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FOREWORD 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL NATURE. 
WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, AND FEDERAL 
LAWS AND REGULATIONS SHOULD BE REVIEWED. 

API IS NOT UNDERTAKING TO MEET DUTIES OF EMPLOYERS, MANUFACTURERS, 
OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR EMPLOYEES, 
AND OTHERS EXPOSED. CONCERNING HEALTH AND SAFETY RISKS AND 
PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER LOCAL, STATE, 
OR FEDERAL LAWS. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE 
MANUFACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT 
COVERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABILITY 
FOR INFRINGEMENT OF LETTERS PATENT. 
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NOTICE 

This report represents the culmination of this project- 
performed by EA Mueller under subcontract to the American Petroleum 
Institute (API). The views and opinions of the authors expressed 
herein do not necessarily state or reflect those of the API or any 
AFT member company. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, 
manufacturer-, or otherwise, does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the API or 
any API  member company. 
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ABSTRACT 

Methods have been devised and demonstrated to characterize 
liquid gasoline releases to the environment during vehicle 
refueling at service stations. These methods have been employed 
in a limited study of the release characteristics of contemporary 
refueling equipment at well-maintained Stage II facilities in the 
District of Columbia, and at comparable conventional facilities in 
the Baltimore metropolitan area. Within the limitations of the 
study, results show that 33 percent and 37 percent of all refueling 
events at stage II and conventional facilities, respectively, are 
completed without liquid release. When release occurs, it most 
commonly consists of a very small amount (50.1 grams) which almost 
entirely canhbe described as drips. Larger releases (>0.1 grams), 
when they occur, are more frequent at Stage Ia facilities. 
Moreover, when release is expressed in terms of the amount of fuel 
dispensed, the resultant emission factor is significantly larger 
at Stage II facilities. The statistical significance of this 
conclusion depends upon the larger average amount of fuel dispensed 
per refueliag event at conventhonal facilities. This, in turn, is 
due at least partially to the characteristics of the dispensing 
equipment which results in the practice of topping-off at 
conventional facilities. In any case, topping-off has a 

statistically significant impact on increasing the volume of fuel 
released from both Stage II and conventional dispensing systems. 
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A SURVEY AND ANALYSIS OF LIQUID GASOLINE RELEASED TO 
THE ENVIRONMENT DURING VEHICLE REFUELING AT SERVICE STATIONS 

EXECUTIVE SUMMARY 

The capture of displaced hydrocarbon vapors at the point of 
vehicle refueling (so-called Stage II control) has been practiced 
for many years as an ozone abatement strategy in urban areas of 
California and the District of Columbia. More recently, Stage II 
requirements have appeared in other ozone nonattainment areas, 
including the City of St. Louis, Missouri, and the states of New 
York and New Jersey. State and local interest in Stage II 
requirements has been increasing rapidly, creating a need for the 
cornrilete assessment of the overall efficacy of Stage II as a 
hydrocarbon emission control measure. 

A complete assessment requires the characterization of 
fuel released at the dispenser, and cannot be based only on 
measurements of the captured vapor. Accordingly, the objectives 
of this study are to 1) learn how to measure liquid release, and 
2) study the release characteristics of Stage II versus 
conventional equipment over the range of gasoline throughput 
characteristic of contemporary marketing facilities. Both 
objectives have been reached: however, the liquid release factors 
reported apply to 1) well-maintained equipment, functioning as 
intended by the respective manufacturers, and 2) operations 
characteristic of the geographic areas of the study. No attempt 
has been made in this study to perform a compliance assessment, and 
the investigators caution that other release factors may be 
applicable to equipment less well maintained, and/or subject to 
other demographic variables. At the same time, the methods 
developed here are considered universally applicable, and 
constitute a salient accomplishment. They should be considered 
if more extensive studies are undertaken. 

I 
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The methodology developed in this study, and detailed in the 
following report, is believed to be unique in that it recognizes 
releases both before and after (as well as during) the dispensing 
operation. Although releases before and, more particularly, after 
the refueling event are frequent occurrences, they also are 
generally so small as to be inconsequential. An exception would 
be their aaareaate impact on emissions. For example, among I278 

refueling observations at Stage II outlets and 1357 at conventional 
outlets, 66 percent and 78 percent respectively, involved either 
no releases of fuel or releases of less than 0.1 grams. These 
releases almost entirely can be described as drhs. But in their 
aggregate, they represent just 0.59 percent and 0.95 percent, 
respectively, of the total liquid fuel observed to be released 
during refueling in the course of this study. Releases greater 
than 0.1 grams typically include both drips and s p i l l s ,  so i% is 
convenient to think about these events in terms of a somewhat 
arbitrary division. A release of 0.1 grams results in a wetted 
area on the apron of the dispenser island equivalent to a circle 
about two inches in diameter. 

Data that quantified and described liquid releases were 
collected at 20 well-maintained retail facilities in Washington, 
D.C., that had Stage II vapor recovery controls, and 20 
conventional facilities in the Baltimore metropolbtan area, matched 
in pairs according to volume throughput. These were selected from 
larger groups nominated by American Petroleum Institute (API) 
member companies as representative of facilities maintained in good 
operating condition. Fifteen of the 2 0  Stage II-equipped 
facilities had coaxial dispenser hoses with nozzles and recovery 
boots of current design. 

In terms of whether there was a release of liquid fuel, the 
results ofthe refueling observations may be summarized as follows: 

ES-2 
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I N  G OBSERVATT’ONS 
Type of Facility 

e of Relea se Conventional slasLzL 
None 37 33 
Drips (i0.1 gram) 41 33 
Drips and/or Spills (>0.1 gram) 22 34 

Directionally, the principal difference in these results is 
that there is a substantially higher frequency of occurrence of 
releases greater than 0.1 grams per refueling event for the Stage 
II facilities. Indeed, when comparing both refueling observation 
populations, the frequency of drips/spills is significantly greater 
at the 0.10 probability level. When considered in terms of gallons 
dispensed, the resulting release OP actors become emissions f 
statistically different a% the 0.02 probability level. These are 
given in the following table: 

AVERAGE PiIOUID EMISSIONS FACTOR 
(grams released per gallon dispensed) 

e of Facilitv . .  
Stage II 
Conventional 

m s s i o n s  Factor 
0.23 
0.14 

Topping-off the tank at the end of refueling is not a 
recommended practice, and in any case, is specifically admonished 
against in the instructions at the dispensers at Stage II 
facilities. Nevertheless, topping-off was observed in 20.2 percent 
of the conventional refueling observations, and at 14.8 percent of 
the Stage II refuelings. The practice increases the amount of fuel 
dispensed during a given refueling event, and is certainly one 
factor (though not necessarily the only one) which accounts for the 
higher average amount of fuel dispensed per refueling at the 

ES-3 
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conventional facilities in this study. The higher average amount 
dispensed, Por whatever reason, is also critical to the finding of 
statistical significance in the difference between the release or 
emission factors recorded in the previous tabla. 

Although determination of the effects of topping off was not 
a primary objective of this study, the observations indicate that 
the practice has a statistically significant impact on releases at 
both Stage II and conventional facilities. Averages appear in the 
following table: 

Other factors characterizing the refueling process w i t m  type 
of facility (i.ec, Stage XI OF conventional) also were evaluated, 
including, fer example, placement of the filles tube on the vehiele 
(side OF rear), nozzle orientation during refueling (upside down 
vs. right side up), whether the customer drove off without having 
filled the tank, and whether the customer latched the nozzle during 
refueling. All these factors individually were found to have a 
statistically significant difference in the amount of liquid fuel 
released during refueling when comparing the opposing possibilities 
within each, except for whether the nozzle was latched during 
refueling. When comparing the amount o f  fuel dripped/spilfed 
BetweeQ Stage %I and conventional facilities, eQe .only refueling 
characteristics found to be statistically significant included 
placement of the filler (side and rear), whether the nozzle was 
latched during refueling, and whether the customer drove. away 

ES-4 
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without filling the tank. In each case, the average amount of fuel 
dripped/spilled was greater at Stage II facilities compared to 
conventional facilities except for vehicles with rear fill. 

In conclusion, methods have been devised and demonstrated to 
characterize all types of liquid release to the environment during 
vehicle refueling at vehicle refueling facilities. These methods 
have been employed in a limited study of the release 
characteristics of contemporary refueling equipment at well- 
maintained Stage II facilities in the District of Columbia, and at 
comparable conventional facilities in the Baltimore metropolitan 
area. Within the limitations of the study, results show that 33 
percent and 37 percent of all refueling events at Stage II and 
conventional facilities, respectively, to be completed without 
liquid release. When release occurs, it most commonly consists of 
a very small amount (~0.1 grams) which almost entirely can be 
described as drips. Larger releases (>O. 1 grams) , when they occur, 
are more frequent at Stage II facilities. Moreover, when release 
is expressed in terms of the amount of fuel dispensed, the 
resultant emission factor is significantly larger at Stage II 
facilities, The statistical significance of this conclusion 
depends upon the larger average amount of fuel dispensed per 
refueling event at conventional facilities. This, in turn, is due 
at least partially to the characteristics of the dispensing 
equipment which results in the practice of topping-off at 
conventional facilities, In any ease, topping-off has a 
statistically significant impact on increasing the volume released 
from both Stage II and conventional dispensing systems. 

ES-5 
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1.0 INTRODUCTION 

1 . 1 O b i  ect ive 

The primary objectives of this project were to: 1) learn how 
to measure liquid fuel released to the environment at the point of 
vehicle refueling; and 2) study the automotive refueling operation, 
comparing the characteristics of liquid fuel releases from Stage II 
with conventional equipment over the range of gasoline throughput 
characteristic of contemporary marketing facilities. The study 
focused on service stations with dispensing equipment in good working 
condition. The secondary objectives of this project were to identify 
various factors which may affect the frequency and/or amount of 
liquid fuel emitted to the environment at the point of refueling. 
To accomplish these objectives, it was necessary that vehicle 
refueling observations be made from both Stage II and conventional 
service stations to allow direct comparisons while minimizing the 
effect of extraneous variables. 

This study did not attempt te measure or estimate the vapor 
recovery efficiency of Stage PI systems relative to conventional 
service stations. 

1.2 Backaround 

The Environmental Protection Agency (EPA) has identified 
refueling emissions as contributors to ambient hydrocarbons and the 
resulting air pollution to which they contribute. Two technologies 
have been identified to control refueling emissions: Stage II control 
systems at service stations and carbon canisters onboard the vehicle. 
The EPA has proposed regulations requiring onboard carbon canisters. 

1-1 
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Stage II vapor recovery systems are designed so that the 
gasoline vapors displaced from a vehicle's tank during the refueling 
process are captured and returnedto the underground gasoline sewice 
station supply tank. Presently, Stage 11 systems are in place at 
service stations in St. Louis, Missouri, Washington D.C., and all the 
major urban areas of California. 

The differences between Stage I% and conventional service 
station refueling systems are found in three areas: the dispensing 
nozzle, the dispensing hose, and the piping from the storage tank to 
the pumps. The Stage II nozzle is surrounded by a rubber "boot," 
which forms an interface with the vehicle's fill pipe. The purpose 
of the nozzle boot is to prevent the refueling vapors that are 
displaced from the vehicle's tank from escaping into the atmosphere. 
These fuel vapors are directed to the underground fuel storage tank 
through the use of hoses (either gasallel or coaxial with the 
dispensing hose) from the dispensing nozzle and piping between the 
dispenser and underground storage tank, which are part of the Stage 
Ia vapor recovery system. 

One of the issues that has arisen is the difficulty in using 
Stage II equipment and/or techhical problems with Stage II system 
design, which can affect the amount of liquid fuel released during 
refueling at Stage II service stations compared with conventional 
service stations. Only a few studies have attempted to address some 
of the performance concerns with Stage II systems (1,2,3)'. These 
studies were conducted soon after Stage II systems were required in 
California service stations, and were directed at evaluating user 
problems with Stage II equipment. A recent study lay Lundberg 
Reports, which focused on ease of use of Stage II systems in 

'Numbers in parentheses denote references listed in Section 4. 
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California, observed that 23 percent of the gasolinb service 
stations, customers spilled fuel when refueling (4). However, this 
study did not measure the amount of fuel spilled and did not include 
comparable conventional service stations. As a result, it is now 
appropriate to study the relative frequency of fuel spillage and 
amount for Stage II relative to conventional fuel dispensing systems 
typically in use during the 1988/1989 timeframe. 

This study differs from those conducted previously in the 
following ways: 

O 

O 

O 

O 

O 

O 

It includes all the liquid fuel releases before, during and 
after the refueling event, regardless of amount. Previous 
studies tended to ignore releases before and after 
refueling and concentrated only on the larger releases, 
which for descriptive purposes are best classified as 
spills. By observing and recording all liquid fuel 
releases, this study includes releases which can be most 
accurately classified as drips. These drips came from not 
only full-size drops, but from droplets as well. In most 
cases, the customer is not even aware that he has dripped 
fuel and it is only through careful observer training that 
these releases can be consistently observed and accurately 
quantified 

It compares the difference in the freuuencv and amount of 
liquid fuel released between Stage II service stations and 
comparable conventional service stations, Come of the 
previous studies focused on the frequency and not the 
amount of liquid fuel released 

Earlier studies focused on the performance and ease of use 
of Stage II vapor recovery equipment and its effect on 
liquid fuel releases. This study does focus on these 
characteristics 

Most of the previous studies were conducted in California, 
while this study was conducted in the Baltimore-Washington 
D.C. metropolitan area 

Service station users in Washington D.C. have a long 
experience with using Stage II equipment. When many of 
the earlier studies took place, Stage II systems were just 
being implemented and people doing vehicle refueling did 
not have as much experience with them 

'The number of refueling observations and service stations 
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visited was limited in most of the previous studies 
compared to the number of observations and service stations 
used in developing the data for this study 

Earlies studies often ineluded a mix of observations from 
both balance and aspirator-assisted Stage II vapor recovery 
systems. The technology of vapor recovery systems has 
evolved so that now the vast majority of Stage II systems 
are balance types. All the Stage II service stations from 
which observations were made during this study had balance 
systems 

In previous studies, there was wide variation in the types 
of Stage II equipment. Through the process of evolution, 
the variation in equipment has become much narrower 

The Stage II equipment in Washington D.C. is representative 
of the latest Stage If designs in that the majority of 
stations have coaxial disgenerbng hoses, which make the 
Stage %I systems easier te use, 

o 

o 

o 
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2 .0  METHODOIx)(;Y 

2,1 Overvie w of Data Collection Methodoloav 

Preparation for data collection followea two parallel paths 
as presented in Figure 2-1. The upper path illustrates the steps 
taken to select the service stations from which data would be 
collected. During these activities, the API served as an 
intermediary between EA Mueller and the member companies. The 
lower path illustrates the activities which were performed in 
preparation of data collection. These activities were performed 
in parallel themselves with feedback between development of the 
data collection forms and training of the data collection team 
members. Each of the activities presented as part of Figure 2-1 
will be explained in detail in the following sections. 

2.2 Selec tion of Service Stations 

The Baltimore-Washington D.C. metropolitan area was chosen to 
conduct the test project for the following reasons: 

o All service stations in Washington D.C. have required Stage 
II refueling vapor recovery systems since July 1, 1977, 
ensuring that the population of typical gasoline service 
station customers should have considerable experience using 
the systems 

o The existence of conventional service stations in the 
surrounding area provided a population of service stations 
with similar demographics (location, profile of customers, 
etc.), from which a direct comparison of fuel spillage 
could be made. 

Candidate service stations were nominated by representatives 
from API-member companies. While the entira service station 
selection process was directed by EA Mueller, --the population of 
potential candidates was coordinated by the API, with the 
cooperation of member companies. Each individual company submitted 
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Data Collection Methodology Flowchart 

I I 
'igure 2-1. Flow Chart of Data Collection Activities 

its own nominations without knowledge of other nominations. The 
individual service station nominations were delivered te EA Mueller 
through the ABI. The identity of the nominated service stations 
was kept confidential an8 known only to EA Mueller. During the 
data collection process, the service stations were identified by 
number only to minimize the chance that station identities would 
be revealed inadvertently. 

The process of nominating appropriate service stations was 
initiated by defining a set of guidelines and constraints to be 
used by the participating companies. These guidelines and 
constraints as presented to the API member companies are listed in 
Table 2-1. 

Q pervice station Lo cationt The Stage If service stations must 
be located in Washington D.C. Service stations without Stage 
II may be located in Baltimore City, Baltimore County, 
Arlington, Virginia, Alexandria, Virginia, or in the corridor 
between Baltimore and Washington D.C. However, to ensure a 
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good match with the Stage II service stations in Washington 
D.C., stations in Baltimore City are preferred, or stations 
with characteristics similar to those in Washington, D.C. If 
your company does not have any stations in Washington, D.C., 
make all your nominations from the areas specified for 
conventional service stations 

O D i s D  ensinu E a u i m  er&: The dispensing equipment should be in 
good working condition, e.g., no torn boots on Stage II 
nozzles, no leaking nozzles, no dispensers with abnormally 
high f l o w  rates, etc. 

O 

O 

pefuelinu Ar eq: The area where the vehicles are refueled must 
be level and made of concrete and not asphalt 

Ce*if icatio n: All Stage II systems must have a permit to 
operate by the appropriate local jurisdiction certifying that 
the system was installed properly 

O pavment Procedure: All stations should employ a npost-filált 
payment procedure to minimize the number of controlled partial 
fills which rarely result in drips/spills at the end of 
refueling. (Note: This condition had to be revised during the 
study as will be explained in the following.) 

Additionally, potential service stations were -grouped into 
three profiles which related to average monthly dispensed fuel 
volume. Table 2-2 summarizes the service station nominations 
requested of each DI-member company. 

". 

Table 2-2. SUMMARY OF REQUESTED SERVICE STATION NOMINATIONS 

Station Monthly Volume Number of Stations 
Profi& (aallons) peaueste4 

No. 1 >150,001 
No. 2 75,001-150,000 
No. 3 <75,000 

6 
4 
4 

Equal proportions between the number of Stage II and 
conventional stations and between busy morning and busy afternoon 
stations, if possible, were also requested. 
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Blank service station nominating forms were provided to the 
participating companies. [An example form (for stations with 
average monthly volumes over 150,000 gallons) is shown in Figure 
2-2.1 Forty service stations were selected for data collection 
from the returned nomination forms. 

The populations of nominated service stations were sorted to 
identify pairs of like Stage II and conventional stations. The 
stations were first sorted into Stage II and conventional groups. 
These subsets were then sorted into numbered groups by generic 
profile, The last sorting step rearranged the listing of service 
stations in each group according to the number of hose outlets 
( i .e- ,  ehe number of total dispensing hoses). 

A matched pair of stations was then selected if there existed 
a Stage II and conventional station with the same profile numbers 
and.equa1 or approximately equal number of hose outlets. The final 
e& of selected stations consisted of ten profile No. 1 station 
pairs, nine profile No. 2 station pairs, and one profile No. 3 
station pair. Although station brand was no% a selection 
criterion, the resulting pairs included representation from all the 
five companies which submitted nominations. 

All the service stations selected for data collection had 
dispensing equipment that was in good operating condition. Fifteen 
of the 20 Stage II stations in the study had coaxial dispensing 
hoses- Overhead connection of the åispensing hoses was the 
predominant configuration of the dispensing systems at both Stage 
%I and conventional stations from which data was collected. The 
payment procedure predominant in both the Stage II and conventional 
service stations from which data was collected was found to be 
wprepayH instead of npestpay,m as requested in the guidelines for 
nominating service stations, Stations with full service were 
imeluded in both types of service station for data coalection. 
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SERVICE STATION PROFILE No. 1* DATA COLLECTION FORM 

Type: Conventional 

Time of Day When Most Busy: A.M. 
P.M. 

Total Number of Self Serve Unleaded Fuel Dispensers: 

- Stage II 

Total Number of F u l l  Service Unleaded Fuel Dispensers: 

Option to dial-in dollar amount of purchase 
before pumping: Yes - No 

Station Manager Name: 

- Station Phone Number: ( 1 
Street Address of Station: 

*I Average monthly volume over 150,000 gallons per month; 
Nominate 3 Stage II and 3 Conventional stations if possible, 
but 6 tota l .  

Figure 2-2. Service Station Profile No. 1* Data Collection Form 
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2.3 petemin ation of Fuel Wetted A r  ea/Velume Relation ship 

The method selected to obtain data on fuel drips/spills €rom 
actual mreal-worldll refuelings with least disruption to the service 
station customer was to measure the wetted area left by the fuel. 
With this method, ft is necessary to relate fuel wetted area to the 
volume of fuel dripped/spilled. Because of the importance of this 
wetted area/volume relationship, the characteristics of fuel 
drips/spills were studied extensively to design an effective data 
collection methodology (see Appendix A ) .  This resulted in a 
decision to collect fuel wetted area/volume data from all 40 
service stations from which drip/spill observations were taken 
(separate from the refueling observations). The reasons for this 
decision are summarized below: 

o Refueling pad surface condition was identified though pre- 
data-collection experimentation as one of the most 
significant factors-affecting the fuel wetted area/volume 
relationship 

8 Differences in fuel properties, although not found to be 
statistically significant to the fuel wetted area/volume 
relationship in sample tests, would be taken into account 

Calibrations of fuel wetted area/volume relationships for 
each service station and/or fer each fuel type were not 
justified or deemed necessary, given the amount of time and 
data required to develop accurate calibrations for each 
service station. Alse, the experimentation with varying 
fue% properties indicated that the effect due to different 
fuel types would be small %e insignificant 

The accuracy ofthe observatientechniques, which includes 
the observer estimation error discussed in Section 2.7, did 
not warrant the improvement in dripped/spilled fuel volume 
estimate accuracy whish might be obtained by separate 
calibrations of fuel wetted area/volume relationships at 
each station. 

e 

o 

When the data collection was completed, the results from the 
calibration tests were compiled and a regression analysis was 
perfornìed. A good straight line least squares fit was found using 
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the natural log of the fuel drip/spill area and the natural fog of 
the fuel drip/spill volume. The regression equation follows: 

In volume - 2.722 + 0.813 * ln area, 
where volume is in ml and area is in inches squared 

The correlation coefficient for this straight line fit is 0.97. 
This linear relationship, along with an assumed gasoline density 
of 6.0 pounds per gallon, allowed a direct conversion from fuel 
drip/spill wetted area to drip/spill amount in grams. 

A more detailed explanation of the entire process used to 
determine the fuel wetted area/volume relationship is presented in 
Appendix A. An example of the wetted area left by the fuel 
predicted by this equation is presented in Section 3 as Figure 
3-1. 

2.4 nainincf of Data Col1 ection Team Members 

The five members of the data collection team were trained 
during a series of meetings and field training sessions. An 

initial project overview/obj ective meeting and two practice days 
at selected service stations (one Stage II and one conventional) 
were conducted. Each  part of the data collection and calibration 
process was demonstrated and practiced by all of the team members. 
The practice days confirmed that it would not be possible to 
measure the wetted fuel drip/spill area directly for the following 
reasons: 

o Most of the small fuel drips/spills evaporated before the 
refueling process was completed. It was not possible to 
measure the small drips or spills directly with some type 
of measuring device without affecting the refueling process 

o Most of refueling drips/spills are small in diameter with 
dimensions which were easy to estimate with reasonable 
accuracy 
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o Most large refueling drips/spills last long enough to allow 
direct measurement after the vehicle has left %he refueling 
pad. 

As a consequence of these findings, a decision was made to estimate 
the small drips or spills visually and to measure the large 
drips/spills directly, with a tape measure. It was also determined 
during the practice days that observing the refueling process from 
a distance did not significantly affect the refueling habits of 
typical service station customers, even though they often were 
aware of data collection team members presence. 

Fuel wetted area estimation tests were conducted by initiating 
controlled releases of gasoline, having the team members estimate 
the wetted spot dimensions, and then measuring the actual wetted 
spot size. The purpose of this test was to refine the data 
collectors' ability to estimate fuel wetted area dimensions. 

After the two field work training days, a second group meeting 
was held. At this meeting, the data collection process and forms 
were reviewed and updated based upon the experience gained from the 
practice days. The station schedule was presented and assignment 
0% team members to specific service stations was made. The 
composition of the teams was varied over the duration of data 
collection, so that all of the team members were exposed to all 
types of both Stage If and conventional service stations. Team 
composition was changed at least every two days, and typically 
every day to prevent bias from developing due to working with the 
same team member over long periods. 

2.5 pevelon ment of the Data Collection Pr ocedures and Forma 

Three objectives were sought in developing data collection 
procedures and forms: i) maintain a uniform approach among the 
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team members in conducting the data collection procedures; 2) 
ensure consistency in the interest of reducing the number of 
errors; and 3) collect the data in an organized and efficient 
manner, 

The forms used to guide the data collection procedure 
(presented in full as Appendix B) are summarized as fellows: 

O EaUiDm ent Ch eck r , i  st: A list of equipment required for the 
data collection process ensured that all the equipment 
necessary to conduct data collection was brought to each 
station 

o Station S et Un : Four brief guidelines to follow before 
beginning any data collection or calibration, Included is 
a recommendation for identifying the data collection team 
members to the station owner/manager and explaining the 
objective of the project. 

o Station Calibration: 

1, Directions on how to use the vapor return line 
backpressure testing equipment to measure the flow 

dispenser to the underground tank  at Stage II 
stations. 

s restriction in the vapor return line from the 
1- 

2, How to fill out the Station Equipment Check Perm. 

3, How to complete the Station Calibration Data Form. 

o pata Collection: Instructions on how to complete the 
Refueling Observation Data Form (See Appendix B) 

o Resnonse Statement: A statement used to respond to 
customers' inquiries related to observation of the date 
collection process, if asked (See Appendix B), 

Group meetings among the team members were held before aad 
after data collection training to review, discuss, and answer any 
questions pertaining to the procedure, A copy of the procedure 
(shown in Appendix B) was given to each team member. 
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A Station Calibration Form8 Figtare 2-38 was completed for each 
service station for which observations were taken. This fom was 
used to collect fuel wetted area/volume cabiiaraeion data ( i t e m  No. 
9) as described in Section 2.3. 

A Station Equipment Check Fome was also sempfeted for each 
üata collection service station. 
2-4, is a record of the data from a visual check of the fuel 
dispensing equipment so that any obvious problems could be noted 
(it wes also used to record Stage %I dispensing outlet: nozzle 
baekpressure values). 

mis form, as seen in Figure 

The third fern used ia the data coláection process was the 
I%efu@$ing Observation Data Fom, F i p s e  2-5. One of mese ferais 
was completed for every observation. The m e s %  impertant data on 
this form are the descriptions of the sizes of drips or spills 
(item No, The other hfsmatioa recorded on this form 
describes each refueling operation in great detaia. 

3 e 6  pata c slfect ioq 

Data were collected from 20  Stage %XI and 28 senventional 
s e w b e  stations during the period of October 3 through October 19, 
1988. Other than having to reschedule a few planned visits to 
service stations, no obstacles to data collection were encountered 
a% any of the service stations visited. Bata collection was not 
posdble during rainy weather because fuel wetted areas were not 
visible on w e t  concrete. 

The tean members were assigned to collect data from the 
service stations in teams of two. The team members were scheduled 
so that each rotated between type sf serviae station (Stage 1% and 
eonventdorial) and among the ether data collection team members. 
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STATION CALIBRATION DATA FORM 

â. Station I D  

2. Observer 

3, Date 

4. Preset Capabilit ies (Y/N)? 

5,  Time 

6. Weather: 

a, 8 u n n y n  OP Cloudy 

b. w i n d y 0  

c, Raining 

7 ,  Surface Material 
U 

8. Flow Rate: 

9, Spot Size Calibration: 

a. Location - 
b- - - 

1 
2 

3 
4 

5 

LO 

50 
25 

10, Air Tempratuxe Readingo: 

Tim9 - 
Figure 2-3, Station Calibration Form 
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Figure 2-5, Refueling Observation Data Form 
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There were five data collection team members? fouE of whom did most 
of the data collection while the fifui member. servea as an 
alternate when necessary. Each team member experienced each type 
of station and worked with all the other team members, 

As explained in Section 2.2, the service stations were placed 
in three different sizes. The schedule e% data collection varied 
the s i z e  of the service stations within each type of service 
station (Stage II and conventional). 

2.7 petemin ation of Ob server Estimation Er= 

Even though the t e m  members were trained to estimate fue& 
spill OF drip dimeneions as accurately as possible, and the data 
collection period was short (two and one-half weeks), EA Mueller 
felt it was desirable to measure the estimation accuracy of the 
team as a whole after the data collection process was completed. 
an a manner similar to the fuel wetted area training tests 
described ia Section 2.5, different dripped/spilled fuel spot sizes 
were created for the data collectors to estimate. The difference 
from the earlier fuel wetted area estimation testing was that 
during t h i s  test the team members were not told the volume 
drigged/spiiled or the correct fuel wetted area sizes after the 
&ip/spiPP. 

Twenty-four fuel årips/spills of volumes typical of these 
observed during the projeat were created by an individual who was 
no% a member of the data collection team. Observers estimated fuel 
wetted area and the data were reduced to correlate the estimated 
areas wiMn the actual volume o% fuel dripped/spilled. The five 
team members as a whole underestimated the wetted areas by an 
average of 17 percent. The standard deviation of the wetted area 
eathation errors was also 17 pereent. 
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A few points about the observes estimation error should be 
noted. First, it is assumed that the observers began the data 
collection period with ve& accurate estimation- capalailities, and ’ 
that this learned capability declined over time, Secondly, during 
the actual data collection process, the larger drips/spiUs (which 
are most difficult to estimate accurately) remained visible after 
the customer left the service station. a i s  allowed the team 
members to measure accurately the area of large drips/spills using 
a tape measure in most of these cases. Thus, it is believed that 
the estimation error of 17 percent represents a worse case scenario 
and is more applicable to the smaller dx=ip/spil% sizes. 

2.0 pata An alvsis Procedures 

Four different statistical analysis methods were used %o 
evaluate the data collected; descriptive statistics, frequency 
picks, chi-squared tests, and T-tests. The application of these 
methods are summarized below: 

o Descriptive statistics include variables sup-h as number of 
occurrences, mean, and standard deviation, among ethers 

o Frequency plots were drawn when evaluating the differences 
in drips and spills between the %we types of service 
stations 

Chi-squared tests were performed te identify differences 
ia the frequency of drips and/or spiIls between Stage If 
and conventional service stations 

o 

o T-tests were used to test the difference in the average 
amounts of drips and/or spills between Stage 11 and 
conventional stations. 
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3.0 RESULTS 

3.1 pntrod uction 

This section presents a summary of the data collected and the 
analyses performed. Refueling observations were made at 20 Stage 
II facilities in Washington D.C. and 20 comparable conventional 
facilities in Baltimore- Statistical analyses were performed cm 
both the frequency of drip/spill occurrences and the average 
drip/spill amount for Stage II facilities cenaparea te conventional 
facilities. Further statistical analyses were performed on 
refueling characteristics to identify customer habits which may 
contribute %o drip/spill frequency and amount. 

3,2 Summaw of Data Pomlations 

Table 3-1 summarizes the populations of refueling observations 
taken from both the Stage II and conventional stations. As Table 
3-2 illustrates, the Stage II and conventional refueling 
observation populations are similar in size, a result of the 
experimental design which called fer spending equal times for data 
collection at both types of stations. However, it also suggests 
that the frequency of usage of both types of stations was similar 
overall for the groups of stations chosen to be observed. 

Fable 3-1, SUMMARY OF REFUELING OBSERVATION PBPULAT%QNS 
Number of Number of Percentage of 
Observations DriDs/SDillS Observations 

Stage II 1278 848 6 6 0 4  
conventional i3a1 ECz, 63.2 

Total 2635 1705 64.7 

Tabbe 3-2 lists the percentages of the refueling observations 
by the type of release of fuel observed. Table 3-2 suggests that 
the principal difference in the observations from both types of 
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occurrences of fuel releases greater than 8,l grams. per refueling 
event at the Stage II stations, %%e differences between the fuel 
releases at the Stage 11 and conventional statiehs will be compared 
in &tail. later in this section. 

TABLE 3-2, PERCENTAGE DISTRIBUTION OF TOTAL BEEWELING OBSERVAl?%ONS 

T m e  of Release 
m e  of Pacility 

Staa e If Conventional 

33 37 

33 4 1  

A t  Stage I I Faci I it ¡es, 66 Percent of  the ûr ips/Spi I Is 
w e  This srze or S r n l  let- 
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area of the spot in Figure 3-1 is predicted based. on the linear 
regression developed between fuel volume and wetted area presented 
in Appendix A. 

area by the diameter of the spot left on the refueling apron, which 
The observers in the field estimated; Euel wette& . 

was translated into volume by the linear regression,) These very 
small releases were caused exclusively by drips of fuel. Before 
refueling, the drips were primarily from fuel which was present in 
the nozzle from the previous refueling. As the customer lowered 
the nozzle to the vehicle filler, fuel, if present in the nozzle, 
would drip out onto the refueling apron. Drips of fuel released 
during refueling were typically carried along with the fuel vapor 
expelled from the filler tube for refuelings at conventional 
stations and from an incomplete interface between the nozzle beet 
and the filler at Stage 361 stations. Drips sf fuel released after 
refueling were typically due to fuel which was clinging to both 
the inside and outside of the nozzle, similar to when a straw is 
withdrawn from,a glass of water. The number of drops of fuel 
released after-refueling was often a function of the care with 
which the customer removedthe nozzle from the filler and replaced 
it in the dispenser. This concern by the customer could be 
nullified by the next customer if he/she allowed the nozzle to 
point downward before insertion in the filler, causing the fuel 
inside the nozzle spout to drip out (a “before refuelingt1 release) . 

It can be said with near absolute certainty that al% the fuel 
releases equal to or smaller than 0.1 gram were drips. Even 
releases totaling more than 0.1 gram were often a collection of 
drips. (It should be noted that the data presented is the total 
fuel released for a given type of release. Only the total amount 
of fuel released is reported and was used in the analyses, even 
though it may have been caused by multiple drips of fuel.) The 
instances in which Piquid fuel actually splashed to the ground were 
very rare. This is illustrated by Figures 3-2, 3-3, and 3-4. 
Figure 3-2 presents the cumulative percentage of refueling 
observations for both Stage PI and conventional sta*ions as a 
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function of the amount of fuel drippe&/spbIled per refueling 
observation (including zero drips/spilfs). This- iflastrates that 
a larger percentage. of the drips/spills a%. conventional stations 
were small compared to the drips/spills at Stage II stations. 
Figure  3-3 presemks the emulative percentage of fuel. releases- fer 
both Stage If: and conventional stations as a function o$? the ameunt 

illustrates that of the total fuel releases observed, a larger 
percentage of the releases at Stage 1% stations came from larger 
releases drigped/spi%$ed instead of smaller ones, compared to 
cornventional stations, The differences between the Stage II and 
conventional station fuel releases are further illustrated in 
Figure 3-4, which compares the percentage of total refuslings in 
terns of grams per drip/spiXL. Figure 3-4 clearly shows that the 
percentage of fuel refeases at small fue% drip/spil$ ameiánts for 
convemtiomal stations was higher compared te stage Ia stations, 

of fuel dripped/spifled per refueling observation, This 

Cmula t ive  Percentage Distributions 

Grams Drippeé/Spilled Per Observation 
l u o u n t  of 
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Figure 3-3. Cumulative Percentage Fuel Releases by Ameunt 
Released 

Observed Frequency of T o t a l . D r i p / S p i l l  Amounts 

1 Total O w 8  pat Dzip/Spill 

Figure 3-4. Distribution of Refuelings as a Function of 
Amount of Fuel Released 
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Conversely, the percentage of: fuel releases. at fuel :release amounts. 
greater than two grams was lower for conventional stations. compared 
to Stage if stations. 

The frequency plots fer the amount of fuel dispensed at the 
Stage ff and conventional stations are shown in Figures 3-5 and 3- 
6. Both plots have bi-modal distsibu%ions around five and 10 
gallons dispensed. This corresponds %o the frequently observed 
even dollar purchases of $5.00 and 810.00, as the typical price of 
gasoline during the time of data colleetion was near $3: per gallon. 
The average amount of fuel dispensed from the Stage 1% stations was 
7 , 8  gallons and the average amount from the oonventiona$ stations 
was 8.6 gallons. These diMeremces were found te be strongly 
statistically significant ('%-value of 4.84) at a very small 
grebabality level (P-value of less than O,OOOI) e IS%%@ total amount 
of fuel  dispensed at Stage II stations for the observed refolelings 
was g 0 8 5 2  gallons, while 11,604 gallons were clieponsed at 
conventional stations for the refuelings observed, 
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Frequency of Fuel Amounts Dispensed at Conventional Facilities 

190 
Average: 8.6 gallons 
Sun Total: 11604 gallons 
Total Observations - 1352 L i m  

w 
O 

Fuel Dispensed (gallons) 
fl 

3.2.1. Statistical Analvsis of Total Data Pomlations 

The frequency of all the drips/spabls together at both Stage 
11 and conventional facilities was compared using the Chi-square 
test and the following nul% hypothesis: 

There is not a significant difference between the 
frequency of fuel drips/spills during refuelings at Stage 
II and conventional service stations. 

The above hypothesis is rejected. As Table 3-3 shows, there 
is a significant difference in the frequency of spills between 
Stage II and conventional facilities such that the probability of 
drips/spills is greater at Stage II stations compared to 
conventional stations. 
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Table 3-3. DRIF/SPILL F'REQUENCY~ CHI-SQUARE TEST RESULTS 
Type OP Number of Drips/spills PI=ob&ili*y 
Brb/sPill Staae If Conventional Chi-Sauare . of Chance 

All 
Drips/sgills 
Together 848 857 3.37 0.06 

* Probabilities of less than QolQ are considered significant 

The amount of fuel dsipped/spilled was calculated in three 
ways: 1) in grams pes refueling, 2) grams per gallon fuel 
dispensed, and 39 grams per observation in which drips/spills 
occurred. The analysis of the %eta$ drip/spill amounts between 
Stage 11 and conventional stations was conducted using the T-test 
anCa the following null hypothesis: 

There is not a significant differemce between the average 
drip/spill amounts for refueliags made at Stage %I and 
conventional semice stati~ns~ 

Table 3-4 summarizes the results obtained. (Appendix E contains 
additional data about these T - t e s t  results.) 

Table 3-4, AVERAGE DRIP/SPILL AMOUNT T-TEST RESULTS POR THE TOTAL 
POPULATIONS OP STAGE XI AND CONVENTIONAL STATTONS 

Difference Probability 
staue II-CenventionaL t-Statistic QL&* 
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Of these three drip/spill groupings, onby the difference in 
the average amount of gasoline drigged/spilled per gallon of fuel 
dispensed was statistically significant between refuelings observed 
at the Stage 11 service stations compared to the observations at 
the conventional stations. This result is believed to be dependent: 
on the statistically significant difference in the average amount 
of gasoline dispensed between the Stage %I and conventional station 
refuelhgs observed. Since more gasoline on average was dispensed 
per refueling at the conventional service stations (8 o 6 gallons) 
than at the Stage II service stations (7.8 gallons), the average 
amount of gasoline dripped/spilled per gallon of gasoline digpericed 
would be lower for the conventional stations compared %o %he Stage 
11 stations. However, to the extent khat refueling behavior at the 
stations surveyed in -this study is typical of differences in 
refueling characteristics between Stage 1% and conventional 
facilities observed elsewhere in the country, these results reflect 
real differences between Stage I% and conventional facilities. 

The reasons for difference in the amount of fuel released 
between Stage 1% and conventional atations was explored by 
examining refueling characteristies within t y ~ e  of facility. The 
refueling characteristics explored included topping-off the fuel 
tank placement of the refueling filler (side or rear), orientation 
sf the nozzle during refueling during refueling (right side up OF 
up side down), whether the customer drove away after refueling 
without filling the tank completely and whether the customer 
latched the nozzle when refueling. 

Topping-off the tank at the end of refueling is not a 
recommended practice. There are warnings against it in the 
instructions at the dispensers at Stage II facilities. 
Nevertheless, topping-off was observed in 20.2 percent of the 
conventional refueling observations, and 14.8 percent of the Stage 
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II refuelings. The practice increases the amount of fuel'dicpeased 
during a given refueling event. Figures 3-9 and 3-8 illuskrate the 
cumulative percentage of fuel dripped/spi%aed %OF top-off and nom- 
top-off refueling observations a% Stage 1% and conventional 
statioms, respectively o ~ 0 t h  show' %hat the- refuelings in which tke 
customer diai not tog-off were higher in percentage at the smaller 
dripped/spilled amounts. Each of the refueling characteristias was 
tested in terms of grams of fuel. dr$pped/sgilled using the T-test 
and the following null hy~othesis: 

There is not a s.fgwi$fisan% difference between the average 
årip/spilá amount for the alternative p e s s i b i ~ . i t i e s  e% 
a given'refueáing characteristie. 

Table 3-5 abists the results of the T-tests im grams per 
refueling evente Alb the refue1ámg aharaataristios were 
statistically significant except for latching the nozzle and 

ercentage B i str i but i ans 

f 

Grans Drigped/api%led 
mulative'PercenfXtge of Fuel 
p-Off and Non-Top-Off 
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Cumu I ait i ve Percentage Di  s tr  C but ions 
for  Refuelings a t  Conventional Stations 

100 
Did Net Top-Off 

Did Top-Off 

*.0.M 0.05 0.1 0.5 i 5 l o  100 

Grams Dripped/Spf l ld  

'igure 3-8, Conventional Cumulative Percentage of Fuel 
Dripped/Spilled For Top-Off and Non-Top-Off 

F' 

placement of the filler at Stage II facilities. (Nszsae 
orientation at' Stage II stations was extremely elose to being 
statistically 'Significant and will be considered to be, ) It is 
believed that each of these characteristics contributes to the 
difference in grams released per gallon fuel dispensed at both 
Stage EI and conventional facilities. Of these eharaeteristks, 
topping-off and nozzle orientation appear to be the most important 
in terms o% average fuel released and statistical significance of' 
tho differences. 

Table 3-5. AVERAGE RELEASE IN GRAMS PER REFUELING EVENT FOR 
DIFFERENT REFUELING CHARACTERISTICS 

?932kabiaiw 
e of Facility x&i Ni2 g-statistic QlLd 

Stage %I 3 e 6  1.4 3-29 O e 083.0 

Conventional e,# 0.9 2.20 0.0282 

'Pars-Off . .  
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