer gas tests 

Test Number Description 

CFIS Tests With Mixing (All have AHU 20 min off/10 min on) 

1 Doors Closed, Transfer Grills Open, 95% of the 62.2 Ventilation Rate* 

2 Doors Closed, Transfer Grills Open, 60% of the 62.2 Ventilation Rate 

3 Doors Closed, Transfer Grills Open, 33% of the 62.2 Ventilation Rate 

4 Doors Closed, Transfer Grills Closed, 60% of the 62.2 Ventilation Rate 

Laundry Exhaust Tests With Mixing (All at 100% of the 62.2 ventilation rate) 

5 Doors Closed, Transfer Grills Open, AHU 20 min off/10 min on 

6 Doors Closed, Transfer Grills Open, AHU 25 min off/5 min on 

7 Doors Closed, Transfer Grills Closed, AHU 25 min off/5 min on 

Laundry Exhaust Tests Without Mixing (All at 100% of the 62.2 ventilation rate) 

8 Doors Open, Transfer Grills Open 

9 Doors Closed, Transfer Grills Open 

10 Doors Closed, Transfer Grills Closed 

Master Bathroom Exhaust Tests With Mixing  (All at 100% of the 62.2 ventilation rate) 
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11 Doors Closed, Transfer Grills Open, AHU 25 min off/5 min on 

Master Bathroom Exhaust Tests Without Mixing  (All at 100% of the 62.2 ventilation rate) 

12 Doors Closed, Transfer Grills Open 

13 Doors Closed, Transfer Grills Closed 

Natural Infiltration Tests (No ventilation or AHU operation) 

14 Doors Open, Transfer Grills Open 

Air Handler Bump Tests (No ventilation, AHU on) 

15 Doors Open, Transfer Grills Open 

16 Doors Closed, Transfer Grills Open 

17 Doors Closed, Transfer Grills Closed 

*Test 1 was 95% instead of 100% of the 62.2 ventilation rate due to hardware limitations. 

2.2.4. Results 

Figure 2.3: Tracer gas measurement results for Test 1 (exhaust from laundry room) 
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Figure 2.4: Tracer gas measurement results for Test 3 (CFIS) 

2.2.5. Conclusions 

2.3 Calibration of First Model 

2.3.1. Introduction to CONTAM 

2.3.2. Testing of Substitute House 
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2.3.3. Calibration Procedure 
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2.3.4. Calibration Results 

Figure 2.5: Comparison of results for the laundry exhaust test without mixing (test 1) 
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Figure 2.6: Comparison of measured results for the CFIS test (test 3) 

Figure 2.7: Comparison of results for the laundry exhaust test with mixing (test 6) 
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Figure 2.8: Comparison of results for the master bathroom exhaust test without mixing (test 
15) 

2.3.5. Use of Calibrated Model for Other Ventilation Systems 
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Figure 2.10: Indoor and outdoor temperatures used in extension cases 

Figure 2.11: Extension case—exhaust ventilation without central AHU 
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Figure 2.12: Extension case—supply ventilation without central AHU 

Figure 2.13: Extension case—exhaust ventilation with central AHU and standard thermostat 
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Figure 2.14: Extension case—exhaust ventilation with central AHU and minimum run timer 

Figure 2.15: Extension case—CFIS ventilation with minimum run timer 
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Figure 2.16: Extension case—balanced ventilation system without AHU 

Figure 2.17: Establishing the reference decay rate using the exhaust ventilation system 
without and AHU 
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Figure 2.18: Comparison of reference decay rate with decay rates of house with balanced 
ventilation at 100% of the 62.2 rate 

Figure 2.19: Comparison of reference decay rate with decay rates of house with balanced 
ventilation at 50% of the 62.2 rate 
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2.4 ASHRAE Meeting—January 2007, Dallas 

2.4.1. Building America Expert Meeting 

2.4.2. SSPC 62.2 Meeting 
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2.5 Preparation for First Round of Simulations 

2.5.1. Weather Files 

2.5.2. Schedule Files 

2.5.3. AC Sizes 

2.5.4. CONTAM Automation Tools 
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2.5.5. Post-Processing Tools 

2.6 First Round of Simulations 

2.6.1. Model Description 
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Figure 2.20: CONTAM layour during the first round of simulations 

 

2.6.2. Parameters Varied 

2.6.2.1. Presence and location of central system 

2.6.2.2. Duct leakage 

2.6.2.3. AHU operation 

2.6.2.4. Enclosure leakage 

2.6.2.5. Ventilation system 
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2.6.2.6. Ventilation rate 

2.6.2.7. Climate 

2.6.3. Occupant Exposure as Metric Comparison 

2.6.4. Post-Processing 

2.6.5. Results 

System Type  Range  
Approximate 
Median  

Fully ducted balanced ventilation system, with or without central duct 
system  

1.0  1.0  

Non-fully ducted balanced ventilation, with central duct system, and 
central air handler unit controlled to a minimum runtime of at least 10 
minutes per hour  

0.9 to 1.1  1.0  

Supply ventilation, with central duct system, and central air handler unit 
controlled to a minimum runtime of at least 10 minutes per hour  

1.1 to 1.7  1.25  
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Exhaust ventilation, with central duct system, and central air handler 
unit controlled to a minimum runtime of at least 10 minutes per hour  

1.1 to 1.9  1.25  

Exhaust ventilation, with central duct system, and central air handler 
unit not controlled to a minimum runtime of at least 10 minutes per 
hour  

1.0 to 1.8  1.5  

Supply ventilation, without central duct system  1.4 to 1.9  1.75  

Exhaust ventilation, without central duct system  1.3 to 2.6  2.0  

2.7 ASHRAE Meeting—June 2007, Long Beach 

2.7.1. Building America Expert Meeting 

2.7.2. SSPC 62.2 Meeting 

 

 

 

 

2.8 Second Round of Simulations 

2.8.1. Changes from Previous Modeling 
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2.8.2. Model Description 

2.8.3. Parameters Varied 

2.8.3.1. Presence of central system 

2.8.3.2. Duct leakage 

2.8.3.3. AHU operation 

2.8.3.4. Enclosure leakage 

2.8.3.5. Ventilation system 

2.8.3.6. Ventilation rate 

2.8.3.7. Climate 

2.8.4. Exposure Calculation Method and Scenarios 
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2.8.5. Post-Processing 

2.8.6. Results 

 

 

 

 

Table 2.2: Comparison of BSC and LBL results for Everybody Everywhere case 
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Table 2.3: Comparison of BSC and LBL results for Volume Weighted Sources case 

Table 2.4: Comparison of BSC and LBL results for Worst-Case Age-of-Air case 
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Table 2.5: Comparison of BSC and LBL results for I Stink case 

 

Figure 2.6: Comparison of BSC and LBL results for You Stink case 
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Figure 2.21: Difference between 1X and 2X Manual J sizing 

 



C-353

Figure 2.22: Effect of climate on yearly average exposure 

 

Figure 2.23: Effect of central system on yearly average exposure 



C-354

Figure 2.24: Effect of duct location and leakage level on yearly average exposure 
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Figure 2.25: Effect of minimum runtime on yearly average exposure 

Figure 2.26: Effect of envelope leakage rate on yearly average exposure 

2.9 ASHRAE Meeting – January 2008 – New York City 

2.9.1. Building America Expert Meeting 

2.9.2. SSPC 62.2 Meeting 



C-356

2.10 Third Round of Simulations 

2.10.1. Model Description 
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Figure 2.27: CONTAM model layout with added zones 

2.10.2. Parameters Varied 

2.10.2.1. Presence of central system 

2.10.2.2. AHU operation 

2.10.2.3. Enclosure leakage 

2.10.2.4. Ventilation system 

 

 

 

 

 

 

 

 

 

 

2.10.2.5. Ventilation rate 
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2.10.2.6. Climate 

2.10.3. Exposure Scenarios 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.10.4. Post Processing 
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2.10.5. Results 

Figure 2.28: System coefficients for 3.5 ach50 enclosure, exposure scenario 1 

 

Figure 2.29: System coefficients for 3.5 ach50 enclosure, exposure scenario 2 
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Figure 2.30: System coefficients for 3.5 ach50 enclosure, exposure scenario 3 

 

Figure 2.31: System coefficients for 3.5 ach50 enclosure, exposure scenario 3 
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Table 2.7: System coefficients for 3.5 ach50 enclosure, exposure scenario 1 

With AHU 
Ventilation type 

Ventilation 
ducting 

With Min 
Turnover 

Without Min 
Turnover 

Without AHU 

fully ducted 1.35 1.65 1.65 
Supply 

not fully ducted 1.35 1.65 1.65 

fully ducted 1.65 2 2 
Exhaust 

not fully ducted 1.65 2 2 

fully ducted 1 1 1 
Balanced 

not fully ducted 1 1.35 1.35 

Table 2.8: System coefficients for 3.5 ach50 enclosure, exposure scenario 3 

With AHU 
Ventilation 

type 
Ventilation ducting With Min 

Turnover 
Without Min 

Turnover 

Without 
AHU 

fully ducted 1.65 2 2 
Supply 

not fully ducted 2 2 2 

fully ducted 1.35 1.65 1.65 
Exhaust 

not fully ducted 2 2 2 

fully ducted 1.35 1.35 1.35 

fully ducted + exhaust in 
wet rooms 1 1 1 

Balanced 

not fully ducted 1.35 1.65 2 

 

2.11 ASHRAE Meeting – June 2008 – Salt Lake City 

2.11.1. SSPC 62.2 Committee Meeting 

2.12 Fourth Round of Simulations 
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2.12.1. Model Description 

2.12.2. Parameters Varied 

2.12.3. Exposure Scenarios 
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2.12.4. Post Processing 

2.12.5. Results 

 

Figure 2.32: System coefficients for 3.5 ach50 enclosure, exposure scenario 5 
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Figure 2.33: System coefficients for 3.5 ach50 enclosure, exposure scenario 6 

Table 2.9: System coefficients for 3.5 ach50 enclosure, exposure scenario 5 

With AHU 
Ventilation type Ventilation ducting 

With Min Turnover 
Without Min 

Turnover 

Without 
AHU 

fully ducted 1 1 1 
Supply 

not fully ducted 1 1.35 1.65 

fully ducted 1 1.65 2 
Exhaust 

not fully ducted 1 2 2 

fully ducted 1 1 1.35 
Balanced 

not fully ducted 1 2 2 

 

Table 2.10: System coefficients for 3.5 ach50 enclosure, exposure scenario 6 

With AHU 
Ventilation type Ventilation ducting 

With Min Turnover 
Without Min 

Turnover 

Without 
AHU 

fully ducted 1 1.35 1.35 
Supply 

not fully ducted 1 1.35 1.65 

fully ducted 1.35 2 2 
Exhaust 

not fully ducted 1.35 2 2 

fully ducted 1 1 1.35 
Balanced 

not fully ducted 1 1.65 2 
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2.12.6. Sensitivity Analysis 

Table 2.11: Pollutant source cases for sensitivity study 

Scenario 1 3 5 6 7 8 9 10 11 12 

Volume Weighted 100 0 0 50 40 30 50 50 33 20 

Kitchens & Baths Only 0 100 0 0 10 20 10 20 33 20 

Occupants Only 0 0 100 50 50 50 40 30 33 60 
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Table 2.12: System coefficients for 3.5 ach50 enclosure, exposure scenario 7 

With AHU 
Ventilation type Ventilation ducting 

With Min Turnover 
Without Min 

Turnover 

Without 
AHU 

fully ducted 1 1.35 1.35 
Supply 

not fully ducted 1 1.35 1.65 

fully ducted 1.35 1.65 2 
Exhaust 

not fully ducted 1.35 2 2 

fully ducted 1 1 1.35 
Balanced 

not fully ducted 1 1.65 2 

Table 2.13: System coefficients for 3.5 ach50 enclosure, exposure scenario 8 

With AHU 
Ventilation type Ventilation ducting 

With Min Turnover 
Without Min 

Turnover 

Without 
AHU 

fully ducted 1 1.35 1.35 
Supply 

not fully ducted 1 1.35 1.65 

fully ducted 1 1.65 2 
Exhaust 

not fully ducted 1.35 2 2 

fully ducted 1 1 1.35 
Balanced 

not fully ducted 1 1.65 2 

Table 2.14: System coefficients for 3.5 ach50 enclosure, exposure scenario 9 

With AHU 
Ventilation type Ventilation ducting 

With Min Turnover 
Without Min 

Turnover 

Without 
AHU 

fully ducted 1 1.35 1.35 
Supply 

not fully ducted 1 1.35 1.65 

fully ducted 1.35 1.65 2 
Exhaust 

not fully ducted 1.35 2 2 

fully ducted 1 1 1.35 
Balanced 

not fully ducted 1 1.65 2 

Table 2.15: System coefficients for 3.5 ach50 enclosure, exposure scenario 10 

With AHU 
Ventilation type Ventilation ducting 

With Min Turnover 
Without Min 

Turnover 

Without 
AHU 

fully ducted 1 1.35 1.35 
Supply 

not fully ducted 1.35 1.65 1.65 

fully ducted 1.35 1.65 2 
Exhaust 

not fully ducted 1.35 2 2 

fully ducted 1 1 1 
Balanced 

not fully ducted 1 1.65 2 



C-368

Table 2.16: System coefficients for 3.5 ach50 enclosure, exposure scenario 11 

With AHU 
Ventilation type Ventilation ducting 

With Min Turnover 
Without Min 

Turnover 

Without 
AHU 

fully ducted 1 1.35 1.35 
Supply 

not fully ducted 1.35 1.65 1.65 

fully ducted 1.35 1.65 2 
Exhaust 

not fully ducted 1.35 2 2 

fully ducted 1 1 1 
Balanced 

not fully ducted 1 1.65 2 

Table 2.17: System coefficients for 3.5 ach50 enclosure, exposure scenario 12 

With AHU 
Ventilation type Ventilation ducting 

With Min Turnover 
Without Min 

Turnover 

Without 
AHU 

fully ducted 1 1 1.35 
Supply 

not fully ducted 1 1.35 1.65 

fully ducted 1 2 2 
Exhaust 

not fully ducted 1 2 2 

fully ducted 1 1 1.35 
Balanced 

not fully ducted 1 2 2 

 

2.13 ASHRAE Meeting – January 2009 – Chicago 

2.13.1. Building America Expert Meeting 

2.13.2. SSPC 62.2 Committee Meeting 

2.14 Post January 2009 meeting 

2.14.1. Rescaling Coefficient Range 



C-369

Figure 2.34: Example illustration of the process of rescaling the coefficients 

2.14.2. Average Exposures Instead of Highest Occupant Exposures 

Figure 2.35: Results of average exposure analysis for volume-weighted source scenarios 
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Figure 2.36: Results of average exposure analysis for kitchen & bathrooms source 
scenarios 

 

 

Figure 2.37: Results of average exposure analysis for occupant-generated source scenario 

 

2.15 ASHRAE Meeting – June 2009 – Louisville 

2.15.1. SSPC 62.2 Committee Meeting 
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2.15.2. Presentation of Technical Papers 

2.16 Post June 2009 Meeting 

2.16.1. Progress and current status of change proposal 

2.17 References 
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2.18 APPENDICES 

2.18.1. Substitute House Testing Trip Report 

2.18.2. January 2007 Expert Meeting Summary Report 

2.18.3. June 2007 Expert Meeting Summary Report 

2.18.4. January 2008 Expert Meeting Summary Report 

2.18.5. January 2009 Expert Meeting Summary Report 

2.18.6. 2009 ASHRAE Transactions 11, Paper #1 Presentation 

2.18.7. 2009 ASHRAE Transactions 12, Paper #2 Presentation 


