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Ø  Replace or upgrade windows & install central AC 
Ø  Attic air sealing & attic and wall insulation   
Ø  Borrowed specs from energy programs, used weatherization 

contractors, strong QC requirements 
Ø  Average house leakage (average 30% reduction) 

Ø  Before: 7.8 ACH50  
Ø  After: 5.4 ACH50 

MSP Airport Sound Program 
Weatherization To Reduce Sound 

 

Tightening work on 3,200 homes with limited testing,   
what could  possibly go wrong?  
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Program Shutdown (1996)  

 Spurred safety testing 
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Ø  Panel of international building science experts establish 
standards & on-going review 

Ø  Design safety into 5,000 future homes 
•  Test before work & homeowner fix failures 
•  Program work: tighten, add ventilation and select treatments to 

maintain safe operation – keep existing equipment when possible 
•  Test after work complete and fix/retest as necessary 

Ø  Go back to 3,200 completed homes 

Similar approach for Milwaukee (3,000 homes) & San Antonio (5,000 homes) 

Program Response   

Full	report:	h<p://www.state.mn.us/mn/externalDocs/Commerce/
VenClaCon_and_DepressurizaCon_Research_022003031343_VenClaConReport.pdf	

Do No Harm 
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Combustion Safety Tests 

Ø Natural gas appliance flue carbon monoxide 

Ø  Vented appliance worst-case combustion spillage 

Ø Measure mechanical room (CAZ) worst-case pressure for 
design purposes  

Ø  Estimate depressurization after tightening & added (or 
reduced) exhaust flow => power-vent water heater or ? 
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Appliance Carbon Monoxide:   
 a maintenance issue 

 Standards	

Ovens:	150ppm			

Others:	100ppm	

Failure	Rate	

Ovens: 	 	25%	

Water	Heaters:	 			4%	

Furnaces:	 		14%	

• 		Local	gas	uClity	service	standard	
• 		NaConal	WX	pracCce	

• 		NaConal	appliance	=	400ppm	“air	free”	
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Draft pressure: a good predictor of spillage?  
 

Ø Monitored water heaters that failed draft pressure 
standard & passed spillage 

Ø 394 water heaters monitored 60 days for spillage 

Ø 87% had no spillage events 

Ø Only1 failed: had spillage that was greater than 
5% of the operating time 

Result: draft pressure no longer used for pass/fail  

Initially used draft pressure for pass/fail 
Many water heaters failed draft and passed spillage 

Used spillage monitoring study to evaluate draft standard  
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Appliance Combustion Spillage  
Standards		

“Worst-case”	–	turn	on	all	exhaust	
fans/appliances,		open/close	
doors,	air	handler	on/off	

DuraCon	–	furnace	1	minute	&	
water	heater	3	minutes		

Failure	Rate	

Water	Heaters:	 		19%	

Furnaces:	 		10%	
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Depressurization & vent sizing 
What Causes Water Heater Spillage? 

Spillage	Result	 Frequency	 WC	Pres.	
(Pa)	

WC	<	
Limit	

Vent	Cap	/
Input	

Pass	Both	 81%	 -1.0	 8%	 0.97	

Pass	Natural/Fail	WC	 9%	 -3.5	 51%	 0.96	

Fail	Both	 11%	 -1.1	 9%	 0.79	

Ø  Pass Both Conditions: low depressurization and properly sized 
common vent (e.g. chimney) 

Ø  Pass Natural/Fail WC: about half have WC pressure > limit 

Ø  Fail Both: undersized chimney or vent connectors 

“Natural”	=	No	depressurizaCon	 >1	indicates	sizing	is	OK	
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Depressurization & vent sizing 
Water Spillage Failure Rate 

WC	DepressurizaCon	(Pa)	

0	to	3	 3	to	5	 5+	

5%	 24%	 82%	

Ø  Very LOW spillage failure when WC pressure < 3 Pa (5%) 

Ø  Very HIGH failure when WC pressure > 5 Pa: (82%) 

Ø  WC pressure 3 to 5 Pa: sometimes fails 

Good indicator of when start having problems. Not highly 
reliable for predicting pass/fail for moderate conditions. 
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Depressurization & vent sizing 
Water Heater Spillage Failure Rate 

Connector	RaCo	 Chimney	Cap/Input	Rate	

<	0.85	 >=	0.85	 All	

<	0.6	 39%	 18%	 31%	

0.6	-	0.8	 15%	 7%	 11%	

0.8	–	1.0	 8%	 11%	 10%	

1.0	–	1.2	 5%	 1%	 3%	

1.2	–	1.4	 6%	 7%	 6%	

>	1.4	 2%	 2%	 2%	

All	 14%	 7%	 11%	

For	Natural	CondiCons	

High failure when chimney more than 15% undersized 
and connectors more than 20 - 40% undersized 
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Vent Sizing 

Ø Half or more of the spillage problems were due to 
undersized or improperly installed vents 

Ø 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 

Source:	Larry	Brand,	GTI	
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Vent Capacity Tables 

	NFPA	54	vent	tables	programmed	into	“vent	test”		checked	on	every	home		
Source:	Larry	Brand,	GTI	

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	l	rise	
•  20	l	common	vent	height	

Result:	
•  4	inch	vent	connector	for	

water	heater,	
•  5	inch	vent	connector	for	

furnace	
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Vent upgrades included in work scope 

Work	Type	 Frequency	

None	 28%	

Connectors	 38%	

Liners	 22%	

PV/DV	water	heater	or		
chimney-top	inducer	 20%	

Custom	 6%	
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Stacked	Tee	

Reduce restriction & increase rise 
Ø  metal common vent / liner 
Ø   larger connector  (4”) 
Ø   2 fewer elbows  (10% ea) 
Ø  1’ more rise at diverter  
Ø  direct into vertical – stacked tee 

(10%) 
Ø  system is more resistant to low 

depressurization  

Fix:		replace	saddle	with	
stacked	tee	to	meet	code	
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Equipment upgrades where needed 
 

Power or direct vent 
 water heater: 15% 

Chimney-top draft inducer: 5% 
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Water heater spillage test failures  
doubled during warmer weather  

Outside	Temperature	(F)	 Spillage	Failure	Rate	

>	80	 36%	

60	-	80	 28%	

40	-	60	 31%	

20	-	40	 14%	

<	20	 14%	

All		(1071	tests)	 23%			(249	fails)	

 does not include tile liners 
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Big picture - combustion evaluation  

Ø Spillage test: does it work now?   (pass/fail) 

Ø Measured depressurization vs guideline: will it work 
after weatherization & in other weather? (guidance) 

Ø Higher rate of  warm weather spillage fails: no 
method of compensating 
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Combustion Safety Test Procedure 

Ø Is setting up worst-case depressurization really 
necessary to catch combustion safety failures? 

Ø Can we develop a simplified test procedure that:  
•  Easier to perform & more repeatable 
•  Reduces “failures” for acceptable situations 
•  Still finds hazardous situations 

DOE Building America sponsored field research 

Source:	Larry	Brand,	GTI	
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Simplified Test Conditions 
Test	Procedure	

Comprehensive	 BPI	2015	 Simplified	
Dryer	&	Kitchen	 On	 On	 On	

Next	Largest	Exhaust	Fan	 On	 On	 On	
Other	Exhaust	Fans	 On	 On	 Off	

CAZ	Door	 Check	 Check	 Closed	
Other	Doors	 Check	 Open=	exhaust	

fan	or	return	
register	in	room	

Open=	exhaust	
fan	or	return	

register	in	room	

Air	Handler	 Check	 Check	 Check	

Check= which ever produces lowest CAZ pressure 
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Simplified and BPI Test Methods 

Ø  Maximum spillage duration 
•  Water heaters & warm vent furnace/boiler = 2 minutes 
•  Cold vent furnace/boiler = 5 minutes   

Ø Draft pressure not used for pass/fail 

Ø CAZ depressurization not used for pass/fail 
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Field Study: monitor spillage under 
normal operation  

Ø Selection Criteria: 
•  Spillage fail for simplified conditions 
•  Spillage pass: kitchen fan= low & other fans off 

Ø 11 homes in Minnesota and Wisconsin 
Ø Atmospheric draft natural gas water heaters in 

basements 
Ø Data collection for 3 to 6+ months, 1500 days of data 
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House Characteristics 
Minimum	 Maximum	 Average	

Air	Leakage	(ACH50)	 3.9	 11.1	 6.2	

Kitchen	Fan	(cfm),	[10/11]	 121	 276	 219	

Bathroom	Fan	(cfm),	[11/11]	 30	 130	 65	

2nd	Bath	Fan	(cfm),	[7/11]	 20	 72	 41	

CAZ	Depress	(Pa)	 -1.9	 -13.7	 -6.9	
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Depressurization Conditions 
Comprehensive versus Simplified 

68cfm 2nd fan & CAZ door open 
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Depressurization Conditions 
Comprehensive versus BPI 

For these 11 houses: interior door position can be determined by whether there is 
an exhaust fan or return register in the room 
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Cold Vent Establishment Pressure 
Greatest depressurization that the water heater can overcome 
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Conclusions 

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

Ø Large variation in level of depressurization required 
to cause spillage (-1.7 to -7.4 Pa).  

Next speaker: Dan Cautley- monitoring results 


