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Introduction - What is Combustion 
Safety? 

>Generally refers to natural draft appliances creating a 
draft in the vent within a short time period after ignition, 
i.e., no excessive spillage 

>Also applies to common vented fan-assisted and draft 
hood appliances – no flow from one to the other 

>Good practice means that the appliance(s) are properly 
installed and operating 
─ Sufficient air for combustion and dilution 
─ Vent is properly sized and installed 
─ CO within safety certification limits 
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Start with the Code 

Combustion air 
requirements and vent 
sizing tables the same in 
all model fuel gas 
installation codes 

ANSI Standard since 1974 

All Category I appliances 

2015 Update to Annex G 

5 

Code enforceable when adopted by the authority having jurisdiction. 
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Category I Natural Gas Appliances 

>Fan-assisted or draft-hood equipped 
>Negative vent pressure 
>Not condensing 

 
 

>Draft-hood equipped water heaters are not 
categorized, but are considered Category I 
appliances for venting and combustion safety 

 
U.S. Manufacturing Company, Inc. 

Certified as a forced air furnace CAT I 
Equipped for use with natural gas at altitudes from 0 to 2000 ft. above 
sea level 
Installation only in buildings constructed on site. 

Model No. CSX123-4 
Serial No. 1234567890 
Power Supply 115 V 
 Natural Gas LP Gas 
Heating Input Rating 100,000 80,000 
Output Capacity 80,000 60,000 
Temperature Rise 35 – 65 35 – 65 
   

Check the Label 
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The Equipment was Properly 
Installed 
1. Clearances to combustible materials 
2. Combustion air requirements 
3. Testing 

 
>Focus on #2 and #3 

Building America Measure Guidelines 
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Air 

Does not apply to: 
Direct Vent Appliances 
& Clothes Dryers 
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Combustion Air from Indoors, part 1 

More than 0.4 ACH (natural)? 
Standard Method:  50 ft3 per 
1000 Btu/hr 
 
Example: 
120,000 Btu/hr requires 
50*120 = 6000 ft3  
Or 750 sq. ft. with 8 ft. 
ceilings.  
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Combustion Air from Indoors, part 2 

1 - Unknown/Not-Specified 
infiltration rate  

Less than 0.4 ACH (natural)? 
Known AIR Method:   
Other than fan-assisted use 
21 ft3 per ACH. 
Fan assisted 15 ft3 per ACH 
 
Example: (0.3 ACH) 
120,000 Btu/hr natural draft 
requires  8,400 ft3 or 1050 sq. 
ft. with 8 ft. ceilings 
With fan assisted requires 
6000 ft3 or 750 sq. ft. with 8 ft. 
ceilings  
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CO is Within 
Limits 

Use the ANSI 
Safety 
Certification 
Limits 
 
Make the air-
free adjustment 

 

 (Excerpted from Proposed National Fuel Gas Code 2015 Annex G version as of 2-27-
14 with permission from the American Gas Association) 

 

Appliance Threshold Limit 

Central Furnace (all categories)   400 ppm1air free2,3 

 Floor Furnace 400 ppm air free 
Gravity Furnace 400 ppm air free 
Wall Furnace (BIV) 200 ppm air free 
Wall Furnace (Direct Vent) 400 ppm air free 
Water Heater 200 ppm air free 

1   Parts per million 
 

2   Air free emission levels are based on a mathematical equation (involving carbon monoxide and oxygen or 
carbon dioxide readings) to convert an actual diluted flue gas carbon monoxide testing sample to an undiluted air 
free flue gas carbon monoxide level utilized in the appliance certification standards. For natural gas or propane, 
using 
as-measured CO ppm and O2 percentage: 

 

 
 
Where: 

COAFppm = Carbon monoxide, air-free ppm 
COppm = As-measured combustion gas carbon monoxide ppm 
O2 = Percentage of oxygen in combustion gas, as a percentage 

 
3 An alternate method of calculating the CO air free when access to an oxygen meter is not available: 
 

 
 

Where: 
UCO2 = Ultimate concentration of carbon dioxide for the fuel being burned in percent for natural gas (12.2 
percent) and propane (14.0 percent) 
CO2 = Measured concentration of carbon dioxide in combustion products in percent 
CO = Measured concentration of carbon monoxide in combustion products in percent 

 

(Based on NFGC 2012 Annex G, with permission from American Gas Association) 
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Vent Sizing 

>Most combustion safety incidents are related to 
poor sizing/installation practice 

>The venting tables in the code have been around 
since the 1950’s with an update in the 1980’s 
─ Time-tested 
─ Will solve most problems 
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Venting Tables 

Example: 
• 100,000 Btu/hr furnace 
• 40,000 Btu/hr water 

heater 
• Common vented 
• Type B double wall vent 
• Type B double wall 

connector 
• 2 ft rise 
• 20 ft common vent height 

 
Result: 
• 4 inch vent connector for 

water heater, 
• 5 inch vent connector for 

furnace 
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Dave Bohac 
Jim Fitzgerald  

Measure Guideline: 
Combustion Safety for 

Natural Draft Appliances 
Through Appliance Zone 

Isolation 

http://www.nrel.gov/docs/fy14osti/61295.pdf?gathStatIcon=true 

http://www.nrel.gov/docs/fy14osti/61295.pdf?gathStatIcon=true
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Appliance Zone Isolation 

Natural draft appliances located in an enclosed 
area 
>Physical separation from living space 

─ Mechanical closets  
─ Attached garages 
─ Attics 

>Proper air barrier isolates appliances from house 
depressurization 

>Combustion air from outside 
 Eliminates need for depressurization combustion spillage testing 
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Five Steps 

1. Combustion venting system complies with 
manufacturer’s specifications and local codes.  

2. Air seal the physical boundary to ensure that it is airtight 
to the living space. 

3. Seal all ducts and cabinet leakage located in the zone. 

4. Provide code required outside combustion air openings.  

5. Remove all exhaust devices located in the area that can 
depressurize the zone or provide makeup air if there is 
a clothes dryer in the isolated zone. 
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2. Air Sealing the Enclosure 

Make the boundary airtight 
>Fill in large openings with ½” gypsum. 
>Seal all joints, seams, and penetrations between 

the zone and living space with joint tape, sealant 
foam listed for use as a firestop and approved for 
uncovered use, or sealant caulk (see IRC 314.6). 

>Door to house: weatherstrip, door sweep, self-
closing/latching. 

>Louvered door: replace or block off louvers 
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3. Duct and Cabinet Sealing 

Seal joints, penetrations, openings in the ducts and cabinet 

> Continuous, sealed duct from living space to blower 
housing.  
─ Duct area = return inlet or at least 2 sq in/1,000 Btu output (Proctor, 

Chitwood, & Wilcox). 

─ Mechanically fasten duct to blower housing 

> Tape all cabinet service openings/joints. 

> Seal all joints and seams with mastic and mesh tape 
(UL181-M) or foil tapes (UL 181 A-P and UL 181 B-FX). 

> No return air from the space. 
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4. Combustion Air From Outside 

Meet National Fuel Gas Code requirements: two 
openings 
>Within 12” top and 12” bottom. 

 

Direct/vertical: 1 sq in/4,000 Btu/hr input Horizontal: 1 sq in/2,000 Btu/hr input 
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4. Combustion Air From Outside 

Meet National Fuel Gas Code requirements: one 
opening 
>Within 12” top. 

 

1 sq in/3,000 Btu/hr input 
Not less than sum of vent connectors 

Consider effect of louvers, screens, or grilles 
No label? Assume 75% metal louver & 25% wood. 
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5. Make Up Air and Exhaust Fans 

Remove or provide make up air 
>Dryers:  

─ 100 sq in opening 
─ Can include damper with interlock 

>All other exhaust fans should be removed. 

>Attic: remove or disconnect powered attic fans or 
provide additional air inlets for fan. 
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Field Confirmation 

>Visual inspection of air handler. 

>Smoke-test duct and cabinet leakage. 
─ Fan pressurization to 25 Pa 
─ Theatrical fog into system 
─ Seal leaks where fog comes out 

>Isolation pressure test. 
─ Depressurization < 5 Pa with house at 50 Pa 
─ Depressurization with HVAC operation < 1 Pa 
─ Depressurization with dryer < 2.5 Pa 
─ Garage depressurization w/fan < 2.5 Pa 
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Case Studies 

Measure Guideline provides case studies 
>Attic furnace.  

>Attached garage. 

>Mechanical closet. 
─ Door to bedroom or bathroom 
─ Building cavity used as return 
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Key Detail: Return Platform 

Illustration by Ray David, NREL/PIX 19500.  
Photos from Warren Gretz (NREL/PIX 10929) and Iberdola Renewables Inc. (NREL/PIX 15185) 
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Appliance Zone Isolation 

>Prescriptive measures to isolate space and 
provide combustion air & venting 

>Inspections and tests to confirm proper isolation 

>Protects natural draft appliances from house 
depressurization 

>Eliminates need for depressurization combustion 
spillage testing 
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Recent BA Research 

Field Test Procedures 
Is setting up worst-case depressurization really 
necessary to catch combustion safety failures? 
How about a simplified test procedure that has 
fewer false positives? 
>Building America sponsored field research 
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Research Scope 

>Survey of field experience 
>Field testing 

─ Simplified test procedure 
> Fixed door positions 
> Air handler on if it reduces indoor pressure 
> Clothes dryer on 

─ Sites selected based on  
> Must fail criteria – Kitchen fan on high; next largest 

fan on; continuous spillage after set time 
> Must pass criteria – Kitchen fan on high or low; 

next largest fan on or off; no spillage after set time 
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BA CS Simplified Test Procedure 

>Setup – 
─ Keep doors open if there is a return or exhaust in the 

room, otherwise close them 
─ Turn on all exhausts* including dryer 
─ Check with and without air handler on 
─ Check with and without CAZ door open 

>Test for spillage - beyond 
─ 2 minutes for water heaters and furnaces in heating mode 
─ 5 minutes for furnaces not in heating mode 

>Check CO against ANSI certification standards 
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Recent Research - Survey 

>How common are combustion safety failures? 
>NASCSP Disseminated – National Association 

for State Community Services Programs  

          Non-WAP 

          3 agencies 

          Statewide 
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> Asked questions about housing (last program year) 
─ How many homes treated? 
─ How many use fossil fuels? 
─ How many have natural draft appliances in the pressure boundary? 

> Asked about test procedure – BPI, other? 

> For those that failed: 
─ How many due to air handler operation? 
─ How many due to exhaust operation, including dryer? 
─ How many had a new appliance installed to address the issue? 
─ How many had a Power Vent kit installed to address the issue? 
─ How many were deferred because of the issue? 

Survey – Parts 1&2 
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WAP 
Homes  
28,575  

non-
WAP 

Homes  
1,810  

Total 30,385 Homes; 78% Oil, gas, propane 

> Weatherization Assistance 
Program (WAP) Homes were 
94% of sample 

> Total 30,385 Homes 

> One state did not answer 
further questions, saying the 
data were not tracked 
─ this reduces that WAP 

sample by 213 homes 
(28,362 WAP homes, 30,172 
total homes remaining) 

 

Survey Results – Number of Homes 

40 
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> Six (6) states that provided estimates report 41% 
of homes had natural draft appliances within the 
pressure boundary 

> Four (4) states that provided precise values 
report 81% of homes had natural draft 
appliances within the pressure boundary 

> Seven (7) states do not track this information 

> Difference likely related to geography 

Survey Results – Appliance Location 
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> States with data (4 states) 
─ 4.3% (74 of 1,707 homes) got 

remediation due to 
EXPECTED failures 

─ 5.4% (92 of 1,707 homes) got 
remediation due to 
OBSERVED spillage 

> States with estimates (5 states) 
─ 6% (~513 of 8,507 homes) got 

remediation due to EXPECTED 
failures 

─ 16% (~1,351 of 8,507 homes) 
got remediation due to 
OBSERVED spillage 

> AK said 40-50% 

> Excluding AK, about 8% 

Survey Results – Failure Rates 

46 

 1,707  

 8,507  

 
20,171  

Provided data

Provided estimates

No data
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>States with data 
 

─ 4% (73 of 1,707 
homes) failed because 
of air handler 
operation 
 

─ 4% (39 of 967 homes) 
failed due to exhausts 
(including dryers) 

>States with estimates 
 

─ 6.5% (~374 of 5,757 
homes) failed because 
of air handler 
operation 
 

─ 18% (~1,043 of 5,757 
homes) failed due to 
exhausts (including 
dryers) 

Survey Results – Failure Causes 

47 
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> Compared to states providing precise data, states 
providing estimates 
─ estimated that homes fail spillage tests at a higher rate 
─ estimated that exhausts are more frequently the cause 

> Could be correct – small samples, geographic differences 

> Some states volunteered that many/most failures due to: 
─ Improper flue sizing 
─ Crushed roof cap 
─ Air handler operation 
─ Dryer operation 

 

 

Survey Results – Failure Causes 
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>States with data 
 

─ 31 of 967 homes got a 
new appliance (3.2%) 

>States with estimates 
 

─ Excluding Alaska, 150 
of 6,507 homes got a 
new appliance (2.3%) 
 

─ Alaska estimated 
about 60%. 

Survey Results – Remediation 

Power vent kits installed in only about 17 of about 9,000 homes (< 0.2%) 

Only 6 homes (one agency) reported to have been deferred 

50 
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>Combustion safety failures not as common as 
expected 
 

>Combustion safety failures not often due to 
exhaust fans 
─ Usually air handlers or dryers or vent failures 

 
>Very little actual tracking of this information (great 

opportunity?) 

Survey Conclusions 



Building America Webinar 38 

Field Study 

> 11 homes, MN and WI 

> Atmospheric draft natural gas water heaters in basements 

> Spillage test:  
─ Fail: “simplified” depressurization conditions at 2 minutes  
─ Pass: kitchen fan to low & other exhaust fans off 

> Measured or observed 
─ Burner operation (via temperature) 
─ CO2 near draft hood (as indicator of spillage) 
─ Pressures and fan status 

> Data collection for 3 to 6+ months, 1500 days of data 
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Spillage by minute of operation, by site 

What 
caused 
this?  

Dan Cautley, SeventhWave 
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Two sites showed excessive spilling 

Both systems had venting defects: 
>MN_04 had an undersized water 

heater vent (vent capacity = 75% of burner 
input) 

 
 

>WI_01 had a large opening 
downstream of the water heater 
(unused, partially repaired connection for a 
furnace)  

3” vent, 6’ run, 4 elbows 

Water heater and unused furnace vent 
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Effect of first minute of operation  
and outdoor temperature 
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Dan Cautley, SeventhWave 
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Depressurization Conditions 

Comprehensive versus Simplified 
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Depressurization Conditions 

Comprehensive versus BPI 



Building America Webinar 44 

Conclusions 

>Typical, normal systems don’t spill excessively, 
and don’t produce much carbon monoxide 

>Vent defects are an important cause, perhaps the 
largest cause, of excessive spillage.  Vent inspection 
is critically important in evaluating safe operation. 

>Worst-case test conditions about equal for 
Simplified and Comprehensive methods. 

>Large variation in level of depressurization 
required to cause spillage (-1.7 to -6.1 Pa).  

11 Minnesota/Wisconsin houses with water heaters in basement  
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Looking Forward - Harmonization 
Org/ 

Std-Yr 
Req.? Focus 

appliances 
CAZ 
door 

Other 
doors 

Air 
Handler1 

Limits Spillage Draft 

                  
NFPA/ 
NFGC-2012 No 

Existing 
furnaces and 

boilers 
Closed No No No 5 

minutes No 

ACCA/ 
QH12-2011 Yes Existing 

appliances Test Test 
Each No No 5 

minutes No 

BPI/ 
101-2011 Yes Existing 

appliances Test Test 
Each Yes Yes 1 

minute Yes 

NREL/ 
SWS-2011 Yes Existing 

appliances Test Test 
Each Yes Yes 2 

minutes No 

                  
NFPA/ 
NFGC-2015 No Existing 

appliances Test No Yes No 5 
minutes No 

ACCA/ 
QH12-2014 Yes Existing 

appliances Test Test 
Each Yes No 5 

minutes No 

BPI/ 
101-2015 Yes Existing 

appliances Test Default Yes No 2 or 5 
minutes3 No 

NREL/ 
SWS-20152 Yes Existing 

appliances Test Default Yes No 2 or 5 
minutes3 No 
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Combustion Safety Tips ! 

> Check the vent connector! 
─ Replace connectors that are too long, too narrow, 

or corroded; consider a Type B vent connector  

─ Increase the diameter of the vent connector if 
allowed by the tables 

> Use a chimney liner when downsizing appliances 
> Unblock combustion air openings to the indoors 

or outdoors 
> Use latest test procedures to avoid false positives 
> Consider a power vent kit 

 

Photo Credit: Paul Francisco 
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Building America Reports 

Measure Guideline: Combustion Safety for Natural Draft Appliances Through Using 
Indoor Air 
http://www.nrel.gov/docs/fy14osti/61326.pdf 

 
Measure Guideline: Combustion Safety for Natural Draft Appliances Through 
Appliance Zone Isolation 
http://www.nrel.gov/docs/fy14osti/61295.pdf?gathStatIcon=true 

 
Combustion Safety Simplified Test Protocol Field Study 
http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/combustion-safety-protocol-field.pdf 

http://www.nrel.gov/docs/fy14osti/61326.pdf
http://www.nrel.gov/docs/fy14osti/61295.pdf?gathStatIcon=true
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Questions? 

>Larry Brand 
R&D Director 
Gas Technology Institute 
larry.brand@gastechnology.org 

>Dave Bohac 
Director of Research 
Center for Energy and Environment 
dbohac@mncee.org  

mailto:larry.brand@gastechnology.org
mailto:dbhoac@mncee.org
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