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2.0 PRESURVEY TRIP REPORTS AND TEST REPORTS BY OTHERS

2.1 EXXON-Houston Terminal Visited and Reported
by J. C. Dickerman

On June 7, 1974, the writer met with Mr. W. A. McDonald
to tour EXXON's Almeda Road Terminal vapor recovery facilities.
At this terminal EXXON has a Parker Hannifin refrigeration-
compression vapor recovery unit to recover hydrocarbon vapors
resulting from tank truck loading. They also have a test facility
to evaluate vapor recovery controls for service stations. Both
of these vapor recovery systems were visited on this tour and
are discussed below.

Terminal Loading System

Tank trucks filled at this terminal are bottom loaded,
and the resulting vapors are collected and sent underground to
the vapor recovery system. The vapor recovery system is a

Parker Hannifin unit which has been in service for several years.

The hydrocarbon vabors enter the vapor recovery unit
through a saturator where the vapors become partially saturated
with hydrocarbons. The vapors are compressed and cooled,
then enter a low temperature absorber where the hydrocarbons
in the vapor are absorbed by a spray of recirculating gasoline.

Essentially hydrocarbon free air exits the top of the absorber.

Detailed information on flow rates, temperatures and
pressures of the streams to and from the Parker Hannifin unit
was not available; however, experience with the system indicates
it should be possible to achieve about 90% hydrocarbon removal.
Data on horsepower requirements and operational costs of this unit
can be provided by EXXON.
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There were several maintenance problems associated with
this unit when it first came into service, but it now requires
only minor intermittent maintenance attention. At present, ac-
cording to Mr. McDonald, this unit operates at a greater than 80%

stream factor.

Service Station Test Facility

The test facility consisted of an underground storage
tank, a gasoline dispensing pump, and an Atlantic Engineering
Unit which was used for testing vacuum assist systems. The
purpose of the test facility has been the evaluation of
gasoline dispensing nozzles. A gasoline tank from a 1973 Olds-
mobile was also located at this test unit. The vent line on the
gasoline tank could be vented directly to the atmosphere if de-
sired to simulate conditions for prior-to-1970 model automobiles.

Other EXXON Terminal Units

Mr. McDonald described the Edwards Vapor Recovery
Unit installed at EXXON's Austin, Texas terminal. The FEdwards
unit differs from the Parker-Hannifin in that there is no gaso-
line vapor compression stage. Instead, the gasoline vapors are
condensed on low temperature refrigeration coils. The unit
is newly installed. It is not fully lined-out and not ready

for a thorough pre-survey inspection.

2.2 EXXON-Austin Terminal Visited and Reported by
J. C. Dickerman and C. E. Burklin

On July 2, 1974, the writers met with Mr. Walker, the

Terminal Manager, to tour the terminal vapor recovery facilities.
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EXXON's Austin terminal employs an Edwards Engineering vapor
recovery unit to recover hydrocarbon vapors from tank truck
loading operations.

System Description

All tank trucks are bottom loaded and the resulting
vapors are sent underground to the vapor recovery unit. At this
terminal the driving force for vapor flow is direct displacement
only.

There are currently no service stations in the Austin
area utilizing vapor recovery control techniques; consequently,
the vapor space in the returning tank trucks are filled with a
sub-saturated hydrocarbon mixture. Hydrocarbon concentration
in the vapors returned to the vapor recovery unit vary from 6%
to greater than 20%, with the balance being air.

system Operations

The principle of operation of the Edwards unit is
relatively simple. The tank truck vapors are passed over a
refrigerated coil where the hydrocarbons and water are condensed
from the vapor mixture. Essentially hydrocarbon free air exits
the top of the condenser. The condensate is first pumped to a
water-hydrocarbon separator where the water stream is routed

to waste water treatment and the hydrocarbon stream to gasoline
storage.

The refrigeration package of the Edwards unit is
designed to continuously maintain the condenser coils at a pre-
set temperature. A wide swing in vapor rates can be accomo-
dated by the unit. A hydrocarbon vapor surge tank is not
required.

A-19
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At the time of our visit, the condenser was operating
at -50°F although temperatures as low as -100°F can be reached.
It was learned through a telephone conversation with Mr. Normal
Watt, an Edwards engineer, that a series of tests to determine
optimum operating conditions for this unit was planned for the

near future.

System Problems and Costs

Mr. Walker was pleased with the unit operation. He
indicated that it had been running for over two months with no
major problems. The only problem indicated by Mr. Walker was

frost buildup on the cooling coils; however, this problem had

been solved by increasing the number of defrosting cycles.

The unit currently recovers about one gallon of condensed
vapors per 1000 gallons of gasoline loaded. This value would,
of course, increase if the hydrocarbon concentration in the tank
truck vapor space were higher. According to Mr. Walker, operat-
ing costs run about $450/month. Purchase cost of the unit was
$37,000. Operating costs are primarily associated with running
two-30 HP refrigeration compressors.

Recommendations for Further Work

We feel this unit should be tested as part of the termi-
nal source testing program. Considerable interest in this unit
has been expressed by several major oil companies. Mr. Walker
indicated that representatives from several oil companies had

made inquiry about the unit, and that they were either considering
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ordering or had already ordered similar units. Edwards Engineer-
ing personnel indicated that an improved hydrocarbon-water
separator will soon be placed on this unit. We feel testing should
be conducted on this unit after equipment improvements have been

completed and operations are placed on a routine basis.

2.3 San Diego-San Francisco Service Stations

Visited and Reported by J. C. Dickerman

This report summarizes a June 17-21, 1974 trip to
San Diego and San Francisco for the pre-survey investigation of
hydrocarbon vapor recovery facilities at service stations. While
in San Diego, a test of a vapor displacement type system was
witnessed, and discussions were held with several persons on
these systems. Meetings were held in San Francisco with Region
IX EPA Bay Area Air Pollution Control District (BAAPCD) person-
nel to determine the times and locations of a service station
source sampling trip to be conducted later in later months.

Observations of Vapor Displacement Test

The parameters measured by EPA and TRW during the
test conducted at a Chevron Station at the corner of Baltimore
and Lake Murray Boulevard in San Diego were similar to those
proposed by the writer as necessary for material balance
determinations to be included in planned service station tests.
Continuous monitoring of hydrocarbon concentrations in the
underground tank vent line was not performed, although this
was effectively accomplished by measuring the volume of vapors
lost the the weight of hydrocarbon pick-up on activated carbon.

The tests were well conducted and most measurements
were made with only a small delay to participating customers.
Although the time delays were small, it was evident that obtain-

ing customers willing to participate in the testing was a
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problem. Several factors probably contributed to the lack of
customers, some of which may have to be addressed while testing
in the Bay Area. Two factors contributing most to the lack of
customer participation appeared to be: (1) the service station
opened only four days prior to the source test, and (2) there
were always several observers standing around the gasoline dis-
pensers which may have dissuaded customers from entering the

station.

Test Procedure Comments from Other Observers

An attempt was made to include all comments relevant
to vapor recovery systems from other observers in this section.
Some comments from a meeting held with the BAAPCD authorities
will also be included.

Many of the observers were asked what additions or
deletions they would recommend to the testing procedure
being used by TRW. There were only a few specific procedural
changes recommended. These were: (1) include continuous monitor-
ing of the HC concentration of the underground task vent line,
and (2) add the use of a dual range explosimeter for checking
nozzle-fill neck leaks. The dual range explosimeter can give
a qualitative indication of the severity of a leak at the nozzle-
fill neck interface. Personnel from the BAAPCD commented that
the use of a flowmeter in the vapor return line to the underground
tank may cause a pressure drop which could affect the design of a
vapor balance system.

In general, most of the comments received offered

no recommendations for change of the testing procedure.
Personnel from the San Diego Air Pollution Control District

(SDAPCD) did make some comments, however, which stould
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probably be considered in future testing. They commented that
the empirical method used in determining vapor losses from the
nozzle-fill neck interface (establishing a base line and using
it for assessing the total vapors produced) might not be ac-
ceptable due to the wide variations from the base line that can
be obtained. They also commented that the flow rate of gasoline
dispensed to the automobile varied from test to test, and that
the flow rate of gasoline dispensed for vacuum-assist systems
generally was larger than that dispensed for the displacement
systems.

Miscellaneous Comments from Other Observers

Through discussions with persons at the test site, it
was learned that safety evaluations and acceptance tests are
presently being conducted on both vacuum assist systems and
vapor return nozzles by Factory Mutual and/or Underwriters
Laboratory. It was also pointed out that no acceptance testing
procedures have yet been promulgated by the National Fire Pro-
tection Agency (NFPA), and it is very unlikely that a certifying
test laboratory will report on a system without such guidelines.

Bob Carl from OPW commented that although their vapor
recovery nozzles were in short supply, he should be able to
supply any station to be tested in the Bay Area by late July
with nozzles. He also said that the new type nozzles deliver
lower flow rates than the older style nozzle.

A discussion was held with Mr. Ray Skoff of SDAPCD to
determine his interpretation of the word "all" as stated in the
San Diego Regulations. There appears to be considerable

confusion as to the exact meaning of the term. The intent of the
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regulation, according to Mr. Skoff, was that "all" vapors were
collected when the explosimeter showed no reading at the fill

neck interface.

EPA Region IX Meeting

A brief conference was held at the EPA Regional Offices
prior to meeting with BAAPCD personnel. The purpose of the meet-
ing was to inform the regional personnel of the proposed service
station source testing program tentatively scheduled to occur in
the Bay Area. It was recommended by region personnel that a
vapor displacement system developed by Hazlett Enterprises be
considered for testing. This system is completely sealed and
operates from a vacuum created in the underground tank. The sys-
tem also has a unique ball valve system in the nozzle which is

reported to be very advantageous.

Meeting with Bay Area APCD Personnel

The purpose of this meeting was to inform the BAAPCD
personnel of the proposed testing of vapor balance systems to
occur in the Bay Area. Assistance was solicited from BAAPCD in
selecting the test sites. The following list of test sites
and sampling dates was agreed upon. 0il company representatives

will, of course, be contacted for concurrence.

July 29 - August 2; An Exxon Manifolded
System

August 5 - 9; A Phillips Petroleum station
utilizing the Hazlett system

August 12 ~ 16; A Chevron station located
at Davis, California.
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A discussion on testing procedures occurred at which
time the writer presented a proposed list of parameters to be
observed in performing hydrocarbon material balances around
vapor displacement systems. There were generally no objections
to the proposed testing, but the following points were raised.

Care should be taken when measuring the
volume of vapor returned to the underground
tank to assure that an unduly large pressure

drop is not created.

It would be of interest to compare
hydrocarbon concentrations obtained by
both a hydrocarbon monitor and by

calculations from an oxygen monitor.

It may be beneficial to utilize a bonded,
certified testing laboratory, such as

| Charles Martin in San Francisco, to run
complete analyses on the dispensed
gasoline to confirm that tests are repre-

sentative.

It may be possible to determine nozzle
losses by the use of a plastic bag surrounding

the nozzle.
BAAPCD personnel offered to help in any way possible,

and agreed to arrange publicity releases of the testing in an

attempt to attract willing participants.
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Recommendations for Vapor Recovery Tests

Based on discussions and observations at the service
station test site on June 18 and 19, the writer developed the
following recommendations for consideration in planning future
service station source tests. These comments may be divided
into three categories; alterations of the San Diego test pro-
cedure, other test procedures to be considered, and methods to

attract customers for test participation.
1. Alterations of San Diego Test Procedures

The underground tank vent should be
continuously monitored for hydro-

carbon concentration.

A dual range explosimeter should be
employed to check for the relative
severity of nozzle-£fill leaks.

Complete gasoline analyses should be
conducted of both the dispensed gaso-
line and the gasoline dropped to under-

ground storage.
2. Other Test Procedures to be Considered

Care should be taken to permit no pres-
sure drop across a system that could
affect the system's operability. For
this reason, methods other than using

a dry gas meter for measuring the amount
of vapors displaced from a vehicle tank

should be considered.
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The use of a vapor trap, such as a sealed
plastic bag surrounding the nozzle, should

be considered in evaluating nozzle losses.
3. Methods of Attracting Participating Customers

Publicity releases should be given a few
days prior to the start of testing.
BAAPCD agreed to handle this.

The number of observers standing at the
dispenser islands should be limited to
test personnel.

Signs should be placed at the test sites
clearly indicating that a service station
test is in progress and willing partici-
pants are needed.

Some type of incentive offered the customer
to encourage his participation, such as a

5¢ per galion reduction on gasoline.

Personal Contacts

Listed below are the names and affiliations of persons
contacted during this trip. These people were very helpful to
the writer in gaining a better understanding of vapor recovery
system technology.

Pete Westlin - EPA

Ed Hasselmann - TRW
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Tony Eggleston - TRW
Jim Presten - Chevron 0il Co.
Howard Klein - Chevron 0il Co.
Al English - Chevron 0il Co.
Bob Lupcho - Chevron 0il Co.
Bob Carl - OPW (VP-Engineering)
R. W. Taylor - Intermark (President)
Belle K. Tom - EXXON
Dick Fusco - Calgon
B. McEntire - San Diego APCD
Ray Skoff - San Diego APCD
Jim Talbot - Bay Area APCD
Fred Hall - Bay Area APCD
Gale Karels - Bay Area APCD
Tom Peraldi - Bay Area APCD
Fred Thoits - EPA Region IX
2.4 Shell Service Station - Concord, California,

Vigsited and Reported by J. C. Dickerman and
C. E. Burklin

On August 7, 1974, the writers met with Dale Size of
Shell's regional marketing office, at Shell's experimental service
station in Concord, California. The purpose of the meeting was
to investigate Shell's vacuum assist gasoline vapor recovery sys-
tem installed in the Concord service station and to assess the

merits of testing the facility's vapor recovery efficiency.

System Operation

Figure 2.4-1 is a flow diagram of the vacuum assist vapor
recovery system employed at Shell's experimental service station
in Concord, California. The hydrocarbon vapors are collected by

handmade prototype McDonald nozzles. These nozzles are equipped
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with on/off valves on the vapor lines which operate in conjunc-
tion with the throttling fuel valve. Actuating any fuel pump also
actuates the vacuum pump (P-1) and maintains a 2 to 6 in H,0

vacuum in the vapor return line.

The vacuum pump (P-1) pumps the recovered vapors under-
ground to the "Super Shell' storage tank where they are saturated
for safety by a spray saturator. Excess vapors are displaced
from the "Super Shell" tank via the vapor manifold to the stor-

age tanks from which the fuel was drawn.

When the pressure in the vapor system reaches 4/10 in
H20, control valve CV-1 opens, allowing the gasoline vapors in
the underground storage system to enter the vapor oxidation
system. The entering vapors are metered and then passed through
an activated carbon bed where the hydrocarbon components of the
gasoline vapor are adsorbed. The air component of the vapor
stream is vented to the atmosphere. At this time valve CV-2 is
open and valve CV-3 is closed.

After an hour of operation the carbon regeneration
cycle is initiated automatically by the control unit. Valve CV-2
is closed, valve CV-3 is opened and pumps P-2 and P-3 are switched
on. Air is drawn by pump P-2 through the carbon adsorption column,
desorbing the adsorbed hydrocarbons. In the combustion chamber
the hydrocarbon stream from P-2 is combined with an air stream
introduced by P-3 and is ignited.

When the desorbed hydrocarbons have dropped below the
combustible concentration, the control unit shuts off pumps P-2
and P-3, closes valve CV-3, and reopens valve CV-2. Another one
hour adsorption cycle begins. The activated carbon life for this

system 1s projected to be two years.
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System Evaluation

The Shell service station in Concord is well arranged
and offers ample space for the positioning of test equipment.
In addition, the Shell oxidation unit is simple and very ac-

cessible for measurements.

There was some leakage at the nozzle-fill pipe inter-
face, however. Vapors could be seen escaping from all of the ‘
five automobile refuelings observed during the pre-survey visit. |
The bellows-hose on the nozzle had been replaced with stiff
sections of swimming pool vacuum hose. The result was a very
poor nozzle-auto interface fit.
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3.0 TEST REPORTS BY OTHERS - SUMMARY OF RESULTS

Nine reports of service station testing conducted
by others have been reviewed. These test reports are pre-
dominantly concerned with evaluating the operation of displace-
ment systems. Each report is briefly discussed and summarized
below in the following pages. The reports reviewed are as

follows:

Calgon Report - April 19, 1973 (FU-035)
Calgon Report - July 10, 1974 (GR-106)
Olson Laboratory Report - October, 1973 (OL-018)

Scott Laboratories Report (Cape 9 Study) -
September 1, 1972 (SC-167)

Standard 0il of California - November 27, 1973
(8T-187)

Atlantic Richfield Report - April 8, 1974 (AT-045)
Exxon Report - May 31, 1974 (P0-100)
Scott Laboratories Report - June 26, 1973 (SC-186)

TRW Report - August, 1974 (HA-256)

Calgon Report - April 19, 1973

Test results were reported for a "displacement"
system and a vacuum assist system (-0.1 » -0.5" H,0) employing
an activated carbon canister to capture excess vapors. Results
indicated that the activated carbon system would control vapor
emissions well in excess of San Diego's 907% requirement while
the "displacement'" system would be able to control approximately

only 807 of the total emissions. Attempts were made to measure
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excess underground tank filling losses but they were unsuccess-

ful because of tank truck leakage.

The displacement system efficiency of 80% was based
on an excess vapor growth of greater than 20%. The regression
line for this data is:

V/L = -0.007AT + 1.224
where

V/L is the volume ratio of returned vapor
to dispensed gasoline (ft?/ft?)

AT 1is the temperature difference in the
vehicle tank temperature and the dis-

pensed gasoline temperature.

This vapor growth is much greater than reported by
other investigators. It should not be considered as a repre-
sentative value, however. The results were obtained on a sys-
tem that is not typical of displacement systems in use today.
The results obtained for the displacement portion of this study
are questionable for the following reasons:

1. The data was obtained from a system
operating with -0.1" H,0 vacuum assist,
and thus cannot be related to displace-

ment systems in use today.

2. The amount of vapor actually displaced

was estimated but not measured.
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Calgon Report - July 10, 1974

The purpose of their tests was to determine the vapors
emitted from vehicle fueling operations during summer conditions
with a low RVP (8.2 psi) fuel. Results of the study indicate
a 5% vapor growth at zero AT can be expected. Regression line

for the system was:
V/L = -0.008AT + 1.050

Only '"nmo leak" or baseline cars were used as data
points for the regression curve. A tight seal between the
nozzle and fill neck was accomplished by cementing a rubber
bushing to the inside of the fill neck which would make a tight

fit with the vapor return nozzle.

Testing was conducted at .a small fleet fueling center
in San Diego. The test procedures used appeared valid except
for the fact that the dispensed fuel temperature was measured
in the underground tank instead of at the nozzle. Other data
indicated that the temperature of the dispensed fuel may have
been several degrees warmer than the underground tank temperature
when it reached the nozzle, especially when the nozzle was
exposed to direct sunlight on a hot summer day. Both the volume
and hydrocarbon content of the displaced vapors were measured;
however, hydrocarbon content was not reported. '

Olson Laboratory Report - October, 1973

The objective of this study was to determine the
technical and economic feasibility of using a carbon canister
system on automobiles to control refueling vapor losses. The

study concluded that a large carbon canister could effectively
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control vapor losses resulting from vehicle refueling. It
should be noted, however, that before this system can work
properly, a tight seal at the nozzle-fill neck interface is

necessdry.

Scott Laboratories Report - September 1, 1972

This report presents the results of a combination
field and laboratory study to determine the amount of hydro-
carbon losses which occur upon vehicle refueling with no emission
controls. The study indicated that the amount of noncontrolled
hydrocarbon emissions were 5.3 grams per gallon of fuel dis-
pensed. Of that amount 5 gm/gal were attributed to displaced
vapor losses and 0.3 gm/gal were attributed to gasoline spillage.

A regression line was developed which can be used
predict the amount of uncontrolled hydrocarbon emissions from

vehicle réfueling. The equation is:

L, =exp (a+b'T

D + C'TV + d'TV'RVP)

DF

where

L,y = Estimate of displaced loss (gm/gallon)

D
Thp = Average dispensed fuel temperature (°F)
Ty = Average displaced vapor temperature (°F)

RVP = Reid Vapor Pressure (PSI)

a = -0.02645
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b = 0.01155
¢ = ~0.01226
d = 0.00246

The spillage loss was determined from data provided
by 7,151 field observations of refueling operations. The
report states that the effect of the presence of the observers,
if any, is unknown; and, therefore, the results obtained may

reflect spill losses closer to a minimum than an average.

Refueling losses were evaluated from experimental
data obtained from filling automobile gasoline tanks contained
in a mini-SHED (acronym for Sealed Housing for Evaporative
Determinations). The results obtained from this study have been
questioned due to the fact that the dispensed gasoline was
reused over a period of several days and had shown signs of

weathering.

Attempts were made during this study to determine the
amount of displaced hydrocarbon emissions attributable to en-
trained gasoline droplets. The determination was to be made
by quantitatively measuring losses from both top filling and
bottom filling operations. A statistically significant difference
in losses was noted; however, the difference cannot all be
attributed to entrained droplets since bottom filling operations
preclude the inclusion of excess fuel vaporization which may
result from top filling. This issue was not resolved during the
course of this study as it was outside the scope of Scott's
work. It is, however, an issue that should definitely be

resolved in some future study.
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Standard 0il of California Report - November 27, 1973

This report presents the results of a study to deter-
mine the hydrocarbon vapor recovery effectiveness of a displace-
ment system conducted by Standard 0il of California in September
and November, 1973. Data obtained from field monitoring of 113
vehicle refuelings and 18 underground tank refills were used
in preparing this report. Results indicated that a vapor re-
covery efficiency of 95.67% could be expected from underground
tank refills and an efficiency of greater than 85% was achievable
during vehicle refueling. There were no losses from the under-

ground tank vent.

The experimental procedure used was essentially the
same as that used during EPA tests except that analyses for the
hydrocarbon concentration of returned vapors were not made.
Results were, however, evaluated on the basis of hydrocarbon

recovery after the following assumptions were made:

1. The returned vapors are saturated with
hydrocarbon at the temperature of the

returned vapor.

2. The total possible amount of hydrocarbon
to be collected is 80% of the Cape 9
Study.

These baseline curves were developed in this study.
Curve 1 results from data obtained in September and Curves 2
and 3 result from data obtained in November. Equations for the

curves are:
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Curve 1: V/L

If

1.07 - 0.0184T

Curve 2: V/L

0.86 - 0.0157AT

Curve 3: V/L 0.93 - 0.0114AT

Reasons for differences in the curves are not readily
apparent. The dispensed fuel RVP was 8.5 psi for all tests.
The ambient temperature was 20°F cooler in November than
September. Dispensed gasoline temperatures reflected the change

in ambient temperatures in this data.

Results of tests demonstrating other vehicle refueling
emissions were also presented. Tests of vehicles with and with-
out evaporative emission controls showed that approximately
5.6% of the total displaced hydrocarbons were emitted out the
vents of vehicles containing no emission controls. Data was
also presented which indicated that less than 2% of the total
vapor emitted from a vehicle would pass forward to the carbon

canister.

Atlantic Richfield Report - April 8, 1974

This report presents the results of a study to deter-
mine the performance of a vapor balance system. Testing was
conducted by Atlantic Richfield Company at a service station in

Diamond Bar, California, from March 5-12, 1974. Tests showed
their vapor balance system to have an overall vapor recovery
efficiency of greater than 887% with a vapor recovery efficiency
of greater than 997% for the underground tank filling operation.
These results were based on data obtained from 137 vehicle
refuelings and only one underground tank refill. ARCO stated

in their report that previous testing of underground tank refills
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indicated a vapor recovery efficiency of 95% is more typical

for that operation.

ARCO used a material balance approach in their test
program. Oxygen content of returned vapors was measured. This
data was used to calculate the amount of displaced hydrocarbons.
Preweighed carbon canisters were placed on the vehicle vent
lines to measure the amount of hydrocarbon absorbed. Results
of this measurement showed that 0.087 gm hydrocarbon were
absorbed for each gallon dispensed. This accounts for approximately
2% of vapors displaced.

The baseline used for calculation by ARCO differs
from that required by EPA in that the underground tank temperature
was used by ARCO in calculating AT's instead of the dispensed '
gasoline temperatures. Test data taken by others indicate that
dispensed gasoline temperatures may vary by several degrees
from the underground tank temperature. The regression curve

derived from the ARCO data is:
V/L = 0.9 - 0.012AT

Exxon Report - May 31, 1974

This report presents the results of a detailed study
of hydrocarbon emission controls at service stations. The study
and testing undertaken by Exxon were predominately concerned
with various aspects of vapor balance systems; however, some

testing of a vacuum-assist system was also performed.
Their determinations of vapor recovery efficiencies

during vehicle refueling were based upon a comparison of the
actual measured amount of returned vapors with the amount predicted
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by a theoretical regression line. The equation of the line, as
derived by EXXON, is:

V/L = 1.00 ~ 0.013AT

These tests showed an average vapor recovery of 81% was achievable
with existing technology.

Exxon reported the results of numerous tests on under-
ground tank refills. The average vapor recovery efficiency for
these fuel drops was reported to be 97%. Additional results
reported for the balance system indicate there are essentially
no losses attributable to underground tank breathing. It was
also reported that an average of only 2% of all displaced vapors
is lost through vehicle vents.

- Vacuum assist testing involved only evaluation of
the vapor recovery nozzle portion of these systems. It was
demonstrated that an explosive mixture could be created in the
vehicle fuel tank by using this type nozzle. TFor this situation
to occur, however, conditions would have to be extreme; the
dispensing nozzle must continue to draw in air after product
flow has been stopped. Data was also presented which showed that
a positive pressure was maintained in the vehicle tank while
liquid was being dispensed with as much as 17" H,0 vacuum at
the nozzle-fill neck interface.

Scott Report - June 26, 1974

Three vapor recovery systems (direct displacement,
carbon canister, and refrigeration) were tested by Scott
Laboratories to determine their vapor recovery efficiency. Data
was obtained on 97 underground tank refills and 292 vehicle

refuelings. All vehicle refueling data was obtained only on
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vehicles employing emission control systems (carbon canisters)
and upon which a "tight fit" or "no leak' seal could be maintained

at the wvehicle-fill neck interface.

Of the 97 tests on underground tank vapor recovery
efficiencies, six were conducted on a refrigeration-condensation
system and four were conducted on a carbon absorption system.

The average control efficiency for these ten tests was 99.99+7%.

The remaining 87 underground tank filling tests were
conducted at direct displacement systems. The average recovery
of these tests was 96.497%. The displacement tests were further
broken down into three categories: '

1. systems employing an open 2" vent,

2. systems employing a restrictive
orifice, and

3. systems employing a P-V wvalve.
Results of this breakdown indicated the following:

1. The average recovery efficiency for an

open 2" vent was 92.247%.

2. The average recovery efficiency for a
restrictive orifice was 96.907%.

3. The average recovery efficiency for a
P-V valve was 99.03%.
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The vapor displaced from individual vehicles was
not measured during these tests as only the vehicles whose
nozzle-£fill neck interface showed a zero leak were used.
Measurements of the amount of vapors emitted from the system

were taken only at the vent of the underground tank.

Only five vehicle refueling tests were performed on
the refrigeration system due to equipment malfunctions. Data
from these limited tests did indicate, however, that the system
would produce little or no hydrocarbon emissions when operating

properly.

The remaining tests of the displacement system were
performed either on an open system or one employing a P-V wvalve.
It was shown that the restrictive orifice does nothing to control
emissions from vehicle refueling and that such systems behave
essentially the same as those with open vents. Tests showed
that the systems with the P-V valve allowed little or no emissions,
and that a simple direct displacement system with an open vent

would control approximately 967 of the hydrocarbon emissions.

It must be remembered that the data in this study
was obtained only from vehicles employing evaporative emission
controls, and then only on vehicles producing a "tight'" or
"no leak' seal at the nozzle-fill neck interface. While these
two conditions certainly are not the 'morm' today, it is highly
plausible that they will become the 'norm" in a couple of years.
These data are useful, at any event, as a demonstration of the
degree of control achievable with a "tight-fit" connection at
the nozzle-£fill neck interface.
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TRW Report - August, 1974

This report presents the results of three weeks of
field testing performed in June, 1974, to evaluate the vapor
recovery efficiency of five vapor recovery systems. Two of the
systems evaluated were displacement type systems and three

were vacuum assist type systems.

A material balance approach was used in the test
procedure. All necessary parameters were monitored to permit
calculations of percent recovery and the mass amount of hydro-
carbon emissions (gm/gal). Results were reported on a percent

recovery basis.

Only one baseline curve was generated for both dis-
placement systems tested, and it was used to calculate recovery
efficiencies for both systems tested. The equation as developed
by TRW for the baseline is:

V/L = 0.91 - 0.0155AT

Hydrocarbon recovery efficiencies are reported to be
from 65 to 85 percent for the two systems tested. The main

source of vapor loss was leakage at the nozzle-fill neck interface.

Only one of the three vacuum assist systems tested
was found to be operating properly. Testing showed that a
properly operating secondary system can achieve over 90% hydro-
carbon recovery efficiency. These tests also illustrated,
however, that secondary systems available today are subject to
many hours of downtime due to operational problems and hence will
have great difficulty in achieving 907% hydrocarbon control.
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Data was also taken during these tests to determine
the hydrocarbon recovery efficiency of each system for under-
ground tank refills. Results indicated that a recovery ef-
ficiency of 99+7% was achievable on bulk drops when using a
secondary recovery system. Results on the two displacement
systems indicated recovery efficiencies of greater than 96% can

be attained.

Summary of Results by Others

Although the final recovery efficiencies varied from
report to report, the results do illustrate the level of hydro-
carbon recovery efficiency attainable today by several different
methods. All reported results on underground tank refilling
indicate that recovery efficiencies of approximately 96% are
achievable today by employing the displacement system only.
There is significant data on secondary recovery systems for bulk
drops indicating a 997 vapor recovery is achievable when equip-
ment 1s operating properly. Since the secondary equipment
generally processes only the excess vapors, a nonoperative

secondary system can still be approximately 967 efficient.

All reported results on vapor recovery efficiencies
of properly designed displacement systems for vehicle refueling
(except the 19 April 1973 Calgon Report) indicate that a vapor
reéovery efficiency of greater than 807% is attainable with
equipment available today. One of the systems tested by TRW
exhibited a vapor recovery efficiency somewhat less than 80%,
but the system piping was originally installed for a vacuum
assist unit and was modified for displacement. The losses
experienced by these systems occurred predominately at the
nozzle-fill neck interface for each case.
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Results provided in the June, 1974 Scott Report
indicate that recovery efficiencies of 95% are attainable with
displacement systems which have no leaks at the nozzle-fill
neck interface. It is evident that the effectiveness of dis-
placement systems are heavily dependent upon achieving a tight

fit at the nozzle-fill neck interface.

Results were presented in three reports giving vapor
recovery efficiencies for vacuum assist units. All reports
stated that the secondary processing units were capable of
vapor recovery efficiencies well over 90%. These claims are
reasonable. Hydrocarbon vapor recovery equipment has been in
use for many years, and the technology of such is well
established.

These reports also cited cases where some of the units
could not be tested at times due to equipment malfunctions.
Since these units can only process vapors when the equipment is
in proper working order, the expected working time, or ''stream
factor'" must be considered in evaluating the overall recovery

efficiency of this type unit.

Another potential source of hydrocarbon loss from
vacuum assist systems is the nozzle-fill neck interface. Data
taken by TRW indicates that over 207% of the vehicles refueled
exhibited positive explosimeter readings. The positive readings
may have been caused by leakage of gasoline, but they also may
have been caused by hydrocarbon vapor losses. Should the read-
ings have been caused by escaping vapor, the amount lost is
presently not determinable. Methods should be developed to
quantify these possible leaks.
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4.0 SERVICE STATION SOURCE TEST REPORT

Source testing has been performed at two service
stations employing vapor displacement recovery systems. Dis-
cussion of the test procedures and analysis of results of

these tests are included in this section.

4.1 Introduction

Source testing of displacement vapor recovery systems
installed at service stations was conducted from July 29 through
August 16, 1974. Testing was performed at two service stations:
one was located in Hayward, California and the other in Davis,
California. Schematics of each vapor recovery system are
included as Figures 4.1-1 and 4.1-2 The actual testing was
conducted by a source testing team from Betz Environmental
Engineers. The major variables measured are listed for each
vehicle tested on the attached data sheets. No outbreathing
from the underground tank vent lines was recorded during these
tests. Radian had personnel at the test sites throughout the
duration of the tests, and EPA had personnel present during the

first 1% weeks.

The test objectives were to gather data on vapor
balance system performance under several conditions. Both
mass emissions (gm/gal) and recovery efficiency were to be
evaluated from this data. Vapor balance modifications that were

to be evaluated from these tests are:

the effect of manifolding vapor return lines

on hydrocarbon recovery,

the effect of a pressure-vacuum valve on

hydrocarbon recovery, and
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TABLE &4.4-1

SUMMARY OF VAPOR RECOVERY EFFICIENCIES

FOR TESTING PERFORMED 7/30/74 - 8/16/74

Test Condition
Station I
7/30 - 8/2  Overall recovery with
Type I nozzle

Station TII
8/5 - 8/8 Overall recovery with Type I
and Type I] nozzles

8/5 - 8/8 Recovery with Type II nozzle
only

8/5 - 8/7 Recovery with Type I nozzle

8/9 - 8/14 Overall recovery with Type I

nozzle

8/15 - 8/16 Recovery with P-V valve
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the effect of different nozzle designs on

vapor recovery.

Over 700 vehicles were tested over this three week

period. The breakdown of vehicles by test type is:

Regular Fills 424 (58.5%)
Baseline 128 (17.6%)
Baseline Attempts 142 (19.6%)
Bad Data 31 (4.3%)
Total Vehicles 725

4.2 Service Station Selection

Two service stations were selected for testing in
an attempt to evaluate the effects of differences in system
design. Station I employed a manifolded vapor recovery system
and Station II had individual vapor return lines for each grade
of gasoline.

The station locations were selected in an attempt to
provide the greatest temperature differentials. Station I was
located in Hayward, California which is near San Francisco Bay.
Ambient temperatures during testing ranged from the low 50's
to the high 70's. Temperatures experienced at Station II
located in Davis, California, varied from near 60°F to over 100°F.

4.3 Chronology of Testing Events
4.3.1 Station I

The test crew arrived at the site early on the morning
of July 29, and spent that day preparing and setting up equip-
ment. The equipment setup continued for a portion of the following
day, July 30, with field testing beginning around 11:00 a.m.
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The testing schedule for the remainder of the week was as
follows:

July 31 0800 -~ 1600
Aug. 1 1200 - 2000
Aug. 2 0800 - 1200

During the first week of testing, data was obtained on
235 vehicles. Of these, between 50 and 60 cars were classified
as baseline. There were no fillings of the underground tanks
during the test period.

Baseline data was defined as that obtained from auto-
mobiles which met the following criteria: (1) there could be no
leak at the nozzle-fill neck interface as indicated by a 0%
explosimeter reading, (2) the fuel tank must hold a positive
pressure of 3" H,0. The carbon canisters or vent lines were

blocked on baseline attempts.

4.3.2 Station II

Testing-of this station was started August 5. Only
about half a day was used for equipment setup for this station.
Testing objectives were to evaluate the collection efficiency
of two different vapor recovery nozzles in addition to evaluating
the service station's overall vapor recovery efficiency.
Measuring the effects of a pressure-vacuum valve were also
planned for this station. The testing schedule for the week
of August 5 was as follows:

Aug. 5 0800 ~ 1700
Aug. 6 0700 - 1500
Aug. 7 1100 - 1900
Aug. 8 0800 - 1600
Aug. 9 0700 - 1200
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The schedule for testing was staggered in an attempt to obtain

test data under a variety of temperature conditions.

The two types of nozzles used during testing at
Station II were very similar in appearance as each employed
rubber boots to effect a seal at the nozzle-fill neck interface.
The major difference in the nozzles was the design of their check
valves. Nozzle Type I employed a mechanical check valve which
would open only when it was forced onto the lip of a vehicle fill
neck, and nozzle Type II employed a "flapper" valve in the nozzle's
vapor return line which would open under a very small pressure

gradient.

The comparative nozzle efficiency evaluation was dis-
continued after the third day due to inbreathing problems ex-
perienced by one of the nozzles (Type II). Several times through-
out the test period this nozzle was observed inbreathing air while
not in use. This phenomena appeared to occur only when the other
nozzle (Type I) pumped a large volume of gas, say greater than
15 gallons. As both vapor return lines were manifolded together
very close to the gasoline dispenser, it is believed that the
inbreathing resulted from a negative pressure in the vapor return
line caused by pumping a relatively large volume of gasoline
from the underground tank. The effect of inbreathing was to
lower the vapor recovery efficiency of the system. The results
from these days cannot be used to compare the system efficiency
of Station I and Station ITI,

The Type IT nozzle was used alone on Thursday, August 8.
On Friday, August 9, vehicle refueling was conducted using two
of the Typel nozzles, which were retained for the duration of
testing. This type nozzle was utilized in testing Station I

also.
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Underground tank refilling was performed on Friday
August 9 due to low gasoline avails, Only 4350 gallons were
dropped to insure that adequate room would be left for a drop
the following week while evaluating the effects of a pressure-
vacuum valve, Both types of nozzles were still in place
during this tank refueling. The nozzles were sealed with
plastic bags in an attempt to prohibit vapor leaks.

Testing of vehicles resumed the morning of August 12
and continued through August 14. On August 15 and 16, the system
was tested with a pressure-vacuum valve on the underground vent

line.

_ During the weekend, an unexpected tank drop was
made. The dry gas meter showed that no outbreathing occurred
during this drop. Unfortunately, the meter measuring in-

breathing was not read before vechicle refueling was started
the morning of August 12; consequently, the amount of inbreathed

air was not determined.

The test schedule for the week of August 12 was as
follows:

Aug. 12 0800 - 1500
Aug. 13 0700 - 1500
Aug. 14 1200 - 1900
Aug. 15 1000 - 1800
Aug. 16 0800 - 1200

As before, the test schedule was staggered in an attempt to

obtain data under a variety of temperature conditions.
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Early in the week, two different types of pressure-
vacuum valves were bench tested. Figures 4.3-1 and 4.3-2 are
schematics of the valves. The pressure and vacuum settings were
preset on the Type A valve by selection of the density of the
balls used to seal the valve openings. The settings of the
Type B valve were varied by adjusting the tensions of the

springs inside the valve.

The Type A valve opened at -4'" H,0 and at +0.8" H,O.
The Type B valve was set to open at the same pressure. The bench
scale tests showed that the settings on the Type B valve varied
slightly when subjected to repeated pressure and vacuum surges.
This was attributed to wear on the sealing-gaskets. The Type A
valve showed little or no variance in the pressures at which
it opened when subjected to the same tests. Consequently, the
Type A valve was selected for use on the system for the tests
evaluating recovery efficiencies using a pressure-vacuum valve.

Testing proceeded smoothly during the week. Early in
the week, however, one of the thermocouples measuring dispensed
gasoline temperature malfunctioned. These thermocouples were not
field calibrated.

The system was modified on August 15, to include
the pressure-vacuum vent on the underground tank. Vehicle
refueling was conducted for a two hour period prior to

a tank drop and the underground tank pressure remained at about
atmospheric pressure. During the drop, the tank pressure dropped
to about -7" H,0 but quickly rose to ~.15" H,0 at the drop's
termination. The pressure remained at that value through the

vehicle refueling testing.
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FIGURE 4.3-1-SCHEMATIC OF TYPE A
PRESSURE-VACUUM VALVE
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L. 4 Test Results

4.4.1 Summary of Efficiencies

Vapor recovery efficiencies were determined for each
of the systems tested. Table 4.4-1 is a summary of those results.

These results were obtained only after an engineering
analysis of the raw data. It was evident after a preliminary
look at the assembled test data that major discrepancies existed
in the recorded dispensed gasoline temperature values. Each
nozzle being monitored dispensed gasoline from the same under-
ground tank. Therefore, the dispensed gasoline temperatures
should have been about the same for all nozzles. Differences
as great as 20°F were recorded, however. Dispenséd gasoline
temperatures were subsequently plotted for each day of testing
and are shown in Figures 4.4-1, 4.4-2, and 4.4-3.

The effect of inaccurate dispensed gas temperature
data can be critical since the temperature differential between
the vehicle tank and the dispensed gasoline is fundamental in
the calculation of system efficiency. The following example
illustrates this point. The recorded test data were as follows:

Vehicle Tank Temperature 95°F
Dispensed Gas Temperature 95°F
Volume Returned Vapor 0.65 ft?

The AT for these values is zero. The baseline curve from Station
11 would have predicted a volume of returned vapor to be 0.973 ft?
at a zero AT, assuming 7.48 gallons dispensed. For the above
test data, recovery efficiency is calculated to be only 67%.

For a dispensed gasoline temperature of 75°F, the AT becomes
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TABLE &4.4-1

SUMMARY OF VAPOR RECOVERY EFFICIENCIES

FOR TESTING PERFORMED 7/30/74 - 8/16/74

Test Condition
Station I
7/30 - 8/2  Overall recovery with
Type I nozzle

Station TII
8/5 - 8/8 Overall recovery with Type I
and Type I] nozzles

8/5 - 8/8 Recovery with Type II nozzle
only

8/5 - 8/7 Recovery with Type I nozzle

8/9 - 8/14 Overall recovery with Type I

nozzle

8/15 - 8/16 Recovery with P-V valve

A-56

Vapor Recovery %

69.6

75.5
78.9

71.8

83.5

78.2
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+20°, and the baseline prediction of returned vapors is 0.653 ft?.

This would correspond to a vapor recovery efficiency of 997%+.
Again, the above example is to demonstrate the effect of AT

on calculated recovery efficiency.

Figures 4.4-1, 4.4-2 and 4.4-3 illustrate the dis-
crepancies in the dispensed gas temperatures recorded during

the source tests. Corrections to data for the temperature of

dispensed gasoline from one nozzle or the other were made to be

consistent with recorded temperatures of the other nozzles in

use at the same time. Vehicles on which these changes were made

are appropriately marked on the data summary sheets attached.

These results indicate that Station II was more ef-
ficient than Station I. Reasons for this conclusion have not
yet been determined.

The results also indicate that the pressure-vacuum
valve used on Station II was ineffective. Data taken on the
underground tank pressure confirms this.

4.4.2 Baseline Curves

Least square fits were performed on all baseline
vehicles for each case listed in Table 4.4-1. Table 4.4-2
provides a summary of these baseline curves. Figure 4.4-4

diagrammatically compares each of these curves.

It can be seen from these plots that the baseline
data taken under a variety of conditions are quite consistent.
would indicate that the amount of vapors displaced are inde-

pendent of the design of the displacement system.
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TABLE &.4-2

SUMMARY OF BASELINE CURVES FOR

TESTING PERFORMED 7/30/74 - 8/16/74

Test Condition

Station I
7/30 - 8/2

Station II
8/5 - 8/8

8/5 - 8/8

8/5 - 8/7

8/9

|

8/14

8/15 - 8/16

Type I nozzle

Both nozzle types

Type II nozzle

Type I nozzle

Type I nozzle

.P-V valve

A-61

Baseline Equation*

V/L

V/L

V/L

V/L

V/L

V/L

I

1.022-0.015AT

0.947-0.017AT
0.906-0.014AT
1.023-0.023AT
0.973—0.Ql6AT

0.926-0.017AT
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L. 4.3 Mass Emissions

The test plan was designed to obtain data to permit
calculations of mass emissions (grams per gallon dispensed).
After the completion of the tests it was discovered by the test
crew that the monitors measuring hydrocarbon content in wvapor
displaced from vehicle tanks were not working properly. Con-
sequently, these measured hydrocarbon values were not usable.

Mass emissions were subsequently calculated, however, by
assuming the displaced vapors were saturated with hydrocarbons at
their measured temperature in the vapor return line. The RVP
of the dispensed gasoline at both service stations was 8.5 psi.
This RVP was used for the calculations.

The assumption was checked with data taken by TRW
in San Diego in June, 1974. Plots were made comparing the
measured hydrocarbon concentration of the returned vapors to
the calculated saturated vapors of the dispensed gasoline.
The plots, shown in Figures 4.4-5 and 4.4-6, would indicate the
assumption to be valid. A plot of the calculated hydrocarbon
concentrations versus returned vapor temperature for the test

vehicles is provided as Figure 4.4-7.

Tabular results of the mass emission calculations are
provided in Table 4.4-3. It is emphasized that these emissions
were made without the benefit of actual hydrocarbon concentration

measurements, and are estimates only.

4.4.4 Underground Tank Drops

Measurements were made on underground tank refillings
which occurred on August 9, and August 15. Essentially no out-

breathing was recorded during these drops and the recovery

A-63



¢ Measured Hydrocarbon Concentrations
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TABLE 4.4-3
SUMMARY OF MASS EMISSIONS FOR TESTING
PERFORMED 7/30/74 - 8/16/74

Test Condition Mass Emission (gm/gal)*
Station I
7/30 - 8/2 Type I nozzle 1.23

Station II

8/5 - 8/8 Both nozzleg 1.06
8/5 - 8/8 TypeIl nozzle . 0.932
8/5 - 8/7 Type I nozzle 1.17
8/9 - 8/14 Type I nozzle 0.655
8/15 - 8/16 Type I nozzle l.Oé

*Results are estimates. No useful hydrocarbon measurements
were obtained during the tests.
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efficiency approached 1007%.

The results of the August 9 drop were not expected.
The underground tank inbreathed a total of 41.13 ft® and out-
breathed only 0.76 ft®. All outbreathing occurred at the very
beginning of the fill only. The pressure in the underground tank
during filling was -7'" H,0 which quickly rose to 0" H,0 at the
termination of the fill. Both of the plastic bags covering
the nozzles were collapsed and the Type II nozzle inbreathed air
fairly rapidly. The Type I nozzle also appeared to inbreathe,
but only a small amount. No data was taken on the flow meters
connected to the nozzles, as it was anticipated that the plastic
bags would prohibit all nozzle leaks. The underground tank
temperature went from 72°-70° during the fill. Reasons for the
large amount of inbreathing have not yet been determined.

Due to the large volume of gasoline in the under-
ground tank, only 2059 gallons of gasoline were dropped on August
15. As in the previous measured drop, inbreathing was experienced.
This time, however, only 1.128 ft? of air was inbreathed at the
underground tank vent versus greater than 40 ft? for the earlier
measured drop. No outbreathing was measured. The gas meters
at the nozzles were also monitored and showed a total of 0.76 ft?®
of inbreathed air, 0.12 ft® through one nozzle and 0.64 ft3
through the other.

4.5 Calculations

Calculation methods used to determine the vapor collection
efficiency results presented in Table 4.4-1 and the mass emission
results listed in Table 4.4-3 are explained below. For each
calculation, the basic equation is presented. All values used
in that calculation are then defined.
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Basis for Vapor Collection Efficiency

Calcgliged Yapor ~ 100 (Actual Returned Vapors)
ollection = X |(Baseline Predicted Returned Vapors)
Efficiency ‘

Actual Returned A direct measurement found in the
Vapors (ft?) attached data sheets.

Baseline Predicted
Returned Vapors (ft?®)

= A calculated wvalue.

Baseline Predicted _ /Volume of Gasoline ,
Returned Vapors (ft’) = <' Dispensed ‘> x (Baseline V/L)

where:

Baseline V/L is determined from the regression line
formed by a least squares fit of all the baseline data obtained
during the test. The regression equation is in the form:

V/IL = a AT + b

Using the measured test value for AT, a value for the baseline
V/L is easily calculated.

Basis for Mass Emissions

s - (Baseline Returned Actual Returned
Mass EmlSSlons(gaj) (? Hydrocarbon > - ( Hydrocarbon
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Baseline Returned Hydrocarbon = A calculated value

Baseline Returned _ (Baseline Predicte%>x<§§ggég§§gon X<Vapor Q
Hydrocarbon Returned Vapor Concentratio Densit

where:

Baseline Predicted

Returned Vapor = Calculated as above

and ;

Calculated from the slope and intercept
= of Figure 4.4-7 wusing the measured
returned vapor temperature.

Predicted Hydrocarbon
Concentration

and:

orresponds to 65 lb/mole.
Vapor Density = 82.2 gm/ft® ( typical molecular weight for
gasoline reports.

Actual Returned Hydrocarbon = A calculated value

Actual Predicted
Aﬁtggécgigg£n6§) = Returne%) p:d <Hydrocarbon ;) X (gzggit‘)
N2 Vapors Concentratio b/

All values used in this calculation have been defined above.

4.6 Engineering Interpretation of Data

4.6.1 Inclusion of Force Fit Vehicles

Displacement system vapor recovery efficiencies and mass
emissions as reported earlier in this section are based only on
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those vehicles which were designated as regular fill attempts.
If all vehicles, except those few which had bad data, are used
for the calculations the results are significantly improved.
The vehicles that would be included are baseline and baseline
attempt vehicles. Calculated results employing this change are
as follows. Only the test values where nozzle Type I was used

alone were used for this illustration

Displacement System Vapor Recovery Efficiencies

Percentage Recovery Basis

Regular Fill Regular Fill, Baseline and
Vehicles Only Baseline Attempt Vehicles
Station I 69.67% 78.3%
Station II 83.5% 87.7%

Mass Emissions Basis (gm/gallon)

Regular Fill Regular Fill, Baseline and
Vehicles Only Baseline Attempt Vehicles

Station T 1.23 0.883
Station II 0.655 0.487

These values are included to illustrate how the recovery can be
significantly improved by operator diligence in effecting a

tighter seal at the fill-neck interface.

4.6.2 Efficiencies Based on Uncontrolled Emissions

All displacement system efficiencies reported above
and in previous sections have been based on baseline recoveries.
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Calculating efficiencies on this basis would raise
the vapor recovery efficiency of Station 1 to about 75% and

Station 2 to about 87%.

4.6.3 Recoveries Greater than 100%

Many vapor recovery efficiencies in excess of 100%
were measured during this test. It has been suggested that the
vapor recovery nozzle design may have been partially responsible
for this.

The nozzle used for most of the testing employed a
mechanical check valve which also served to latch the nozzle
onto a fill neck. The opening the mechanical check valve, i.e.
the vapor passage, is directly proportional to the thickness of
the fill neck lip.

Baseline emissions are calculated from a least squares
fit of the baselinedata and are thus an average value. Likewise,
the baseline represents an average opening of the check valve
or vapor passage. Non-baseline vehicles possessing thick fill
neck lips would cause the check valve to be open wide. The
resistance to flow through the vapor passage would be less, and
consequently more vapors would be displaced from the vehicle
tank than indicated by baseline values: thus the calculated
recovery would be greater than 100%.

This effect, if it exists, could be compounded under
certain situations. For example, consider a situation where
several vehicles are being simultaneously refueled with the
same grade fuel and where the vapor return lines are manifolded
together at the dispenser. Assuming one of these vehicles has
a thick fill neck lip and that the others have extremely thin
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fill neck lips, it 1is feasitle that the vacuum created in the
underground tank would strongly affect those vapors experiencing
the least flow resistance. The displacement system could pos-
sibly, in this situation, behave as a vacuum assist system and
"pull" vapors from the vehicle tank with the thick lip while,

at the same time, recovering only a small amount of vapors from

the other vehicles.
This is an area which has many unanswered questions.

Further analysis of existing data and possibly even further
testing is needed to attempt to resolve these questions.
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4.6.4 Data Summary Sheets

Vehicles marked with an asterisk (¥*) have corrected dispensed
fuel temperatures.
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RADIAN cORPORATION

.7

3ULK TIRMINAL TEST RZ20RT

L

3.1 Introduction

gource testing of hydrocarbon emissions resulting
from bulk terminal loading operations was conducted by a tean
from Berz Enviornmental Engineers during December, 1974.
These tests were intended to determine control efficiencies
which can be expected tO result from the use of commercially

available hvdrocarbon vapor Tecovery systems.

Two vapor recovery systems were rested. The first
svstem was a compression—refrigeration—absorption system and
+he second was an open refrigeration system. Testing of the
compression-refrigeration-absorption svstem was conducted in
Philadelphia, Pennsvlvania at & Hulk terminal operated by
Exxon curing the week of Decerber 9. The refrigeration system
was tested the week of December 16 at a bulk terminal operated

bv Exxon in Baytowm, Texas.

Conclusions

(]
]

The following corments and conclusions are presented

to surmarize the results of the rterminal testing program.

(1) The co:pression—refrigeration—absorption tvpe
umit should be able to achieve greater than
207, reduction of hvdrocarbon emissions from
1oading operations for tank trucks that supply
sevvice starions equipped with Stage II controls.

Grester rthan 80% reduction of these Vapors is
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TABLE 5.1-4
SUMMARY OF VALUES, MOTOR GASOLINE SURVEY, WINTER 1971-72

ASTM Regular-price gaoline Premium-price gasoline
Test methad Avarage Average
Gravity, °APl D287 6.7 &.9
Corresion, No. D130 1 1
‘Sulfur content, wt % D1266 0.044 0.026
Gum, mg/100 ml D38} 1 1
Lead, g/gal D526 1.88 2.43
Octane number, Research D269 94,0 ' 99.8
Octone number, Motar D2700 86.5 92.3
Reid vepor pressure, Ib D323 12,1 121
Distillotion D86 :
Temp, °F
IBP 84 83
5% evaporated 96 5
10% Do. 108 109
20% Do. 128 132
30% Do. 150 158
50% Do. - 199 209
70% = Do. 255 253
90% Do. 336 321
95% Do. 369 353
End point 408 398
Residue, vol % 1.0 0.9
Loss, vol % 2. 2.4

SUMMARY OF VALUES, MOTOR GASOLINE SURVEY, WINTER 1970-71

. ASTM Regular-price gasoline Premium=-price gasoline
Test method Average Average
Gravity, °API D287 63.1 62.6
Corrasion, No. D130 i 1
Sulfur content, wt % D1266 0.039 0.023
Gum, mg/100 mi D381 1 1
lead, g/gal D526 2.02 2,680
Octane number, Research D2699 93.9 99.8
Octane number, Motor D2700 86.4 92.2
Reid vapor pressure, lb D323 12.1 12.1
Distillation D8s ‘
Temp, °F
IBP 84 a3
5% evaporated 95 95
10% Do. 108 109
20% Do. 127 132
30% Do. 149 158
50% Do. 197 210
70% Da. 253 253
90%  Do. _ 335 321
95% Do. 368 353
End point 406 96
Residue, vol % 1.0 1.0
Loss, vol % 2.1 2.3
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5.3 System Description

5.3.1 Basis of Test Unit Selection

The two systems tested were selected after Radian
had completed a review of vapor recovery systems available
for terminal use. Factors considered in the selection of the
test systems were: (1) the principle of operation, (2) the
expressed demand for the system, (3) available information on
operating reliability, (4) predicted theoretical efficiencies,
and (5) the location of systems available for testing.

The systems tested were selected for the following

reasons:

Refrigeration Unit

low cost,

very high predicted vapor recovery efficiency,
large interest expressed by oil companies,
continuous vapor processing,

no compression of hydrocarbon wvapors,

no saturation of hydrocarbon wvapors;

Compression-Refrigeration-Adsorption Unit

predicted vapor recovery efficiency of 90%,

manufacturer highly experienced in hydrocarbon

vapor recovery,

mode of operation different from refrigera-

tion unit:

A-121
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batch vapor processing,
saturation of vapors,

compression of vapors.

5.3.2 Compression-Refrigeration-Absorption

5.3.2.1 Principle of Operation

Gasoline vapors, collected from tank truck loading
operations are first sprayed with gasoline to insure that they
are outside of the explosive range, then compressed and cooled.
Water and heavy hydrocarbons which condense are collected in
a separator. The vapors go to an absorber where the light
uncondensed hydrocarbons are absorbed in fresh gasoline.
Essentially hydrocarbon-free air collects in the top of the
absorber and is released to the atmosphere through a control
valve and flame arrester. The gasoline in the absorber is
continuously recirculated, cooled, and replenished with fresh
gasoline. The unit is designed for the absorber to operate
at 50 psig and O°F.

Premium gasoline from storage is used to cool the
refrigerant condenser and as a source of fresh absorbent.
The fresh absorbent stream is first used in the saturator
and passes through an economizing heat exchanger as it enters
the absorber. The rich absorbent also passes through the
economizing heat exchanger before being pumped back to storage.
Figure 5.3-1 is a schematic of a compression-refrigeration-

absorption unit.

A-122




WHLSAS AYIAOQOHY ¥OdVA
NOILJ¥OSEV-NOTILVIAITHATI-NOISSTIAW0D V 40 DILVWIHOS

Holvunive

WYY ONIgYDY

- 1-t£°¢ HNO14

%\J YISNIANDD

uITUHD Yiguosay

EEE D
T T———— VY
A N
x S—
nao
zohﬂxaww_pz&z [~ /\

1

/ J
|._.....v.:r -

_
NARAVASAVAVATANAYAVATAY.

WITOH BOSYA

-
/
/
——

— —— — — —

A-123




RADIAN cORPORATION

5.3.2.2 Operations of the Test Unit

Vapors collected from the loading of tank trucks
were saturated and then stored in a vapor storage tank which
employed an expandable bladder for vapor containment. At a
set level, the vapor recovery unit would come on line and
process the contained vapors. It is estimated that about

2500 ft3 of vapors were processed during each cycle.

Throughout the test period, the vapor recovery unit
operated with no apparent problems. Absorber operating con-
ditions varied only slightly, with pressures ranging from 48-
52 psig and temperatures ranging from 0-4°F.

The unit tested received vapors from three loading
racks for processing. Only two loading racks, however, were
used during the tests due to sampling equipment limitations.
The test was designed to provide data to permit material
balance calculations by monitoring all vapors from the trucks
passing to the processing unit and all vapors emitted from
the processing unit. At the beginning of each day of sampling,
before data were taken, the processing unit was manually tripped
and all vapors in the vapor holder were processed. This proce-
dure was repeated at the end of a sampling day to insure that
all vapors monitored from the loading operations were also

monitored after processing.

5.3.3 Refrigeration

5.3.3.1 Principle of Operation

Vapors displaced from tank truck loading operations
are routed directly to a finned tube vapor condenser where
moisture and hydrocarbons are condensed and separated from

the vapors. Because vapors are treated on demand, no vapor
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holder is needed Entrained moisture in the entering vapor-air
moisture condenses and collects as frost on the cold plate fins.
Condensed liquid hydrocarbon is collected at the bottom of the

vapor condenser.

The vapor condenser is continuously maintained at
a low temperature (about -90 to -100°F) by the circulation of
low temperature brine coolant through the condenser tubes.
The circulating coolant, methylene chloride, is circulated
through an evaporator-interchanger to maintain its low tempera-
ture. A cascade refrigeration system is used to produce tem-

peratures of about -110°F in the evaporator-interchanger.

At intervals, defrosting of the condenser fins is
accomplished by circulation of warm coolant stored in a
separate reservoir. The temperature of the warm defrost
coolant is maintained by heat reclamation from the refrigera-
tion equipment. Defrosting is completed in 10 to 30 minutes
depending upon the amount of frost collected on the finned
coil. Figure 5.3-2 depicts a schematic of a refrigeration

unit.

5.3.3.2 Operations of the Test Unit

The terminal used for testing had only one gasoline
loading rack. Vapors produced from tank truck loading opera-
tions were routed directly to the vapor condenser. There was

no vapor holder; the unit processed all vapors "on the fly".

Operational problems were encountered with this
system during the tests. It was discovered at one point on
Monday, December 16, that a leak had developed in the high
pressure portion of the refrigeration system. A low tempera-

ture could not be maintained in the evaporate-interchanger
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RADIAN cORPORATION

because refrigerant (Freon 503) had leaked from the system.
A service engineer was flown in from the manufacturers head-

quarters to repair the unit.

Because of this leak, the circulating coolant could
not be maintained at its design temperature, and hence the
vapor condenser operated above optimum temperature. The
coolant storage reservoir is designed to contain enough cold
brine to permit hydrocarbon recovery while minor repairs are
made to the system. Testing was therefore conducted while the
refrigeration portion of the unit was not in service. Conden-
ser temperatures observed during these tests averaged about
_50°F whereas the condenser temperature observed during testing
after the leak was fixed averaged about -60°F.

5.4 Sampling Chronology

5.4.1 Philadelphia Tests

Two days were spent setting up and checking out
equipment at the Philadelphia terminal. Testing was begun

the third day, December 11, with no apparent problems.

Material balance checks on the sampling data
indicated, however, that one of the hydrocarbon vapor flow
meters was operating improperly. An equipment inspection the
following morning showed that the problem was caused by liquid
gasoline which had collected in the meter. The source of the
gasoline was not determined, but due to the quantity involved,

it was suspected of coming from the overfill of a truck.
On Thursday, December 12, testing was conducted

with no problems. Flow meters were frequently inspected

throughout the day for collected gasoline. Material balance
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checks of the data indicated all was well. Thursday night
and Friday morning the test equipment was dismantled and

loaded into a van for transport to Baytown.

5.4.2 Baytown Tests

Equipment setup and check-out took only one day.
Testing was begun on Tuesday, December 19, even though the
unit was not properly operating. As discussed in Section
5.3, the high pressure refrigerant system had a leak which
affected the temperatures of the whole refrigeration unit.
Condenser temperatures of -50°F were observed, and testing was
initiated to determine how the system would operate under

adverse conditions.

On December 18, the unit was still under repair and
the condenser temperature had risen to -20°F. Testing was

not conducted on that day.

Testing was resumed December 19, after the completion
of repairs to the unit. The condenser temperatures averaged

around -60°F throughout the day.

A minor problem occurred in measuring the temperature
of the unit off-gas. Apparently the thermocouple originally
used for this measurement did not extend far enough into the
gas stream to obtain a true reading and the value being
measured was influenced by the wall temperature of the pipe.

A thermistor was finally used which extended well into the
vapor stream and produced a constant and reproducible value.
A value of 10°F was consequently used for this value in all

calculations performed by Radian.
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5.5 Results

Hydrocarbon vapor recovery efficiencies were
calculated for each of the systems tested. Results for the
compression-refrigeration-absorption system were based solely
upon data collected on December 12. Data taken on December 1l
were not used due to improper operation of one of the flow
meters. Results were calculated for both days of tests on the

refrigeration unit.

5.5.1 Compression-Refrigeration-Absorption Unit

Material balance calculations indicated that the
hydrocarbon recovery efficiency of the collected vapors dis-
placed from loading operations was 82%. A computer equili-
brium model developed by Radian predicted a vapor recovery of
83% for the test conditions. The test data indicated that the
hydrocarbon vapors approached equilibrium conditions in the
vapor recovery system. They also showed the model to be a

valuable tool for predicting recovery efficiencies.

After the implementation of Stage II controls at
service stations, the hydrocarbon concentration of vapors
displaced from loading operations will be higher than those
measured during this test period. The hydrocarbon concentra-
tion of the displaced vapors from loading operations should at
that time approach saturated values.

Several samples of the vapors were taken after they
had passed through the saturator. These samples were then
used to provide data for calcularnion of recoverv efficiencies
at conditions that would approximate those occuring after
implementation of Stage 11 vapor recovery controls at service

stations.
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After the saturator, the hydrocarbon concentration
had changed from an average value of 24% to one of about 53%
(both percentages expressed as propane) . The hydrocarbon
recovery efficiency of the higher vapor concentration was
calculated to be 92%. The computer predicted value was also

92%.

These tests illustrated the point that the degree of
recovery efficiency achieved by a recovery system is propor-
tional to the hydrocarbon concentration of the vapors displaced
from loading operations since the concentration of vapors at
the outlet of a vapor recovery unit is relatively constant and
is fixed by equilibrium conditions which are determined by
the operating temperature and pressure of the unit. Measured
hydrocarbon recovery efficiencies can be expected to increase
as service station vapor recovery controls begin to be imple-
mented since this will tend to increase the hydrocarbon concen-
tration of vapors displaced from the tank trucks. Tables 5.5-1
and 5.5-2 present summaries of data taken during testing of the

compression-refrigeration absorption type unit.

The total amount of hydrocarbons collected from
loading operations on December 12 was 93,561 grams (0.73 gm/
gallon of fuel loaded). The amount of hydrocarbons emitted
to the atmosphere from the recovery unit was 16,810 grams
(0.13 gm/gallon of fuel loaded).

5.5.2 Refrigeration Unit

The average hydrocarbon recovery efficiency of this
unit was found to be 85% on December 17, 1974. During these
tests, a temperature indicator which monitored the vapors
leaving the condenser indicated a condenser temperature of
-50°F.
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Equilibrium predictions of hydrocarbon recovery
efficiencies at -50"F for this uniz indicated that a recovery
efficiency of cnly abour 60% could be attainable with the
inlet composition experienced during this test. Discussions
with representatives of the unit manufacturer indicated that
the temperature inside the condenser was probably 20 to 30°F
colder than the temperature indicated at the condenser outlet.
Equilibrium predictions at this lower temperature agree quite
well with the measured value. TFigure 5.5-1 is a plot of pre-
dicted removal efficiencies versus condenser temperatures for

the average vapor composition observed during testing.

As was the case with the compression-refrigeration-
absorption unit, the hydrocarbon cencentration in the vapors
emitted from the vapor recovery unit, was for all practical
purposes, constant and fixed by the temperature and pressure
of the unit. An increase in the hydrocarbon concentration
of vapors processed by the unit will result in an increase in
the hydrocarbon recovery efficiency for a given set of operat-
ing conditions.

On December 19, the hydrocarbon recovery efficiency
was found to be 83%. The temperature of the vapors leaving
the condenser averaged about -60°F. TUnit operations on Decem-
ber 19 were somewhat less stable than on December 17 operations,
probably because the system was not completely lined out after

startup.

Hydrocarbon mass emissions for the two days of
testing are summarized below. Tables 5.5-3 and 5.5-4 present
summaries of all data obtained during testing of the refrigera-

tion type unit.
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FIGURE 5.5-1 - HYDROCARBON REMOVAL EFFICIENCY VERSUS
CONDENSER TEMPERATURE
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Hydrocarbons Cclliected Hydrocarbons Emitted
from Loading Operacions from Unit
Date (grams) (g/gal loaded) (grams) (g/gal loaded)
12/17 52,650 0.87 7,954 0.13
12/19 81,679 0.90 13,744 0.15
5.5.3 Tank Truck Leakage

The unit operating efficiencies and mass emission
rates reported in Sections 5.5.1 and 5.5.2 are based only on
the vapors actually collected and measured. At both test
locations significant amounts of hydrocarbon vapors were
emitted to the atmosphere primarily through leaks in the tank
truck manhole covers which are located on the tops of the
tankers to permit access to each fuel storage compartment.
After several months of use, the vapor seals around these
openings become loose and subject to leaks. An explosimeter
was used to check for leaks on each truck, however, in some
cases the leaks were so severe that the escaping vapors could
be felt by hand.

'All of the trucks tested at the Philadelphia
terminal, except one, were found to leak. The ratio of the
measured displaced vapor volume to the volume of gasoline
loaded varied from about 0.2 to 0.86 for the leaking trucks.
The truck found not to leak had a displaced vapor to liquid
volume ratio of 0.963. The overall or average measured
displaced vapor to liquid volume ratio on December 12 was
0.47.
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Hydrocarbon leaks were also detected by explosimeter
readings on most of the trucks loaded at the Baytown terminal.
The overall collection efficiency of vapors was higher at the
Baytown ferminal, however. The average measured displaced
vapors to dispensed liquid volume ratio was 0.86 on December
17 and 0.75 on December 19. The average for the test period
was 0.79.

It is significant to note that when a truck was
found to have little or no leakage, its volume ratio of
displaced vapor to gasoline loaded was near one. This is the
ratio which would be expected to result from bottom loading

operations.

If it is assumed that a leak free truck will produce
an equal volume of displaced vapor as dispensed gasoline, the
total system efficiencies would be much lower than the effi-
ciencies of the process units reported earlier due to vapors
leaking from the trucks. To calculate these efficiencies any
truck that had a vapor to liquid ratio less than 1.0 had its
vapors adjusted to make the ratio become 1.0. The hydrocarbon
concentration of the vapors was assumed to remain as measured
for each truck. Applying these criteria to the test data yielded
the results presented in Table 5.5-5.
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RADIAN coOrRPORATION

1.0 GASOLINE VAPOR CONTROL-REGULATIONS

In certain areas of the country, hydrocarbon emissions
attributable to gasoline marketing facilities are at such levels
that regulations pertaining to their control have become necessary.
This section contains discussions on the quantities and signifi-
cance of these emissions, procedures provided by the Clean Air

Act of 1970 for establishing national air quality standards,
standards of performance for new stationary sources, and the status

of control strategies.

Although the focus of this report is the study of vapor
control systems for hydrocarbon emissions in the gasoline marketing
industry, ambient air quality standards are briefly discussed here.
Ambient air standards, which apply to existing facilities, are
an important forerunner to standards of performance for new sources
and are central to much of the logic behind them. With some ex-
ceptions, equipment and control technology are the same for both
types of standards.
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1.1 The Clean Air Act

The Clean Air Act of 19701 serves as the basis for all

laws and regulations on Federal, State, and local levels pertaining
to the prevention and control of air pollution. The Act provides
for the establishment of ambient air quality standards and standards
of performance for new stationary sources. Each type of standard
and its impact on the gasoline marketing industry will be briefly
discussed below.

1.2 Ambient Air Quality Standards

1.2.1 Establishing and Implementing the Standards

for Existing Sources

Briefly, the procedure provided by the Clean Air Act
for the establishment of national air quality standards and the

subsequent plans for meeting those standards in existing sources
is as follows:

(1) Substances are determined to be air
pollutants and are listed as such by
the Administrator of EPA.

lClean Alr Act (42 U.s.C. 1857 et seq.) includes the Clean Air
Act of 1963 (P. L. 88-206), and amendments made by the Motor
Vehicle Air Pollution Control Act--P I, 89-272 (October 20,
1965), the Clean Air Act Amendments of 1966--P.L. 89-675
(October 15, 1966), the Air Quality Act of 1967--P.L. 90-148
(November 2, 1967), and the Clean Air Am;;dgggzs of 1970--

P. L. 91-604 (December 31, 1970).
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(2) Air quality criteria, information on
control techniques, and proposed national
primary? and secondary® ambient air
quality standards are issued within 12
months from the time a substance is
listed as an air pollutant.

(3) Within 9 months of the promulgation of
national primary or secondary ambient
air quality standards each state must
submit an implementation plan for
maintaining and enforcing that standard
in each of its air quality control
regions (AQCR). Reasonable notice
and public hearings must precede the

publication of such plans.

(4) The Administrator of EPA will approve
or disapprove state plans or portions
thereof within 4 months of their sub-
mission. Plans may be more stringent
than required to meet national standards
but they cannot be less stringent.

*Primary standards reflect the level of control required to
protect the public health with an adequate margin of safety.
Specific Federal compliance dates are set for primary
standards which must be met irregardless of cost (R0O-102).
‘Secondary standards reflect the level of control required to
protect the public welfare; to enhance the quality of the
environment as opposed to protecting the public health.
These standards are to be met within "a reasonable length

of time'" with states and local agencies setting compliance dates.
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1.2.2 Ambient Air Quality Standard for

Photochemical Oxidants

Hydrocarbons, the major emissions from gasoline market-
ing operations, are the subject of national standards, primarily
because of their function as precursors of photochemical oxidants
rather than because of their direct effect on the atmosphere
(NA-009). The national primary and secondary ambient air quality
standard for photochemical oxidants, measured and corrected for
NO_ and SO, interferences, is 160 micrograms/cu. meter, 0.08 ppm, *
maiimum 1 hour concentration not to be exceeded more than once per
year (40 CFR 50.9)

The standard for hydrocarbons measured and corrected
for methane, which is used as a guide in preparing implementation
plans to achieve the oxidant standard, is 160 micrograms/cu. meter,
0.24 ppm,° maximum 3-hour concentration (6-9 a.m.), not to be
exceeded more than once per year (40 CFR 50.10). The correction
for methane, which involves the subtraction of the methane
concentration from the total HC'concentration, 1s made because
methane, considered to be a photochemically non-reactive hydro-
carbon, is naturally present in the ambient atmosphere at a
relatively high level. The non-urban background level for methane
has been measured as 1.0-1.5 ppm (NA-009). This background level

is primarily attributed to biological sources and considered
uncontrollable.

“Conversion between ppm and micrograms/cu. meter: ppm Oz _

micro%rams 03 %x 5.10 x 10~ % (40 CFR 50, Appendix D).
- a3V LRIV

*Conversion between ppm and micrograms/cu. meter: ppm carbon
(as CHy)= [mg. carbon (as CH,)/m.”] x 1.53 x 10°* (40 CFR 50,
Appendix E).
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1.2.3 State Implementation Plans and Transportation
Control Plans to Meet Ambient Air Standards

The Federal role, as provided for by the Clean Air |
Act of 1970, is primarily one of guidance and assistance to the

states. The states are responsible for writing a plan "which
provides for implementation, maintenance, and enforcement of
primary and secondary standards in each air quality control
region (or portion thereof) within their state'. (Clean Air
Act of 1970, Sec. 110(a) (1).)

In order to assist the states in channeling time and
resources toward the control of the most complex air pollution
problems first, EPA, in consultation with the States, has
assigned a priority classification for SOX, particulate matter,
NOX, CO, and photochemical oxidants (hydrocarbons) to each AQCR.
A Priority I classification for a pollutant indicates that
emissions are above the national standards for that pollutant.

A Priority III rating indicates the emissions are below the

level specified by the standards. Control strategies must

specify a means of attaining and maintaining ambient air quality
standards for all Priority I classifications. Provisions must
also be made for maintaining emissions below secondary air quality
levels in Priority III areas.

Priority ratings as described in 40 CFR 51.3 are

based on measured ambient air quality where known or on estimated
air quality. When no data is available, a Priority I classifi-
cation is assigned to urban areas of 200,000 or more (latest
census figures). Following a three month data collection period
this classification may be changed to Priority III if the data

indicate such reclassification is justified.
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For photochemical oxidants (hydrocarbons), a Priority I
classification is assigned to all AQCR with a photochemical oxidant
level equal to or above 195 micrograms/cu. meter, 0.10 ppm, 1 hour

maximum. Below this level, a Priority III classification is assigned.

1.2. 4 Impleméntation Plans

In formulating control strategies, the states could apply
a straight percentage rollback from baseline emissions in each
AQCR to determine the percentage of control required to meet
national ambient air quality standards. Baseline inventories in-
clude the projected effect of the Federal Motor Vehicle Control
Program (FMVCP) and the projected effect of any existing state

regulations.

The Clean Air Act of 1970 called for control strategies

[}

to include emission limitations and "such other measures as may

be necessary to insure attainment and maintenance of primary or
secondary standards, including, but not limited to, land use and
transportation controls" (Section 110(A) (i)). EPA recognized

at the time, however, that the states had no experience with
transportation control measures.® Accordingly, the implementation
plans submitted in 1972 were oriented toward stationary source

emission limitation controls.

Stationary source controls for photochemical oxidants
(hydrocarbons) frequently involved the extension of existing
controls or the writing of new requirements for the bulk storage

and loading of organic chemicals such as -gasoline. Table 1.2-1

*Transportation control measures are defined as any measures
which are directed toward reducing emissions of air pollutants

from transportation sources.
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gives the National Petroleum News 1973 summary of state vapor

recovery regulations. The includes twenty-three states
which had vapor recovery reguirements in 1973 for one or more
of the following points in the gasoline marketing industry:
bulk storage, loading racks, and smaller storage (including
service station storage). These regulations appear to have
been patterned after the examples of emission limitations
attainable with reasonable available technology published in

40 CFR Pt. 51, App. B as a guide for the preparation of state

implementation plans.

Table 1.2-1 specifies the vapor recovery requirements,
the affected areas in each state, and whether the requirements
listed apply to existing and/or new facilities. As Table
1.2-1 indicates, all of the 23 states listed have bulk storage
requirements: 22 states have loading rack requirements with
eighteen specifying vapor recovery gear and four specifying
submerged fill. Sixteen states have requirements for smaller
storage facilities with five specifying vapor recovery gear

and eleven specifying submerged f£ill or vapor recovery gear.



RALDIAN ~0RPORATION

1.2.5 Transportation Control Plans

Because hydrocarbon emissions are primarily attributed
to motor vehicles, the stationary source emission limitations
included in the implementation plans were, in some cases, not
sufficient to attain ambient air quality standards in AQCR's
with heavy vehicle use. 1In these cases, the states were
required to submit transportation control plans by 15 February
1973, as a supplement to their 1972 implementation plans.

Table 1.2-2 specifies which AQCR's were required to submit
such plans to attain the national standard for photochemical

oxidants (hydrocarbons).

Both stationary and mobile source controls can fall
into the category of transportation control measures. In
general, stationary source controls included in transportation
control plans involve controls, or the extension of controls,
for the various phases of the gasoline marketing industry
including storage, truck loading at terminals, truck unloading
at service stations, and vehicle refueling. In some cases
where such requirements were already in existence, the effective
area of these controls was extended. Mobile source measures
include reduction of vehicle miles traveled, inspection and
maintenance programs, retrofit emission controls for in-use

vehicles, and gasoline supply limitatioms.
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AQCR's REQUIRED TO

TTAWSPORTATION CONTROL PLANS

TO MAINTATIN TH

ted

1T WATIONAL STANDARD FOR

PHOTOCHEMICAL

L IDANTS (HYDROCARBONS)

Arizona

California

Colorado

District of Columbia
Indiana

Maryland
Massachusetts

New Jersey

New York

Ohio

Oregon

Texas

Virginia

Washington

Phoenix-Tuscon Intrastate

San Francisco Bay Area Intrastate

Metro L.A. Intrastate

Sacramento Valley Intrastate

San Joaquin Valley Intrastate

San Diego Intrastate

Metro Denver Intrastate

National Capital Interstate

Metro Indianapolis Intrastate*

National Capital Interstate

Metro Boston Intrastate

N.J., N.Y., Connecticut Interstate

N.J., N.Y., Connecticut Interstate

Metro Dayton Intrastate

Portland Interstate

Austin-Waco

Corpus Christi-Victoria

Metro Houston-Galveston

Metro Dallas-Fort Worth

Metro San Antonio

El Paso, Texas, Las Cruces, N.M.,
Alamorgordo

National Capital Intrastate

Puget Sound Intrastate

Source: Federal Register 31 May 1972, pp. 10847-10906.

*Transportation control plan not specifically required.



RADIAN corrORATION

The plans for most affected AQCR's involve some combi-
tion of the above controls depending on the degree of the pollu-
tion problem, the pollutant controlled, availability of control
measures, existing local activities and conditions and the expected
impact of specific new measures. Considering all factors, control
strategies have generally followed these priorities: (1) sta-
tionary source control; (2) some VMT (vehicle miles traveled)
reduction measures and/or limited inspection and maintenance;

(3) additional VMT reduction measures and/or vehicle retrofits;
(4) catalytic converter retrofits; (5) gasoline supply limitations
in 1977 (EN-126).

According to an EPA summary dated 1 May 1974, transpor-
tation control plans and/or state or county regulations for ten
states specify vapor recovery requirements for gasoline marketing
operations and terminal loading. Table 1.2-3 lists the states
and the 17 AQCR's involved. Vapor recovery control points include
truck loading at terminals, service station unloading, and auto
refueling. Two stages of controls have been jidentified for the
purposes of implementing vapor recovery regulations at service
stations. Controls placed on the filling of service station
tanks are referred to as Stage I controls; while controls placed
on the filling of vehicle tanks (vehicle refueling) are considered
Stage II controls.

1.2.6 Compliance Schedules

The Clean Air Act of 1970 states that compliance

dates for primary ambient air quality standards are three (3)
years from the date of issuance, or 1975. A two-year extension
is allowed in cases where the 'mecessary technology or other
alternatives are not available or will not be available soon
enough to permit compliance within such three-year period and
the State has considered and applied as a part of its plan

B-17
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RADIAN corpPORATISNW

reasonably available altern va mezns of attaining such
primary standard. v sct of 1970, Section 110(a)
(4) (e) (1)). As indicated im Tzble 1.2-3, the two year exten-

sion has been allowed for the impiementation of vapor recovery
regulations at service statiocns in some states. In general,
Stage I controls, related te the filling of service station

1 March 1976. Stage 1I controls,
related to the filling of vehicle tanks, are scheduled to be
completed by 31 June 1976 if they involve 80% control and 31
may 1977 if they involve 90% control. Compliance dates for

tanks are to be implemented by

Stage II controls are currently under review by EPA.

1.2.7 Standards of Performance for New Stationary Sources

The procedure for establishing standards of performance
for new stationary sources is much the same as that for establishing
ambient air quality standards. In this case, however, categories
of stationary sources are the subject of regulations as opposed
to specific pollutants. New or modified sources within the
designated categories are expected to achieve the maximum recovery
possible with consideration given to industrial processes, their
operation, available control systems, and costs.

Thus far, storage and loading facilities at new or
modified petroleum refineries are the only gasoline marketing
operations under standards of performance for new stationary
sources.
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2.0 COST DATA

This section presents detailed cost data for the
vapor control technology discussed in this report. These costs
are subject to continuous escalation. Therefore, dates have
been attached to the cost data where possible.

Tables 2.0-1 and 2.0-4 report the capital and in-
stalled costs of several tankage vapor controls. At the bottom
of Table 2.0-1 are the bases for calculating operating costs
as functions of capital costs. Operating costs for tankage
controls are reported in Table 2.0-5. Table 2.0-6 presents
the differential investment and payout of various tankage con-
trols.

Table 2.0-7 presents the costs of top and bottom
loading vapor control equipment for terminal loadings racks.

Tank truck vapor recovery equipment costs are presented in
Table 2.0-8,

Costs for terminal vapor recovery units are reported
in Table 2.0-9 and 2.0-10. Table 2.0-10 also includes vapor
holder costs, installation costs, operating costs, and statis-
tics on terminal vapor recovery.

Costs for service station vapor recovery equipment
are reported in Tables 2.0-11 through 2.0-14. Table 2.0-11
covers delivery-related vapor recovery equipment for service
stations. Table 2.0-12 is concerned with the cost of secondary
vapor recovery units. Table 2.0-13 summarizes the cost incurred
by eight companies in installing and operating direct displace-
ment systems and Vaporex vapor control systems. The materials,
labor, and equipment costs contributing to the installation cost

of a direct displacement Vapor recovery system are itemized in
Table 2.0-14.
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ESTIMATED INS;&LZEZ Z0ETE T STORAGE TANKS
Nominal Tank Capacity, . oQ0 100,000 150,000
Barrels
Size 90" dia x 48' 120' dia x 48' 150' dia x 48

Installed Costs, $

Fixed Roof Tank 161,000 257,000 379,000

Pontoon Floating -
Roof Tank 176,000 279,000 403,000

Internal Floating

Cover in Existing
Roof Tank 34,000 54,000 68,000

Operating Cost Bases

Maintenance @ 2% Capital Cost
Depreciation @ 10% Capital Cost
.Property Taxes @ 1% Capital Cost
Insurance @ .57 Capital Cost
Corpmorate Overhead @ 3% Plant Level Cost

Gasoline Loss @ $5.50/Barrel or $.131/gal.

SOURCE: MS-001 (1972)
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TABLE 2.0-2
SOURCES OF COQOST DATA
VAPOR RECOVERY EQUIPMENT FOR CONE ROOF STORAGE TANKS

Buffalo Tank Div., Bethlehem Steel Co.
Supplies Floating pans covers made by
others. Price not given.

3

Chicago Bridge and Iron Co. Weather-
type internal float-cover, steel. Vapor-
phere for four or more tanks. Prices not
given.

Graver Tank and Mfg. Co., Div. Enviro-
genics. Vapor miser, ground-based vapor-
collecting tank with bladder-like device.
Custom-built to individual storage. Pan-
type internal cover of 3/16 in., carbon .
steel. Turnkey job, depends on size,
distance from supply point, labor.

Mayflower Vapor Seal Corp. Vapor Seal
internal floating roof of aluminum deck
on pontoons. Can be small as 10 ft.
diameter up to 285 ft. diameter. Turn-
key job, from $1500 for 10 ft. cover,
up to $110,000 for 285 ft. cover.

Pittsburgh-Des Moines Steel Co., Hammond-
flote IT internal floating cover of
urethane foam as core covered top and
bottom with reinforced fiberglass poly-
ester resin; for 10 to 215 ft. tank
diameters. Turnkeys job with price
depending on tank size, freight, labor.

Innerflote internal floating cover of

3/16 in. steel plate on upper and lower
deck, with center of structural supports.
For any diameter tank. Turnkey job, price
depending on tank size, freight, labor.

B-25




RADIAN CORE T

TABLE 2.0-2 (cont.:

SOURCE:

Buovroof {nzw prniccl.. flcating roof
of steel % L ~ zank top.

Can be added tank after

0ld roof is rez o zize tank.

Turnkey job, ¢ cepending on tank

size, freight, labex

0lin Corp., Aluminum Div., Vaconodeck
internal floater (replaces Aludeck
floater); aluminum structure covered by
aluminum sheeting supported by aluminum
pontoons filled with rigid, fire-retardant
urethane foam; size from 0 ft. diameter

up to 214 ft. Turckey job, from $1800

to $2500 for 10 £t. tank (depends on
shipping charges) :to about $80,000 for

214 ft. tank.

Floater cover, fixed roof installed over
existing floating vocf, aluminum; for
tanks 25 to 85 ft. diameter. Turnkey
1C sq. £t. for smaller
0

job, prices from &
tanks to $16 sq. £ r higher tanks.

5
£

—

BR-163 (1973)
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RADIAN corPORATION

TABLE 2.0-5

SUMMARY OF ESTIMATED OPERATING COSTS
FOR GASOLINE STORAGE TANKS

Tank Capacity, Barrels 50,000 100,000 150,000

Annual Operating Costs, §
Fixed Roof Tank 29,000 48,600 72,200
Pontoon Floating Roof Tank 25,000 39,500 -57,100
Internal Floating Cover 28,600 45,600 66,000
(In Fixed Roof Tank)

Annual Operating Cost, $/1,000 Barrels
Fixed Roof Tank 600 490 480
Pontoon Floating Roof Tank 500 400 380
Internal Floating Cover 570 460 440

(In Fixed Roof Tank)

SOURCE: MS-001 (1972)
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TABLE 2.0-6

DIFFERENTIAL SAVINGS VS DIFFERENTTAL CAPITAL
INVESTMENT AND PAYOUT (BASE CASE - FIXED ROOF TANK)

Tank Capacity, Barrels 50,000 100,000 150,000

Pontoon Roof

Differential Installed
Capital Cost, $ 15,000 22,000 24,000

Differential Net Savings
(Before Tax), $ 4,900 9,100 15,100

Differential Tax, A 50%, $ 2,450 4,550 7,550

Differential Savings
(After Tax), $ 2,450 4,550 7,550

Payout After Taxes (yr) 3.80 3.26 2.41

Internal Floating Cover in

Existing Fixed Roof Tank

Differential Installed
Capital Cost, §$ 34,000 54,000 68,000

Differential Net Savings '
(Before Tax), § 1,300 3,000 6,200

Differential Tax @ 50%, $ 650 1,500 3,100

Differential Net Savings
(After Tax), § 650 1,500 3,100

Payout After Taxes (yr) ’ 8.40 7.83 6.87

SOURCE: MS-001. (1972)
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TABLE 2.0-7
SOURCES OF COST DATA
LOADING RACK VAPOR RECOVERY EQUIPMENT

AMB Div., Aeroquip, Vapor—recovery dome
assembly conversion kit for any 4 in.
conventional top-loading arm, mechanical
seal. $350,000. Top-loading vapor-
recovery loading assembly with automatic
shutoff, interlocks, pneumatic or hydraulic
seal. $2500-$3000.

Chicksan, Div. of FMC Corp., Top-loading
Vapor-recovery arm, pneumatic control
for sealing to hatch. Abour $3000 for

4 in. arm; involves some custom design-
ing. 6 in. and 3 in. arms also available.

Emco Wheaton, Top-loading vapor-recovery
loading assembly, mechanical seal. $1700
FOB. Bottom-loading assembly, metallic
hose, $1290. Bottom-loading A-frame as-

sembly, $725. Vapor-recovery coupler,
4 in. $204.

Ever-Tite Coupling Co., Supplies various
couplers for loading lines, vapor-recovery.
From $1500 FOB, depending on size. Bottom-
loading assembly, cross-over type, $1000

FOB per arm. (Does not include vapor-return
line.)

Parker Hannifin, loading hose coupler,

4 in., $294.50 list FOB (matching vapor-
returr line coupler supplied by user).
Top-loading tight-fill system. (Includes
mechanical manhold seal, loading-hose
adaptor, electrical relief valve, vapor-
return adaptor, electrical connection for
float switch as backup to pre-set meter
filling to prevent overfills). $750 list
FOB.

BR-163 (1973)
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TAELE 2.0-8
SOURCES OF COST DATA FOR TANK TRUCK VAPOR RECOVERY EQUIPMENT

Emco Wheaton

Vapor-line adaptor, 4 in. $ 98.00
Vapor-line coupler, 2 in. 30.00
Coaxial loading-vapor coupler 134.00
Slow-flow/fast-flow valve 165.00
- Bottom-loading coupler, 4 in, 233.00
Vapor hood, emergency vent 57.00

Ever-Tite Coupling Co.
Supplies various couplers for
delivery hose, vapor-return
lines.

McDonald Mfg. Co.
Delivery-hose tight-fill connec-

tion, 4 in. 60.00

Vapor-return line tight-fill

connection, 2 in. 26,00 - 30.00

OFW Div., Dover Corp.

Vapor-Iline coupler, 2 in. 69.50

Combined product-vapor coupler,

6 in. 121.50

Single-point product-vapor

coupler, 4 in, 121.50

Delivery coupler, tight-£ill, 4 in. = 50.10

Loading vapor-recovery system From 80.00
(depending on

size)

Parker Hannifin

Leading-line adaptor, 4 in.

List, FOB (user supplies his

own vapor-line adaptor). 160.00
Float switch. Price not given
Emergency vent (includes :
vent, hood, linkage to in-

ternal wvalve). List, FOB. 185.00
Drop-tube deflector. List, FOB, 11.86

Philadelphia Valve Co.

Super valve, 4 in., balanced

and air-operated, used with auto-
matic high-level shutoff in load-

ing. 473.79
Float valve, air-operated. 157.69
Float switch, magnetic, high-level 83.38
Vent, 5 in., used with 4 in.

balanced super valve, 96.06
Hood, vapor collecting, for vent. 79.75
Super valve, 4 in., with 5 in,

vent. 435.00
Manhole, spring loaded for 5 in.

vent. 188.50

SOURCE: BR-163 (1973)
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SOURCES OF COST DATA FOR TERMINAL VAPOR RECOVERY UNITS

TABLE 2.0-9

SOURCE:

Gulf Environmental Systems
Vapor-recovery system, condensing
type, skid-mounted, FOB, depending

on size plus installation, $75,000 - 80,000

. Parker Hannifin
Vapor-recovery system, absorption
type, skid-mounted, FOB, depend-
ing on size, plus $25,000-$80,000

for installation. $60,000 -175,000

Rheem Superior

Vapor-recovery system, absorbing
type, skid-mounted, FOB, depend-
ing on size, plus installation.

$68,000 - 99,000

Southwest Industries,

Div. Ingersoll Rand

Vapor absorption-type convertors.
Seven models with capacity to
handle vapors in loading from
30,000 gal. daily. Requires extra

cost vapor holder. Price not given,

but work is done on turnkey basis.

Vaporex
Vaporex condensation system, skid-

mounted. Requires no vapor-holding

tank; biggest unit eliminates need
for floating roof on storage. FOB,

plus installation. From $75,000 -200,000

Vaportrol VS-1 system, cooling-
condensing type, 4 ton capacity,
FOB plus $6000 installation for
existing aboveground storage.

$2000 FOB, plus about $2500 in-
stallation for underground storage.

AER Corp.
Custom-guilt to terminal's product
throughput. Capacity range from

50 c¢fm to 350 cfm. From $20,000
to $50,000, FOB, plus installation.

BR-163 (1973)

B-33
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SOURCES OF COST DATA FOR DELIVERY-RELATED SERVICE STATION VAPOR

TABLE 2.0-11

SOURCE:

RECOVERY EQUIPMENT

Emco Wheaton
Submerged fill tube, 4 in.

x 10 ft. $15.00
Dry-break adaptor, vapor return. 16.50
Vapor adaptor cap. 12.00
Overfill protection valve. 44 .00
Multiple-access tank unit. 36.00
Pressure-vacuum vent. 12.25
Manhold 9 in., 12 in. 10.40 - 14.75
Extractable float valve. Price not set
Coaxial adaptor, tube. 58.00

Ever-Tite Coupling Co.
Supplies various adaptors for
delivery, vapor-return lines.

McDonald Mfe. Co.

F11l cap assembly (can also

be used for vapor-return line

cap assembly). 15

OPW Div., Dover Corp.
Combined Tiquid and vapor-

return line adaptor, 4 in. Under 50.

Same as above, 6 in. Under 50.
Vapor-return adaptor,

tank. From 32.
Float valve, vent-line

manifold. 33.
Extractor vent valve assem-

bly with float valve. _ 66.
Float valve only. 13
Vapor-line recovery adaptor

for above-ground manifold. 56.
Manhold, 9 in., 12 in. 12.80 - 18,
Drop tube, 4 in. x 10 ft. 18.

BR-163 (1973)

.00
Pressure-vacuum vent. 15.

00

00
00

50
50
20

.25

50
70
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TABLE 2.0-12

COSTS FOR SERVICE STATION VAPOR RECOVERY UNITS

Atlantic Engineering

Mark I Intermark vapor recovery
system, condensing type, $5000

FOB, plus $2500 installation at
existing stations. (Includes vapor-
recovery gasoline nozzles.)

Nozzle, vapor-recovery type, $20-
25 installed.

Vaporex

Vaportrol VS-1 system, cooling-
condensing type, 1 ton capacity,
$1500 FOB, plus about $2500 in-
stallation at existing statioms,
$500 installation at new stations.

SOURCE: BR-163 (1973)
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TABLE 2.0-13

COST SUMMARY FOR DIRECT DISPLACEMENT

AND VAPOREX VAPOR CONTROL SYSTEMS

A B c D .1 ¥
Modify Incremental
Existing Cost - New Cost = All Coat Incremental
Station: Station:  Aboveground To Equip Cost To
Tanks & Tanlks & Equipmant Existing Equip New Ammual
U.G., Piping U.G. Piping Modif, & Station Station Maint,
System System Nozzles (A+C) (B+C) Cost
Arco
Materials " } d -— —
Mater } 4,500 $1,500 $6,000
Maintenance — _—
§td-Cal
Materials 526 526 690 5,476 $1,276 $. 130
Labor 4,200 -_— 60 -
Maintenance 0 0 130
Mobil i )
Materials 2,310 550 810 4,615 1,690 _
Lahor 1,165 — 330
Maintenance _— - -—
Exxon
Materials 1,405 1,405 600 5,005 2,005 280
Labor 3,000 —— —_—
Maintenance 220 220 60
Shell
Materizls 1,850 1,850 720 5,000 2,950 620
Labor 2,050 - 380
Maintenance 100 100 520
Sunoco
Materials 2,500 1,500 410 4,570 2,070 450
Labor 1,500 - 160
Maintenance 100 —_ 350
Citgo .
Materials 2,250 2,000 990 7,450 3,350 215
Labor 3,850 — 360
Maintenance 25 25 180
Union (Vaporex)
Materials 3,000 2,900 800 9,800 8,400 —_
Labor 5,300 4,000 700
Maintenance - - —
3td-Cal (Vzporex) "
. Materials 4,026 4,026 1,590 12,646 8,446 535
Labor 6,700 2,500 330
Maintenance 125 125 225

* Materials and labor only

** Includes estimated annual operating cost of $185 (elcctricity)

SOURCE: SC-186 (1974)
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TABLE 2.0-14

ESTIMATE FOR THE INSTALLATION OF A SIMPLE
DISPLACEMENT SYSTEM AT TYPICAL SERVICE STATION

MATERTAL CoOST
Piping 2" celvanized @ $1.25/ft. x kOO $ 500.00
Fittincs & $.25/ft. 100.00
Installation @ $2.60/%t. 1,160.00

Excavation

Saweut concrete 2 31.¢60/ft., x 150! 225.00
Tanks 0 $150/tark (% tanks) 600.00
Islands @ 150/island (3 islands) kso .00
Drivewsys 500.00
Backfill - Sand & Mat 150.00
Labor 350.00
Copcrete Work @ Islsnd @ $75.C0/islend 225,00
@ tanks @ $100.00/tank 300.00
Miscellaneous Fittings—Adapters, Manholes, ete. 200.00
Asphalt Patening 375.C0
Testing of Pipes 200.00
Clean Up 150.00
$5,465.00
Sey $5,500.00

6 vapor recovery nozzles cozbletely
installed irc. hose and modifications

to dispensers 6 2 $250.C0 each. $1,500.00
Total System Complete $7,000.00-

SOURCE: AR-047 (1974)
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3.0 SEASONAL EFFECTS ON VAPOR RECOVERY EFFICIENCIES

Concern has been expressed over the possibility that
the efficiency of vapor recovery units will markedly decrease
in winter months due to the high concentration of light ends
in winter gasoline wvapors. Discussed below are the results from
simulations of a refrigeration vapor recovery unit where the
effects of hydrocarbon concentration and seasonal blending were
studied. Although a refrigeration vapor recovery unit was
chosen, the results and conclusions should also apply to CRA,
CRC, and LOA units.

3.1 Gasoline Composition Bases

Table 3.1-1 contains the liquid composition of a
typical 13 RVP winter gasoline (AM-078). Flash calculations
were performed on the winter gasoline at AOOF, assuming a vapor
to liquid ratio of three, to determine the equilibrium vapor
composition.

The composition of wvapor from typical summer gasoline
was estimated by averaging the compositions of vapors from
ten summer gasolines reported by Scott Research Laboratories

(8C-186). This composition is given in the third column of
Table 3.1-1.

3.2 Calculation Bases

The summer and winter vapor compositions reported in
Table 3.1-1 were used in a vapor-liquid equilibrium model to
calculate the effects of seasonal gasoline composition changes
on vapor recovery unit efficiencies. The model used for cal-

culations was a refrigeration vapor recovery unit operating at

B-39
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Air
Cy

Cs

Ce

C-

Ce

Co
CIO
Total
RVP

Temp. , °F

TARLE 3.1-1

SEASONAL COMPOSITIONS OF GASOLINE AND ITS VAPORS

IN MOLE PERCENT

Winter Gasoline

Calculated
Liquid Vapor (1)
Composition Composition
- 76.2
12.8 15.1
23.3 7.0
14,1 1.1
19.6 0.5
17.2 0.1
6.5 -
6.5 -
100.0 100.0
13.0 -
- 40

Average of (2)
Summer Vapor
Compositions

58.4
20.9
13.6

7.1

100.0

80

(1) Vapor in equilibrium with liquid assuming a vapor to
liquid ratio of 3.0 at 40°F.

(2) Average of ten typical compositions (SC-186).
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atmospheric pressure and -100°F coil temperature. Four cases
were studied; winter vapor compositions containing 15 mole %
and 40 mole % hydrocarbons in the vapor, and summer vapor
compositions containing 15 mole % and 40 mole % hydrocarbons

in the vapor. Various amounts of air were added to or sub-
tracted from the winter and summer vapor compositions presented
in Table 3.1-1 to synthesize the four case inputs listed in
Table 3.2-1. The resulting outlet vapor compositions for the
four calculated cases are also presented in the table. Vapor
recoveries ranged from 93.5% for winter vapors with lower hydro-
carbon content to 98.6% for summer vapors with higher hydro-
carbon content.

The equations for calculating recovery efficiency from
mass rates and hydrocarbon concentrations are presented below.

M. - M

efficiency = x 100 (3-1)

My
' N, - N (1-N./1-N))
efficiency = = 9 = o x 100 (3-2)
Ny

Mi = hydrocarbon mole rate in

M, = hydrocarbon mole rate out

Ni = hydrocarbon mole fraction in

NO = hydrocarbon mole fraction out.

3.3 Conclusions

The hydrocarbon concentrations in the outlet streams
from the refrigeration system model are essentially identical
for all cases. It is concluded that at a given temperature
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TABLE 3.2-1

INPUTS AND RESULTS FROM THE VAPOR-LIQUID

EQUILIBRIUM MODEL OF A REFRIGERATION VAPOR RECOVERY UNIT

Mole (1)
Winter Vapors Summer Vapors

Inlet Vapors Case 1 Case 2 Case 3 Case 4
Cu 9.5 25.4 7.5 20.0

Cs 4.4 11.8 4.9 13.2

Cs 0.7 1.8 1.7 4.4

C, 0.3 0.8 0.9 2.4

Cs 0.1 0.2 0.0 0.0

Air . 85.0 60.0 85.0 60.0
Total 100.0 100.0 100.0 100.0

Qutlet Vapors

Cu 1.1 1.1 0.9 0.9
Cs* 0.03 0.04 0.04 0.05

Air 98.9 98.8 99.1 99 .1
Total 100.03 99.94 100.04 100.05
Recovery 93.5 98.2 94.9 98.6

Percent

(1) Vapor compositions are based on assuming 15 mole percent
hydrocarbons in Cases 1 and 3, 40 mole percent hydrocarbons -
in Cases 2 and 4. Equilibrium conditions in all cases

are atmospheric pressure and -100°F.
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and pressure,

the concentration of hydrocarbons in the exhaust

from a vapor recovery unit is fixed and independent of the inlet

hydrocarbon concentration.

Although the inlet hydrocarbon concentration does not

control the outlet hydrocarbon concentration, it does have a

direct effect
indicate that
recovery unit
concentration

are therefore

on the removal efficiency. Equations 3-1 and 3-2
the hydrocarbon recovery efficiency of a vapor

is directly proportional to the total hydrocarbon
in the inlet vapors. Higher recovery efficiencies

to be expected with vapors containing higher

hydrocarbon concentrations.

Seasonal effects on the efficiency of vapor recovery

units are made evident by comparing the outlet vapors of Case

1 to Case 3 and of Case 2 to Case 4 in Table 3.2-1. Recovery of

winter vapors,

which contain more butanes than summer vapors,

is slightly more difficult. However, these changes in the hydro-

carbon composition of vapors due to summer and winter blending

changes have less effect on the efficiency of vapor recovery

units than do changes in the total hydrocarbon concentration.

This is attributed to the fact that gasoline vapors are con-

sistently high in butanes and pentanes and the content of these

components change very little as the gasoline RVP changes.

In summary:

L

The hydrocarbon concentration in the vent
from vapor recovery units is essentially
independent of the inlet hydrocarbon
concentration to the unit.
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2)

3)

The hydrocarbon recovery efficiency of
vapor recovery unit, at a given set of
operating conditions, is directly propor-
tional to the inlet hydrocarbon concen-
tration.

The seasonal effect (of gasoline composition)
on vapor recovery unit efficiency is

small. Recoveries can be expected to be
slightly higher in the summer.
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4.0 ENFORCEMENT MONITORING

A procedure for monitoring emissions from a stationary
source must be specified as part of the technical support docu-
ment. For the transportation industry, separate monitoring
procedures may prove to be needed for each segment of the
distribution process; that is for terminals, bulk plants, and
service stations. Since enforcement monitoring is definitely
an unresolved issue at this time, this section will serve
primarily to focus upon factors that need to be considered

in developing an enforcement monitoring procedure.

The purpose of enforcement monitoring is to determine
whether or not a source is complying with a regulation. Monitor-
ing procedure requirements, therefore, may vary with the type
of regulation. This is to say that a regulation based on a
percentage control may require a different monitoring procedure
than would a regulation based on either mass .emission standards
or equipment standards. Other factors to be considered are the
simplicity, reliability, and accuracy of the enforcement monitor-
ing procedure.

4.1 Terminals

The regulations governing emissions from terminals
will probably be based on either a percent recovery or mass
emission limit. Monitoring procedures would therefore be
designed to measure the necessary parameters to determine
compliance with these regulations.

The simplest monitoring procedure for terminal vapor

recovery systems would be to measure the hydrocarbon concentra-

tions in the inlet and outlet vapors. The difference in the
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concentrations could be used to calculate the recovery effi-
ciency. This method i1s simple, quick, and relatively inexpen-
sive to perform, however, it will not reveal whether or not

the system has internal leaks.

An alternative method for enforcement monitoring of
terminals includes measurement of the volume and hydrocarbon
and air concentration of vapors emitted from the tank truck and
from the vapor recovery system. These data can then be used
to calculate either percent recovery efficiencies or mass
emissions. This method is slightly more involved than the pre-
vious method, but it would provide data to reveal the presence

of internal leaks in the vapor recovery éystem.

Monitoring of these systems is still in the development
stage. As data is developed, emission factors may be developed
that could eliminate the need of measuring some of the above
parameters. For example, tests to determine the amount of vapor
returned from loading operations may produce factors that could
be used reliably to predict the volume of vapor emitted per
gallon of fuel loaded for bottom loading and top loading opera-
tions. Development and use of these factors would be a practical
approach to monitoring operations. '

4.2 Service Stations

Regulations governing emissions from service stations
could possibly be based on an equipment standard, on a mass
standard, or on a percent recovery standard. An equipment stan-
dard could either be implemented as part of Stage I or Stage II
standard for displacement systems. An enforcement monitoring
procedure would not be necessary with this standard. Periodic
visits to the source may be necessary to insure that the equipment
is in good working order.
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A regulation based on either mass emission or percent
recovery would require a rather detailed monitoring procedure
to evaluate compliance of vapor recovery systems in use today.
Losses at the nozzle-£fill neck interface for both displacement
and vacuum assist systems should be determined to evaluate
compliance with regulations. The determination of these nozzle-
fill neck interface losses have thus far been accomplished only
by indirect methods, and then only for the displacement system;
considerable test development work remains to be done in this

area.

In addition to measuring losses from nozzles, losses
from the vapor recovery system itself must be measured. Monitor-
ing procedures which would determine the volume and hydrocarbon
concentrations of the inlet and outlet vapor streams should be
performed to provide data upon which to evaluate efficiencies.

A testing program to provide data certifying compliance
on a station-by-station basis would be extremely expensive and
perhaps unrealistic. Most such procedures would require several
days of testing in addition to follow-up analysis. A mechanical

specification therefore appears to be the more practical approach.

4.3 Bulk Stations

Bulk station vapor recovery standards could possibly
be in the form of an equipment specification, a mass emission
limit, or a percent recovery. As with service stations, a
standard based on equipment specifications would require no

enforcement testing as long as the proper equipment was installed.
A mass emission or percent recovery standards would

require the same testing procedures required at service stations

and terminals to certify compliance.
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5.0 PHYSICAL AND CHEMICAL PROPERTIES OF GASOLINE AND
ITS VAPORS

The chemical and physical properties of gasoline
and the vapors emitted from gasoline handling facilities
are described in this section. Special attention has been
given to the particular properties of gasoline and emitted
vapors that are considered critical in assessing the impact
on air quality.

5.1 Chemical Composition of Gasoline

Motor gasolines are blends of petroleum distillates
carefully combined to yield the proper volatility and com-
bustion characteristics for good motor performance. Their

composition is complex and varies greatly with the sources

of crude oil from which it was distilled and with the types-of -:. ..

conversion processes to which it has been subjected. Gasoline
compositions also vary greatly because the temperatures and
altitudes at which gasolines are used vary, and the gasoline
blends must be altered to ensure proper fuel volatility

and car performance at each locale and for each season.

Table 5.1-1 (MA-291) and Table 5.1-2 (AM-078) detail the
chemical compositions of several full range premium gasolines.
For simplicity Table 5.1-3 summarizes data from Table 5.,1-1 and
Table 5.1-2. The characteristics of typical summer and winter
gasoline blends are contrasted in Table 5.1-4 (SH-137) and
Table 5.1-5 (SH-138). The compositions of the gasolines in
these two tables are expressed by means of boiling fractions.
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TABLE

5.1-1

DETAILED CHEMICAL COMPOSITION OF A FULL RANGE MOTOR GASOLINE

Boiling Composition,
Component Pount, “C* howi

Propane -—42.07 0.01
Isabutane —11.73 0.37
Isabutylene —6.90 0.04

+ Butene-1 —6.26
n-Butane —0.50 4.29
Trans-2.butene 0.83 0.20
Neopenlane 9.50 ©0.04
Cis-2-butene in 0.17
3-Methy!l-1-butene 20,05 0.12
lsopentane 27.85 10.17
Pentene-l 29.97 0.45
2-Methyl-1-butene 31.16 0.2
2:Methyl-1,3-butadiens .07
n-Pentane 36.07 5.75
Trans-2-pentene 36.35 0.90
Cls-2-pentene 36.94 0.67
2-Methyl-2-butene 38.57 0.9%
3.3-Dimethyl-1-butene 41.24 o
2.2-Dimethyibutane 49.74 0.46
Cyclopentene 44.24 0.18
3Methyl-1-pentene 54.14 ’

+ 4-Methyl-1-pentene 53.88 0.18
4Methyl-¢is-2-pentene 56.30 0.04
2,3-Dimethyl-1-butena 85.67 0.08
Cyclopentane 49,26 0.51
2,3 Dimethytbutane 57.99 1.59

-+ (4-Me:hyl-trans-2-pentene) 59.55 0.18
2-Methylpentane 60.27 .76
2-Methyl-1-pentene 60.72 0.22
IMethvipentane 63.28 2.23

+ (Hexene.1) 63.49

+ (2-Ethyl-1-butene) 64.66
Cis-3-hexene ’ 66.47 0.11
Trans-3-hexene 67.08 0.12
3-Methylcyclopentene 65.0 0.04
2-Methyl-2-pentene 67.29 0.27
3-Methyl-cis-2-pentene 67.70 0.37
n-Hexane 68.74 1.51

=+ (4,4-Dimethyl-1-pentene) 72.48
Trans-2-hexene 67.87 0.18
Cls-2-hexene 68.84 0.15
3Methyl-trans-2-pentene 70.44 0.34
4,4-Dimethyl-trans-2-pentene 716.75 Trace
Methy!cyclopentane 71,81

=+ (3,3-Dimethyl-1-pentene) 17.57 0.6
2,2-Dimethylpentane ».20

=+ 2.3-Dimethyl-2-butene 73.21

+ (2.3,3-Trimethyl-1.butene) 17.87 0.14
Benzene £0.10 0.E1
24-Dimethylpentane 80.50 1.1
44-Dimethyl-cis-2-pantene £0.42
2,2,3-Trimethylbutane 80.88 0.04
2.4-Dimethyl-1-pentene 81.64 0.03
1-Methylcyclopentene 75.8

+ 2-Methyl-cis-3-hexene 84 0.32
2,4-Dimethyl-2.pontene 83.26

+ 3-Etnyl-l-pentene 84.11

+ 3-Methyl-l-hoxene 84 0.05
2,3Dimethyl-1-pentone 84.28 0.02
2-Methyl-trans-3-hexene 86

+ 5-Methyll.hexene 85.31 0.04
3,3-Dimethylpentane 85.06 0.02
Cyclohexane 80.74

+ (4-Methyl-cis-2-hexene} A87.31 0.17
4-Mcthyl-l.hiexene 86.73

+ 4-Methyl-trans-2-hexene 87.56 0.09
IMeihyl.2.ethyl-1-butene 86.1 0.02
SMethyl-trans-2-hexene 88.11 0.02
Cyciohexene 82.98 0.03
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Boiling Compasition,
Component Point, *C* T wt

2-Methylhexane 90.05

+ (5-Melhyl.cis-2-hexene) 89.5 1.48
2,3-Dimethylpentane 87.78

<+ (1,1-Dimethylcyclopentane) 87.85

+ (3,4-Dimethyi-cis-2-pentens) 7.9 4.17
IMethylhexane 91.85 .n

. 1-Cis-3-dimethyleyciopentane wnn

+ 2-Methyl-1-hexene 91.55

+ 3,4.Dimethyl-trans-2-pentena 90.5 0.27
1-Trans-3-dimethylcyclopentana %.77

+ l-Heptene . 93.84

+ 2.Ethyl-1-pentene % 0.27
3-Ethylpentane 93.48

+ 3Methyl-trans-2-hexene 9 0.15
L-Trans-Z-dimethylcyclopentane 91.87 0.16
2.2,4-Trimethylpentane 9.24

+ (Trans-3-heptene) 95.67 4.5¢
Cls-3-heptene 95.75 0.16
3-Methyl-cis-3-hexene - 95.3

=+ 2-Methyl-2-hexene 95.4

+ 3-Methyi-trans-3-hexens 931.93 0.31
3-Ethyl-2-pentene 96.01 0.04
Trans-2-heptene 97.95 0.05
n-Heptane 83.43

+ (3-Methyl.cis-2-hexena) ] 1.9
2,3-Dimethyl-2-pentene 97.40

+ Cis-2-heptene 93.5 0.12
1-Cls-2-dimethyleyclopentana 99.57 0.09
Methylcyclohexane 100.93

=+ 2,2-Dimethylhexane 106.84

+ 1,1,3-Trimethylcyclopentane 104.89 0.2
2.5Dimethylhexane 109.10

+ Ethylcyclopentane 103.47 0.60
2.4-Dimethyfhexane 109.43 0.50
2,2,3-Trimethylpentane 109.84 0.23
1-Trans-2-cis-4- trimethylcyclopentane 109.29 0.04
Toluene 110.63 12.20
3,3-Dimethylhexane 111.97 0.10
1-Trans-2-cis-3-trimethylcyclopentane 110.2 0.06 .
2.3,4-Trimethylpentane 113.47 2.26
21,3 Trimethylpentane 114.76 2.28
1,1,2-Trimethylcyclopentane 113.73 0.09
2.3-Dimethylhexane 115.61

+ 2-Methyl-3-ethylpentane 115.65 0.60
2-Methylheptane 117.65 0.48
4-Methylheptane u.n 0.22
3,4-Dimethylhexane 1n7.73

=+ (1-Cis-2-trans-d-trimethylcyclopentane) 116.73 Q.16
3-Ethylhexane 118.53 0.01
3-Methylheptane 118.93

=+ (3-Methyl-3-ethylpentane) 118.26 0.63
1.1.3-Trans-4-tctramethyicyclopentane 121.6
2,2,5-Tnmethylhexane _ 124.08

+ (1-Cis-2-cis-4-trimethyleyclopentane) 118 0.74
L1-Dimethyleyclohexane 119.54

+ 1-Trans-4-dimethyicyclohexane 119.35 0.14
1-Cis-3-dimethylcyclohexane 120.09 0.03
1-Methyl-trans-3.ethylcyclopentane 120.3 0.06
2,2.4-Trimethyihexane 126.34 0.1l
1-Methyl-trans-2-ethylcyclopentane 121.2

+ 1-Methyl-cis-3-ethyicyclopeniane 121.4 0.07
Cycloheptane 118.79 0.03
1-Methyl-1.ethylcyclopentane 121.52 0.02
1-Trans-2.dimethyicyciohexane 123.42

+ L-Cis-2-cis-3-tnmethyleyclopentane 123.0 0.12
n-Octane “125.67 0.38
1-Cis-4-dimethyleyclohexane 124.32 0.04
1-Trans-3-dimethylcyclohexane 124.45 0.03
2.4,4Tametnylhexane 130,65 0.02
lsapropylcyclaopentians 126.42 0.01
2,3.3-Trimethylhexane 131.4 0.15



TABLE 5.1-1 (Cont.)

Component Point, *C* &% wt Component Point, °C* Z wi.
i 83.42
2.3-Dimethylheplane 122.69 0o B chyibenzene 1833
1-Methyl-¢is-2-cthylcyclopentane 128.05 .07 + 1‘Metnyl-d-n-propylbenzene 183.7% 0.09
2.4-Dimethylheptzne 133.5 1-Methyl-2-n-propylbenzene 184.80 0.05
+ 2.2.3-Trimethylhexane :;ig] 0.08 1,3 Dimethyl-5-clhylbenzene 183.75 0.13
Zibérrhv:é:\;yllzc;:\g/'ﬁf::::: 1338 0.02 Unidentitied Cy, alkylate peak - 0.02
2.6-Dimethylheptane 135,21 2-Me?hyhndane g 0.09
+ (1-Cis-2-¢imethyleyclohexane) 129.73 0.07 1.4-Dimethyl-Z-ethylbenzene 185.91 oor
n-Propyleyclapentane 130.95 0.01 1-Methylindane 186.5 :
Ethylcyclohexane 131.78 0.1?7 l-Me‘h)’_l'3"-e""_'butylbe”ze"e 189.26 0.03
2.5-Dimethylheptane 136.0 + Unidentilied Cy, alkylate peak 0.13
+ 3,5-Dimethylheptane 136.0 0.16 1,3-Dimethyl-4-ethylbenzene :::: :
Ethylbenzene 135.19 1.70 1.3-Dnme(|"1y|-2-ethylbenzene .
2,4-)&”methyl-B-elhylpentane 136.73 0.03 + 1,2-Dimethyl-4-ethylibenzene l::;g g:
3,3-Dimethylheptane 137.3 0.04 lvMe?l.hyl-d-tert‘butylbenzene 1 -91 0.03
1,1,3-Trimethyicyclohexane 135.62 1,2-Dimethyi-3-ethylbenzene :3:39 0'07
2,3,3-Trimethylhexane 137.68 0.05 n-Undecane 1*'3 0'10
1-Cis-3-cis-5-trimethylcyclohexane 138.41 o ;':';'::::::::::i:z:::::: 188.0 0'17
- -3- . 0. sy . -
:-::::::::3 thvinexane mgs 1.58 Isopentylbenzene 183.9 O:I
m-Xylene 139,10 5Methylindane 19 0.
+ (3,3.4 Trimethylhexane) 140.45 3.8 4Methylindane 203 0.03
2,3-Dimethylheptane 140.5 0.13 n-Pentylbenzene 205.46 0.03
3.4-Dimethylheptane 140.6 0.07 1,2,3,4-Tetramethylbenzena 205.4 0.03
4Methyloctane 142.48 0.1 Tetralin 205.57 0.02.
2.Methyloctane 143.26 0.14 Naphthalene 217.9% 9.10
%Ethylheptane 143.0 0.02 1.3-Dimethyl-5-tert-butylbenzene 205.1 0.02
3-Methyloctane 144.18 0.60 n-Dedecans 216.28 0.05
o-Xylene 144.41 -
+ (2,2,4,5tetramethythexane) 14788 1.93
2.2.4-Trimethylheptane 1l47.8 0.17
2,2,5-Trimethylheptane 148
+ 2,2,6 Trimethylheptane 148 0.2?
2.5,5-Trimethylheptane 152.80
+ 2.4,4-Trimethylheptana 153 0.21
Isopropylbenzene 152.39% 0.10
n-Nonane 150.80 G.14
3,1,5-Trimathylhaptane 155.68 0.02
2,4.5-Trimethylheptane 157
+ 2,3,5-Trimethylheptane 157 0.17
n-Propylbenzene 159.22 0.24
2,2,3,3-Tetramethyihexana 160.31
=+ 2,6-Dimethyloctane 158,54 0.06 .
1-Methyl-3-ethylbenzene -161.31 0.83
1-Methyl-4-ethylbenzene 161.99 0.4
3.3,4-Trimethylheptane 164
+ 3,4,4-Trimethylheptane 164
4- 3,4,5-Trimethylheptane 164 0.35
1-Methyl-2-gthylbenzene 165.15
-+ %Methylnonane 165.1 0.34 -
4-Methylnonane 165.7 0.04
1.3,5-Trimethylbenzene 164.72 0.39
2-Methyingnane 166.8 0.06
tert-Bulylbenzene 169.12 0.01
Unidentificd Cy, alkylate peak .
3-Methyinonane 167.8 0.06
1,2,4-Trimethylbenzene 169.35 1.61
sec-Butylbenzene 173.31 0.01
Iscbulylbenzene 172.76 0.01
1-Methyl-3-1sopropylbenzene 175.14 0.03
n-Decane 174,12 0.08
1,23 Trmethylbenzene 176.03
+ 1-Methyl4 jsopropylbenzens 177.10 0.32
1-Methyl-2-isopropylbenzene 178.15
- Indane 177 0.15
1.3-Dicthylbenzena 181.10 L]
Umdentificad C, atkylate peak
1-Methyl-3-n-propyibenzenc 181.80 0.16
n-Bulylbenzene 183.27 0.05
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TABLE 5.1-2
AVERAGE COMPOSITION OF 15 SAMPLE MOTOR GASOLINES

Component % wt.

Salurates:
Methane.............. ..
Ethane.................
Isobutane...............
a-butane.... ... .. .. ...,
Isopentane.............. 1
n-pentane...............
2,3-dimethylbutane. ... ..
2-methylpentanc.........
3-methylpentane.........
n-hexane................
Mcthyleyclopentane.... ..
2,4-dimathyvisantanc, .. ..
Cyclohexane. ...........
2-methylhexane. . ..
2,2, 4-tr1mgth)lpcntane. ..
n-heptane...............
Methyleyclohexane. .... ..
2,4-dimethylhexane ... ..
2,3, 4-trimethylpentane. ..
2,3, 3-trimethylpentane. ..
2-methyl-3-¢thylpentane . .
3,4dimethylhexane. . .. ..
2,2, 5-trimethylhexane. . ..

G = e D b= R O

Olefins and acelylenes:
Ethylene................
Propylene...............
Isobutylene/l-butene... ..
2-butene.. ... ..o,
2-methyl-1-butene.......
Z-pentene. ...l
2-methyl-2-butene, . ... ..
2-methyl-2-pentene. ... ...
1,3butadicne...........
2-methyl-1, 3-butadiene. ..
Acetylene. ...l
Methylacetylene. .. ... .. ...
Other olefins. . ... ... .. 6

b

rAromalics:
Benzene., ..ol
Toluene. ... ............
Ethylbenzene.. ... ... ...
mand pxylene..........
exylene_ ... ...l
npropylbenzene. .. ... ..
t-methyl—4-cthylbenzene ..
i3, 9-trimethylhenzene. ..
Lmethyl-2-ethylbenzene. .
L2, 4trimethy lhenzene. .
1,2, 3-trimethylbenzene. ..
O'her aromatics., oo ... ...

W b Cad e s bt et B O e B
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TABLE 5.1-3

COMPOSITION SUMMARY OF TYPICAL PREMIUM GASOLINES

Composition 7% wt

Component Table 3.9-1  Table 3.9-2
Saturates 62 62
Olefins & Acetylenes 9 11
Aromatics 29 27
100% 100%
Cu 8
Cs 18
Ce 13
C, 15
Cs 21
Co 9
Other 16
100%
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TABLE 5.1-4
SUMMARY OF VALUES, MOTOR GASOLINE SURVEY, WINTER 1971-72

ASTM Regular-price gaoline Premium-price gasoline
Test methad Avarage Average
Gravity, °APl D287 6.7 &.9
Corresion, No. D130 1 1
‘Sulfur content, wt % D1266 0.044 0.026
Gum, mg/100 ml D38} 1 1
Lead, g/gal D526 1.88 2.43
Octane number, Research D269 94,0 ' 99.8
Octone number, Motar D2700 86.5 92.3
Reid vepor pressure, Ib D323 12,1 121
Distillotion D86 :
Temp, °F
IBP 84 83
5% evaporated 96 5
10% Do. 108 109
20% Do. 128 132
30% Do. 150 158
50% Do. - 199 209
70% = Do. 255 253
90% Do. 336 321
95% Do. 369 353
End point 408 398
Residue, vol % 1.0 0.9
Loss, vol % 2. 2.4

SUMMARY OF VALUES, MOTOR GASOLINE SURVEY, WINTER 1970-71

. ASTM Regular-price gasoline Premium=-price gasoline
Test method Average Average
Gravity, °API D287 63.1 62.6
Corrasion, No. D130 i 1
Sulfur content, wt % D1266 0.039 0.023
Gum, mg/100 mi D381 1 1
lead, g/gal D526 2.02 2,680
Octane number, Research D2699 93.9 99.8
Octane number, Motor D2700 86.4 92.2
Reid vapor pressure, lb D323 12.1 12.1
Distillation D8s ‘
Temp, °F
IBP 84 a3
5% evaporated 95 95
10% Do. 108 109
20% Do. 127 132
30% Do. 149 158
50% Do. 197 210
70% Da. 253 253
90%  Do. _ 335 321
95% Do. 368 353
End point 406 96
Residue, vol % 1.0 1.0
Loss, vol % 2.1 2.3
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TABLE 5.1-5

SUMMARY OF VALUES, MOTOR GASOLINE SURVEY, SUMMER 1973

ASTM Regular-price gasoline Premium-price gasoline

Test method Avarage Averoge

Gravity, © APl D287 60.3 1.7

Corrosion, No. D130 H 1

Sulfur content, wt % D126 0,040 0.026

Gum, mg/lOO ml p381 1 1

Phesphorus, g/gol D3231 0,004 0.003

Lead, g/gal D526 2.01 2,42

QOctane number, Research D2699 93.5 99.3

Octane number, Motor D2700 86.1 91.9

Research + motor octane Nos. /2 89.8 95.6

Reid vopor pressure, lb D323 9.3 9.5

Vapor-liquid ratio of 20, °F D439 136 137
Distillation D84

Temp, °F

18P 91 %0

5% evaporated 108 107

10% Do, 21 121

20% Do. 142 144

30% Do. 163 71

50% Do. 20 215

70% Do. 265 255

90% Do. 342 5

95% Do. 378 361

End point a7 405

Residue, vol % 1.0 1.0

Less, vol % 1.6 1.7

SUMMARY OF VALUES,

MOTOR GASOLINE SURVEY, SUMMER 1972

ASTM Regular-price gasoline Premium—price gasoline

Test method Averoge Averoge

Gravity, ° APl D287 60,5 60.7

Corrosion, No. D130 1 1

Sulfur content, wt % D266 0.042 0.026

Gum, mg/100 ml D381 1 1

Phospherus, g/gal D3231 - -

Lead, g/gal D526 2.4 2,52

Octare number, Ruseorch D2699 941 $9.8

QOctone number, Moter 02700 B6.4 92.2

Research + motor octane Nos. /2 90.3 96.0

Reid vapor pressure, Ib D323 9.2 9.3

Vopor-liguid ratio of 20, °F D439 - -
Distillation p8é

Temp, °F

1BP 92 91

5% evoporoted 108 108

10% Do. 122 123

209% Do. 142 147

30% Do. 163 172

50% Do. 208 217

70% Do. 262 257

90% Do. 339 324

95% Do. 372 357

End point 4N 401

Residue, vol % 0.9 0.9

Loss, vol % 1.5 1.6
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5.2 _ Reid Vapor Pressure of Gasoline

Gasoline is often characterized by Reid Vapor Pres-
sure (RVP), a technique developed as a means of expressing
the vapor pressure or volatility of petroleum fractions. This
is a fundamental property in the study of hydrocarbon emissions
from gasoline marketing facilities. Figure 5.2—; (DA-004)
correlates Reid Vapor Pressure with true vapor as a function
of temperature. In the absence of distillation data, the
value of S (the slope of the ASTM distillation curve at 10%
evaporation) may be estimated as three for motor gasolines.
Seasonal and locational variations in Reid Vapor Pressures
and several other gasoline characteristics for both premium
and regular grades are presented in Table 5.2-1 (SH-137)
and Table 5.2-2 (SH-138). Districts to which these tables
refer are shown in Figure 5.2-2 (SH-137).

5.3 Chemical Composition of Gasoline Vapors

The gas phase above gasoline contains a high per-
centage of highly volatile hydrocarbon compounds. The quantity
and composition of gasoline vapors are dependent on such
parameters as the temperature and pressure of the containing
system, the composition and Reid Vapor Pressure of the Gasoline,
and the method of vapor generation. Table 5.3-1 presents
example chemical compositions for the vapor phases in equilibrium

with several motor gasolines.

5.4 Photochemical Reactivity of Gasoline Vapors

The primary goal in controlling hydrocarbon emissions
from stationary and mobile sources is to reduce the production
of photochemical smog from reactive hydrocarbons. Photo-
chemical smog can cause eye and respiratory irritation, vegeta-

tion and materials damage, and it has an annoying odor.
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FIGURE 5.2-1 - VAPOR PRESSURES OF GASOLINES AND FINISHED
PETROLEUM PRODUCTS, 1 1b to 20 1b RVP. NOMOGRAPH
DRAWN FROM DATA OF THE NATIONAL BUREAU OF STANDARDS
(AMERICAN PETROLEUM INSTITUTE, 1962b). (DA-004)
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RADIAN conronrarion

TABLE 5.3-1

EXAMPLE GASOLINE VAPOR COMPOSITIONS

Month Feb. Oct. May May - Summer

Location Las Vegas - - - - -

Ambient Temp 45°F - - - - -

Compound Volume %
air : 78.4 70.9 67.5 87.7 58.1 58.4
methane 0.3 0.0 0.4 0.0 - -
ethylene 0.0 0.1 0.0 0.0 - } 0.8
ethane 0.0 0.0 -0.0 0.0 -
propane 0.4 0.5 1.9 0.1 0.6 1.3
isobutane 3.1 1.8 7.8 0.2 2.9 |
butene - - - - 3.2 L18.8
n-butane 10.2 9.6 10.9 2.6 17.4 |
isopentane 4.3 10.8 5.4 7.7 ]
pentene - - - - 5.1 ¢13.6
n-pentane 1.8 1.1 3.9 1.1 2.0 |
hexane 1.0 2.9 1.4 1.6 } 3.0 } 7.1
heptane and higher 0.4 2.2 0.7 1.2

Reference WE-111 WE-111 WE-111 WE-111 DA-069 ©SC-186
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Chemical Reactions

Reactive hydrocarbons and nitrogen oxides react
in the presence of ultraviolet light and under suitable
meteorological conditions to form photochemical oxidants which
cause the major effects associated with photochemical smog.
All hydrocarbons -are reactive to some degree with olefins,
aromatics, and aldehydes being the most reactive. The
photochemical oxidant products are primarily ozone (03;),
nitrogen dioxide (NO,), peroxyacylnitrates (PAN), and oxygenated
organics. The photochemical reaction is complex and still
under research, but can be simplified to the following major
reactions (PI-040).

uv
NO, 2 NO + 0

0 + NO, ~ NO3;

¥

0+ 0, 03

reactive hydrocarbons + 03 - aldehydes + oxygenated hydrocarbons

reactive hydrocarbons + NO; - R-C_
: OONO

The rate of photochemical oxidant production is dependent
on hydrocarbon reactivity, ambient temperature, and ultra-

violet light intensity and exposure.

Relative Reactivity

The relative reactivity of the hydrocarbons contained
in gasoline vapors is important in assessing the merits of

controlling gasoline vapor emissions. Relative reactivity is
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the tendency of hydrocarbons to undergo chemical reactions
leading to the formation of photochemical oxidants, and ac-
counts for the reaction rate and the severity of reaction
product effects on plants and animals. Table 5.4-1 (MS-001)
lists the relative reactivity of several hydrocarbons con-
tained in gasoline vapors. The high reactivity of gasoline
vapor can be attributed to its high aromatic and olefinic
content. The conversion to unleaded gasoline will further
increase the reactivity of gasoline vapors due to the sub-
stitution of high octane aromatics for less reactive compounds.
This increased reactivity of unleaded gasoline wvapors is
estimated to be 127 for premium grades and 28% for regular
grades (MS-001).

5.5 Vapor-Liquid Equilibria

A very important property of gasoline to consider
when studying gasoline vapor emissions is vapor-liquid
equilibria. Figure 5.2-1 (DA-004) correlates the vapor
pressure of gasoline vs. RVP and temperature. From this
vapor pressure correlation Figure 5.5-1 (8C-167) was derived.
It is used to estimate the quantity of hydrocarbons lost from
displacement of saturated gasoline vapor. It can also be
used to estimate the hydrocarbon emissions from a tank during
refill, assuming vapor-liquid equilibrium has been reached in
the tank.

However, it is often erroneous to assume that the
vapor and liquid phases of an air-gasoline system are in
equilibrium. Figure 5.5-2 and Figure 5.5-3 (AM-100) present
the results of two tests by Chevron Research Company to define
the composition gradient existing in the vapor space of service
station gasoline storage tanks. The time duration between
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GRAMS PER GALLON

DISPLACED LOSS.,

14 -
FIGURE 5.5-1 - SENSITIVITY OF
DISPLACED LOSS TO TEMPERATURE AT
VARIOUS VALUES OF RVP (SC-167)
12
RVP = 13 eps1
10 / //,L
g N
/ //3 - 11 psi
6 / / ,////
L////// ///////’ ”///////p//’
RVP = 9 psi
! A A~ —
P/,,/’,/”::::::::::_,,ff,,”’dHﬂ'#ﬂ"", RVP = 7 psi
/
0 R
30 40 50 60 70 80 90

Temperature, °F

FIGURE 5.5-1 - SENSITIVITY OF DISPLACED LOSS TO TEMPERATURE
AT VARIOUS VALUES OF RVP
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the previous fuel delivery and the test was not noted but it
was alluded to be several days. This concentration gradient
indicates that only the vapor space adjacent to the vapor-
liquid interface is saturated with hydrocarbons and that the
hydrocarbon losses estimated by Figure 5.5-1 (MS-001) for
displacement and tank breathing may be exceedingly high.

5.6 Solubility of Air in Gasoline

A number of recent vapor recovery studies indicate
that when gasoline is transferred in the presence of air,
the volume of vapor displaced is often less than would be
theoretically predicted. A possible explanation for this vapor
shrinkage is that the gasoline as it is dispensed absorbs a
sufficient amount of air to account for the lost volume.
Figure 5.6-1 predicts the solubility of air in octane based
upon K values. Chevron Research Company performed tests
which indicated that air free gasoline, when exposed to the
atmosphere, "immediately" absorbed air to within 727 of the
estimated equilibrium value (AM-100). These results indicate
that the absorption of air by gasoline is a rapid reaction, and
is in sufficient quantity to account for the vapor volume
contraction often observed with balanced displacement vapor

recovery systems.
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HYDROCARBON EMISSION FACTORS FOR
GASOLINE MARKETING FACILITIES
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1.0 INTRODUCTION

The following pages provide a survey of the methods
available for the calculation of hydrocarbon emissions from
various sources. Whenever possible, three different methods
have been provided for each source: 1) a rough estimate employing
emission factors, 2) a more precise value through the use of
specific equations, and 3) a graphical solution utilizing

nomographs.
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2.0 DETERMINATION OF HYDROCARBON EMISSIONS

Various types of emissions occur during the marketing
of gasoline. Standing storage emissions, caused by the capillary
flow of liquid between the wall and seal, and withdrawal emissions,
resulting when the roof moves downward exposing the wet walls to
the air, occur in floating-roof tanks. Breathing losses and
working emissions are commonly associated with fixed-roof tanks.
Breathing losses occur when vapors expand with temperature increases.
When the temperature decreases, the vapors contract and air enters
the tank, causing further evaporation of liquid. Working losses
include filling and emptying losses. As liquid is forced into a
tank, vapors are displaced. As liquid is withdrawn, air enters

and evaporation occurs.

2.1 Determination of Emissions from Floating-Roof Tanks

2.1.1 Standing Storage Emissions

The emission factor for standing storage losses from
a "new" floating - roof tank is 0.033 1b/day-1000 gal, while the
factor for "old" tank conditions is 0,088 1b/day-1000 ga1.3

Fairly accurate values for standing storage emissions

from a specific tank may be obtained by the equationl

1

. D
L =TF.D (

P 0.7 0.7
s T )

.77 w KK

where
L, = standing storage emissions, bbl/yr.

Fp = tank factor based on type of roof,
number and condition of seals, and

construction defined as follows:

C-2
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0.045 for welded tank with pan, double
deck, or pontoon roof, single or
double seal;

0.11 for riveted tank with pontoon or
, double deck roof, double seal;
0.13 for riveted tank with pan roof,

double seal;

0.14 for riveted tank with pan roof,
single seal.

D = tank diameter, ft. (If D is greater than 150,
multiply the loss for D = 150 by factor of

tank diameter)
150

P = true vapor pressure of the blend at
average storage temperature, psia.
This vapor pressure can be obtained
from Figure 2.1-1 if the Reid Vapor
Pressure is known.b6

V,, = average wind velocity, mph.
K. = seal factor as follows:

1.00 for tight-fitting seal
1.33 for loose-fitting seal

K = stock factor = 1.00 for gasoline
F_ = paint factor for shell and roof:

1.00 for aluminum or light grey
0.90 for white

C-3
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REID VAPOR PRESSURE

3.50

4.00 ‘850

5.00

6.00

a0

20

5 = SLOPE OF THE ASTM DISTILLATION CURVE AT
10.0 10 PER CENT EVAPOQORATED =

1.0 DEG F AT 15 PER CENT MINUS DEG F AT 5 PER CENT 10
10

TRUE VAPOR PRESSUVRE IN POUNDS PER SQUARE INCH ABSOLUTE

IN THE ABSENCE OF DISTILLATION DATA THE FOLLOW=
14.0 ING AVERAGE VALUE OF 5 ™MAY BE USED :

15.0 MOTOR GASOLINE 3
16.0 AVIATION GASOLINE 2
17.0 LIGHT NAPHTHA (9=14 LB RVP) 3.5
18.0 '"NAPHTHA (2-8 LB RVP) 2.5

{I]llxlilllllllqllqlIIIIIIII[IIHITIH[IHI]IIII[HIl[lill[mI]TlTlll—I’Tllllll[l 11 Illlllillll1 ] 1 [

Source: Nomograph drawn from data of the National Bureau of Standards.

FIGURE 2.1-1 - VAPOR PRESSURES OF GASOLINES AND FINISHED
PETROLEUM PRODUCTS ‘
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Expected accuracy of emissions determined by this
equation for tanks with seals in good condition is +25%. Actual
emissions for tanks with seals in poor condition may exceed the

estimated value by a factor of two or three.
A graphical solution for the standing storage emission
factor can be found in Figure 2.1-2, and emissions can be deter-

mined through application of Table 2.1-1%,

2.1.2 Withdrawal Emissions

Withdrawal emissions from floating-roof tanks may be
calculated by the equation

i

22,400 (D)

L,

where

ha
1l

withdrawal emissions, bbl/million bbl throughput

ez
fl

0.02 (based on barrels of clingage per 1000
ft2 of shell surface) unless tank is gunite-
lined, in which case 1.0 should be used.

For gunited tanks, withdrawal emissions
should be added to standing storage emis~

sions to get total emissions.
D = tank diameter, ft.

An alternative equatioé*is

1 v
L, = 0.000448 (3)
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RADIAN corrorarvion

where
La = withdrawal loss, bbl/yr.
V = volume of liquid withdrawn from
tank, bbl/yr.
D = tank diameter, ft.
2.2 Determination of Emissions from Fixed-Roof Tanks
2.2.1 Bfeathing Losses

The accepted emission factor for breathing losses
from fixed-roof tanks is 0.22 1b/day-1000 gal storage capacity
for "new" tanks, 0.25 1b/day-1000 gal for "old" tanks;3

More accurate values for breathing emissions may
be obtained from the following equation:

- 24
B 1000

P 0.68 1.73 0.51 0.50
(1759’ D H T FlpC

where
Lp = breathing emissions, bbl/yr.
P = true vapor pressure, psia, determined by

Figure 2.1-1 at the average body temperature

If the average temperature is unknown,
5°F above ambient temperature should be
used.

D = tank diameter, ft,.

C-8
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H = equivalent outage in ft. (see Figure 2.2-1).
T = average daily ambient temperature change, °F.
F- = paint factor (see Figure 2-2-3)-8

C = an adjustment factor for tank size (see
Figure 2.2—2).8 For D » 30, use C = 1.

Alternatively, breathing emissions can be determined
by use of the nomograph in Figure 2.2-3.

2.2.2 Working Emissions

Working emissions for fixed-roof tanks may be estimated
by use of the emission factor 9.0 1b/1000 gal throughput.3

More accurate values for working emissions from
flxed roof tanks may be obtained from the equation

3Py
Ly = (10,0000 K¢

where
Lp = working loss, bbl.

P = true vapor pressure of the blend at

average stock temperature, psia.
V*= volume of liquid pumped into tank, bbl.

K, = turnover factor (see Figure 2.2—/4)8

C-9



AVERAGE TANK CUTAGE DIVIDED BY TANK DIAMETER

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

0.0 A .2 .3 4 3 b .7 .8 9 1.0
COEFFICIENT

TO FIND EQUIVALENT OUTAGE H FOR USE IN FIGURE 3,

MULTIPLY LENGTH OF HORIZONTAL CYLINDRICAL TANK

BY APPROPRIATE COEFFICIENT.

Example:
Horizontal Tank
Diameter 10 Feet
Length 40 Feet
Average Outage 3 Feet
Outage/Diameter 0.3
Coefficient 0.25
Equivalent Outage H == 40 x 0.25— 10 Feet
FIGURE 2.2-1 - EQUIVALENT OUTAGE H FOR HORIZONTAL CYLINDRICAL

TANKS
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1.00
P
e

20 L
L £0
i
[ 9
+ AD
P o
-

0 10 20 30

Tank Diameter in Feet

FIGURE 2.2-2 - ADJUSTMENT FACTOR FOR SMALL-DIAMETER
TANKS
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10

A
0.6 \
\

NOTE: For 34 Turnovers per year
or leas Kr =10

x
5 04 \\
= .
£ o2
[
9 100 200 300 400
Tumevers per Year - Annvsl Throughput

Tank Copacity

FIGURE 2.2-4 - EFFECT OF TURNOVER ON WORKING LOSS
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In addition, working emissions may be found using

Figure 2.2-5.6

2.3 Determination of Emissions from Variable Vapor-Space

Tanks

Variable vapor-space tanks are useful in reducing
breathing losses, especially when throughput is low. Working
losses, however, are still significant, and may be estimated

by an emission factor of 10.2 1b/1000 gal throughput.3

For a more precise value for emissions, the following

formula9 may be used:

Ly = 152695 (V2 - 0.25 Val)
where
LF = filling loss, bbl.
P = true vapor pressure of the blend at average
stock temperature, psia.
V; = volume of 1iqﬁid pumped in, bbl.
V., = volume of expansion capacity, bbl.
N = number of transfers into system
2.4 Determination of Emiésious from Low-Pressure Tanks

Low-pressure tanks may be used for the storage of
motor gasoline. These tanks operate between pressures slightly

above atmospheric pressure and 15 psig.




20
15
EXAMPLE:
54000 Borre! Tank
Throughput = 540000 Barrels per Yeor 10
Turnovers—— 10 90
Truw Vapor Pressure= 5.8 piio
Woerking Lo = ¥ 7 5Barcels per yaar [ 1]
70
-~
10 L T
1000 = .0 = -
E 7.0'—_' . ’,’ 50
o "o_‘ s\ﬁ”
1 > 7.0— Fivot . 40
1500 — = - ’, B
1 6.0~ P
- a -y :-‘_‘— — -
-4 = ——— /’ 30
2000—1 £ 50-.2 ————l
1T 3 Je3 ¥ ———— Ste
Fi = > = - ——— e 1
- & -2 - ——
1% 40 o= B L - 0 to 36
]z J:23 ¢ -~ o 29
wod £ JEEE - '
] 20— < 2 - 50
- - a. ” 8
4000 .: - >/’ &0
d ~T T B
e =
2000 += - 2.0 ~ - 0
F ] & fwo
6000 . 5o 0
7000 =1 15 = € |10 '
. ] E Lws °8
8000 -] A z 200 0.7
000 — j g‘ 250 -
300 0.6
-
10000 1.0 £ o
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- 04
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0.10
0.0?
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30

20

20

=15

0.15

0.10
0.09

0.08
0.07

Note: The throughput is divided by a number (1, 10, 100, 1,000) to bring it
Into the range of the scale. The working loss, read from the scale, must
then be multiplied by the same number.

FIGURE 2.2-5 - WORKING LOSS OF GASOLINE FROM FIXED-ROOF TANKS

Gasoline Warking Loss In Barrely, 1,
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2.4.1 Breathing Emissions

Since data for actual correlations with field conditions
are scarce, the American Petroleum Institute has formulated7 a
way to calculate emissions from low-pressure tanks based on a
theoretical pressure Pz, the design storage pressure required

to prevent breathing losses, such that:

li

P, 1-1(Pa + Pl-" Px) = (Pa - Pz)

where

P, = gage pressure at which pressure vent

opens, psig.
P = atmospheric pressure, psia.

P, = gage pressure at which vacuum vent
opens, psig.

p1 = true vapor pressure of the blend at
90°F minimum liquid surface temperature,

psia.

p> = true vapor pressure of the blend at-
100°F maximum liquid surface temperature,

psia.
This equation is applicable only when p1 is less than

(P, + Pa)' When p: exceeds (P, + Pa), air is kept out of the

tank and the pressure required to prevent boiling is

C-16
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7

For a plot of these equations, see Figure 2.4-1.° Corrections for

altitude can be made using the appropriate atmospheric pressure
(see Table 2.4-1.7

The relationship between low-pressure breathing emissions
and tank pressuré setting, P,, for pressure settings from 0 to
2.5 psig has been found to be demonstrated by the curve in
Figure 2.4—2.7 The breathing losses are given as percentages of
losses from atmospheric tanks.

2.4.2 Working Emissions

Working losses in low-pressure tanks occur when the
pressure of the vapor space exceeds the vent setting during filling
and vapors are expelled,

Calculation of working emissions from low-pressure
tanks is complicated by temperature changes due to condensation.

As a result, two assumptions are made:
(1) Vapor and liquid phases are in equilibrium

(2) Filling begins at slightly less than
atmospheric pressure.

The resulting equatimj for Ly, working emissions, is
L} _ 3pv(Pa-Pl-pv)
100(Pa+P2-pv)

F
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TABLE 2.4-1
ATMOSPHERIC PRESSURE AT ALTITUDES ABOVE SEA LEVEL

Pounds per Square

Feet Inch Absolute
1,000 14,17
2,000 | 13.66
3,000 - | 13.17
4,000 ' 12.69
5,000 12.23

C-19
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where
L. = working emissions, 7% of volume pumped.

p, = true vapor pressure at liquid

temperature, psia.
P_ = atmospheric pressure, psia.

P, = gage pressure at which vacuum vent opens,

psig (see 2.4.1).

P, = gage pressure at which pressure vent opens,

psig.

In Figure 2.4-3, emission values are shown for wvarious
vapor pressures, with pressure vent settings greater than the
pressure required to prevent breathing losses. Twelve turnovers

per year are assumed.

When the pressure vent setting is equal to the
pressure required to prevent breathing losses, no pressure
rise is available to reduce working loss, and working losses

may be calculated from Figure 2.2-5, assuming an equivalent

fixed-roof tank.

2.5 Determination of Emissions from Underground Storage

Tanks

Filling losses from service station underground
storage tanks are highly dependent on such variables as pipe
and tank diameters, temperature and vapor pressure of the
gasoline, vent pipe size and length, and method of filling. In
a study performed by Robert L. Chass and others of emissions

C-21
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from service stations in the Los Angeles area, the only factor

varied was the method of filling.2

In order to complete the study, the truck was
adequately sealed and there was a vapor recovery system at
the bulk loading terminal. The resulting emission factors

are shown in Table 2.5-1.

Additional working losses occur when fuel is pumped
from the underground tank to the car. As gas is removed,
air is inhaled and expands as it becomes saturated with vapor.
As it expands, vapor is exhaled, and this process occurs until
equilibrium is achieved. The emission factor for this process
was found to be 1 1b/1000 gal gasoline pumped.2 Forty percent

gasoline vapor in the exhaled mixture was assumed.

Breathing losses in underground tanks are negligible

due to small temperature changes.

2.6 Determination of Emissions from Tank Cars or Trucks

2.6.1 Splash Loading

Splash loading occurs when the entry point of liquid
lies above the surface level of the stored fluid. Estimates of
emission losses during splash loading of tank cars or trucks
may be made using an emission factor of 12.4 1b/1000 gal

transferred.

A more precise value may be obtained using the following

. 3
equation

L _ (1.023 x 10%)wW 14.7 - YP o1
sp (690 - 4M)T 1Z.7 - (0.95)P
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TABLE 2.5-1

GASOLINE VAPOR LOSSES FOR DIFFERENT TYPES OF
UNDERGROUND TANK FILLING TECHNIQUES

Type of Fill Loss (1b/1000 gal pumped)
Splash 11.5
Submerged 7.3
Vapor return-open system 0.8
Vapor return-closed system 0
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LSp = splash loading loss, 1b/1000 gal.

W = density of hydrocarbon liquid at
temperature T, 1lb/gal.

T™= bulk absolute temperature of organic
liquid, °R.

Y = fraction of saturation of hydrocarbon
in vapor space at time of loading.

P = true vapor pressure of the blend at
temperature T, psia.

M = molecular weight of liquid, 1b/lb-mole.

For a correlation between true vapor pressure and
losses, see Figure 2.6-1.

2.6.2 Submerged Loading

The accepted emission factor for submerged loading
of tank cars or trucks is 4.1 1b/1000 gal transferred.

Accuracy within $25% may be obtained by the equation

L . = (L.00-Y, 69,600 PW
sub 2 7 (690-4)T

where

= submerged loading loss, 1b/1000 gal
of liquid loaded.

sub

C-25
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Y = fraction saturation in tank before

loading.

P = true vapor pressure of blend at

temperature T, psia.

W = density of hydrocarbon liquid at
temperature T} 1b/gal.

T = bulk absolute temperature of liquid,
°R.

M = molecular weight of liquid, 1b/lb-mole.
For a relation between true vapor pressure and losses,
see Figure 2.6-1. Figure 2.6-2 provides a correlation between

temperature, Reid Vapor Pressure, and filling losses for 50% sub-
merged loading.

2.6.3 Unloading Losses

Unloading losses .from tank trucks and cars occur when
air enters the truck and evaporation occurs. The vapor expands
and is expelled until equilibrium is reached. An accepted
emission factor for unloading tank cars and trucks is 2.1 1b/1000

gal transferred.3

Accurate to within +10% is the following equatioﬂ3 for

calculation of unloading losses from tank cars and trucks:

_ 69,600 YPW

Ly = (690-am T

C-27
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where
L, = unloading loss, 1b/1000 gal of liquid loaded.
Y = degree of saturation of organic blend in
vapor space at time of unloading (estimated
or measured).
Tl= bulk absolute temperature of organic liquid,
°R.
P = true vapor pressure of blend at
temperature T, psia.
M = molecular weight of liquid, 1b/lb-mole.
W = density of hydrocarbon liquid at
temperature T} 1b/gal.
2.6.4 Transit

Transit breathing losses from tank cars and trucks
are assumed to be negligible due to the short travel time.3

2.7 Determination of Emissions from the Filling of

Vehicle Gasoline Tanks

2.7.1 Vapor Loss

Vapor loss incurred during filling of motor vehicle
gasoline tanks may be estimated by an emission factor of '
11.0 1b/1000 gal. pumped.-

C-29
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An expression3 accurate to within 0.5 1b/1000 gal for

the calculation of these losses was formulated by Scott Research,

Inc.:
Ly = 2,22 exp(-0.02645 + 0.01155 TDF
-0.01226 TV + 0.00246 TV PRVP)
where
Ly = vapor loss, 1b/1000 gal.
TDF = average dispensed fuel temperature, °F.
'1‘V = average temperature of vehicle tank vapor
displaced, °F.
PRVP = Reid Vapor Pressure of gasoline pumped at
temperature TDF’ psia.
2.7.2 Liquid Spillage Loss

The average emission factor for liquid spillage has
been found to be 0.67 1b/1000 gal pumped.3

2.8 Determination of Fmissions from Marine Vessels

Tankers and barges, due to their large capacities, are
the source of major hydrocarbon emissions. Losses occur during
loading, transit, and unloading. Emissions may be minimized by
careful carrier design.

C-30
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Unloading losses may be estimated by the analogous
shore-tank withdrawal losses, that is, -0.007 percent by volume

per psia true vapor pressure of the blend.lO

Transit losses have been shown by limited data to be
roughly 0.01 percent by volume per psia true vapor pressure of

the blend for a one-week voyage.

Although a limited amount of data is available, it is
thought that loading losses from marine vessels may be estimated
by a factor of 0.008 percent by volume per psia true vapor pres-
sure of the blend for ships relatively vapor free. For ships
having a significant amount of existent vapor, the loss would be

lower,

A correlation for losses during loading of relatively
vapor-free ships is found in Figure 2.8-1.6 Loading losses are
minimized when fill pipes are an integral part of the carrier

and are arranged to minimize splashing.

C-31



RADIAN corRPORATION

el K il B

1]
+..

| o 12 14
TRUE VAPOR PRESSURE (TVP) PSIA

8

6

NG TANKERS AND BARGES

LOSS FROM LOADI

-1

FIGURE 2.8

C-32



RADIAN corroRATION

3.0 DEFINITION OF TERMS

Breathing Loss - vapor loss due to expansion and

contraction of vapors as a result of alternate

heating and cooling.

Filling Loss - loss due to the expulsion of vapor

as liquid is charged to the vessel.

-OQutage =~ the vertical distance between the liquid
is a tank and the top of the container, .

Splash Loading - filling which takes place with the

entry of the liquid above the surface level of the
stored fluid. Splash loading encourages evapora-
tion due to the boiling effect that takes place.

Standing Storage (wicking) Loss - loss caused by

the capillary flow of the liquid between the seal
and the tank wall in floating-roof tanks.

Turnovers per year - annual throughput divided by

tank capacity.

Withdrawal (wetting) lLoss - evaporation that results

when the wet tank walls are exposed to air as liquid

is withdrawn is floating-roof tanks.
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