



ORVR Efficiency Testing

A.
Background

Hydrocarbon vapors are released from gasoline-powered pleasure craft during the refueling process.  Refueling emissions make a significant contribution to the overall unburned hydrocarbon emissions from pleasure craft.  Currently, California controls refueling emissions from light duty automobiles, but there is no control for pleasure craft. 

B.
Project Objectives

The purpose of this project is to evaluate the effectiveness of an onboard refueling vapor recovery (ORVR) system on Pleasure Craft.

Specifically, the objectives are to: 

a) Compare refueling emissions from a pleasure craft fuel tank with and without ORVR systems.
b) Compare refueling emissions from a pleasure craft fuel tank while refueling with vapor recovery and conventional nozzles. 
C.
Approach


Refueling tests will be conducted in a Sealed Housing for Emissions Determination, or “SHED,” on select fuel tank systems.  All test procedures below assume that a separate, actively purged, carbon canister is used to capture refueling emissions.  Approximately 300 gallons of fuel will be required for this project.
This test plan is based on Title 40, Code of Federal Regulations (CFR), Part 86.150-80.155 “Refueling test procedure” for non-integrated ORVR systems.  Prior to fuel tank soaking, the carbon canister will be disconnected from the fuel tank, loaded with butane to a 2 gram breakthrough and purged with 1200 bed volumes of dry air at 22.67 slpm.  The fuel tank must be drained and filled to 10% of nominal capacity with test fuel.  The tank assembly and refueling canister must then be soaked (but not connected) at the test temperature for 6-18 hours (an alternative soak procedure is allowed with temperature verification).  Following the soak, the canister is re-connected and the fuel cap is removed.  
The SHED temperature must be maintained at 29 +/-1 °C throughout the test sequence. The fuel tank shall be approximately level during all phases of the test sequence to prevent abnormal fuel distribution.  The SHED shall be purged for several minutes immediately prior to the test. 

If the fuel tank has been soaked outside the SHED it must be moved into the SHED at this time. An electrical ground shall be attached to the tank. The fuel filler cap will be removed and the SHED door will be closed and sealed within two minutes of cap removal. The FID (or HFID) trace will be allowed to stabilize.  The dispensed fuel temperature recording system will be started.  Within 10 minutes of closing and sealing the doors, analyze enclosure atmosphere for hydrocarbons and record. This is the initial (time=0 minutes) hydrocarbon concentration, CHCi, Within one minute of obtaining the initial FID (or HFID) reading, and alcohol reading if applicable, the fuel nozzle shall be inserted into the filler neck of the test vessel, to its maximum penetration, and the refueling operation shall be started. The plane of the nozzle's handle shall be approximately perpendicular to the floor of the laboratory. The fuel shall be dispensed at a temperature of 67±1.5 °F (19.4±0.8 °C) and at a dispensing rate of 6-14 gal/min. 

The fuel flow will continue until the refueling nozzle automatic shut-off is activated. The amount of fuel dispensed must be at least 85 percent of nominal fuel tank volume, determined to the nearest one-tenth of a U.S. gallon (0.38 liter). If automatic nozzle shut-off occurs prior to this point, the nozzle shall be reactivated within 15 seconds and fuel dispensing continued as needed. A minimum of 3 seconds shall elapse between any automatic shutoff and subsequent continuation of dispensing. 

The final reading of the evaporative enclosure FID analyzer shall be taken 60±5 seconds following the final shut-off of fuel flow. This is the final hydrocarbon concentration, CHCf,  The elapsed time, in minutes, between the initial and final FID (or HFID) readings shall be recorded.

D. 
Testing matrix

Number of tests in each configuration

	
	Non-ORVR tank
	ORVR tank

	Phase II EVR compliant nozzle
	3
	3

	Non-phase II nozzle
	3
	3


E.
Test Protocol

01 Test Fuels

01.00.0 The refueling tests will be conducted using commercially available California summertime pump fuel.  
01.01.0 The fueling dispensing system shall be purged with 2 times the volume of the dispensing hose before each ORVR test.  The SHED door shall be closed within 10 minutes of purging the fuel hose.

02 Carbon canister preconditioning

02.00.0 Load the carbon canister with a mixture of 50% butane and 50% nitrogen by volume at a rate of 40 grams of butane per hour for non-integrated ORVR systems and 15 grams per hour for integrated systems. 


02.01.0 Load canister until breakthrough is achieved (breakthrough is defined as the point at which the cumulative quantity of hydrocarbons emitted is equal to 2 grams)
02.02.0 Purge the canister(s) with at least 1200 canister bed volumes of ambient air (with humidity controlled to 50±25 grains of water vapor per pound of dry air) maintained at a nominal flow rate of 22.67 slpm directly following 2 above.

02.03.0 Within 10 minutes of completion of refueling emissions canister purge above, the refueling emissions canister(s) shall be disconnected and capped.  Within 24 hours of purge completion start the test sequence outlined below.

03 Test Sequence

03.00.0 Fill fuel tank with 10% of nominal tank capacity  
03.01.0 Soak fuel tank and capped canister at 29±1 °C for 6-18 hours
03.01.01 Alternate: Soak tank for 1 hour after fuel temperature is +/- 2(C of test temperature

03.01.02 Purge the dispensing system with 2 times the fuel hose volume (SHED must be sealed within 10 minutes)
03.02.0 Purge SHED of hydrocarbons

03.03.0 Connect carbon canister to fuel tank vent line.
03.04.0 Keep SHED wall temperature to 29 +/-1(C.  

03.05.0 Zero and span FID (or HFID) hydrocarbon analyzer immediately prior to  the test

03.06.0 Turn on the enclosure mixing fan and the spilled fuel mixing blower.

03.07.0 Connect the line from the fuel tank(s) to the refueling emissions canister. 
03.08.0 An electrical ground shall be attached to the tank. The tank fuel filler cap shall be removed and the enclosure door shall be closed and sealed within two minutes of cap removal. The FID (or HFID) trace shall be allowed to stabilize.

03.09.0 The dispensed fuel temperature recording system shall be started.  
03.010.0 Within 10 minutes of closing and sealing the doors, analyze enclosure atmosphere for hydrocarbons and record. This is the initial (time=0 minutes) hydrocarbon concentration, CHCi,
03.011.0 Within one minute of obtaining the initial FID (or HFID) reading, and ethanol reading if applicable, the fuel nozzle shall be inserted into the filler neck of the test vessel, to its maximum penetration.  Non-vapor recovery nozzles shall be inserted until the aspirator for the auto shutoff is 2.75 +/-0.25 inches below the lip of the fill plate.  The refueling operation shall be started. The plane of the nozzle's handle shall be approximately perpendicular to the floor of the laboratory. The fuel shall be dispensed at a temperature of 67±1.5 °F (19.4±0.8 °C) and at a dispensing rate of 6-14 gal/min.
03.012.0 The fuel flow shall continue until the refueling nozzle automatic shut-off is activated. The amount of fuel dispensed must be at least 85 percent of nominal fuel tank volume, determined to the nearest one-tenth of a U.S. gallon (0.38 liter). If automatic nozzle shut-off occurs prior to this point, the nozzle shall be reactivated within 15 seconds and fuel dispensing continued as needed. A minimum of 3 seconds shall elapse between any automatic shutoff and subsequent resumption of dispensing. Dispensing may not be manually terminated, unless the test vessel has already clearly failed the test.
03.013.0 The final reading of the evaporative enclosure FID (or HFID) analyzer shall be taken 60±5 seconds following the final shut-off of fuel flow. This is the final hydrocarbon concentration, CHCf. The elapsed time, in minutes, between the initial and final FID (or HFID) readings shall be recorded.
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