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SUMMARY

Air Resources Board personnel performed tests in June and July, 1997 to determine
hydrocarbon concentrations in the vapor return path of vacuum assist Phase Il vapor
recovery systems while dispensing fuel to Onboard Refueling Vapor Recovery (ORVR)
systems. The testing was performed in response to concerns that air ingested to the
vapor recovery system while dispensing to ORVR systems may produce flammable
mixtures of air and gasoline vapor in the vapor recovery system. Hydrocarbon
concentrations were measured at two locations in the vapor return path: the union of the
- dispensing nozzle with the coaxial vapor recovery hose and the intersection of the
dispenser vapor return line with the underground vapor return line.

Vapor path hydrocarbon testing was performed at five Sacramento area service stations -
‘and represented three independent methods of transporting gasoline vapor from the
vehicle fill plpe to the underground storage tank 1) a variable speed, dispenser mounted,
vapor pump; =, a product driven jet pump located at one of the underground tanks and 3)
an assembly consisting of a blower and a thermal vapor processor located at the
underground tank vapor vent riser. Three primary test modes were examined: high clip
dispensing, low clip dispensing and high clip dispensing alternating between ORVR and
conventional fuel systems

A total of nine liquid seal ORVR systems and ten vapor recovery nozzles were available
for testing. Mechanical seal ORVR systems were unavailable for evaluation. Mechanical
seal ORVR systems expose the vehicle fuel tank headspace vapor to the nozzle vapor
return path. Conversely, liquid seal systems rely on dispensed fuel to force vehicle
headspace vapors through the ORVR system, exposing the nozzle vapor return path to
ambient air. Since the two systems use different physical principles to achieve an ORVR
seal, vapor path hydrocarbon concentrations measured for liquid seal systems cannot be
extrapolated to predict the behavior of mechanical seal systems.

The vapor recovery systems, nozzles and ORVR systems that participated in vapor retum
hydrocarbon concentration testing are identified in Summary Table S-1 and Summary
Table S-2. With the exception of the Husky 6250 nozzle with the Gilbarco vapor recovery

system, only nozzles certified for use with the respectnve vapor recovery systems were
evaluated.

Test results for consecutive ORVR refuelings are summarized in Summary Table S-3.
Summary Table S-4 summarizes results for alternating conventional and ORVR
dispensing. Each table shows the system combinations tested and the average percent
of elapsed dispensing time in which the hydrocarbon vapor concentration at the nozzle
exit remained in the flammable range. For the purpose of this report, the flammable

range for a mixture of hydrocarbon vapor in air is defined as 2% to 8% total hydrocarbon
vapor concentration.

- Inspection of Summary Table S-3 shows the nozzle exit hydrocarbon vapor concentration
enters the flammable range at some point during dispensing for every combination of
ORVR system, vapor recovery system and nozzle tested with three exceptlons Table S-
3 also shows no identifiable relation between the amount of dispensing time in the
flammable range and the various combinations of ORVR and vapor recovery systems
tested. However, the data shown in Table S-3 is the average of the hlgh and low clip
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refueling modes.

Inspection of Summary Table S-4 shows the nozzle exit hydrocarbon concentration enters .
‘the flammable range during approximately 4 out of every 5 dispensing events. Of the
twenty-one tests in which the hydrocarbon concentration did not enter the flammable
range, twenty were distributed among three ORVR systems. All three systems (Honda,
GM-Green and Nissan) utilized vapor recirculation. However, the nozzle exit vapor
concentration at the start of each alternating refueling test was not constant throughout
testing. It is uncertain how nonuniform conditions at the start of each test may have
affected the test results. ,
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~ SUMMARY TABLE S-1:
PARTICIPATING VAPOR RECOVERY SYSTEMS AND NOZZLES
____VAPORRECOVERY SYSTEM | NOZZLES TESTED _
Wayne Vac EW A4505, Husky 6250, OPW 11VAI-69
Hasstech VacuRite EW A4500, Husky V34,
OPW 11VAI-29
Gilbarco Vapor Vac ’ EW 4500, Husky V3 & 6250*,
OPW 11VAI-27
Catlow Vapor Mate , Catlow ICVN
Healy 600 Healy 600
* Husky 6250 not currently certified for use with Gilbarco Vapor Vac system.

SUMMARY TABLE S-2:

PARTICIPATING ORVR SYSTEMS AND CONFIGURATIONS

Chrysler #1 (cut body, liquid seal, orifice*, no vapor recirculation)

“ Chrysler #2 (cut body, liquid seal, orifice*, no vapor recirculation) "
“ Nissan (cut body, liquid seal, orifice*) |

Toyota (cut body, liquid seal, canister) ||

GM-Black (stick car, liquid seal, canister, vapor recirculation)

Ford (stick car, liquid seal, canister, vapor recirculation) “

“ GM-Green (stick car, liquid seal, canister, vapor recirculation)

GM-White (stick car, liquid seal, canister, no vapor recirculation) “

Honda (stIk car, liquid seal, canister, vapor recurculatuon)

* Orifice sumulg canter pressure drop used in place of canister.
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INTRODUCTION

Personnel from the Air Resources Board Compliance Division (CD) and Monitoring and
Laboratory Division (MLD) performed field testing to determine vapor path hydrocarbon
concentrations in selected vacuum assist vapor recovery systems when refueling liquid
seal ORVR systems at high clip and low clip dispensing rates. Phase Il vapor recovery
systems are installed at California service stations to control vehicle refueling emissions.
Preliminary testing by ARB staff in November 1995 and March 1996 has shown
refueling ORVR vehicles with vacuum assist systems introduces ambient air into the
vapor return line. Depending on the combination of vapor recovery and ORVR system,
the vapor return line hydrocarbon concentration can enter the flammable range
(approximately 2% to 8%) for an air / hydrocarbon vapor mixture. In addition, the
equilibrium driven volume increase of the lean hydrocarbon mixture during repeated
ORVR dispensing can result in increased fugitive emissions or increased emissions
from the underground storage tank vent riser, especially in systems not equipped with a
vapor processor. _

The tests were performed using nine liquid seal ORVR systems at five vacuum assist
service stations in the Sacramento area during the weeks of June 23, 1997 and July 14,
1997. Fuel was delivered to ORVR systems at each test location with the nozzles
certified for use with each system. A total of twelve vacuum assist nozzles were
evaluated.

TEST SYSTEMS

Vapor path hydrocarbon testing was performed on nine liquid seal ORVR systems at
five vacuum assist vapor recovery systems (Wayne, Hasstech, Gilbarco, Catlow and
Healy) using twelve different nozzles. The vacuum assist vapor recovery systems and
their locations, features, test nozzles and test dates are identified in Table 3-1. The
participating ORVR systems and their configurations are identified in Table 3-2.

SAMPLING LOCATIONS

Hydrocarbon vapor concentration, temperature, volumetric flow rate and gauge pressure
were determined at the intersection of the dispenser and underground vapor return lines
according to procedures contained in ARB TP-201.2 - “Determination of Efficiency of
Phase Il Vapor Recovery Systems of Dispensing Facilities." In addition, hydrocarbon
concentration was also determined at the nozzle / coaxial hose interface by inserting a
fitting between the nozzle and hose allowing a recirculating vapor sample to a NDIR
analyzer, as shown in Figure 4-1. The sampling locations and parameters determined
are shown in Figure 4-2. Instrumentation used to collect test data are identified in Table
4-1. Test parameters were recorded by a data acquisition system and strip charts.
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FIGURE 4-1

Nozzie Exit Hydrocarbon Sampling Fitting
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TABLE 3-2:
ORVR CONFIGURATIONS

Chrysler #1 (cut body, liquid seal, orifice, no vapor recirculation)

Chrysler #2 (cut body, liquid seal, orifice, no vapor recirculation)

Nissan (cut body, liquid seal, orifice)

Toyota (cut body, liquid seal, canister)

Ford (stick car, liduid seal, canister, vapor recirculation)

GM-Black (stick car, liquid seal, canister, vapor recirculation)

GM-Green (stick car, liquid seal, canister, vapor recirculation)

GM-White (stick car, liquid seal, canister, no vapor recirculation) 1'

Honda (stick car, liquid seal, canister, vapor recirculation) "

" TABLE 4-1:

L . TEST INSTRUMENTATION .
HC - underground line ~ NDR _ 0 - 100% as propane
" HC - hose/nozzle interface ~ NDIR 0 - 100% as propane II
" volume positive displacement meter ' cubib feet ||
|| ' gauge pressure transducer 0 - 100 inches H,0
temperature thermocouple 0 -200 degrees Fahrenheit

NDIR = Non-dispersive infrared.
4.1 Pretest Determinations

Prior to testing at each facility, the test dispenser air to liquid (A/L) ratio was determined
to establish representative dispensing within the A/L range certified for the vapor
recovery system. Pretest air to liquid ratios were determined at the high clip dispensing
rate according to TP-201.5 using an OPW nozzle at the Wayne, Hasstech and Gilbarco
locations, while Catlow ICVN and Healy 600 nozzles were used at the Catlow and Healy
locations, respectively. Only these nozzles were used for A/L determinations because
the nozzle spout vapor port locations matched the available A/L fitting.
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5.1

TEST DISPENSING MODES

The original test protocol included three test modes for dispensing fuel to participating
liquid seal ORVR systems: high clip dispensing, low clip dispensing and slow fill
dispensing for the last $1 of the high clip mode. However, the test plan was modified to
replace slow fill dispensing with a high clip dispensing mode which alternated between
conventional fuel system refueling and ORVR system refueling (high clip alternating).
The high clip alternating mode was included to simulate the interaction of vacuum assist
systems with a mixed fleet of ORVR and conventional vehicles.

High Clip Dispensing

One trial was performed in the high clip dispensing mode for each ORVR system,

nozzle and Phase |l vapor recovery system combination tested using the following
procedure:

a) If the vehicle was equipped with a canister, it was disconnected from the tank
and purged with ambient air for 20-30 minutes. Some ORVR systems were
equipped with an orifice in place of a canister and do not require purging.

b) Drain fuel from the tank according to the manufacturer's procedure.
C) If applicable, connect the purged canister to the vehicle fuel tank.
d) Prefiil the tank to 10% of its usable capacity (first test only).

e) If first dispensing event of day, wait at least 15 minutes. (This duration allows
' the vapor/air mixture in the ullage space to reach the equilibrium which occurs in
normally driven vehicles.) : '

f) Insert the nozzle spout fully into the fillneck or lower the spout into the fillneck
until the nozzle latch ring engages in the nozzle retaining position of the fillneck
opening. The fillneck for an ORVR system is designed to be compatible with a
dispenser nozzle which conforms with SAE J285 SEP.'92. The plane of the
nozzle handle shall be as close to vertical as possible and in all cases form an
angle which is less than or equal to 50 degrees from vertical.

Q) Activate the dispenser and dispense fuel in the “hands off” mode by latching
nozzle at maximum flow rate. The tester then removes his hands from the
nozzle. Determine the dispensing rate with a stop watch as described in Section
4.6.

h) Connect the underground storage tank vapor return line to the filipipe opening
and drain fuel from the tank according to the manufacturer's procedure.

Page 11



5.2

5.3

Low Clip Dispensing

One trial was performed in the low clip dispensing mode for each ORVR system, nozzle,
and vacuum assist vapor recovery system combination by repeating Sections 5.1.a
through 5.1.h, with the nozzle latched in the low clip dispensing position.

High Clip Alternating Dispensing

One high clip alternating trial was performed for each combination of ORVR system,
vacuum assist vapor recovery system and nozzle. This test was performed as
described in Section 5.1, except approximately six to eight gallons of gas were
dispensed to an A/L testing tank prior to refueling the ORVR system. This was done to -

return vapor path hydrocarbon concentration to a level representative of conventional
vehicle refueling. ‘

TEST RESULTS

This section presents, in chronological order, vapor path hydrocarbon concevéations
determined at the nozzle exit and dispenser for two different vehicle matrixes. The first
consisting solely of ORVR fuel systems, the second simulated alternating between
ORVR and conventional fuel systems. Conventional fuel system simulation for the
alternating test mode was achieved by dispensing 6 - 8 gallons of gasoline to a 50
gallon A/L proving tank prior to dispensing fuel to the ORVR system.

As stated in the Summary, all tests were performed with liquid seal ORVR systems, no
mechanical seal ORVR systems were evaluated due to availability. Mechanical seal
ORVR systems expose the vehicle fuel tank headspace vapor to the nozzle vapor return
path. Conversely, liquid seal systems rely on dispensed fuel to force vehicle- headspace
vapors through the ORVR system, exposing the nozzle vapor return path to ambient air.
Since the two systems use different physical principles to achieve an ORVR seal, vapor
path hydrocarbon concentrations measured for liquid seal systems cannot be
extrapolated to predict the behavior of mechanaical seal systems.

All tabular data presented herein is sorted according to refueling mode and system
manufacturer. High clip refueling of consecutive ORVR systems is designated “HC”.
High clip refueling alternating between ORVR and conventional systems is designated
“HCA". Low clip refueling modes for consecutive ORVR systems and alternating ORVR
with conventional systems are designated “LC" and “LCA”, respectively.

Hydrocarbon concentrations presented in the test results are discussed relative to the
flammable range. The flammable range for air / hydrocarbon vapor mixtures are all
hydrocarbon concentrations between the lower flammable limit (LEL) of 2% total
hydrocarbons and the upper flammabile limit (UEL) of 8% total hydrocarbons.
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. 6.1

6.2

Air to Liquid (A/L) and Vapor to Liquid (VIL) Ratios

Pretest AJL ratios determined for the test dispenser at each test facility are presented in
Table 6-1. The pretest A/L results show each vapor recovery system tested operated
within the allowable A/L range when measured at the test dispenser.

The VI/L ratio determined for each ORVR refueling are presented with the hydrocarbon

- concentration data for each vapor recovery system in Table 6-2 through 6-13. Upon

examination of the V/L data with the tabular and graphical hydrocarbon concentration
data, some general trends are noticed:

1. There appears to be an inverse relation between the V/L ratio and the .
asymptotic hydrocarbon concentration value when refueling ORVR vehicles. For
example, the graphical data for the vapor recovery systems with operating V/L
ratios of 1.25 and greater (Healy. Hasstech) operate with vapor path
hydrocarbon concentrations in or sometimes below the lower flammable range
(2% - 5%), while systems with V/L ratios approaching unity tend to operate in or
above the upper flammable range (5% - 8%).

2. When performing alternating refueling modes (HCA, LCA) there is also an
inverse relation between the V/L ratio and the elapsed dispensing time for vapor
path hydrocarbon concentrations to reach both the UEL and asymptotic value.
Systems with V/L ratios much greater than one require less dispensing time to
reach the UEL and the final vapor path concentration than systems with V/L
ratios of one or less.

3. In vapor recovery systems with similar V/L ratios, ORVR systems without vapor
recirculation require less dispensing time for vapor path hydrocarbon
concentrations to reach the UEL and asymptotic value than ORVR systems with
vapor recirculation. In addition, the asymptotic hydrocarbon concentration for

ORVR systems without recirculation is generally lower than for systems with
recirculation.

WayneVac Vapor Recovery System

Vapor path hydrocarbon concentrations determined for the GM ORVR systems with the
OPW 11VAI-69 and Husky 6250 nozzles are presented in Tables 6-2 and 6-3 and
Figures 6-1 through 6-4. Examination of the plotted data for the GM Green system
shows nozzle exit concentrations remained above the flammable range for OPW nozzle,
while spending a majority of time in the flammable range with the Husky 6250. Piotted
data for the GM White system shows nozzle exit concentrations traversing through the
flammable range for both the OPW and Husky nozzles. No data is presented for other
ORVR systems because a lack of satisfactory electncal power forced termination of
testing at this facility.

Vapor return hydrocarbon concentrations determined for the Emco Wheaton A4505
nozzle with all ORVR systems (except GM Black, broken fill neck) are presented in
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6.3

6.4

6.5

Table 6-4 and Figures 6-5 through 6-12. Examination of the data generally shows
nozzle exit concentrations remaining above the flammable range or in the upper
flammable range for ORVR systems with vapor recirculation. Nozzle exit concentrations

for ORVR systems without vapor recirculation generally spend a majority of time in the
lower flammable range.

Hasstech Vapor Recovery' System

Vapor return line hydrocarbon concentrations determined for ORVR systems with the
OPW 11VAI-29 nozzle are reported in Table 6-5 and Figures 6-13 through 6-21.
Examination of the data shows average nozzle exit concentrations in the flammable
range for all ORVR systems except Honda and GM White. The plotted data (Figures 6- -
13 thru 6-21) shows nozzle exit concentrations remained in the flammable range for all
systems except Honda and GM White, regardless of dispensing mode.

Vapor return line hydrocarbon concentrations determined for ORVR systems with the

 Emco Wheaton A4500 and Husky V34 nozzles are reported in Table 6-6 and Table 6-7,

and Figures 6-22 through 6-39. Examination of the plotted data in Figures 6-22 through
6-39 shows nozzle exit concentrations for both nozzles remained in the flammable
range for all systems except GM White, regardless of dispensing mode.

Gilbarco Vapor Recovery System

Vapor return line hydrocarbon concentrations determined for ORVR systems with the
Husky V3, Emco Wheaton A4500 and OPW 11VAI-27 nozzles. are reported in Table 6-8
through Table 6-10 and Figures 6-40 through 6-66. General examination of the data
shows nozzle exit concentrations primarily in the flammable range for ORVR systems
without vapor recirculation, while ORVR systems with vapor recirculation maintained
nozzle exit concentrations in or slightly above the upper flammable range.

Vapor return line concentrations were also determined for ORVR systems using the
Husky 6250 nozzle, although this nozzle is not currently certified for use with the
Gilbarco system. Tabular and graphical results for the Husky 6250 are presented in
Table 6-11 and Figures 6-67 through 6-75. The resuits indicate nozzie exit
concentrations for all systems reside primarily in the lower flammable range.

Catlow Vapor Recovery System

Vapor return line hydrocarbon concentrations determined for ORVR systems with the
Catlow ICVN nozzle are reported in Table 6-12 and Figures 6-76 through 6-84. General
examination of the data shows nozzle exit concentrations exhibiting the same
characteristics demonstrated by the Gilbarco and Wayne systems, which also perform
at an A/L ratio approaching unity. Thus, nozzle exit concentrations were primarily in the
flammable range for ORVR systems without vapor recirculation, while ORVR systems
with vapor recirculation maintained nozzle exit concentrations in or slightly above the
upper flammable range. '
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6.6

Healy Vapor Recovery System

Vapor return line hydrocarbon concentrations determined for ORVR systems with the
Healy 600 nozzle are presented in Table 6-13 and Figures 6-85 through 6-93. The
results show nozzle exit concentrations primarily in the flammable range for all systems
except the Honda and Nissan “HCA” and “LC" dispensing modes.
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GILBARCO

' CATLOW

HEALY

*

 HASSTECH

OPW 11VAI-69

_ AVERAGE
HUSKY V34

AVERAGE .

OPW 11VAI-27

AVERAGE
ICVN

AVERAGE .

600

TABLE 6-1
_PRETEST A/L DET

. 0.90-1.10

Executive Order:
G-70-153-AB___

~ 1.40 - 2.30
@ 8 gpm

Executive Order:
G-70-164

1.00 - 1.20

Executive Order:
G-70-150-AD

0.90-1.10

Executive Order:

Executive Order:

Value excluded from average calculation.

Page 16



L} 9beg

“eUN{OA XOdeA (enjoe uo peseq T/A| - g
| “W@d Ul ejex buysuedstd| - |s
(38 - §C) obuel s{qeuniie{y UT UOTJIEIUSGOUOD 812Z20U eW|3 buisuedeip jueoxed| - [d4%
“(N) butje{noijoex-uoN X0 (y¥) butaernoatoey xodep| - |N/d
. o ———
30 [86°0 z 9¢ z 91 £ 9T 601 €91 L0t £ 8P S 1S 9°9¢% 9°9¥% 00°S Yo'l
30 860 CREaY b1t b1t T°0t Vit 976 S 5¢C 9°G6¢C §°5¢C S'SC 00°S o1
30 foo-1 8 ve v S1 ST T ot R 0°01 17 3EL T ev Tev Vi L YOH
30 fto'T L 121 €01 T ¢t T ¢t L6 L it I XA LLe [ XA vl L OH
8% Joo'1 0°S¢ 801 6°01 St 601 ST v 0§ L ¢S Z°6v T6v 00°S YOI
39T foc°1 Z°6 6°¢€ 6° € i1 -m.m 0°T S €C S €C XA v €C 00°S o1
sty oo ¢ 8 vc v 1t T 11 v 1 | I vl CNEL 6LV 0°9¥ 0°9¥ vi L \YOH
RET f20° 1 €L S € 3 0°t S € 0°1 vt S vl v vl (2L Vi L OH
T s7a ZON s7a uoz# “#7d ZON 87 | ZON ST | ZON | s%3wy | SPOR |N/H | RILSAS
TTeT/A FOVUAAY TUNId RONINIR RORIXVYR LYVLs Buysuedsia | ¥Ad0
8HEDY - NOILVHULNZONOD NOGHVOOUAAH LIXE HIZZON I 1 _
L6-£2-9 '©T1ZZON 69-IVATT MJdO /M wd3sAg AIanoday Iodep oepaulepy

Z-9371avl



gl obed

(%8)713n—
(%1 —
dii0 YoiH——
dio Mo —p—

Wv dio yoiH —m—
Hy i3 mo1—e—

1S O A D S D 5 PV A G N T B SN N N SN NN I N 3 S R PN U R
R R N R P R TR R

(o9s:ujw) awng

O O O O O O O O O O O O o © o o o o 0O OO0 O O © © © O O
NONRNNRRRNIIIIIZIIRIIS&S S8 888888 8
HW W N = O O b A W W N =S = o S bW W N = - [=]

....... TN ivoVovieiroe-v-y
aaals I TYVVIEIRY 4100001000\(:.4.-4 - R Pl N

- 0l

(=]
N
MX3 8[ZZON I8 UOGQIBICIPAY JUsIIad

L)
[=]
N

)
o
<

0S

- 09

aufem ‘69-AlEMdJO ‘@IIUM WO :uoesuadU0) UOGURI0IPAY JIXT 8j2ZZON

-9 NOId



61 abed

(29s:ujw) sy

(%8)13N———
(%)N3---—
dnd YoIH ~—re—
dio Mo —p—

nv did ybiH —m—
WV diiD MO ——

09

auAep ‘69-ALL MdO ‘U89 WO :UOHRIIUSIUOD UOGIRI0IPAH JIXT 9|ZZON

X3 9JZZON J® SUOGIBIOIPAH JUeIdd

¢-9 NOId




0z ebed

TOUNTOA X0deA [enjoe uo peseq 'I/A] - |@
| { [ -wdb uy ajey| - |,
“(%8 - sZ) obuex syqewuie(j U] UOTIeIJUPOUOD @1ZZOu owf3 bujsuadsip jJusoxad| - |dds
T [ “BuUT3e[nNOITO9X-UON X0 (¥) butraernoxtoay zxodea| - [N/d
- i I S
S 6 6°S S°6 6°S z' oz 1°0¢€ v 0T v 01 SV'S T d uxo
flo'v  js€ fov v'e fz9  fze ket z°9 9£°S 5T [ ¥ | uId Wl
€01 |tre T ferotr €€ frTov  [STL® z°9¢ z°9¢ z8°9 \IOH ] uzo Woj
9°€ v E 9°t |icz  Thtvs T [97s | k2 9°S L9°9 OH d | uId wof
8 v 8°0 8y [8°0 0°6T |8°6z Je'oT [€'0T Sh'S N | 3uM wol
T 7970 T et 8L v —m.u 59 _ VE'S N wol
fs°5  “[ort fss fort hrrev. [TT9v  fTov  |t9v  f L9°9 N wol
Ve 0T v E 0°1 6°91 69T J6°91 6°91 (A5 N
814 ZON 814 ZON 81d ZON 914 ZON
__ | TUNId ,,,-.-m,,-:,zmzaznz. i . raznxdz.!!.,ﬁ 1YVLS || Buysuedsya _ v

BHED% - NOIIVHINZDNOD NOSYVOOUAAH IIXH HTZZON

I

i6-€2-3

"31zzoN 05z9 AisnH /M waisks XIsaooay xodep oepsuleym

€-9 3718Vl




ig ebed

(%8)13IN——
(%I —
dio YOIH——
dio Mo ——
nv dio ybiH—m—
WV dio Mo —e—

(s9s:ujw) ewny)

ci:00

90:00

r 00:00

0O O O O O O ©o o o O o o 0O ©0 O O O ©O ©O © O ©
N =2 =2 O O O & & W WO N = = [« ] S W W N =
S O R R L L R R I T L R TR T s sl b Ll U
, SRR R L L
LY .w zﬂ e v
2N

aukep ‘05Z9 OISnH ‘@3YM WO :UOpBIUSIUCYD UOGIRI0IPAH 3IXT 8]2ZON

e w © w o w
@ o~ o~ - -
3X3 9jZZON I8 SUOGQIBIOIPAH Jueled

3
T
)
2]

€-9 ANOId



g ebed

(29s:ujw) awnp

161
(%8) 13N — : v 1%
A(%2) 13— :

dno yBIH—se— . \ 75
W dio Mo ——

Wv did yoiH —m— (11
diio Mo —e—

1 ¢

1+ OF

14

0S

aufepn - 05Z9 HISNH Y3IM u3als) WO J0j SUOHRIUIDUOD :.oﬁquEf

¥-9 UNOId

X3 S[ZZON ¥ UOGIBIOIPAH JuUSdled




¢z ebed |

"SUNTOA XodeA [enjoe uoc peseq T/A| - |©

_ _ ‘wdb ut ejey| - |,
“(8 - §2) obuex alqeuwe(j Ul UOTJexJUIOUOD @(220U ewt3 bursuadsTp jJuedaed| - [¥ds
“BUtIe[noxtoeyd-UON X0 (¥) burjeinoitoesy xodep| - [N/

81'0 "SUN]OA UIN391 I0deA [EPWIUTW Ul p@3[NESX 938X DUIBUIASIP MO ‘P[JETIPAR uuuﬂ‘oz..nIMﬂJanulllmm o eq0A0],
$9v j1o0°1 9°8 8 L 6°8 v's —w.b c'9 —ﬁ.ﬂd | AR A4 8°0T 8°0T L8°S WYOH - ©30A0],
$E€EL fLO'T 9°0T 6°8 6°8 v'8 —m.m S°9 —m.ma 9°ST €T CET 88°S OH - |

(1] "AUWNTOA UaIN3ILa’x x0deA Tewiutw Ul pa3[Nsax ajex mﬂ..nlﬁvﬂﬂ..nv MOT] "ITqUITeAR wiIep ON TI6°1 bo -

%0 (41 8 €LY 0°St 9°01 0°¢t1 —ﬁ.ma T°¢€T —m.oN v-cc —h.ma L 6T 08°S YOH |
sl 0°1 S°8 9°'01 9°01 0°¢Ct —m.v [ 4 -w.cH 0°Ct —m.v 6°'v LL"S OH - |

0 ‘IUWNTOA UINI=LA JodeA Tewtuiw Ut pajxInsaz ajex mcwﬂﬂﬂﬂﬂ..nﬁ MOTT "ITQRITRAR ®J¥D ON P1°C ol | h: |
%0 ¢o'T 8 1¢ 8°'LT —m.hﬂ 9° %1 —o.hﬁ 9'¢tT —Q.QN L' EE —m.mm 8°9¢ €8°'S YOH d
%8 00°T 8°6 [ 2 N ¢ —¢.ma 9°91 —m.N 8°¢C —v.ma 9°91 —a.N 6°C S8°S OH -

0Z°'0 ‘IUWMNTOA UINIAT xodeA TewIuIw Ut pIjx[nea 9jex Uﬂﬂuﬂﬁﬂuﬂﬂ MOTT ITqeTTIvAv ®IWp ON ve*C e )1 b. |
%0 66°0 8'6 1°6 | LG €6 Ji's €8 Jo 1t AT 6°6 LL's VOH d
10 10°1 L8 9°'8 —w.o (AN -] S°L S'L €°0T —m.b\JllmWPW 88°'S OH |

0 TIAMMTOA UANIBX x0dea TewTUTW Ul PI}JITNE 93jex butsuladsIp MOT] ‘I[qeITeAR® ¥lep ON Z6°'1 2N b1
$ZL JTI0°T 1°0C LTIt 81T L9 -w.ﬁa L9 —w.wm 8°0% —m.«m S'vt LL"S W OH ]

S00T §96°0 T's LS LS 1°9 —h.m 9°¢ —h.m c°9 —h.m _ L'E 88°S OH A

c0°0 TIUWNTOA uUINIaI aodea Tewiuiw ut pI3ITNSa’x aIjex mﬂﬂlﬂomnwﬂ MOTT "9TqeiTIvAR® w3wp ON ¥T°'2C O'T N
atc ot 79T JoL UL L0 Jic JLo |J55¢¢ [1's€ e te  [e1iE 9 S WOH § N
$5t jco-°1 (A 4 | 24 —v.N 0°'1 —am.m 0°'1 —oﬁ.b 8°L —o.w 8°9 LL"S OH — N

0 “BWNTOA UIN3oX IOdEA [PwIUIW UT pa3nsaX 93X buisusdsip MOT a[qelIvAw vI®p ON 8T ¢ o1 — N
$¢8 Jvo°1 L'6T L6 8°6 L 4 —wdm v -o.m# 0°'sv —m.o¢ €°0¥ 88°S \OH N
$6C g0’ 1 'L £ € Ve 0°'T —m.m 0'T —ﬁ.mﬁ 1°sT —ﬁ.mﬁ 1°ST 88°S OH N UM AID

10°0 “SWN{OA UIN321 XodeA [ewTuiw Ul paj[nsaX ajex butsuadseIp MOT “I[qeITvAr vjlep ON 19" 1T ' N uxn AxDd)
Ave P01 v°8T S'8 —w.w v'Z —w.o v'e —Q.wm T°0% —m.mm S°St 06°S YOH N uap >h0_
1007 00T €¢C €¢C | B3 €C £°C 0°Z f5°¢C 8°C Is° ST 88°5 OH N | u3p &x5
HES 81d ZON — sTa ZON [ ZON — -ﬂn ZON — n.ﬂmllllnPoz 293%y SpPOoN —Zuu_lnhnhu
R eT/A FIowIEAvY | TUNId HONINIK RONIXVR | LUVLS Fuysuedsya | | ¥awo
T 8HED% - NOILVYLNEONOD NOSHVOONAXH LIXH ETZZON | | _

L6-%T-9

T51{2ZON G0G¥ uojeaymy oowg /m walsdg AIaA009Yy aodep DepAdUAeRM

¥931avl



FIGURE 6-5

Nozzle Exit Hydrocarbon Concentration: Chrysler Green, EW4500, Wayne
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FIGURE 6-6

Nozzle Exit Hydrocarbon Concentration: Chrysler White, EW4500, Wayne
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FIGURE 6-7

Nozzle Exit Hydrocarbon Concentration: GM White, EW 4500, Wayne
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FIGURE 6-9

Nozzle Exit Hydrocarbon Concentrations: GM Green, EW 4500, Wayne
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FIGURE 6-10
" Nozzle Exit Hydrocarbon Concentrations: Honda, EW 4500, Wayne
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FIGURE 6-12

‘Nozzle Exit Hydrocarbon Concentration: Toyota, EW 4500, Wayne
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FIGURE 6-13

Nozzle Exit Hydrocarbon Concentrations

Chrysler Green, OPW 11VAI-29, Hasstech
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FIGURE 6-14

Nozzle Exit Hydrocarbon Concentrations

Chrysler White, OPW 11VAI-29, Hasstech
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FIGURE 6-15

Nozzle Exit Hydrocarbon Concentrations

GM White, OPW 11VAI-29, Hasstech
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Ford, OPW 11V-29, Hasstech

FIGURE 6-16

Nozzle Exit Hydrocarbon Concentrations
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" FIGURE 6-17

Nozzle Exit Hydrocarbon Concentrations

GM Black, OPW 11VAI-29, Hasstech
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FIGURE 6-18

Nozzle Exit Hydrocarbon Concentrations

.
.

GM Green, OPW 11VAI-29, Hasstech
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FIGURE 6-19

Nozzle Exit Hydrocarbon Concentrations

Honda, OPW 11VAI-29, Hasstech
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FIGURE 6-20
Nozzle Exit Hydrocarbon Concentrations
Nissan, OPW 11VAI-29, Hasstech
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FIGURE 6-24

Nozzle Exit Hydrocarbon Concentrations

GM White, EW4500, Hasstech
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FIGURE 6-26

Nozzle Exit Hydrocarbon Concentrations: GM Black, EW4500, Hasstech

=

<
e S S2FF
gooae

£ £ -l

2 2

8¥'L0
r:L0
ov:L0
9¢:10

Ze10
82:10

¥2:10
02:10
9110
- 2110
80:10
0:10
00:10
95:00
25:00
8v:00
¥¥:00
0¥:00
9€:00
2€:00
82:00
¥Z:00
02:00
91:00

Time (min:sec)

o0

80:00
#0:00

25 1

20 -

L

Ll
o
-

3X3 8jZZON 3B gHED JuUedied

£

L)
n
-

~ 00-:00

Page 47



FIGURE 6-27

Nozzle Exit Hydrocarbon Concentrations: GM Green, EW4500, HaSstech
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FIGURE 6-29
Nozzle Exit Hydrocarbon Concentrations: Nissan, EW4500, Hasstech
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FIGURE 6-30

|

Nozzle Exit Hydrocarbon Concentrations: Toyota, EW4500, Hasstech
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FIGURE 6-34

Nozzle Exit Hydrocarbon Concentrations: Ford, Husky V34, Hasstech
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FIGURE 6-35
Nozzle Exit Hydrocarbon Concentrations
GM Black, Husky V34, Hasstech
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FIGURE 6-36

Nozzle Exit Hydrocarbon Concentrations

GM Green, Husky V34, Hasstech
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FIGURE 6-37

Nozzle Exit Hydrocarbon Concentrations: Honda, Husky V34, Hasstech
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FIGURE 6-39

Nozzle Exit Hydrocarbon Concentrations: Toyota, Husky V34, Hasstech
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FIGURE 6-41

Nozzle Exit Hydrocarbon Concentrations
Chrysler White, Husky V3, Gilbarco
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FIGURE 6-42

Nozzle Exit Hydrocarbon Concentrations: GM White, Husky V3, Gilbarco
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FIGURE 6-43

Nozzle Exit Hydrbcarbon Cdncentrations: Ford, Husky V3, Gilbarco
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FIGURE 6-44

Nozzle Exit Hydrocarbon Concentrations: GM Black, Husky V3, Gilbarco
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FIGURE 6-45
Nozzle Exit Hydrocarbon Concentrations: GM Green, Husky V3, Gilbarco
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FIGURE 6-47

Nozzle Exit Hydrocarbon Concentrations: Nissan, Husky V3, Gilbarco
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FIGURE 6-48

Nozzle Exit Hydrocarbon Concentrations: Toyota, Husky V3, Gilbarco
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FIGURE 6-50

Nozzle Exit Hydrocarbon Concentrations

Chrysler White, EW4500, Gilbarco
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FIGURE 6-52

Nozzle Exit Hydrocarbon Concentrations: Ford, EW4500, Gilbarco
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FIGURE 6-53
Nozzle Exit Hydrocarbon Concentrations: GM Blai:k, EWA4500, Gilbarco
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FIGURE 6-55

Nozzle Exit Hydrocarbon Concentrations: Honda, EW4500, Gilbarco
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FIGURE 6-61

Nozzle Exit Hydrocarbon Concentrations: Ford, OPW 11VAI-27, Gilbarco

—o—Low Clip
—&—High Clip Alt

—A—High Clip
—LEL(2%)
— UEL (8%)

s & & K @€

}X3 6JZZON 38 §HED Juedled

02'€0
ZL:€0
0:€0
95:20
vz
% 0v:20
T 2e20
% vz;zo
<9120
% 80:20
T 0020
T 25110
¥¥10
9g:10
82:10
0Z:10
zLi10
010
95:00
8v:00
0%:00
2£:00
¥2:00
91:00
80:00
00:00

Time (min:sec)

Page 86



FIGURE 6-62

Nozzle Exit Hydrocarbon Concentrations

.
.

GM Black, OPW 11VAI-27, Gilbarco
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FIGURE 6-64_
Nozzle Exit Hydrocarbon Concentrations: Honda, OPW 11VAI-27, Gilbarco
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FIGURE 6-65

- Nozzle Exit Hydrocarbon Concentration: Nissan, OPW 11VAI-27, Gilbarco
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FIGURE 6-66

Nozzle Exit Hydrocarbon Concentration: Toyota, OPW 11VAI-27, Gilbarco
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FIGURE 6-70

Nozzle Exit Hydrocarbon'Concentrations: Ford, Husky 6250, Gilbarco
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FIGURE 6-71
Nozzle Exit Hydrocarbon Concentrations: GM Black, Husky 6250, Gilbarco

—o—Low Clip
—&—High Clip Alt

—A—High Clip
—LEL (2%)
—_UEL (8%)

8r'L0
Z¥Lo
9¢:1L0

0€:10

vei0

8110

2o

90:10

00:t0

3
o
o

8¥:00
cv:00
9&300
08:06
¥2:00

81:00

Page 97

Time (min:sec)

60 -

=]
<

Ixe 9jzzou 38 SHED Jusdied

1

T
(=]
(2]

10 4

q
g
»
> <100
A
T 90:00
|
|
o

00:00




86 abed

(oes:ujw) ewsp}

o 0 0 9 @ @ © © © o o 9O © o o 9 g 3

S 8N N B B R B 2 2 & 3 3 2 2 O O 9 O

2 B w. N 2 © 9o o w NN 2 £ B o

5 8 8 2 8 8 8 £ 8 8 8 £ &8 & 5 ©
A

(%8) 13N —
(%) 11—
dio ybIH—v—
uv dud ybiH—m—
dip moj—e—

oaseqyo ‘0529 AISnNH ‘usalo WO -SUOREUSDUOD UOGIEI0IPAH 3IXT 8]ZZON

TO0

¥x3 6[ZZON 38 8HED Jusdled

z,-93¥NOId




66 obed

8¥:20

(o9s:ujw) eusy]
(=] o o

O 00
= =2 2 X 2 a2
2 8 8 8 /8 8

o¥:c0
(4 40]
91:20
80:20
00:20

¥¢:20
¢sL0
95:00
8¥:00
0¥:00
¢€.00

(%8) 13N —
(%2) 13—
dnd Yoy —v—
Hv o yoiH —m—
“diyD Mo ~—e—

03Jeqjio) ‘0529 LISNH ‘epPUOH :SUORRHUSIUOCS) UOGIeI0IPAH X 8jZZON

4X3 8]ZZON Je8HED Juedled

€2-9 NOI




001 obed

{29s:ujw) euy |
o o o o o o o o o o o o (=] [=4 o (=] o (=] o o
(=] H H w w N - - [=] (= H H [ w N b - [=]

(%8) 13N —
(%) 13T —
uv dud y6iH —v—
dio y6iH —m—
_dijo moj—e—

¥x3 O]ZZON je SHED Juedied

024eqJID ‘06529 AISNH ‘UBSSIN :SUORRUSIUOD UOGIed0IPAH X3 8]ZZON

-9 3UNOIS

~



101 ebed

(%8) 13N—
(%2) 13—
dud ybiH —v—

diD moj—e—

nv dio yGiH —m—

{o9s:ujw) ewnyy

91:00
80:00

odseqio ‘05Z9 AysnH ‘ejofo] :suopenuedsucs) uogiedsolpAH Jx3 ejzzoN

YX3 8jZZON 8 GHED Jusdied

S.4-9 HNOIS




20} aBed

“alinjoA Jodea jenjoe uo paseq YA D
‘wdbwaey - |,
(%8 - $7) °obuex sTqewweTJ UT UOTILIJUSDUOD BTZZOU OWT] bursusdsTp Jusdxad| - |[d3s
] (N) butje[noIxToay~uUoN IO () UorjeTnoaToay xodepa| - [N/¥
3€9 960 0°9 ¥ % FAR 0¥ €2 S'0T L'0T $°01 $°0T T 3E) o1 a ®J30A0],
$58 [§86°0 Lzt oL 0L S°€ 0L S'€ L'ST v°sz fo vz  |o°¥T YA YOH q ©30A0]]
$LT fJse'o 62 0°¢ 0'¢ 0°¢ 0°¢ €1 8'¥ 8% 8V 8V €S°L OH ] ej040]]
391 fo6°0 €L €8 £°8 0°6 9'§ €°G €°8 0°6 9°'g 9°§ 8%° 9 o1 a uessT
30 96°0 00z [9°¢€T L' €T 9°8 L €T S'8 g'8z jo'ze fJo'Lz JotLe ot L WOH k' uess TN}
300tfse6- 0 8V 8°S 8°9 89 9'C 9°¢ 8°S L9 9°¢C 9°Z 'L OH d | uessIN}
$S 96°0 €°6 9°0T 9°01 L°0T 1°9 8°S 9°'0T LTt Z'9 z'9 8¥%°9 on A epUuoH]
%0 66°0 €21 |[9°01 9° 01 8°8 Z'ot S°8 L'yt v 8T z'0T1 z'0T £€S°L YOH '] epuoHj
%8 ¥6°0 S'L S°6 5'6 z'ot £ T S°6 811 €'C £°cC Ly L OH ] epuoH]
%0 960 Z°ve |6 ¥l 0°St S°8 0°ST S'8 T°0v |e'zvy Jo'ee |[o0°'6€E Ly 9 o1 A uxd Woj
19% fse0 T°LT |2° 1T €11 '8 € T 8L 0°62 €'ec fzroz  [zroe 1S°L YOH d uzd Woj
00T 560 6°S 0'L 6°9 LL S'¥ Ty 69 6L 9° ¥ L'V Zs°L OH d uxn Woj
$00T 960 v 6'V 6'b 9°g '€ 0°€ 6V L'S £ € €€ 55°'9 o1 d ATE WOl
s0L f96°'0 8°61 |1°2T z'zt 6°G z°zt 6'S 8°6Z |5°¥E v'Le v LT 0S°L YOH d A1 W9l
$00T €60 0'9 ¥'S v°'s TS 'S 0°'S 8'9 6°9 8°9 89 oV L OH A 318 WO
$00T J86°0 S°S ¥'S ¥'S €S 'S z's 8°'S 8'S 8°'S 8°'S €€°9 o1 k] pxod
$00T JUN S'S 9°§ 9°'S LS 'S €°S 9°'S§ LS 5'S $°S 96" L YOH E'| pao4d]
2001 Jv6°0 0°9 z'S Z's 8 ¥ z's L'V L'L LL 9°'L 9°L Ly L OH d paoJf
18T Js6°0 £F 0°¢ 0°¢ 9°0 0°2 S°0 L'8 L8 L8 L8 Ly 9 o1 N IYM WOJ
svv Joo°1 €8T |98 L8 't L8 1 z'ee |e'se [JL ez L 62 EE'L \YOH N UM Wl
szt Js6 0 6'1 0°1 0t €0 01 z°0 0'€ 't 6°'C 6°C 9avL OH N IYM WO
$00T J56°0 Z°s vy vy v vy S'€ 89 (A 89 89 €5°9 o1 N [ 3us Ax)]
312 Ji60 S°0T |[9°% 9°¥ €1 9°¥ 0°1 S' €2 99z [fs8'tz |L'1T €S L YOH N [ 3um Axd)
2001 f96°0 1S 0°S 0°S 6% 0°S 8 ¥ €S €S €S €S ZsL OH N [ auMm AxD
3ZZ Js6°0 6°C 9°1 9°1 8°0 9'1 9°0 8 b 0°S L'V L'y 8% 9 o1 N fuxd Az
328 fL6°0 9'9T |[L'L 8L 61 8L 81 0o'2e Jo'9e [8°62 8°62 60°L YOH N Juxp Az}
300T €60 % 0°¢ 0°'€ z'z Joe z'z  [Js's 6°'S | 'S €S°L OH N Juxap Axd]
ux% ®Ta ZoN — 8Tq ZON _ 81d ZOoN _ s1d ZoN x93e¥ | epoR [ N/¥ ] RALSXS
o1/A TTYNIJ | worINIR f worIxvm | "IAYLS Bursuedstq dado
S8HED% - NOILVYINADONOD NOSYVDONAXH IIXE HTIZZON {

L6-LT-L

791ZZON NADI MoT3w) /m wejsis Axeasodey Iodep moTaw)

Zi-9318vl



€01 ebed

{o0s:upu) sw

(%8) 13n—
(%) 11—
o Y64 —v—
nv did yoiH—m—
dijo mo1—e—

0.000000.000000000000000%
N N N 2 2 a2 A A A A a2 a0 0 O 0 0 0O 0O O o g
- o B2 A W O w N I o4 o X2 OB W W N o o o
o 8 8 £ & & & o N S £ &3 8 8 8 R 5 8 8 8
e -0
ey iyl iy ytyty .:..T?#»li.ﬁ@l:1.»

RLOE S

1 0L

TSI

T 0

T S¢

T 0¢

1 G

i 1] 4

moped ‘NADI mope) ‘uealn Jejshiyd
:SUOIRUBIUOCY UOGIeD0IPAH }IXT 8jZZON

UXT OJZZON I8 SHED Juedied

9.-9 34NOld




01 ebed
(oes:uju) ewsy)

0O 0O O ©O O O O O o o ) ) o O

SR8 R8 88 2233323323 2238g8888 888 8 8

N - o o H H w N - - - - o

P a0 838 £ &N 8 8RN 38 LT SV 8 8RR v 8 8

. -0

.l i
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< s <.n<><-<.4: v

<<<<<< ...‘<0<-< LEAARIYZZE) m
0
--S_m
-
(%8) 13N —— o
. [
(%2) 131 — Z

. TSl
dio ybiH —v— 2.
wv dno ybiH—m— m
dijD mo—e— S
toz &

1 62

-0t

moped ‘NADI moped ‘eiym sejsiyo
:SUOIRNHUIIUOY UOGIEI0IPAH }iX] 6]Z2Z0N

4/-9 3¥NOI4




FIGURE 6-78

Nozzle Exit Hydrocar_bon Concentrations: GM White, Catlow ICVN, Catiow
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FIGURE 6-79

Nozzle Exit Hydrocarbon Concentrations: Ford, Catiow ICVN, Catlow
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FIGURE 6-80

Nozzle Exit Hydrocarbon Concentrations: GM Black, Catlow ICVN, Catlow
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FIGURE 6-82

Nozzle Exit Hydrocarbon Concentrations: Honda, Catlow ICVN, Catlow
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FIGURE 6-84

Nozzle Exit Hydrocarbon Concentrations: Toyota, Catlow ICVN, Catlow
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. FIGURE 6-88
Nozzle Exit Hydrocarbon Concentrations: Ford, Healy 600, Healy
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FIGURE 6-92
Nozzle Exit Hydrocarbon Concentrations: Nissan, Healy 600, Healy
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FIGURE 6-93

Nozzle Exit Hydrocarbon Concentrations: Toyota, Healy 600, Healy

30 -+

< i
e &8 RX
SCGC8&
P -l
oo
ii?ﬂg
& Q 2 =]

8HED Juedied

00:¢0
05:€0
0v:€0
0€:€0
0Z:€0
0:€0
00:€0
0520
0v:20
0€:20
02:20
0420
0020
05:10

Time (min:sec)

0¥:40
0€:10
02:40
0L:10
00:40
05:00
000
0£:00
02:00
01:00
00:00

Page 121






