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From: Barbara Allan [mailto:bkallan1010@gmail.com]

Sent: Friday, August 31, 2012 1:30 PM

To: Hiney, Eileen (DEP)

Subject: Comments on Air Program Support For Stage | and Stage Il Programs in Massachusetts

Dear Ms.Hiney,

I wish to offer for your consideration my comments on the Air Program Support for Stage | and
Stage Il Programs in Massachusetts:

I want to commend MassDEP for undertaking this study. It provides the needed technical basis
for determining the future of emission controls at gas dispensing facilities (GDFs) which are
ubiquitous sources of not only ozone precursors, but, equally if not more significantly, air

toxics. Minimizing emissions from these facilities and thus exposure to them is important for the
public’s health. Massachusetts residents are directly exposed to these emissions as they fuel
their vehicles. To the extent that some number of these facilities are located in or near residential
areas, or even adjacent to actual residences, some portion of Massachusetts residents have an
even higher exposure to hazardous and carcinogenic air pollutants inherent in gasoline and
emitted at the GDFs than the average citizen.

The study makes a case that Massachusetts does meet US EPA’s criteria for widespread use of
vehicles equipped with ORVR systems. The study identifies July 2013 when Stage Il equipment
provides the same emissions reductions as ORVR, and that sometime between July 2015 and
July 2016 the continued presence of Stage 1l may actually cause emissions to increase.

The analyses that support these conclusions are based on IEE factors, the values of which range
significantly and could alter the results of the analysis. Implicit in these analyses is also the
assumption that ORVR is effective throughout the life of a vehicle, which, to my knowledge, has
yet to be tested and proven. This means that MassDEP needs to be cautious and conservative in
pursuing Stage 1l decommissioning. With those caveats, since termination of the Stage Il
program requirement requires a SIP revision and EPA approval, use of the EPA factor is the
most appropriate, and the analysis using that factor should be the basis for informing MassDEP’
next steps. Since the EPA IEE factor shows that Massachusetts will continue to accrue emission
reduction benefits from Stage Il in combination with ORVR until 2015, MassDEP should not
terminate the program until then. This has a number of benefits: maximizing continued
incremental emission reductions; providing sufficient lead time to develop and process
regulatory changes, which need to include requirements for the technically appropriate
decommissioning of Stage Il equipment (not discussed in this report, but important); and getting
EPA SIP approval, which will need to show compliance with yet unspecified CAA requirements.



Given the caveats, the uncertainties in the analysis, and most importantly the continuing impact
of ozone- forming and toxic emissions from GDFs, MassDEP should enhance its requirements
for Stage | as part of the Stage Il program decommissioning regulatory process. This would
provide a “margin of safety” for the identified uncertainties, additional public health protection,
and additional cost-effective emission reductions as part of the Commonwealth’s ozone
contingency plan, a SIP requirement, and/or ozone maintenance plan. In general, it appears that
the Stage | enhancement options are most cost-effective for those GDFs with a greater than
500,000 gallon annual throughput, and two of the options actual show a net cost savings due to
significant fuel savings.

With respect to requiring GDFs to implement Module 1 of CA EVR, | recommend that
MassDEP make this a BACT requirement for new GDFs and all GDFs, regardless of throughput,
making major modifications. This will allow for a cost-effective phase-in of what is clearly an
available control technology, since components are already in-use in Massachusetts, i.e., swivel
adaptors meeting CA EVR standards, and will provide incremental emission reductions.

With respect to requiring continuous vapor leak monitoring systems, | recommend that
MassDEP require this as part of the Stage |1 decommissioning package for GDFs with a greater
than 500,000 gallon annual throughput. Although there appears to be uncertainty with respect to
the cause of test failures, the dollar per ton cost is low (regardless of whether EPA or industry
provided inputs are used) and the emission reduction potential great. These systems also provide
a net cost savings because of significant fuel savings. This requirement should also immediately
be applicable to all new stations and all modifications, regardless of throughput, as BACT.

With respect to pressure management systems, | recommend that MassDEP support the further
research of this technology that Connecticut and New York are considering. These systems have
the potential to reduce emissions at GDFs at a relatively low cost per ton, and also save fuel, thus
accruing cost savings to the GDF. The results of such research should be used to inform
MassDEP of the efficacy of these systems.

Finally, I commend MassDEP for looking at the impacts of removing Stage Il equipment in
environmental justice areas. While the results of the analysis, relying on best available data and
a number of reasonable assumptions, do not provide a definitive recommendation, other than
further research (always a laudable endeavor), they do seem to show that emissions from GDFs
can affect all communities, regardless of their designation. Accordingly, MassDEP should
ensure that the next phase of controls from GDFs continue to minimize emissions cost-
effectively statewide.

Thank you for the opportunity to comment.
Sincerely,
Barbara Kwetz Allan

Lexington, MA
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Given the caveats, the uncertainties in the analysis, and most importantly the continuing impact
of ozone- forming and toxic emissions from GDFs, MassDEP should enhance its requirements
for Stage | as part of the Stage Il program decommissioning regulatory process. This would
provide a “margin of safety” for the identified uncertainties, additional public health protection,
and additional cost-effective emission reductions as part of the Commonwealth’s ozone
contingency plan, a SIP requirement, and/or ozone maintenance plan. In general, it appears that
the Stage | enhancement options are most cost-effective for those GDFs with a greater than
500,000 gallon annual throughput, and two of the options actual show a net cost savings due to
significant fuel savings.

With respect to requiring GDFs to implement Module 1 of CA EVR, | recommend that
MassDEP make this a BACT requirement for new GDFs and all GDFs, regardless of throughput,
making major modifications. This will allow for a cost-effective phase-in of what is clearly an
available control technology, since components are already in-use in Massachusetts, i.e., swivel
adaptors meeting CA EVR standards, and will provide incremental emission reductions.

With respect to requiring continuous vapor leak monitoring systems, | recommend that
MassDEP require this as part of the Stage |1 decommissioning package for GDFs with a greater
than 500,000 gallon annual throughput. Although there appears to be uncertainty with respect to
the cause of test failures, the dollar per ton cost is low (regardless of whether EPA or industry
provided inputs are used) and the emission reduction potential great. These systems also provide
a net cost savings because of significant fuel savings. This requirement should also immediately
be applicable to all new stations and all modifications, regardless of throughput, as BACT.

With respect to pressure management systems, | recommend that MassDEP support the further
research of this technology that Connecticut and New York are considering. These systems have
the potential to reduce emissions at GDFs at a relatively low cost per ton, and also save fuel, thus
accruing cost savings to the GDF. The results of such research should be used to inform
MassDEP of the efficacy of these systems.

Finally, I commend MassDEP for looking at the impacts of removing Stage Il equipment in
environmental justice areas. While the results of the analysis, relying on best available data and
a number of reasonable assumptions, do not provide a definitive recommendation, other than
further research (always a laudable endeavor), they do seem to show that emissions from GDFs
can affect all communities, regardless of their designation. Accordingly, MassDEP should
ensure that the next phase of controls from GDFs continue to minimize emissions cost-
effectively statewide.

Thank you for the opportunity to comment.
Sincerely,
Barbara Kwetz Allan

Lexington, MA



Introduction

ARID Technologies, Inc. was founded in 1993, and the company specializesin the designand
manufacturing of vapor recovery equipment used at gasoline dispensing facilities. ARID does not
manufacture Stage Il vapor recovery equipment; however the company does manufacture amembrane
based vapor processor called PERMEATOR. The ARID Permeator enhances existing Stage Il vapor
recovery technology by actively managing storage tank pressure. By selectively separating hydrocarbon
vapors from air, the storage tank pressure isreduced whileat the same time valuable fuelis conserved
and atmosphericemissions are avoided.

ARID was not contacted by Mr. Klausmeierin preparing his dKC draft report submitted to the State of
Connecticut. ARID takes this opportunity to provide ourview on the report submitted by Mr.
Klausmeier.

Widespread Use

The EPA Proposal to eliminate Stage Il vaporrecovery, if followed, will not resultin the most cost
effective meanstoreduce pollutants and will not save valuable fuel. In fact, our data show that
emissions will be significantly increased above the levels possible with state -of-the-art technology;
which has already been proven andis commercially robust.

Details

In general, vapor emissions at gasoline dispensing facilities (GDF) are comprised of refueling emissions
and storage tank emissions. Inturn, refueling emissions are generated at the nozzle/vehicle interface
and at the outletfromthe carbon canister used onthe ORVR systems. The storage tank emissions are
comprised of ventline emissions through the pressure/vacuumvalve (p/v valve) and fugitive emissions
through various point sources within the vapor containing hardware; where the vent & fugitive
emissions are afunction of storage tank pressure.

The goal forthe GDF isto minimize the total emissions VOC’s and HAP’s (Volatile Organic Compounds
and Hazardous Air Pollutants); which is the sum of the refueling and storage tank emissions.
Traditionally,a practical tradeoff existed wherethe A/L(Airto Liquid) ratio of the Stage Il system could
be increased toimprove vapor collection at the nozzle/vehicle interface; however, thisincrease in A/L
resultsinairingestionintothe storage tank with a penaltyinfuel evaporation, tank pressurization and
the generation of both vent and fugitive emissions. With ORVR alone, airingestion viaStage ll is
minimized, however airwill stillbe ingested through the ventlineand many non-ORVR vehicles will emit
raw, uncaptured hydrocarbons directlyinto the vicinity of the refueling motorist; orto an adjacent
motorist. To adequately optimize a solution for the GDF, both sets of emissions must be considered
simultaneously.

Why give up one molecule of toxicvapor capture or containment; especially if the means to capture and
containthe vapor yield afavorable economic payback?



ORVR and Stage Il Emissions

In our view, the concept of ORVR “widespread use” is aflawed idea. It’s primary flaw centers on the
“breakeven” or “cross over point” ; where the emissions from ORVR alone are said to equal the
emissions from Stage Il only is not supported by the math;.... the proper math thatis. Whatisneglected
inthis discussionisa properaccounting of the hydrocarbon emissions from non-ORVR vehicles; where
Stage |l systems are notin use. It is bestto illustrate this important point by example; if the throughput
of a given gasoline dispensing facility (GDF) is 150,000 gallons per month; and if one assumes an
emission factor of 8.4 lbm of hydrocarbons per 1,000 gallons of fuel dispensed; the following
assumptions and calculations can be carried out:

1. Assume Stage Il Recovery In-Use Efficiency of 86%

2. Assume ORVRIn-Use Efficiency of 95% (neglecting any subsequent drop-off as a function of
time)

3. Assume ORVR penetration rate as shown in attached Table 1: “Refueling Emissions”; foryear
2013, ORVR penetrationis 72%

Table 1 below shows refueling emissions as afunction of ORVR penetration rate underarange of
scenarios. The emissions are tabulated for asample GDF site with 150,000 gallons per month of
throughput.

First, calculate the uncontrolled refueling emissions from this site:

Uncontrolled Refueling Emissions =150,000 gal/month x 8.4 Ibm/1,000 gal = 1,260 Ibm per
month x 12 months/year=15,120 |lbm/year(Thisiscolumn 1inTable 1)

Next, calculate the refueling emission with only ORVR; assume ORVR efficiency of 95% and ORVR
penetration of 72%, fromyear 2013

ORVR Emissions = 1,260 lbm/mo.x(.72) x (1-.95) + 1,260 lbm/mo.x (1-.72) =45.36 + 352.8 =
398.16 Ibm/mo.x 12 months/year=4,777.92 |bm/year (Thisentryisfoundincolumn 2, foryear 2013 in
Table 1); please note that thisfigure is derived from the ORVR penetration x (1 - the ORVR efficiency):
45.36 Ibm/mo. andthen one has to also add the raw emissions (on the right side of the equation; 352.8
Ibm/mo.) from non-ORVR vehicles to yield the sum of 398.16 Ibm/mo. Please note thatthe raw
emissions exceed the controlled emissions by afactor of 352.8/45.36, or 7.8 times.

In another context;if the ORVR efficiency is 95%; the raw emissions fromanon-ORVR vehicle represent
twenty times the emissions from an ORVR equipped vehicle (1/.05). In Connecticut, the population of
automobilesis approximately 2 million (1,999,809, US Dept. of Transportation, Federal Highway
Administration, Highway Statistics, 2006). Thus, if ORVR penetrationis 72% in year 2013; then 28% or
560,000 vehicles do nothave ORVR. Usingthe factorfrom above; upon refueling each “batch of 560,000
cars”, the raw emissions will be equivalent to 20 x 560,000 or 11,200,000 vehicles. This farexceedsthe
total vehicle population by afactor of 5 times.
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In the Klausmeierreport, the author cites an annual Connecticut gasoline throughput of
1,514,621,566 gallons(based onyear2010 data). If we assume these gallonsare
approximately evenly distributed amongthe 2 million vehiclesin Connecticut; the
annual consumption pervehicle is 757 gallons peryear. Assume further afill -up volume
of 13 gallons perrefueling. Then, the average number of fill-ups percarin CTis 757/13 =
58. So the average driverfills up his/hervehicle, 58times peryear. Thus, inyear 2013,
the equivalent emissions from non-ORVR vehicles refueling at non Stage Il sitesis 20 x
560,000 x 58 = 649,600,000 cars. The ORVR equipped vehicle emissions forthe same
periodare .72 x 2,000,000 x 58 = 83,520,000 cars; where the non—ORVR vehicles
contribute an additional emissions burden of 566,080,000 cars! Thisis simple math;and
clearly this sub-optimal scenario should not be desired by the State of Connecticut.
Please reference thislink forvideo of arefuelingevent withanon-ORVRvehicle ata
non-Stage Il GDF: http://www.youtube.com/watch?v=E8Hoj- vOW4&feature=related
These vaporemissionsinclude benzene, aknown carcinogen and toxic component.

Further Analysis

We have firstshowed invery simple terms why elimination of Stage Il and sole reliance on ORVR-only is

not prudent, and that the notion of WSU (Widespread Use) is flawed. The cost of terminating the Stage

Il program and relying solely on ORVR will yield significantincreasesin emissions for CT in comparison to
a State-of-the-Art alternative. These increases are further quantified and tabulated below.

Table 1: Refueling Emissions: Single GDF

1 2 3

Year ORVR Gasoline Refueling Refueling Refueling

Penetration Throughput Emissions Emissions Emissions
Rate
gal/month No Stagell/ No No Stage Il/ With Stage I/

ORVR With ORVR With ORVR

Ibm/year Ilbm/year Ilbm/year
2011 69% 150,000 15,120 5,208.84 1,512.00
2012 71% 150,000 15,120 4,921.56 1,512.00
2013 72% 150,000 15,120 4,777.92 1,512.00
2014 74% 150,000 15,120 4,490.64 1,512.00
2015 75% 150,000 15,120 4,347.00 1,512.00
2016 77% 150,000 15,120 4,059.72 1,512.00
2017 78% 150,000 15,120 3,916.08 1,512.00
2018 79% 150,000 15,120 3,772.44 1,512.00
2019 80% 150,000 15,120 3,628.80 1,512.00
2020 81% 150,000 15,120 3,485.16 1,512.00



http://www.youtube.com/watch?v=E8Hoj-_v0W4&feature=related

Column 3, Refueling emissions with Stage Il and with ORVR is calculated by assumingthat the recovery
efficiencyisincreasedto 90%; thus (1-.90) or 10 % of the column 1 emissions result.

Continuing on, we next considerthe impact of storage tank vent and fugitive emissions (The Klausmeier
reportrefers to these emissions as Incompatibility Excess Emissions, IEE). These emissions are important

to include inthe analysis since the sum of the refueling emissions and the vent and fugitive emissions
represents an accurate picture of the total emissions experienced at the GDF site.

Table 2: Vent, Fugitive & Total Emissions (including IEE Emissions)

4 5 6 7 8 9 10
Storage Storage Storage Total Total Total Total
Tank Vent & | Tank Vent & | Tank Vent & | Emissions Emissions Emissions Emissions
Fugitive Fugitive Fugitive (Refueling + | (Refueling +
Emissions Emissions Emissions Storage Storage)
Tank)
With Stage | No Stage ll/ With No Stage ll, | No Stagell, Stage ll & Stage ll,
1/ with with or Processor No ORVR, With ORVR, ORVR, no ORVR with
ORVR No without No No Processor Processor
Processor ORVR No Processor Processor
Processor
Ilbm/year Ilbm/year Ibm/year Ibm/year Ilbm/year Ilbm/year Ibm/year
6,570 2,190 45.99 17,310 7,399 8,082.00 1,557.99
6,796 2,265 47.57 17,385 7,187 8,307.95 1,559.57
6,997 2,332 48.98 17,452 7,110 8,509.21 1,560.98
7,156 2,385 50.09 17,505 6,876 8,668.23 1,562.09
7,231 2,410 50.62 17,530 6,757 8,742.87 1,562.62
7,307 2,436 51.15 17,556 6,495 8,819.02 1,563.15
7,385 2,462 51.69 17,582 6,378 8,896.68 1,563.69
7,464 2,488 52.25 17,608 6,260 8,975.90 1,564.25
7,545 2,515 52.81 17,635 6,144 9,056.70 1,564.81
7,627 2,542 53.39 17,662 6,028 9,139.11 1,565.39

In Table 2 above, column 4 is calculated by using an average of two emission factors measured by actual
field tests conducted at GDF using Stage |l vacuum assisted vapor recovery systems. These entries

representthe emissions from the storage tank at a GDF using Stage |l vacuum assisted systemsin
conjunction with ORVRvehicles, at the penetration rateslistedin Table 1. For column 4 entries, no

processoris employed to actively manage the storage tank pressure.

As seenin Appendix 1, the Draft Paperentitled, “Stage Il Vapor Recovery Systems —Options Paper”,
U.S. EPA, Office of Air Quality Planning and Standards, Emissions Monitoring and Analysis Division,
Emissions Factors and Policy Applications Group (C339-02), February 7, 2006,P 132-p 135; IEE = 3.48
Ibm/1,000 gal. The second reference, attached as Appendix 2 of thisreportis entitled, “Vent Line and




Fugitive Emissions Study, National Gasoline Dispensing Facility”, ARID Technologies, Inc., 30 December
2009, P 10; IEE = 3.82 Ibm/1,000 gallons; derived as follows; (617.568 gal evaporated/month)/ (806,404
gal dispensed/mo.) x 1,000 x 5 lbm/gal).

Thus, the average emission factorused foryear2011 is(3.48 + 3.82)/2 =3.65 lbm/1,000 gallon. (dKC
notes a range of 0.42 Ibm/1,000 gal to 2.5 Ibm/1,000 gallons; perhaps Mr. Klausmeier overlooked our
EPA reference) It should be noted that this factor was increased in subsequentyears due to the
increasing population of ORVR vehicles, in accordance with Table 1; as ORVR penetration increases, the
IEE will increase due to leanervapors beingreturned to the storage tank vapor space, whichin-turn
causes a reductionin hydrocarbon concentrationin the vaporspace and resultsin the evaporation of
liquid phase gasoline. For simplicity, Table 2does not listthe years (2011 —2020) onthe lefthand side of
the table. It should also be noted thatthe IEE measuredinthe referenced field tests above represents
the IEE at only a relatively small range intime; wherethe combination of several key variables dictates
the effective, seasonally adjusted overall emission factor.

ARID has derived a proprietary Evaporative Loss Model (ELM) which considers the impact of key
parameters such as fuel storage tank temperature, fuel RVP (Reid Vapor Pressure), A/Lratio of the Stage
Il system, ORVR penetration, and altitude of the GDF. Based on ARID’s extensive field dataand practical
operatingexperience, we believe the actual emissions factors (overan annual period) to be much larger
than the factors obtained during the field test periods noted above.

Column5in Table 2 above represents the storage tank emissions from a GDF not using Stage Il, with or
without ORVR, and no vapor processor. The presence orabsence of ORVR does not impact the air
ingestioninto the storage tank; which will be viathe ventline afterthe negative cracking pressure of the
pressure/vacuum (p/v) valveis reached. Typically, the airingestion will occur when a negative pressure
of -6to -8 inches of water columnisreached. Column5 entries are derived by dividing column 4 entries
by 3. Thisis a representative figure from field tests on USA GDF sites.

Column6in Table 2 above represents the storage tank emissions from a GDF using Stage Il vacuum
assisted vaporrecovery, ORVRvehicles and a processorto actively manage storage tank pressure.
Column 6 entries are derived by applying arecovery efficiency of 99.3% to column 4 entries (The 99.3 %
recovery efficiencyislisted for ARID’s PERMEATOR system on page 133 of the “Stage Il Vapor Recovery
Systems —Options Paper” reference noted previously.) Thus, column 6entries =column 4 x (1-.993).

Column 7in Table 2 represents the sum of the refueling emissions (Table 1, column 1) and the storage
tank emissions (Table 2, column 5); where No Stage I, No ORVR and No Processorare used at the GDF.
Thisis the worst case scenario, with no controls onrefueling or the storage tank.

Column 8in Table 2 represents the sum of the refueling emissions with ORVR (Table 1, column 2) and
the storage tank emissions (Table 2, column 5); where No Stage I, and No Processorare used at the
GDF; with sole reliance on ORVR foremissions reductions. This scenario represents the recommendation
made by Mr. Klausmeier.



Column9in Table 2 represents the sum of the refueling emissions with Stage Il and ORVR (Table 1,
column 3) and the storage tank emissions without Processor (Table 2, column 4); where Stage Il and
ORVRare used at the GDF, but a vapor processoris not employed. This scenario represents the status
guofor CT GDF notemploying processors.

Column10inTable 2 represents the sum of the refueling emissions with Stage Il and ORVR ( Table 1,
column 3) and the storage tank emissions with a Processor (Table 2, column 6); where Stage I, ORVR
and a Processor are used at the GDF. This scenariorepresentsthe state-of-the-art solution for GDF.

Chart 1: Relative Emissions: Refueling & Storage Tank

Gasoline Emissions Under Various Scenarios
150,000 gallon per month refueling site
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As seeninChart1, clearly, the ORVR-only case is not an optimum alternative. Forthe period 2011 thru
2020; the total emissions undereach scenario are as follows:

- Worst Case (No Controls): 175,226 lbm
- StatusQuo: Stage Il, With ORVR, No Processor: 87,198 lbm
- Klausmeier (dKC) Recommendation: No Stage Il, ORVR, No Processor: 66, 634 lbm

- State-of-the-Art: ARID: Stage Il, ORVR, with Processor: 15,625 Ibm



The Klausmeier recommendation may look attractive relativeto the No Processoroption; however,

when compared to the State-of-the-Art option usinga Processor, the Klausmeier option shows an
increase of 51,009 Ibm of emissions, oranincrease of 25 tons of hydrocarbon vapor emissions.

Table 3: Emissions Summary: Single GDF, 10 year time horizon

Uncontrolled Status Quo Klausmeier State-of-the-Art
Ibm Ibm Ibm Ibm
175,226 87,198 66,634 15,625
% Reduction vs. 0 50.2% 62.0% 91.1%
Uncontrolled
% Reduction vs. 76.6%
Klausmeier

The State-of-the-Art option represents a91.1% reductionin atmosphericemissions (in close proximityto
the motorist), while atthe same time saving a large volume of salable fuel and yielding a rapid payback
on invested capital forthe gasoline dispensing facility owner/operator. In addition to increased
operating efficiency, the risk of groundwater contamination via below grade fugitiveemissionsis also
significantly reduced. Moreover, the State-of-the-Art option usingan ARID PERMEATOR represents a
further76.6% reductionin emissionsin comparison to the Klausmeier proposal.

A Note about Pressure Integrity and Failure Modes

In the Klausmeier study, the author highlights the high failure rate of Stage Il vacuum assisted systems in
terms of vaporleakages, and he proposes alowerthan 86% in-use vapor recovery efficiency factor. It
should be noted that GDF equipped with Stage Il vacuum assisted systems (not equipped with vapor
processors) operate ata relatively high pressureforalarge majority of the time. Withreferenceto the
attached “VentLine and Fugitive Emissions Study, National Gasoline Dispensing Facility” foundin
Appendix 2; page 6 shows that the storage tank pressure atthis site exceeded +2 inches of water
column pressure for93.73% of the time, duringthe interval 9October —20 November 2009. The
cracking pressure of the p/vvalve atthissite is+ 3 inches of watercolumn. Since the storage tankis
exertinganearly constant, high back pressure onthe storage tank hardware and associated piping, leaks
are to be expected. Infact, the likelihood for leaks formingin the p/v valves, automatictank gauge caps,
overfill drain valves and othertank fittingsisincreased by the prevailing tank pressure. In addition, the
pressure spikes during bulk tanker deliveries (Stage | operations) are also amplified by the high baseline
starting pressure. Itis ARID’s contention that the use of active vapor processors such as PERMEATOR will
yield asignificantreductionin observed vaporleakages; since the storage tank pressure will be managed
to averylow level;during normal operations and also during transient periods with bulk tanker
deliveries. In addition, failure modes associated with A/Lratio failures are typically due tolow A/L
values; where again, the high back pressure in the storage tank does not allow the vacuum pump within
the dispensertoreachits rated outputlevel. By reducing the prevailing back pressure, the A/Lratios



shouldrevertbackto theirdesign values sincethe dispenser based vacuum pumps will not have to
overcome a high back pressure. As such, Stage Il vaporrecovery efficiencies will be increased, and the
incidence of vaporleakages should be decreased.

It should also be noted that the ARID Permeatoris equipped with pressuresensors, adata logger, and
remote dataacquisition equipment to provide continuous monitoring of storage tank pressure integrity;
with outgoing alarms automatically sentif measured parameters fall outside of a prescribed range.
(Please note that ARID’s data acquisition and storage equipment was used in the NH Study referenced in
the Klausmeierreport).

A Note on IEE Mitigation

The Klausmeier report mentions several options for minimizing incompatibility excess emissions. ARID
would like to highlight technical details as follows:

Please note distinction between “Active processor” and “passive carbon canister”

. Active processorsuch as Permeator responds to all pressure excursions such asatmospheric
pressure variation, bulk tanker deliveries, diurnal breathing, and evaporative losses. The Permeator has
high turn-up capability for processing pressure and volume spikes associated with multiple
compartment drops during bulk fuel deliveries.

. Passive canister has limited adsorption capacity and cannot be regenerated under positive pressure
inthe storage tanks (Stage Il Vac Assist Systems); moreover, even with slight negative pressure which
may develop in the storage tanks (Stage Il Balance Systems); driving force for regeneration will quickly
diminish as adsorbed molecules are desorbed and go backinto vapor phase

- CT estimates 95% vac assist population.

- Nozzle whichis designed to limitairingestion from vacuum pump during fueling of ORVR vehicles has
limited benefit

. If the motorist pumps 10 gallons of fuel to theircar, and only 4 gallons of air/hydrocarbon vaporare
returned to the storage tank; the storage tanks will quickly reach the negative cracking pressure of the
p/v (pressure/vacuum valves); and atmosphericairwill be ingested through the ventline; thus the
remaining balance of 6 gallons of airwill be ingested viathe ventline. Atthe same time, raw uncaptured
hydrocarbon vapors will be allowed to escape at the nozzle/vehiclefill pipe interface (with ORVR, there
are still emissions at the nozzleffillpipeinterface). Moreover, when fueling rates are reduced orthe GDF
closesforbusiness; due tothe constantingestion of ambient air, the storage tank vapor space will lean
out, and gasoline willevaporate from liquid phase to vapor phase, pressurize the tank, and escape from
the p/v vent. The nozzle itself is unable to “process” the resulting extra vaporvolume.

- Balance System conversion: the conversion of vacuum assisted systems to balance systems has
operational and technical challenges. From an operational standpoint, the use of bigger, bulkier
nozzlesrepresentan added challengefor the average motorist. Also, the fuel flow rates with
balance systemstendto be lowerdue toflow on the inner, smaller diameter coaxial hose. In
addition, condensation and evacuation of resulting liquid phase fuel along the vaporreturn path
has provedto be troublesome. Moreover, itis known that the negative pressure developedin
the vehicle fill pipe viaaventuri flow pattern can draw vapors from the GDF storage tank to the



ORVR canister; thisreverse flow pattern puts extraload on the ORVR canister and can negatively
impactadjacent fueling positions.

Cost Effectiveness

As previously mentioned, ARID has developed a proprietary Evaporative Loss Model, the ELM is

presented below:

ARID TECHNOLOGIES - Evaporative Loss Model for Typical Stage Il Vac-Assist site

INPUTS BENEFIT SUMMARY

Monthly Throughput (gallons) 150,000 Vapor/Liquid Ratio 1.05] OWNING UNIT

Monthly Gasoline Gallons Saved Yr 2013 302 Gasoline RVP 10.00] After Tax IRR 23%

Daily Gasoline Gallons Saved Yr 2013 10.05 Storage Tank Temperature 75.00 After Tax NPV @ 10% $20,839

Gasoline Saved, Year 2013, % of

throughput 0.20% Depreciation Life (yr) 5.00 Total Avoided Emissions (Tons) 98.68

System Installed Cost $40,000.00 Altitude (feet above sea level) 750

Discount Rate 10% Lessee Discount Rate (After Tax) 10% ARID Technologies, Inc.

Value of Recovered Gasoline $3.50 323 S. Hale Street, Wheaton, llinois 60187 630.681.8500

PRODUCT SAVINGS Coefficients 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

ORVR Vehicle Population 78.6% 80.2% 81.8% 83.4% 85.1% 86.8% 88.6% 90.3% 92.1% 94.0%

Evaporative Emissions, V/L =xx, Tons/Yr:

Station 1.05 743 753 7.62 773 7.83 7.93 8.04 8.15 8.26 8.37

Recovery with Membrane (Tons of

Gasoline) 99.3% 7.38 747 7.57 7.67 777 7.88 7.98 8.09 8.20 8.32

Pounds of Gas Saved (1 ton =2,000 Ibs) 14,753.29 14,945.73 15,142.01 15,342.23 15,546.44 15,754.75 15,967.21 16,183.93 16,404.98 16,630.45

Gallons of gas Saved (5.2 Ib = 1 gallon) 2,837.17 2,874.18 2,911.93 2,950.43 2,989.70 3,029.76 3,070.62 3,112.29 3,154.80 3,198.16

CASH FLOW FOR PURCHASED

UNITS Coefficients 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Value of Liquid Gasoline Saved $3.50 $9,930.10 | $10,059.62 | $10,191.74 | $10,326.50 | $10,463.95 | $10,604.16 $10,747.16 | $10,893.03 | $11,041.81 | $11,193.57

Bulk Tanker Loading Savings $2,738.08 $2,738.08 $2,738.08 $2,738.08 $2,738.08 $2,738.08 $2,738.08 $2,738.08 $2,738.08 $2,738.08
Subtotal Product Savings $12,668.18 | $12,797.70 | $12,929.82 | $13,064.58 | $13,202.03 | $13,342.23 $13/485.24 | $13,631.11 | $13,779.89 | $13,931.65

Annual Capital, Operating &

Maintenance Expenses 1.50% |  ($40,000.00) ($600.00) ($600.00) ($600.00) ($600.00) ($600.00) ($600.00) ($600.00) ($600.00) ($600.00) ($600.00)

Depreciation: 5 year ACRS ($16,000.00)| ($9,600.00)| ($5,760.00)| ($4,320.00)| ($4.,320.00) $0.00 $0.00 $0.00 $0.00 $0.00

Incremental Operating Income ($3,931.82)| $2,597.70 $6,569.82 $8,144.58 $8,282.03 | $12,742.23 $12,885.24 | $13,031.11 | $13,179.89 | $13,331.65

Incremental Tax Expense 32.00% ($1,258.18) $831.26 $2,102.34 $2,606.26 $2,650.25 $4,077.51 $4,123.28 $4,169.95 $4,217.56 $4,266.13

Incremental Net Income After Tax ($2,673.64) $1,766.44 $4,467.48 $5,538.31 $5,631.78 $8,664.72 $8,761.96 $8,861.15 $8,962.33 $9,065.52
Add Back Depreciation $16,000.00 $9,600.00 $5,760.00 $4,320.00 $4,320.00 $0.00 $0.00 $0.00 $0.00 $0.00

After Tax Cash Flow ($40,000.00)| $13,326.36 | $11,366.44 | $10,227.48 $9,858.31 $9,951.78 $8,664.72 $8,761.96 $8,861.15 $8,962.33 $9,065.52

Cumulative Cash Flow ($40,000.00) ($26,673.64) ($15,307.20) ($5,079.73)  $4,77858 $14,730.36  $23,395.08 $32,157.05 $41,018.20 $49,980.52  $59,046.05

Volume saved/month (gallons) 316.27 301.62 304.71 307.85 311.06 314.33 317.67 321.08 324.55 328.09 331.71

% Throughput Saved 021 0.201 0.203 0.205 0.207 0210 0.212 0214 0216 0.219 0.221

gallons saved per day 10.54 10.05 10.16 10.26 10.37 10.48 10.59 10.70 10.82 10.94 11.06

The cumulative cash flow for this model is presented below:
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After-Tax Cumulative Cash Flow:
Typical Vacuum Assisted Stage Il Site

$59,046.05

$60,000.00 $49,980.52

$50,000.00 $41,018.20

$32,157.05

$40,000.00

$30,000.00 $23,395.08

$20,000.00 $14,730.36

Cumulative Cash Flow ($) $10,000.00 $4,778.58

$0.00

135,079.73)

($10,000.00)
($20,000.00)
($30,000.00) ($26,673.64)
Assumptions:
150,000 gal/month ($40,000.00) .
VIL =1.05 13 2014 2015 2016 2017 2018 2019 2020 2021
Temp= T5F Year
Temp=T75F

Altitude = 750 ft
Fuel Value = $3.50/gal

A ARID Technologies, Inc. 2012

For the inputs noted in the ELM; the fuel savings from operation of the PERMEATOR are shown to be
about 2 gallons of fuel per 1,000 gallons of fuel dispensed. It should be noted that this volumetric
savings rate corresponds toa mass savings rate of about 10 lbm of hydrocarbons per 1,000 gallons; a
figure significantly higherthan the previousfigure of 3.65 Ibm/1,000 gallons used in the IEE calculation
for base year2011. In practice, we note agreement within 10to 15% between actual measured results
and predicted values with the ARID ELM.

For a typical site with throughput of 150,000 gallons per month, an approximate 4year paybackisseen
with an after-taxinternal rate of return of 23%. For the interval 2012 — 2022, 98.68 tons of emissions are
avoided while fuel savings of $132,832 are accumulated from a single GDF. These economics are forthe
capital equipment sale of ARID’s PERMEATOR. An installed cost of $40,000 is used in this analysis.

ARID offers Permeator undertwo options: (1) Capital Equipment Purchase, or (2) Shared Savings
Arrangement. With the capital purchase option, the one-offlist price of the Permeatoris $37,000, which
includes a3 yearwarranty on parts & labor. Under the shared savings arrangement, the Permeatoris
supplied atzero cost, and the customer makes monthly payments equalto 50% of the saved fuel value.
In this manner, even GDF with relatively small throughput can take advantage of the fuel savings and
emissions reduction benefits of PERMEATOR.
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Summary

Using the number of CT Stage Il sites referenced in the Klausmeier summary; if the two smallest
throughput categories are exempt from using State-of-the-Art technology to mitigate vapor emissions
(< 300,000 gal/yearand 300,000-500,000 gal/yearcategories); the remaining 1,060 Connecticut sites are
viable candidates for emissions reductions and associated fuel savings. If one subtracts the annual fuel
consumption estimated from the two smallest throughput categories (approx. 270,000,000 gal/yr.) from
the annual consumption figure of 1,514,621,566 gal/yr.; the remainingthroughput of 1,244,621,566
gallons peryear passing through 1,060 GDF sites will yield significant fuel savings and emissions
reductions.

Tables4A, 4B, 4C, 4D and 4E below present asummary of the fuel savings and emissions reductions for
the State of Connecticut, along with cost data. In these Tables, the IEE emissions are based on a more
realisticfigure calculated viathe ARID ELM, these IEE factors are listed in the Evaporative Loss Model
presented on page 10 of this summary. In addition, the Status-Quo, Klausmeier recommendation and
State-of-the-Art options are compared. Moreover, perthe rationaleabove, ARID assumes that 82% of
the State of Connecticut’s gasoline volumes will pass through Stage Il vacuum assisted GDF, numbering
1,060 sites.

Table 4A: Refueling Emissions: State of CT

1 2 3
ORVR
Penetration Gasoline Refueling Refueling Refueling
Year Rate Throughput Emissions Emissions Emissions
No Stagell/ No No Stage ll/ With Stage I/

gal/year ORVR With ORVR With ORVR

tons/year tons/year tons/year
2011 69% 1,244,621,566 5,227 1,800.84 522.74
2012 71% 1,244,621,566 5,227 1,701.52 522.74
2013 72% 1,244,621,566 5,227 1,651.86 522.74
2014 74% 1,244,621,566 5,227 1,552.54 522.74
2015 75% 1,244,621,566 5,227 1,502.88 522.74
2016 77% 1,244,621,566 5,227 1,403.56 522.74
2017 78% 1,244,621,566 5,227 1,353.90 522.74
2018 7% 1,244,621,566 5,227 1,304.24 522.74
2019 80% 1,244,621,566 5,227 1,254.58 522.74
2020 81% 1,244,621,566 5,227 1,204.92 522.74
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Table 4B: Vent, Fugitive & Total Emissions (includes IEE Emissions)

Connecticut - Statewide

4 5 6 7 8 9 10
(Klausmeier) | (Status Quo) | (State of the
Art)
Total
Storage Storage Storage Emissions Total
Tank Vent & | Tank Vent & | Tank Vent & | (Refueling+ | Emissions

Fugitive Fugitive Fugitive Storage (Refueling + Total Total

Emissions Emissions Emissions Tank) Storage) Emissions Emissions
No Stage ll/
With Stage with or No Stage ll, | No Stage ll,

1/ with without No ORVR, With ORVR, Stage Il & Stagelll,
ORVR No ORVR No With No No ORVR, no ORVR with
Processor Processor Processor Processor Processor Processor Processor
tons/year tons/year tons/year tons/year tons/year tons/year tons/year

6,129.76 2,043 42.91 7,271 3,844 6,652.50 565.65

6,191.99 2,064 43.34 7,291 3,766 6,714.73 566.09

6,256.78 2,086 43.80 7,313 3,737 6,779.52 566.54

6,320.75 2,107 44.25 7,334 3,659 6,843.49 566.99

6,386.00 2,129 44.70 7,356 3,632 6,908.75 567.44

6,452.56 2,151 45.17 7,378 3,554 6,975.30 567.91

6,520.45 2,173 45.64 7,401 3,527 7,043.19 568.38

6,589.69 2,197 46.13 7,424 3,501 7,112.44 568.87

6,660.33 2,220 46.62 7,448 3,475 7,183.07 569.36

6,732.37 2,244 47.13 7,472 3,449 7,255.11 569.87
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Connecticut - Statewide

Table 4C: State of the Art vs. Klausmeier & Status Quo

State of
State of CT | Emissions Fuel Fuel CcT Emissions Fuel Fuel
Savings Reductions | Savings Savings Savings | Reductions | Savings Savings
State of
the Art
State of vs.
the Art vs. Status
Klausmeier Quo
S/yr. @
tons/year % gal/year | S3.50/gal | tons/yr. % gal/yr. S/yr.
3,278 85% 1,311,379 | 4,589,826 6,087 91% 2,434,741 | 8,521,594
3,199 85% 1,279,774 | 4,479,208 6,149 92% 2,459,459 | 8,608,108
3,171 85% 1,268,367 | 4,439,283 6,213 92% 2,485,193 | 8,698,175
3,092 85% 1,236,989 | 4,329,461 6,277 92% 2,510,603 | 8,787,110
3,064 84% 1,225,642 | 4,289,748 6,341 92% 2,536,521 | 8,877,823
2,987 84% 1,194,602 | 4,181,106 6,407 92% 2,562,957 | 8,970,350
2,959 84% 1,183,599 | 4,142,597 6,475 92% 2,589,922 | 9,064,728
2,932 84% 1,172,774 | 4,104,709 6,544 92% 2,617,427 | 9,160,993
2,905 84% 1,162,129 | 4,067,453 6,614 92% 2,645,481 | 9,259,184
2,879 83% 1,151,669 | 4,030,843 6,685 92% 2,674,097 | 9,359,339
Total $ Total $
42,654,234 89,307,403
Table 4D: Revenue per Ton of Emissions Reduced
Average Emissions Emissions
CT Sites for Cost per CT Site, Average Fuel Reductions, Reductions Cost or
Processor Installed Savings, Statewide Statewide Revenue
10 year period; 10 year period; Revenue, S/ton
Number S S/yr. @ 53.50/gal tons/year reduced
1,060 40,000 8,930,740 6,379 1,400
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Table 4E: Revenue per Ton of Emissions Reduced

Total Cost for Financing Cost Net Cost Net Revenue for
Processors (Net Revenue) Emissions Reductions
S 10 yr., straight line
S/yr. S/yr. S/ton
42,400,000 4,240,000 + 4,690,740 + 735

The cost to equip andinstall 1,060 sites with Processors (under a capital equipment purchase) is
approximately $40,000 x 1,060 = $42.4 million. Assume 10 year depreciation toyield annual cost of
$4.24 million peryear. The net costisthen+ $8.93 million/yr. - $4.24 million/yr. =+ $4.69 million/yr.;
where the cost per ton of emissions reduced; is nota cost, but rathera revenue equalto;

- (+54.69 million/yr.)/ (6,379 tons/year) =+ $735 in revenue generated/ ton of VOC reduced

The chart summarizesthe emissionsis presented below, and we obtain dramatically different figures
fromTable 22 and Table 27 shown in the Klausmeierreport.

In conclusion, the elimination of Stage Il and sole reliance on ORVR technology does not provide the
State of Connecticut with optimal emissions reductions;in terms of bothrefueling and storage tank
emissions. Overlooked in paststudies and analyses on this topicare two key elements: 1.) The raw,
uncontrolled emissions from non ORVR vehicles, and 2.) The impact of using active processors to
manage storage tank pressure and significantly reduce storage tank emissions comprised of ventand

fugitive emissions.

The brief analysis above shows that the use of an active processor such as the ARID Permeator provides
the following benefits to a GDF:

» Enhancementof Stagel; pressure spikes during bulk tanker deliveries are processed by

Permeator

» Enhancement of Stage Il; providing ORVR/Stage || Compatibility, without the use of any special
nozzles or other special hardware on the “front-end” Stage Il system (i.e. Conventional Stage ll

can remain in place)
» On-going and continuous pressure monitoring; we measure tank pressure every 4 seconds and
store a 2 minute average; we also monitor and store ambient temperature and atmospheric
pressure; where any critical variables (such as tank pressure) which fall outside of a prescribed
rangetrigger an automatic e-mailalert sent to our central monitoring center
» Economical payback on invested capital; where the fuel savings rate averages 2 gallons of fuel

saved per 1,000 gallons of fueldispensed

o Forsmaller throughput sites, the Permeatorsystem is available under a shared savings
arrangement; whereby the unit is provided for zero cost, and the GDF owner/operator
makes monthly payments to ARID equalto 50% of the fuel savings
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The aggregate benefits forthe State of Connecticut GDF operators include $8.9 million peryearin fuel
savings while at the same time reducing emissions of volatile organiccompounds and air toxics by 6,379
tons peryear.

Further Note

ARID does notseek a regulatory mandate orrequirement for Connecticut GDF to use an active
processor such as Permeator. However, we do believe that Connecticut GDF owners and operators
should be made fully aware of viable options. Even if the compelling benefits of the State-of-the-Art
approach using Stage 1I/ORVR/and Active Processors are ignored by US EPA and the State of
Connecticut; ARID believes that individual GDF owners and operators should be free to continue to use
Stage Il, ORVR and an active processor.

We read with interest the sectioninthe Federal Register which addresses SIP Revision; specifically the
section 110 (I) requirements as well as the Clean Air Act Section 116; where States remain free to
choose to implement Stage |l programsin any area. Perhaps States that continue to use Stage I, in
conjunction with avapor processor will qualify for special state -of-the-art, or MACT status.

This qualification could trigger financial incentives to the GDF owner/operatorsuch asreduced taxes on
motor vehicle fuel and/orasubsidy to help coverthe capital and installation expenses of installing vapor
processor hardware. Moreover, the State may also qualify for various financial incentives while at the
same time earning emissions reductionsin theirSIP. It seemsreasonabletoreward the proactive States
and GDF owner/operators who employ a state-of-the-art approach to reduce emissions above and
beyond mandated levels. Onthe one hand, they will earn an attractive return by paying back their
capital investment with saved fuel, but onthe otherhand, an extraincentive can help ensure that Stage
Il systems are notincorrectly removed in “knee-jerk” reaction by the majority of the GDF
owner/operators.

As an added benefitto regulatory agencies, the efforts expended by the GDF owner/operatorwill be
much strongerand more focused if their “good housekeeping” practices earnthem the opportunity to
realize an economicbenefit—in otherwords; why ensure leak integrity of yourvapor piping system, if
you know the losses are constantly occurring through the p/vvalve ? However, if the GDF
owner/operatorinstalls and maintains Stage |l technology along with avapor processor; they have a
strong financial incentive to make sure all systems on the forecourt are properly operatingand thatthe
associated piping system remains leak free.

We hope ourtechnical comments and critical review of the Klausmeier report willhelp CTDEP and EPA
to betterunderstand the key technical issuesin the interaction of Stage Il and ORVR operations at
GDF’s. With this knowledgein-hand, we hope that regulatory agencies can craft a thoughtful, science-
based approach to reduce GDF hydrocarbon emissionsin the optimum manner. To that end, ARID
stands ready to assist this effortinan objective way.
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Gasoline Emissions Under Various Scenarios
Connecticut - Statewide
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No Stage I, No ORVR, No Processor
W With Stage I, With ORVR, No Processor- Status Quo
M No Stage Il, With ORVR, No Processor-dKC Option
B With Stage I, With ORVR, With Processor- State-of-the-Art

A Note About the Use of MOVES and Additional Data Used in dKC Analysis

We have beeninvolvedinthisindustry for 19 years, and the analysis presentedin Appendix Aon
prediction of “widespread use”; pages 32-41 was extremely difficult to follow. The analysis seems overly
complex, with a multitude of assumptions, models and factors to allow backingin to a “widespread use
date”. It appearsas though Mr. Klausmeier misses the fundamental point that refueling emissions are
generated atthe automobile/nozzleinterface and that vent & fugitive emissions (IEE) are generated
withinthe storage tank. We feel the analysis presented by ARID in this summary more accurately and
logically describes and quantifies the Stage II/ORVR dynamics.

In addition, in AppendixB, Mr. Klausmeierreferences CARB text which must pre -date 2006; as the ARID
CARB Certification G70-209 is not mentioned for ORVR Compatibility. ARID received this Certificationin
October, 2006.

17



From: Ted Tiberi <ttiberi@ARIDtech.com>

Subject: ARID Input on MA Emissions and means to mitigate
Date: May 15, 2012 11:11:31 AM CDT

To: "Eileen (DEP) Hiney" <eileen.hiney@state.ma.us>

Cc: DELAKLAUS@aol.com

Dear Eileen & Rob,
Spreadsheet Tab Index:

1 Stage I1-ORVR-Processor Chart: MA emissions under four scenarios from time frame 2013
- 2022; includes Stage Il enhancement

2 Annual State of MA-ELM Data: raw data for Chart in Tab 1; assumptions listed and cell
calculations are active for your review. Revenue/Ton for Stage Il enhancement calculated at + $
670 per ton

3 ARID ELM Stage Il Site: ARID Evaporative Loss Model is shown for prediction of Stage Il
emissions (from Storage Tanks) and associated fuel savings at a typical MA site with throughput
of 150,000 gallons per month. This ELM uses ORVR population data provided by Klausmeier

4 Cumulative Cash Flow Chart: Cash flow for Stage 1l Enhancement is presented here; this is
graphical representation of data shown in Tab 3; again the throughput is 150,000 gal/mo

5 Pressure Profile Permeator OFF: Non Stage |1 site in PA; pressure profile with Permeator
not active; 3 April - 24 April 2012

6 Press Interval- Permeator OFF: pressure intervals for Non Stage 1l site with Permeator not
active

7 Press Interval-Permeator ON: pressure intervals for Non Stage 11 site with Permeator
actively managing pressure; 26 April - 28 June 2011

8 Non Stage 11, Raw Data: raw data for Non Stage Il case for both Permeator OFF and
Permeator Actively managing pressure

9 Carb Correlation Perm OFF: using pressure interval data to calculate fugitive emissions via
CARB equation 9.1.1 and 9.2.1, with Permeator OFF

10 Carb Correlation Perm ON: using pressure interval data to calculate fugitive emissions via
CARB equation 9.1.1 and 9.2.1, with Permeator ON

11 Non Stage Il Emission Calcs: calculating the total emissions from storage tanks at Non
Stage |1 site; the total tank emissions = fugitive emissions + vent emissions. The vent "losses"
are calculated as Permeator fuel savings (as if Permeator was not operational)



12 ARID ELM Non Stage 11 Site: ARID Evaporative Loss Model is used to predict Non Stage
I1 emissions from storage tanks at typical MA site (the result is compared to figure obtained by
other method in the Tab 11)

13 Non Stage Il Economics: the average emission factor for Non Stage |1 site is tabulated and
used to generate State of MA emissions inventory from storage tanks (at Non Stage 11 sites;
assuming Stage Il is de-activated). Also presented is savings with the ARID processor; in this
case the ARID Permeator AT-100 which is designed to process a slightly lower vapor flow rate
than the standard Permeator AT-150. The Permeator AT-100 is used for Stage | enhancement
and will be offered at reduced up-front cost in exchange for monthly payments from GDF
owner/operators. These monthly payments represent a % of saved fuel; where the income from
fuel savings funds the monthly payment, with a significant portion of the saved fuel income
retained by the GDF owner/operators. The AT-100 also includes pressure monitoring, remote
data acquisition and outgoing email capability.

Eileen/Rob; I'd be pleased to walk you both through the spreadsheet and address any specific
questions. Perhaps I can visit with you in Boston sometime Eileen; please advise. Thank you
again for the opportunity to provide our technical calculations and viewpoint on this important
topic.

Best Regards, Ted

Ted Tiberi

ARID Technologies, Inc.
323 S. Hale Street
Wheaton, IL 60187 USA
office: 630.681.8500
mobile: 708.557.0297
ttiberi@ ARIDtech.com




Overview of Storage Tank Evaporation Losses and Permeator Operation

Stage Il & ORVR Case and Stage | Only Case (No Stage Il)

Ted Tiberi, ARID Technologies, Inc., www.ARIDtech.com, 630.681.8500

15 May 2012
Problem With Stage Il and ORVR

* Fuel storage tanks ingest air while Stage Il vacuum assisted systems refuel cars
equipped with ORVR Canisters (On-Board Refueling Vapor Recovery)

* The air causes the liquid in the tanks to evaporate

* A small amount of liquid creates a large volume of vapors — 1 gallon of liquid
gasoline expands to 520 gallons of gasoline vapor

* The increased volume of vapors causes the tanks to increase in pressure until the
cracking pressure of the p/v (pressure/vacuum) valve is reached

* When the pressure vacuum valve opens at the cracking pressure, vapors escape
from the vent lines — these leaks are called “vent emissions”

* Also, as the tanks are building up pressure on the way to the cracking pressure of
the p/v valve, any small gaps or breaches in the hardware connected to the tank
vapor space can become leaky — these leaks cause “fugitive emissions”. These
fugitive emissions are a strong function of storage tank pressure. Increasing
pressure results in higher fugitive emissions.

* If the hardware leaks are below grade (below ground), the vapors can eventually
condense and create a groundwater contamination problem

* Magnitude of the losses are on average 2 gallons of liquid fuel per 1,000 gallons of
fuel dispensed — a site pumping 200,000 gallons per month will lose about 400
gallons per month to evaporation

Solution

* ARID’s Permeator AT-150 uses a selectively permeable membrane to separate
gasoline vapors from air, and then to exhaust clean air to the atmosphere and
return rich vapors to the vapor space of the storage tanks



* Permeator turns on when the combined tank pressure reaches the Hi set point
and turns off when the pressure reaches the Low set point

* By enriching the vapor space above the liquid in the tanks, the root cause of
evaporation is eliminated

* Also, by reducing the pressure in the tanks below the cracking pressure of the p/v
valve, vent emissions are eliminated

* Moreover, by reducing the pressure in the tanks to a much lower average level,
the magnitude of fugitive emissions is significantly reduced

* Thus, Permeator reduces air emissions, saves fuel and reduces risk for
groundwater contamination

Economics

* One-off list price of Permeator is $37,000 which includes a three year warranty on
parts and labor

* Assume installation costs on “new build site” of $3,000 and “retrofit site” of
$13,000 (depends on site-specific factors and if excavation is necessary for routing
inlet and return vapor lines)

* New build all-in costs of $40,000 and retrofit all in costs of $50,000

* Assume 200,000 gallons per month of gasoline sales with loss rate of 2 gallons per
1,000 dispensed

* Monthly fuel savings = 400 gallons x $4.00/gallon = $1,600 per month = approx
$20,000 per year

* Payback on new build =40/20 = 2.0 years

* Payback on retrofit = 50/20 = 2.5 years

* Operation expense negligible: S40 per month in electrical power and annual oil
change

* Other advantages: elimination of groundwater contamination risk reduces
environmental cleanup exposure and liability for on-going remediation projects —
perhaps this translates to lower insurance premiums

* Further advantages: use of sensors, data logger and remote data acquisition gear
allows on-going monitoring of fuel savings data as well as rapid reporting of



anomalies such as faulty p/v valves, unseated overfill drain valves or other
situations which cause the vapor space to go leaky.

Problem with Stage | only (No Stage Il)

* Fuel storage tanks ingest air when dispensing activity causes the storage tank
pressure to reach the negative pressure setting of the p/v valve

* When dispensing activity decreases or when the station shuts down, the ingested
air causes the liquid in the tanks to evaporate

* A small amount of liquid creates a large volume of vapors — 1 gallon of liquid
gasoline expands to 520 gallons of gasoline vapor

* The increased volume of vapors causes the tanks to increase in pressure until the
cracking pressure of the p/v (pressure/vacuum) valve is reached

* When the pressure vacuum valve opens at the cracking pressure, vapors escape
from the vent lines — these leaks are called “vent emissions”

* Also, as the tanks are building up pressure on the way to the cracking pressure of
the p/v valve, any small gaps or breaches in the hardware connected to the tank
vapor space can become leaky — these leaks cause “fugitive emissions”. These
fugitive emissions are a strong function of storage tank pressure. Increasing
pressure results in higher fugitive emissions.

* If the hardware leaks are below grade (below ground), the vapors can eventually
condense and create a groundwater contamination problem

* Magnitude of the losses are on average 0.5 to 1.5 gallons of liquid fuel per 1,000
gallons of fuel dispensed — a site pumping 200,000 gallons per month will lose on
average about 200 gallons per month to evaporation

Solution

* ARID’s Permeator AT-100 uses a selectively permeable membrane to separate
gasoline vapors from air, and then to exhaust clean air to the atmosphere and
return rich vapors to the vapor space of the storage tanks



* Permeator turns on when the combined tank pressure reaches the Hi set point
and turns off when the pressure reaches the Low set point

* By enriching the vapor space above the liquid in the tanks, the root cause of
evaporation is eliminated

* Also, by reducing the pressure in the tanks below the cracking pressure of the p/v
valve, vent emissions are eliminated

* Moreover, by reducing the pressure in the tanks to a much lower average level,
the magnitude of fugitive emissions is significantly reduced

* Thus, Permeator reduces air emissions, saves fuel and reduces risk for
groundwater contamination

Economics

* The Permeator AT-100 will use the same robust and commercially proven
components as the standard Permeator AT-150 product, but will be designed to
process a slightly lower flow rate of vapors.

* This product will be provided at reduced up-front cost in exchange for monthly
payments from GDF owner/operators. The monthly payments represent a % of
saved fuel; where the income from fuel savings funds the monthly payment; with
a significant portion of the saved fuel income retained by the GDF
owner/operator.

* QOperation expense negligible: $20 per month in electrical power and annual oil
change, with ARID maintaining the unit over the monthly payment collection
period

* Other advantages: elimination of groundwater contamination risk reduces
environmental cleanup exposure and liability for on-going remediation projects —
perhaps this translates to lower insurance premiums

* Further advantages: use of sensors, data logger and remote data acquisition gear
allows on-going monitoring of fuel savings data as well as rapid reporting of
anomalies such as faulty p/v valves, unseated overfill drain valves or other
situations which cause the vapor space to go leaky.



ARID Technologies, Inc.
Ted Tiberi
www.ARIDtech.com

ttiberi@ARIDtech.com

15 August 2012
Comments to State of MA

Some key concepts:

1.

“ORVR and Stage Il are largely redundant technologies”? Why? If a vapor
processor is used, the ORVR and Stage II technologies are clearly not
redundant, but rather complementary technologies, yielding the optimum
emissions reductions.

The concept of “widespread use”? Do the lines really intersect? No; with
reference to Chart found in Appendix, ARID’s data shows that the ORVR,
Stage I with processor Case yields the maximum emissions reductions at all
ORVR penetration rates.

“Foregone Stage Il VOC emissions reductions” vs. “Increased vehicle refueling
emissions” (One cannot neglect the raw VOC and HAP emissions from non-
ORVR and non-Stage Il refueling activities). The ERG report references the
declining emissions reductions achievable with Stage Il as ORVR population
increases. This statement is true; however, the ERG report does not seem to
address the magnitude of the emissions generated from non-ORVR refueling
activity. As seen in our comments and calculations below, these emissions are
significant, and we were unable to generate figures consistent with the ERG
report values. ARID does not have deep understanding of the MOVES
algorithm; however, we thought our simple calculation method should have
shown better agreement with the MOVES generated data. We ask ERG to
further explain the rationale and algorithm and to confirm if the non-ORVR
emissions are in fact included in their analysis.

95% ORVR control efficiency means that 20 x the emissions will result from
non-ORVR refueling

98% ORVR control efficiency means that 50 x the emissions will result from
non-ORVR refueling. For example, 10 vehicles being refueled without ORVR
will generate the same emissions as 500 cars being refueled with ORVR;
assuming an ORVR vapor recovery efficiency of 98%.

Why was enhanced Stage I, with ORVR and vapor processors not considered
by State of MA as a viable control option? If vapor processors are considered
to enhance Stage I; the use of processors to enhance Stage Il is clearly a
viable option; especially considering the Chart in the Appendix.

The comments above and below are supplemented by the spreadsheets, reports and
additional comments submitted to Ms. Eileen Hiney via email on 14 August 2012.



Specific Comments on the ERG Report, “Air Program Support for Stage I and
Stage II Programs in Massachusetts”, 16 July 2012

Page 3-4; “Because...ARID’s estimates have not been independently verified, ERG did
not use their IEE factors in our analysis”. The ARID IEE factors were generated by a
third-party study conducted at a GDF located in Florida; with oversight from Florida
DEP, the Palm Beach County Health Department, and the United States EPA,
Research Triangle Park. This study is referenced in the EPA’s February 7, 2006
Options Paper, entitled, “Stage II Vapor Recovery Systems - Options Paper”. The
specific ARID reference can be found on pages 132 thru 135.

Page 3-9; Summary

- “ORVR systems alone will result in the same reductions as Stage Il systems
alone around July 2013”. We disagree with this statement, since we were not
able to show agreement with the ERG values and the values we calculated
with simple algebra. Please refer to calculations, below for year 2013:

ORVR Penetration Rate: 77.7%; gasoline throughput for State of MA =
2,916,370,000; Emissions from ORVR only = 951,728 1b./year (95%
recovery efficiency, 8.4 1b./1,000 gallons Uncontrolled emissions
rate). So for ORVR emissions; 0.326 1b./1,000 gallons. For Emissions
from non-ORVR vehicles = 5,462,944 1b./yr. (non ORVR % = 1-ORVR%
= 22.3%); for non-ORVR vehicles, the emissions rate is 1.87 1b./1,000
gallons; where total rate is 0.326 + 1.87 = 2.20 1b./1,000 gallons. ERG
reports a value of about 1.2 1b./1,000 gallons.

Stage Il only Emissions: 87% of fuel dispensed through Stage II
systems, and 86% recovery efficiency yields value of 1,491.90
tons/year of emissions = 2,983,796 1b./year = 1.023 1b./1,000 gallons.

We do not understand why the ORVR only emissions data do not show
closer agreement with our simple derivation. Does the MOVES model
adequately account for the raw emissions from non-ORVR vehicles?
For example, in year 2013, the non-ORVR emissions are equal to
5,462,944 1b./year; which exceeds the ORVR emissions rate by a
factor of 5.74 to 1.

- When the case of Stage Il enhancement with a vent processor is considered;
the ARID data show that the optimum option for emissions reductions is the
combination of Stage II, ORVR and vent processor. ARID has measured IEE
factors much higher than the ERG reported figure of 0.86 1b./1,000 gallons.
The cost effectiveness of Stage Il controls, when used in conjunction with



ORVR and a vapor processor are favorable through all time periods with ever
increasing ORVR penetration rates.

Page 4-3; section 4.1.2 Vapor Leak Monitoring Systems. The ARIDAS (ARID Data
Acquisition System) gear was used by the State of NH in their study to assess
storage tank vapor leakages (This report is referenced on page 4-7 of the ERG
Report). The ARID equipment was used throughout the New England winter months
with no operational problems. The ERG report failed to mention the use of this
equipment for the NH study. In addition, ARID has a PERMEATOR vapor processor
system installed in the state of MA (Danvers, MA). This unit has been operating
error free for over two years. ARID is pleased to share operating data from this unit
with state of MA DEP.

Page 4-10; Section 4.2.3 Require Pressure Management System (Emissions
Processors) Pressure/Vacuum or P/V valves do not reduce vent losses from
gasoline storage tanks. The P/V valve will simply allow pressure to increase up to
the threshold or cracking pressure of the P/V valve; as such, fugitive losses (which
are a direct function of storage tank pressure) will increase.

Page 4-11; ARID Technologies Summary. The ARID data reports emissions
reductions from both vent and fugitive emissions from the gasoline storage tank.
Our data does not assume that GDF’s do not have P/V valves; our data (and
supporting studies) show clearly that the presence of the P/V valve simply increases
fugitive emissions (while at the same time decreasing vent emissions); where the
total emissions (Vent + Fugitive) remain essentially constant. The figure listed of 4.5
1b./1,000 gallons represents the emissions reduction from a non-Stage II site.
ARID’s ELM (Evaporative Loss Model) also is suited to predicting emissions
reductions from Stage Il sites with inputs of A/L ratio, fuel RVP, fuel temperature,
gasoline throughput, ORVR penetration, and altitude of the GDF. ARID has
equipment available to monitor and measure vent losses at GDF, and we volunteer
our equipment and insights to State of MA, CT, NY and other States seeking to make
measurements of these parameters.

We did not receive an opportunity to clarify any questions by the ERG report author
on any of our inputs.

Page 4-13; Costs for Continuous Monitoring for Vapor Leaks

ARID mentioned previously the ARIDAS system. This unit has been proven in the
New England environment and is robust. Fixed Cost/GDF is about $4,750. It should
be noted that the PERMEATOR system (ARID’s vapor processor) includes the
ARIDAS gear.

Page 5-1; Environmental Justice Communities
The ORVR population data shown for EJ (73%) vs. non EJ (77%) communities does
not appear very meaningful since the derivation of these figures appears very



complex and relied upon so-called Inspection Center data. Readers will need more
data to fully understand the source of the ORVR data. The key point is that non Stage
I and non-ORVR refueling activities will directly expose the motorist (and nearby
people) to VOC’s and HAP’s from gasoline vapor. These vapors will be ingested and
inhaled with significant adverse health effects. These adverse health effects could be
avoided with the continued use of Stage II, where the adverse impacts of IEE are
mitigated with the use of a vapor processor.

Appendix

Gasoline Emissions Under Various
Scenarios
Massachusetts - Statewide
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ARID TECHNOLOGIES, INC.

ARID TECHNOLOGIES INC.

28 September 2004

Mr. Thomas A Driscoll

Senior Environmental Scientist

United States EPA

Office of Air Quality Planning & Standards

Emissions Monitoring and Analysis Division

Emissions Factors and Policy Applications Group (D243-02)
109 T.W. Alexander Drive

Research Triangle Park, North Carolina 27709

Dear Mr. Driscoll,

As a follow-up to my presentation on 20 September at the Public Meéting hosted by USEPA, 1
am pleased to provide my written statements and supporting information concerning Stage II
VRS and ORVR incompatibility.

Background

ARID Technologies, Inc. has been directly involved in gasoline vapor recovery technology and
associated storage tank dynamics since the company was founded in 1993. From inception to
present, ARID has installed more than 125 PERMEATOR systems worldwide, and our
experience includes system installations and technical studies conducted in Japan, Europe, South
Korea, Mexico and the United States. ARID has developed an Evaporative Loss Model which is
used to quantify “incompatibility excess emissions” at a given refueling facility based on five
primary factors: gasoline RVP, gasoline storage tank temperature, V/L ratio of the Stage II
system, altitude, and ORVR vehicle population. This model has been shown to provide very
accurate results between measured and modeled values throughout a diverse range of parameters
compiled from refueling facilities located around the world.

Widespread Use

It appears as though stakeholders are interested in the concept of “widespread use” due to the
assumption that as more and more vehicles are equipped with ORVR controls, the need for Stage
IT vehicle vapor recovery systems will diminish. The further assumption made in the Issue Paper
is that the combination of Stage II and ORVR technologies yields lower overall emissions than
the emissions generated with either technology used alone’.

ARID respectfully challenges the latter assumption, as our measured and modeled data show a
remarkable increase in the incompatibility excess emissions (IEE) generated in the storage tank
system as a result of the fundamental incompatibility of Stage II vacuum assist and ORVR
technologies. In Appendix 1, Figures 1-4 show the In-use Control Efficiency (IUE) and overall

' Stage I1 Vapor Recovery Systems Issues Paper, Thomas Driscoll, August 12, 2004, pages 17 and 21
1
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storage tank evaporative and vehicle refueling emissions at an individual gasoline dispensing
facility. The dispensing facility conditions are as follows:
A Throughput: 330,000 gallons per month in 2005 (growth rate of 2.5% per year,
thereafter)
A V/L = 1.05 (Stage II vacuum assist system, ORVR penetration per CARB)
A Altitude: 1,000 feet above sea level

Two cases are presented: Figures 1 & 2 are based on 13 RVP fuel at 72 F (Case 1), and Figures 3 -
& 4 are based on 9 RVP fuel at 85 F (Case 2). Case 1 represents a moderate climate USA site in
the winter months, and Case 2 represents a typical moderate climate USA site in the summer
months. As seen in Figure 2, with ORVR and Stage II systems employed, year 2005 storage tank
and vehicle refueling emissions equal 30 tons per year for a single refueling station (0.24% of
throughput = 15 1bm/1,000 gallons). As ORVR penetration and fuel consumption increase in the
future years, the emissions reach a level of 40 tons per year by 2010 (0.29% of throughput = 20
1bm/1,000 gallons). The year 2005 and 2010 IEE emissions exceed the AP-42 figure of 1
Ibm/1,000 gallons by a factor of 15 and 20, respectively.

In Figure 1, the In-use Control Efficiency (IUE) for the ORVR and Stage II system combination
begins at about 50% in year 2005. In future years, the overall recovery efficiency for this option
declines and approaches the ORVR only option. Unfortunately, the options are converging at an
IUE of about 30% (The best achievable IUE by ORVR only is approximately 50%). Conversely,
the ORVR and APCD option begins with an IUE of about 80% and approaches a level of about
98%.

Case 2 plots are presented in Figures 3 & 4. As seen in Figure 4, with the ORVR and Stage 11
systems in use, year 2005 storage tank and vehicle refueling emissions equal about 18 tons per
year, and the emissions increase to a level of about 22 tons per year by 2010. In Figure 3, the In-
use Control Efficiency (IUE) for the ORVR and Stage II system option begins at about 60% in
year 2005. Again, the ORVR only option and the Stage II/ORVR option converge to a low IUE —
in this case about 40%. The ORVR and APCD option begins with an IUE of about 76% and
approaches a level of 98%.

For comparison, the measured IEE for two sites are presented in Appendix 2. One site is located
in Grass Valley California and the other site is located in Lantana, Florida. As seen in the data
summary, the California site IEE measure approximately 0.34% of throughput and the Florida
site IEE average about 0.36% of throughput. The excess vapor generation rate is very accurately
calculated, and the hydrocarbon concentration of the vapors generated was estimated. The
accurate quantification of the IEE is readily accomplished by application of known test methods,
and ARID strongly recommends that such testing is conducted and/or supervised by USEPA.

For yet another comparison, additional data are presented for each site in Appendix 3. The
measured savings in evaporative losses (IEE) are shown to be 0.40% of throughput and 0.37% of
throughput for the California and Florida sites, respectively. These data were generated with the
use of ARID’s remote data monitoring and acquisition technology used in conjunction with
sensors installed on the PERMEATOR (Please recall the details of these calculations presented
to you and USEPA Staff during our previous meeting in August 2004).

In general, ARID would like to emphasize the presence and magnitude of the incompatibility
excess emissions, [EE. Instead of considering such emissions as part of ancillary issues, ARID



feels that the magnitude of these emissions are such that they must strongly influence the thought
processes contemplated for the definition and supporting algorithms related to “widespread use”.
In addition, these emissions must be considered in the context of the administration of potential
SIP credits for various aspects of vapor recovery.

Emission Factors for Fugitive Emissions

With reference to the plot presented in Appendix 4, Mr. Paul Marzilli of the California Air
Resources Board (CARB), calculated fugitive emissions with PERMEATOR “OFF” and with
PERMEATOR “ON” at ARID’s Grass Valley Chevron test site located in Grass Valley
California®. The results of these measurements are as follows:

PERMEATOR “ON” PERMEATOR “OFF”
UST average pressure 0.178 inches H20 2.823 inches H20
Fugitive emission factor 0.074 1bm/1,000 gallons 0.782 Ibm/1,000 gallons

The ratio of the fugitive emission factor with PERMEATOR OFF to PERMEATOR ON is equal
to .782/.074 = 10.6: 1. In addition, the ratio of the fugitive emission factor with PERMEATOR
ON to the IEE factor calculated in Case 1 (2005) is 15 /.074 = 202.7. Thus, the UST vent
emissions exceed the fugitive emissions by more than 200 times.

The accounting of the emissions as either “fugitive” or “vent emissions” is largely an academic
exercise. The key concept is that an excess vapor generation rate is present within the storage
tank system (We use the term “vent emissions” to include emptying, breathing, and IEE
emissions). This excess vapor volume created will result in an observed pressure increase within
the storage tank system. A relatively “tighter system” will yield higher vent emissions and a
relatively “leaky system” will yield higher fugitive emissions. In general, if an APCD device is
employed to reduce the overall storage tank pressure while at the same time capturing and
recovering vent emissions, the driving force for fugitive emissions is dramatically reduced, and
the vent emissions themselves are significantly reduced.

When one combines the Bernoulli equation with the Continuity equation, one obtains the
following expression for relating the mass of emissions through a holé in a pressurized system:

m=A x (2 x P at/RT x (P tank — P atm)) ~1/2; where

m = mass flux

A = effective area of the “hole” or “holes” in the system
P atm = atmospheric pressure

R, T = ideal gas constants

P tank = tank pressure

Thus, the square root of a pressure differential accurately describes the variation of fugitive
emissions with pressure for a given temperature and hole size.

2 Email correspondence from Mr. Marzilli to Ted Tiberi, ARID Technologies, Inc., Wednesday, April 21, 2004, cc:
Cindy Castronovo and Laura McKinney (CARB). Method used was TP-201.2F.




Another point is that the API and CARB estimated incompatibility excess emissions are on the
same order of magnitude as the fugitive emissions measured with PERMEATOR OFF. More
importantly though, the magnitudes of these IEE are very small in comparison to the Case 1 vent
emissions reported by ARID.

API], 2004 Study CARB, 1999 Study ARID, Case 1

IEE’ 0.33 1bm/1,000 gal | 0.86 1bm/1,000 gal 15 1bn/1,000 gal

The ratio of each value to that reported by ARID is 45:1 and 17:1, for the API and CARB
figures, respectively.

SIP Credits

After proper quantification of IEE, decisions on providing SIP, or other market based emissions
reduction credits can be properly formulated. From Figures 1 & 3 in Appendix 1, one can
quickly see that the maximum recovery efficiency is provided by the integration of ORVR, Stage
IT and APCD control technologies. The second best option, with significantly reduced cost of
ownership (and operation) is the combination of ORVR and APCD control technologies.
Assuming the ultimate objective is cleaner air, USEPA and individual states can craft various
innovative strategies which allow gasoline dispensing facility owners/operators to proactively
take steps to significantly reduce emissions of VOC (volatile organic compounds) and HAPS
(hazardous air pollutants). In addition to enjoying the economic benefits of being able to resell
the same volume of fuel which they purchased, gasoline marketers will appreciate the cleaner
environment in close proximity to their refueling station. As an added bonus, any SIP or

emission reduction credits accruing to the state and/or gasoline marketer can accelerate adoption
of APCD technologies.

The “Issue Paper” asks for comments about encouraging increased inspection and maintenance
of hardware employed at gasoline dispensing facilities. ARID feels that in the past, the incentive
for “good housekeeping” practices by facility owners has not been present. The two primary
reasons for this are 1.) If a station owner put forth the effort to ensure leak integrity and proper
operation of their vapor recovery system, they could guarantee themselves that all their lost
product would escape their storage tank system through the p/v vent, and 2.) The sole reliance on
centralized monitoring of tank levels and liquid line leak test results removed the involvement of
the local site personnel.

These negative factors can be mitigated by the following developments: 1.) The use of an APCD
now gives the station owner the proper incentive to ensure hardware is properly maintained and
that the vapor carrying components remain leak-tight. Instead of losing vapors at the UST vent
(or fugitive sources), the wise station owner will diligently maintain their APCD equipment with
the confidence that their efforts and investment will be rewarded with saved product. 2.) The use
of simple monitoring technology (such as overall storage tank pressure and APCD run times) can
be coupled with local involvement of station personnel. For example, visual inspections may be
helpful in identifying catastrophic liquid leaks, but visual inspections are perhaps not as
insightful for identifying vapor leaks or vacuum pump degradation within sealed housings. As a
solution, consider the impact of continuous monitoring of storage tank pressure from a central

3 Table 1, page 14, Stage II Vapor Recovery Systems Issues Paper, Thomas Driscoll, August 12, 2004




location, with exceptions reporting capability. This means that if storage tank pressures (or
APCD duty cycle) varied significantly from the “normal profile” expected, the system would
alert site personnel to conduct further inspections. The site personnel assigned by the marketer
(for the individual station, or group of stations) would then further investigate typical leak
sources and would arrange for detailed hardware inspections (vacuum pump service) or a leak
decay test, if necessary, to pinpoint the anomaly.

This approach re-involves the local personnel to take “ownership” of the inspection and
maintenance processes. Due to the use of an APCD, their efforts are rewarded with saved
product. It seems reasonable that SIP credits (or other market based credits) could be linked to
the use of APCD systems, integrated monitoring and local inspection/maintenance programs to
further accelerate adoption of good housekeeping practices. In addition, the designation of
BACT, MACT or RACT for the use of APCD technology and/or inspection & maintenance
programs could possibly trigger additional SIP credits, government subsidies, tax relief or market
based emission credits. '

Monitoring of Stage 11

The issue paper raises an interesting point regarding the capital investment to monitor systems
which are likely being phased out. ARID believes that useful monitoring information can be
obtained from “macro” variables such as combined storage tank pressures and APCD run times.
The use of “micro” variables (A/L ratios) generated at individual refueling points with so-called
ISD systems does not seem necessary nor prudent, considering the cost of the information
generated coupled with the likelihood of a short useful lifetime of such equipment. On the other
hand, the need for “back-end” APCD technology will continue in perpetuity, regardless of the
“front-end” mix of Stage II vacuum assist and ORVR technologies. Thus, a monitoring approach
of macro variables associated with operation of APCD technology represents a simple, elegant,
robust and much more long-term and cost effective option for petroleum marketers.

Conclusion

ARID strongly supports the need for field testing to accurately quantify the storage tank vent
emissions (IEE, emptying and breathing and fugitive). We support further emissions factor work
on items (a) — (c) listed on page 28 of the “Issues Paper”. New, updated emissions factors are
needed to allow relevant decisions to be made regarding widespread use and the potential
administration of SIP and other market based credits. ARID also believes that a need exists for
APCD technology now and in the future, regardless of the mix of Stage Il and ORVR
technologies used for vehicle vapor recovery. The APCD technology can be considered “Stage
I1I” technology — storage tank vapor containment technology as opposed to vehicle vapor
collection equipment.

The stakes in this discussion are high, as VOC’s and HAPS are being emitted in great quantities
and in close proximity to gasoline dispensing facilities. Often times, these refueling facilities are
located relatively close to large population centers. In recent years, the concept of “co-branded”
sites has resulted in consumers and facility employees spending much more time within the
refueling station environment. This extra time spent directly correlates to increased exposure to
potentially harmful emissions. As seen in Appendix 5, recent studies have quantified the
increased emissions and their associated impact on human health.



Thank you for the opportunity to provide our comments and data. We are available at the
convenience of USEPA Staff to discuss in-person in Research Triangle Park, via email, or by
telephone any of the information presented in this correspondence. ARID looks forward to
helping USEPA understand, measure and mitigate gasoline storage tank evaporative losses.

Sincerely,

Tl P e

Tedmund P. Tiberi
Pres‘ident



Appendix 1
Storage Tank & Vehicle Refueling Emissions
In-use Control Efficiency (IUE)
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Appendix 2
Measured Incompatibility Excess Emissions (IEE) — Method 1
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Appendix 3
Measured Incompatibility Excess Emissions (IEE) — Method 2
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Appendix 4
Grass Valley Chevron
Storage Tank Pressure Plot
PERMEATOR “OFF” vs. PERMEATOR “ON”
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Appendix 5
Increased Emissions in the Vicinity of Gasoline Dispensing Facilities
Health Impact of HAPS From Emissions
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Introduction

Tt is estimated that 35 % of the ar;_t_hrbpoge_nic volatile organic Cofnpound (VOC) emissions are

due to vehicle exhaust and evaporative losses [1]. In urban areas the contribution to the VOC
emissions from traffic may reach 60 - 80 % of the total emissions. VOCs play an important role
in the formation of photochemical smog, and benzene in particular is known to be a cancerogenic

‘agent. Therefore, there is no doubt that good air quality in cities depends on the control of voC .

emissions. Regardless of the policies. adopted by individual countries in the European Union,
several EC derCthCS have been implemented in order to control the emissions, €.g., catalytic
converters have been installed to limit car emissions [2] and specifications have been formulated
concerning benzene levels in petrol [3]. Recently, a new directive has been proposed setting out

‘guidelines for the control of VOC emissions from petrol stations. This directive also concerns
‘the installation of vapour recovery systems at the pumps, in order to prevent the dispersion of

fuel vapours into the air when refilling [4].

‘VOC emissions from petrol storage and d1str1but1on systerns represent some 500.000 tonnes per

year, i.e. 5 % of total man- -made VOC emissions in the European Union. Petrol stations situated

in urban areas are considered critical locations from the point of view of air quality. Evaporative .

losses are the principle cause of contamination around petrol stations. These losses are mainly

- produced during tank refilling, by the vent pipes of the storaae reservoirs, as well as durmg

accidental fuel splllacres while refilling.

‘The Ob_]CCtIVC of the campaign was to detenmne the impact of ambient VOC concentration lev-

els and the grade of d1sper51on of VOCs emitted by petrol stations in urban agglomerations.

f
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Selection of the contaminants

The diversity of contaminants emitted by petrol due to-evaporation depends on its composition.
About 95 % of the vapour emissions from petrol derive from paraffinic (80 %) and olefinic

" (15 %) compounds; the remaining 5 % from aromatic compounds [5].. The latter compounds -
- have proven to be the most important because of their carcinogenic effect and their higher per-

centage levels in unleaded fuels. The carcinogenic effect between the monoaromatic hydrocar-
bons is demonstrated for benzene. Compounds such as toluene, xylenes, ethyl benzene, 1,2,4-

*methyl benzene cause an increase in the number of overall malignant tumours [6].-

The composition of fuel vapour is directly related to its liquid composition. It is known that
unleaded petrol contains a high proportion of aromatic hydrocarbons (between 30-45 %).
Benzene, toluene and xylene (BTX) were selected as a tracer for VOCs emitted .by petrol -
stations because of their toxic effect and their presence in fuels at a significant levels.

Sampling strategy

N

Approximately 20 sampling sites were selected for each petrol station. These sites were distrib-
uted in the precinct and in the surroundings of the petrol stations over an area of approximately
200 metres in diameter. In Figures 3 to 6, the positions of the samplers are indicated: The diffu-
sive samplers were fixed to lamp-posts at a helght of 3 metres above the ground and were pro-
tected from prec1p1tat10n with a special cover.. :

Three consecunve sarnphng periods of fourteen days were established for each campalgn - see

_ Table IT -. Diffusive samplers were collected at the end of each period.

In addition, daily analyses were carried out using active tubes i in station A, B and C.The posi-
tion of the active tubes is indicated in Figures.1 to 4 by a red cross. :

Table I1: Sampling periods during the campaign - 1994 -

Season‘/ Period | Petrol station/city From h | To

Winter - 1st period Cand D - Brussel§ January 22nd Februéry 5th
Winter - 2nd period C and D - Brussels February 5th | February 19th _
Winter - 3rd period Cand D - Brussels | February 19th March 5th -
Autumm - Tst period | C and D - Brussels Septerriber 19th October 4th
Autumm - 2nd period | C and D - Brussels October 4th" - .| October 19th
Autumm - 3rd period | C and D - Brussels October 19th November 3rd
Autumm - Tst period. | A and B - Murcia September 25th October 9th
Autumm - 2nd period | A and B - Murcia October 9th October 23rd
Autumm - 3rd period | A and B - Murcia October 23rd November 6th




Metéorologi_cal C’ondi_tions during the campaigns

Table IV shows the meteorolog1cal condmons for the respective samplmg penods and locations.
A brief description of the table is given below: :

Winter campaign in Brussels (January 22nd to March 5 th)

The weather conditions were typical for the cold season in the North of Europe. In particular,
overcast sky.with rain and snow predominated during this period, with mean temperatures

ranging from 0 to 10 °C. Anticyclonic conditions with nocturnal inversions, low temperatures.

(as low as -8 °C), and weak solar radiation prevailed from 13th to 20tk February.‘

Autumm campaign in Brussels (September 19th to November 3th).

Temperatures ranged from 5 to 18 °C with average temperature of 12 SlC Mean wind speeds of
about 3 m/s were measured. Humidities of about 80 % and a mean daily prec1p1tat10n of

-39 L/m? could be consu_iered normal for this period in Brussels.

.Auz“umm campaign in Murcia (September 25th tb November 6th)

,Meteofological data were available from the Murcia Meteorological Station (3 km from Murcia

- city). Temperatures ranged from 8 to 30 °C with an average temperature of about 20 °C. The
average relative humidity was 80 %, the atmospheric pressure ranged between 1013 and 1018
- mbar (sea level) and the mean wind speeds were between 1.6 and 1.9 m/s. Precipitations over 8

" Table IV: Mete

'\.,,:;

L/m? were only measured for four days dunng the first four weeks

orological conditions for the period campaigns

; Wind
‘ Temperature, °C RH% ; Aver. Direction frequency, %
Season'/period | Location P ° Ri}?’ﬁ” pressure quency, 7 Average
‘ mbar | First |Second| Third | Fourth | . speed

m/s

Min, | Max. | Aver. | Min. | Max. | Aver. quarter| quarter | quarter|quarter

Autumm/1st

Murcia 13 30 204 .40 [100 | 77 21.4 [1013.5| 37.1 | 142 ] 26 16.3 | 6.4 1.9

Autumm/2nd |Murcia | 12 | 28 {203 | 40 | 100 | 77 | ‘23 |1017.8] 25.8 | 13.3 | 28.5 | 22.8 | 9.6 | 1.7
Autumm/3rd | Murcia | 7.6 { 25 | 17.7 36 | 100 | 81 4.2 11016.5] 19.6 | 11.8 | 345 | 257 | 8.4 1.6
Autumm/Ist | Brussels | 10.6 | 18.3 | 14.2 | 77 | 91 1843 | 17.2 NA 303|177 [ 382 (177 | - 2.5
Autumm / 2nd| Brussels | 5.6 [14.8 | 9.7 | 63 | 89 (763 0.7 NA [30.13] 525 {149 | 235 | - 267
Autumm 3rd | Brussels | 8.4 [14.3 [ 109 | 70 96 84 44.8 NA 13 1217|755 1.4 - 4.7
Winter / st Brussels | 3.3 [ 7.7 | 58 | 66 {100 | 82 51.9 NA | 39 [ 129|582 249 - 4.8
Winter /2nd | Brussels | -0.4 | 5.2. | 23 | 63 | 97 78 I 6.4 NA | 205 | 424|238 | 132 | - 3.5
Winter /3rd | Brussels | 8.1 |14.3 | 11 63 | 99 84 | 36.7 NA 9.3 12147 60.7 | 853 | - 3.4

NA: Non Available
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Table VI: Petrol station A (Murcia). Average concentrations during the autumm period (ug/m?)

Position benzene toluene m-xylene .
1 21,1 . 60,2 32,8
2 24,8 65,0 36,1
3 25,3 © 66,8 48,5
4 20,9 60,9 31,7
5 20,6 56,5 32,3
6 33,3 78,7 44,1
7. 27,2 63,5 42,7 -
8. 25,5 61,1 33,6

"9 39,1 83,6 49,8
10 23,7 -53,1 30,8 .
11 121,5 218,7 93,2
12 172,4 302,9 122,4°
13 177,2 316,5 - 116,2
14 108,3 214,0 85,3
15 23,5 61,7 37,6
16 187,6 1325, 142,4
17 144,4 286,4 . 119,7
18 85,5 184,4 87,9
19 13,6 36,7 20,7
20 14,7 40,6 22,0
‘ 21 11,9 34,2 19,4

.Table VII: Petrol station B (Murcia). Average concentrations during the autumm period (ug/m?3)

Position _benzene stoluene m-xylene
1 12,7 36,3 17,6
2 17,0 48,2 27,4
3 20,6 56,2 39,7
4 17,7 53,1 28,1
5 23,8 69,2 © 39,3
6 21,9 58,4 34,3
7. 29,9 70,8 38,3
8 18,7 58,3 35,9
9 37,9 74,3 37,7
10 70,2 134,2 61,1
11 121,2 213,4 87,5
12 90,1 152,1 61,9
13 121,3 197,0 78,5
14 96,7 197,8 86,4
15 79,3 157,2 72,8
16 33,2 85,2 42,6
17 27,9 62,8 - 35,7
18 12,2 29,9 15,2
19 13,7 32,0 15,7
20 12,9 32,9 17,4




Table X: Petrol station C (Brussels). Average concentrations during the winter period (ng/m?)

Position benzene - toluene m-xylene
1 - 4,4 6,3 4,7
2 4,3 12,8 7,9
3 3,9 16,2 6,4
4 2,3 6,9 3,7
5 5,6 9,0 . 5,4
6 2,8 7,9 3,1
7 15,7 66,3 32,3
8 10,3 - 51,0 24,9
9. 17,5 43,0 21,5
10 19,9 52,0 17,3
11 11,9 34,8 12,6
12. 4,6 16,2 - 7,0
13 9,9 23,6 7,5
14 6,9 16,4 42
15 - 33 8,9 4,3
16 4,5 13,4 8,0
17 3,9 11,7 4,7
18 8,8 16,1 4,9
19 2,7 14,0 50

Table Xi: Petrol station D (Brussels). Average concentrations during the winter period (ug/m?3) -

Position benzene toluene m-xylene

E 4,0 10,2 2,4

2 4,1 11,2 3,0

3 43 12,2 3,2
4 $ 23,4 49,8 9,7
5 4,3 12,2 3,2
6 4,0 - 17,7 7,9
8 13,1 33,7 9,1

9 16,3 42,1 11,3
10 17,6 42,5 114
11 20,3 42,2 14,2
12 6,8 31,2 12,3
13 3,4 11,1 6,1
14 4,3 13,3 7,7
15 4,4 225 16,9
16 3,0 13,0 7,9
18 3,8 15,8 8,3
19 - 16,4 10,1
20 4,2 17,5 9,7
21 4,2 15,6 8,1

ra—years  eeenen
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Figure 2: Diffusive samplers positions in petrol station B (Murcia)
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Figure 4: Diffusive samplers positions in petrol station D (Brussels)
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Precision of the method

Laboratory experiments have been carried out in order to determine the samphng rates of the
diffusive samplers and to establish the effect of ambient variables such as temperature, humid-
ity, chanoes in concentration, influence of samplmg time and concentration levels (amount of
contaminants on the adsorbent). With the scope to assess the validity of the diffusion sampling
technique in field conditions, duplicate active samples were also installed in a number of sites.
The results of this comparison appear in the Figure 5. An acceptable correlation (R? = 0.952)
was found between active and diffusive samplers that were placed in the same position.

Figure 6 represents the bias of the average concentrations estimated using " the diffusive
sampling technique with respect to the active sampling technique. The average bias is around’
-9 % and the absolute average bias is approximately 21 %. It appears that the data obtained by
-diffusive samphnv is underestimated with respect to that obtained by active sampling. In addi-
tion, the graph shows an increase in the bias for low concentrations due to the lack of prec151on '

of the measurements near to the detection lmnt .

Active sampling : B _ ' . /0
pg/m® y = 0.9693 + 0.0896 , -
100 4 R% =0.9518

L . f . t - . T - T

o ' ' 10 100

Ditfusive sampling, p1g/m3

Figure 5: Correlation between active and diffusive samples
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Annex 1

Maps of isoconcentrations
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Annex 2

Descrlptlon and mechanism the BTX
diffusive sampler



Introduction

The passive sampling technique has been used for a long time in industrial hygiene ‘as an
alternative method to the active sampling for the determination of organic airborne compounds.
The agreement between passive and active sampling has been widely discussed and validation
protocols have been developed and standardised. Recently, the passive sampling technique has
also been applied for indoor and.outdoor air monitoring. The low concentrations found in ambi-
- ent air require long penods of sampling, generally between two and four weeks. On the other
- hand, the ambient air passive samplers are exposed to vanable atmospheric conditions that are
‘quite. different from the industrial hygiene environment. As a consequence, it is not possxble to
transfer the passive sampling validation from the industrial to the ambient environment. A new
validation for ambient air passive samplers must therefore be carried out in order to establish
‘this technique as an alternative method for detecting organic airborne compounds. Although the
perspectives of this new technique are very promising, the results should be still taken from a

semi-quantitative point of view.

Description of the passive sampler -

Perkin Elmer passive samplers have been used in this monitoring campaign. This passive sam-
~pler (see figure below) has a tubular design .where the diffusion path is followed by a long
adsorbent bed. The sampler disposes of a silicone membrane, in order to reduce wind turbu-
lence'in the diffusion path and humidity effects on the adsorbent: '

Diffusion” ' ) '
: - S Stainless steef tube
Adsorbent ' o

membrane
. (if fitted)

X \\\\\\\ \ / :
: Diffusion cap 3 © : "
Stainless steel ' Stainless steel gauzes _ Storage cap
gauze : . "

~The length of the diffusion path is 1 5 cm with a d1ffu31on surface of 0.2 cm?. The length of the
adsorbent layer depends on the, amount of adsorbent that has been loaded. For the tubes used in
this work, the adsorbent bed has a length of 6 cm. o

Chromosorb 106 60/80 mesh was used as adsorbent. This is a porous polymer with a surface
area between 700 and 800 m?g. It is considered as a class III adsorbent according to the
Kiselev classification. Chromosorb 106 is a weak adsorbent, although its behaviour could be
ranged between Tenax (porous polymer) and other stronger adsorbents like Carbotrap (graphi-
tized carbon), or Carbosieve S-III (carbon molecular sieve).

Passive sampling mechanism

Because of the tubular design of this‘passive sampler and the fact that weak adsorbent is used,
the Fick’s first law can not be directly used to describe the adsorption mechanism. A no-station-
ary state of diffusion should be applied to model this mechanism. The Fick’s second law is nor-




European Commission

EUR 16309 - Benzene, Toluene and Xylene measurements in the vicinity
‘ ~ of petrol stations ; :

P. ,;Dérez Ballesta, E. De Saeger

Lnxembourg: Office for Official Publications of the European Cc.>r'nr‘nunities‘
1995 - 54 pp. —»21 0Ox 29..7 cm

Environment and quality of life series

Catalogue number CL-NA-16-309-EN-C

In order to assess the impact of petro} stations on ambient VOC levels, a series of
-measurements has been carried out by ERLAP in the vicinity of four petrol stations in
Northern and Southem Eurcpe (Brussels and Murcia). Approximately 20 diffusive sam-
"pling sites were selected in the immediate service area and in the vicinity of each petrol
stations, covering an area of approximately 200 metres in diameter. In addition, active
sampling sites were selected within the boundary of the petrol station, Benzene,
toluene and m-xylene concentrations were determined in this study, as the most impor-.
tant heaith-related compounds emitted by petrol stations. ‘ E

The levels of hydrocarbon emissions generated by petrol stations mainly depend on
factors such as the .volume of fuel sales, the type and Characteristics of the fuel and the
meteorological conditions. The ambient temperature influences greatly the concentra-
tion of aromatic hydrocarbons in the gas phase of the fuel. A change in temperature
from 5 to 35 °C leads to an increase in the concentration of benzene in the gas phase
by a factor of three. In addition, wind speed and atmospheric stability influence the gra-
de of dispersion of the emissions and conseguently, the level of contamination around
a petrol station. The BTX levels ' recorded during the- measuring campaigns were
approximately 5-15 times higher than the background levels, but high concentrations
were only measured in the areas adjacent to the petrol station. At a distance of 100 m
from the distribution Pumps in Murcia and 30 m in Brussels, the levels of contamination
due to evaporative emissions were negligible. As could be expected, the highest BTX
concentration levels were detected in the locations and during the periods with the
highest ambient temperatures. The composition of the hydrocarbons around the petrol
stations changed with respect to the background, with an increasing proportion of the
more volatile compounds emitted when closer to the petrol station,

The results of the study have shown that the impact of filing stations, when installed in
residential areas will lead, to a Systematic breaching of the proposed EU limit value for
benzene (10 ug/m3), |



Appendix 6
“Gasoline Storage Tank Evaporative Loss Dynamics”
Presentation by Tedmund P. Tiberi, ARID Technologies, Inc.
US EPA, RTP
20 September 2004



Gasoline Storage Tank -
Evaporative Loss Dynamics

AR10 TECHNOLOGIES INC.

United States EPA
Office of Air Quality Planning and
Standards: Stage 11 Issues
20 September 2004

ARID Technologies, Inc.
Tedmund P. Tiberi
www.ARIDtech.com

M ;RiD TECHNOLOGIES, INC. 2004 . E ’ A oRID TECHNOLOGIES. ING. 2003




& ‘ Uncontrolled System P

==

mp

3RID TECKNOLOGIES INC ARID TECHNDLOCIES ME

Uncontrolled System o

2912 TECHNCLACIES Nt




z Y

ARID TECHNOLOGIES e

Vapor Recovery at Service Stations

Stage I1
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Primary Components of Gasoline Vapor

VOC’s and HAPS (Hazardous Air. Pollutants).-

Methane

Ethane

Ethylene

Propane
Cyclopropane
Propylene
Isobutane
N-Butane
Trans-2-Butene
Cyclopentane
Isopentane
N-Pentane

2,3 Dimethylbutane
2-Methylpentane
3-Methylpentane
Hexane

Benzene - known human carcinogen
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Petrol Station Emissions

EV, Vent Emissions
Open Pipe or P/V Valve

we sy ER . Refueling Emissions
we S Nozzle/ Fillpipe Interface

ESL. Spilled Liquid
Emissions  »c
v S

EF. Dispenser & Plumbing Emissions

EF. Tank Fitting Emissions
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Stage II Recovery Systems




Stage II Recovery Systems Stage IT Recovery Systems

Balanced System Vacuum-Assisted System Balanced System Vacuum-Assisted System
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Vacuum Assisted Systems

Dispenser-Based Centralized

VIL=11-13 VIL=13-25
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Vacuum-Assisted Recovery Sysiems
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ORVR Configuration

Enhanced Evap/ORVR
Canister

Vapor Line
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Pressure Relief Valve

Shut-off Valve\E
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ORVR Systems
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ORVR Compatibility R ORVR - Phase IT Incompatibility

poe T
. Extess Emissions -~
— Onboard Refueling Vapor Recovery, or [ Sogete T
ORVR, provides for collection of the | vemvae AR
refueling vapors in a carbon canister on the Dispenser  |NGESTED
. . - / jpp— Onboard
vehicle. It performs the same function as a Vacuum ol AT T Caister

Pum (" 5

o =
Stage Il vapor recovery system for newer prRemed \,f@r;ﬂ VAPOR T .

cars. J u‘( JU— Vehicle
P . . g Tank
— Minimizing impact of air ingestion while ) J S
refueling ORVR equipped vehicles Vagort iy wtars

Underground
Storage
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Onboard Refueling Vapor - -
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Recovery or “ORVR” Permeator~ Systems

Onboard
Canister

Vehicle .
Tank Vehicle Class - . 80% . 100%

Passenger 1999 2000

LD Trucks &

MDV (<6000 Ibs) 2002 2003

MD Vehicles

{6001-8500 Ibs) 2005 2008
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Grass Valley Chevron

Permeator= Systems
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1045 gal/month = 32.6 Tons/year-station
983 gal/month = 30.7 Tons/year-station

1045/300,000 = 0.35%: 983/300.000 = 0.33%
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Honthly Savings 1332892 gallons,
% Throughput 0.304%

Thmi1.006 gallons 2100
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What do we know?

Evaporation losses are caused by air ingestion
into fixed roof storage tanks

Even with Stage | vapor balancing operations.
excess emissions occur due to vapor growth
Evaporative vapors escape the storage tank
system and are emitted to the local surroundings
Magnitude of evaporative losses is typically
0.10% to 0.50% of throughput: value depends
upon RVP, Temperature and air ingestion
volume
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Storage Tank Evaporative and Vehicle Refueling Emissions
at a Gasoline Dispensing Facil

13RVP.T2F

&
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Storage Tank Evaporative and Vehicle Refueling Emissions
at a Gasoline Dispensing Facility
SRVP ASF
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From: Anne Arnold [mailto:Arnold.Anne@epamail.epa.gov]
Sent: Friday, September 28, 2012 2:49 PM

To: Hiney, Eileen (DEP)

Cc: Ariel Garcia; Dave Conroy

Subject: Re: Addendum to ERG Stage I-11 Report

Hi Eileen,

Ariel and | reviewed the report and addendum. Generally, the conclusions presented seem reasonable.
However, we have the following specific comments.

1. In Table A of the Addendum, the EPA default for QSII should be 95-97%, rather than the stated 90%.
See Table 2 of the August 7, 2012 EPA Stage Il Guidance.

2. Appendix A of the report gives an overview of the MOVES modeling runs that were conducted. If MA
DEP plans to use any of modeling results in a Stage Il SIP demonstration, EPA would like the opportunity
to review the MOVES input files.

Anne Arnold, Manager
Air Quality Planning Unit
EPA New England
617-918-1047



CAPCOA Vapor Recovery Meeting

Gasoline Dispensing Facilities

Sacramento, California
October 19, 2005

Louis Roberto
South Coast AQMD



Presentation Outline

« South Coast AQMD Audit
— Phase I EVR
— Phase I1

— ORVR Compatibility Conversions
— Phase IT EVR

e Preliminary Audit Results

e Audit Issues & Concerns
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Healy G-70-191-A: Model 900 Nozzles
A/L Ratio Range (1.0 — 1.2)
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Vapor Recovery Installation Problems
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Rimpco Inc. / Shell Oil
— e 10961 Los Alamitos Blvd., Los Alamltos |
P * Phit-Tite Phase | EVR

o -+ Healy Phase Il (G-70-165)

~September 15, 2005



Installation Problems
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Installation Problems




Arrow Car Wash
OPW Phase I EVR 10075 Arrow Route
Rancho Cucamonga

e Vent piping must be steel or

material compatible with gasoline

PVC Piping




Manifold must be at least 12 feet
US Gasoline above grade used for fuel delivery

14204 Rosecrans Ave.
La Mirada
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A Express
8850 Foothill Blvd.
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Enhanced Leak Detection (ELD) Testing
At Existing GDFs
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Independent Oil Marketers Association of New England
September 28, 2012

Ms. Eileen Hiney

Massachusetts Department of Environmental Protection
One Winter Street, 7" Floor

Boston, Massachusetts

Re: IOMA Comments on Eastern Research Group, Inc. (ERG) Reports and Recommendation
for Immediate Elimination of Stage Il Vapor Recovery

Dear Ms. Hiney:

We appreciate the opportunity to provide comments to the Massachusetts Department of
Environmental Protection (MassDEP) regarding the above-referenced Eastern Research Group, Inc.
(ERG) Reports and the future of Stage | and Stage Il Programs in Massachusetts. The Independent
Oil Marketers Association (IOMA) represents independent gasoline service station owners in the
Commonwealth of Massachusetts and has a direct interest in any future changes to these
programs. To assist us in evaluation of this important matter, IOMA retained Tech Environmental
(Tech) of Waltham, Massachusetts to provide a technical review of the ERG report. A copy of the
Tech letter report, summarizing their findings and recommendations, is enclosed with this
correspondence.

Based on our review of the Tech report, recent Environmental Protection Agency (EPA) guidance
and Stage Il Program changes occurring throughout New England, IOMA recommends the
following:

* The immediate elimination of the requirement for operation of Stage Il systems at all
Massachusetts gasoline dispensing facilities (GDFs). To delay elimination of Stage Il
through the time consuming SIP process would represent, in our opinion, an unfortunate
and indefensible reliance on form over substance as our neighboring states move
expeditiously to avoid excess emissions and unnecessary costs;

* Upon decommissioning of Stage Il, a pressure/vent (P/V) vent valve approved for any
California Air Resources Board (CARB) Stage | system be installed at gasoline dispensing
facilities (GDFs) to control underground storage tank (UST) breathing losses; and,

PO Box 1827
North Falmouth, MA 02556
romano@iomane.com



Page 2 Comments on ERG Report
September 28, 2012

Ms. Eileen Hiney

MassDEP

* A phased-in approach for the upgrade of Stage | equipment where at the time of UST
system replacement, substantial modification to the tank top, or for new sites, Stage |
equipment from any CARB-approved Stage | system be installed by GDF owners.

We believe these recommendations represent sound public policy that is protective of human
health and the environment, and is in line with both President Barack Obama’s and Governor
Deval Patrick’s executive orders to eliminate burdensome regulations. The following general and
specific comments are provided in support of this and other IOMA conclusions:

1) Immediate Removal of Stage Il systems in Massachusetts is fully supported by EPA. In a
public presentation the week of September 17, 2012 at the Connecticut Business and
Industry Association fall meeting, Environmental Protection Agency (EPA) Office of Air and
Radiation Assistant Administrator Gina McCarthy stated that use of Stage Il vapor recovery
systems at GDFs was a “mistake” in the context of a discussion on burdensome regulations
that are no longer effective. While IOMA acknowledges that Stage Il vapor recovery had
its time, we agree with Ms. McCarthy that it’s time has passed with EPA’s determination of
widespread use for onboard refueling vapor recovery (ORVR) systems. Consistent with this
sentiment, EPA’s recently-issued State Implementation Plan (SIP) guidance established
criteria that would allow states to eliminate Stage Il without adopting any additional
comparable measures as long as certain criteria were met.

In fact, this guidance was provided soon after the initial ERG report, and resulted in the
publication of the ERG addendum report that documented Massachusetts is well below the
10% de-minimis criteria allowing elimination of Stage Il without the need for adoption of
any comparable measures. Tech’s study demonstrates that we may be even further below
the de-minimis criteria, and IOMA believes we are rapidly approaching an excess emissions
scenario, especially in areas of Massachusetts where ORVR penetration is higher than the
state average. It is reasonable to assume there are a number of large volume GDFs with
vacuum assist Stage Il systems where excess emissions are already being caused by ORVR
incompatibility. To protect public health and not risk any excess emissions, we recommend
that MassDEP not wait for finalization of the SIP process, but rather use the EPA guidance
and immediately eliminate the requirement for Stage Il vapor recovery.

2) President Obama and Governor Patrick have each emphasized that regulations must be
the least burdensome methods for achieving regulatory goals. With the increasing
widespread use of ORVR and its incompatibility with Stage Il systems, continuing the use of
Stage Il clearly does not comply with the intent of both President Obama’s and Governor
Patrick’s administrations to have clear and effective regulations that provide the least
burden to commerce. EPA has taken steps to meet this directive, enacting regulatory
changes and issuing guidance for removal of Stage Il systems. MassDEP must similarly
recognize that Stage Il systems do not currently meet these administration directives and
provide for their immediate elimination.

PO Box 1827
North Falmouth. MA 02556
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Comments on ERG Report

September 28, 2012
Ms. Eileen Hiney
MassDEP

3)

4)

5)

6)

7)

Massachusetts stands alone as one of the only New England states without a plan to
decommission Stage Il systems, putting GDF owners at a competitive disadvantage.
Decommissioning of Stage Il systems is ongoing in Maine, New Hampshire and Vermont,
and Connecticut just announced that it plans to move forward with full elimination in the
next few months. In fact, Connecticut was proceeding down a similar path as
Massachusetts with the performance of a state specific study, but with the clarity provided
by recent EPA guidance, determined immediate removal is appropriate. The longer
Massachusetts takes to come to the same decision, the more unacceptable it becomes to
stakeholders as they needlessly spend money on testing and maintenance of the obsolete
Stage Il systems.

Cost benefits do not support the continued use of Stage Il system. According to the Tech
report, ERG’s costs provided for continued use of Stage Il systems are too low. Using
available industry information, Tech estimates the cost per ton of volatile organic
compound (VOC) removal at approximately $29,000/ton, almost three (3) times the value
of $10,000/ton often cited as a cost/benefit threshold for stationary sources by EPA. We
additionally believe that these costs do not adequately account for the declining rates of
gasoline consumption related to higher fuel economy vehicle use. The cost-benefit value
of $29,000/ton will increase even further given the decreased demand for gasoline.
Furthermore, rough calculations using a linear extrapolation of the ERG data from 2013 to
2015 shows the cost per ton will double in less than six (6) months.

MassDEP should not wait until a SIP amendment approval to allow Stage Il removal. With
the burden of proof to remove Stage Il systems already met, the longer the delay in
allowing our members to remove the systems from their GDF’s, the more unnecessary
expenditures they must make to continue to operate and maintain the systems. Rather
than delay removals by waiting for approval of a SIP amendment, MassDEP should follow
the approach used for new construction and major modification at GDF sites, and issue a
notice of intent to not enforce against GDF owners that remove Stage Il during the SIP
approval process. EPA has not indicated any intention to enforce against such an
approach. Nearby states such as Maine, New Hampshire and New York, have successfully
implemented such an approach, and Connecticut has declared their intention to do so.

Implementation of Stage Il program changes should not be held hostage by discussions
around enhancing Stage I. Emission savings from continuing Stage Il are below the EPA
10% de-minimis level without any additional comparable measures, and as such, there is
no need for any improvements to Stage | to be incorporated into the revised SIP. IOMA
encourages MassDEP to proceed with the Stage Il elimination as a separate item to
expedite its implementation.

IOMA believes that no credible data exists to support that continuous monitoring and/or
pressure management systems are necessary at GDFs once Stage Il is removed. As
discussed in a 2005 API study cited in the Tech report, and stated by a retired CARB

PO Box 1827
North Falmouth. MA 02556
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Ms. Eileen Hiney
MassDEP

8)

9)

employee (Bill Loscutoff) during the August 15th stakeholder meeting at MassDEP, USTs
are generally at negative pressures when dispensing without a Stage Il system. Pressure in
the tanks slowly builds when the tank is idle, however, not to pressures that a proper P/V
vent valve cannot hold. Furthermore, for stations that operate 24/7 and/or are only down
for short periods of time at night, the continued operation of the station reduces the
potential for pressure build-up. Massachusetts use of the EPA guidance clearly documents
that no comparable measures are necessary, so GDFs should not be burdened with the
additional cost of unnecessary, unproven and very expensive equipment.

The focus of MassDEP with respect to enhancing Stage | should be on the installation and
maintenance of a correct P/V vent valve. As indicated previously, P/V vent valves have
been documented by APl to control breathing losses from USTs without Stage Il vapor
recovery. IOMA recommends that Massachusetts require installation of a CARB-approved
P/V vent valve at the time of Stage Il decommissioning. A CARB-approved P/V vent valve,
coupled with both triennial pressure decay test and the recently-enacted UST Operator
Training regulations that require monthly inspections of UST tank top and vent caps, is all
that is needed to control VOC emissions from USTs at GDFs in Massachusetts.

Adopt a phased-in upgrade to CARB-approved Stage | equipment, not full “systems”.
With the exception of spill buckets, for which there are limited options currently available
with respect to CARB-certified equipment, IOMA believes that other Stage | components
currently in use at GDFs (e.g., fill caps, swivel adaptors, etc.) are generally listed on CARB-
certified Stage | system component lists and will not require new installation. IOMA will
accept that at the time of UST system replacement, substantial modification to the UST
top, or for new sites, GDF owners be required to have all Stage | components be from
CARB-certified Stage | system listings. What is important to IOMA is that MassDEP allow
GDF owners to use a “mix and match approach” towards equipment selection, rather than
requiring that Stage | components at a site all come from one specific CARB-certified Stage
| system. Requiring that a UST system have all Stage | components from one-specific CARB-
certified Stage | system will limit the choices of equipment to GDF owners and forces UST
owners/operators to use specific vendors, all of which leads to higher costs and potential
difficulties down the road with maintenance and sourcing of replacement parts.

In conclusion, IOMA looks forward to working with MassDEP on the immediate elimination of
Stage Il vapor recovery in Massachusetts since it is now obsolete with the widespread use of ORVR
equipment in automobiles. It is widely known that the removal of Stage Il results in the
elimination of excess emissions associated with ORVR and Stage Il vapor recovery incompatibility,
which is protective of human health and the environment, and is sound public policy consistent
with both President Obama’s and Governor Duval Patrick’s executive orders.

PO Box 1827
North Falmouth. MA 02556



Page 5 Comments on ERG Report
September 28, 2012
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MassDEP

Please do not hesitate to contact me if you have any questions or would like to discuss the
information in this letter further.

Respectfully,
Peter Romawno

Peter Romano
President, Chief Operating Officer

Attachments: Tech Environmental Report (include date)

Cc: IOMA Board of Directors

PO Box 1827
North Falmouth. MA 02556
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FOCUSED KNOWLEDGE. REAL SOLUTIONS.
September 28, 2012

Mr. Peter Romano

President & COO

Independent Oil Marketers Association of New England
PO Box 1827

North Falmouth, MA 02556

Re: Review of ERG’s Report for the MassDEP on Stage I and Stage I1 Job 3656
Dear Mr. Romano:

Tech Environmental, Inc. (Tech) is pleased to provide this letter report summarizing our review of the
recent Eastern Research Group Inc. (ERG) report, which provides a technical analysis of potential
changes to the Massachusetts Stage I and Stage II vapor recovery programs for the Massachusetts
Department of Environmental Protection (MassDEP).! As you are aware, the MassDEP is considering
the elimination of Stage II vapor recovery requirements and the addition of Stage I enhancements for
fleet refueling facilities (i.e., proposed amendments to 310 CMR 7.24).

Tech reviewed ERG’s report, “Air Program Support for Stage I and Stage II Programs in
Massachusetts”, dated July 16, 2012 and updated August 22, 2012. The update was based on the United
States Environmental Protection Agency’s (EPA’s) “Guidance on Removing Stage II Gasoline Vapor
Control Programs from State Implementation Plans and Assessing Comparable Measures”.”

Executive Summary

This letter report focuses on the Stage II vapor recovery programs, with a brief review of concerns
regarding Stage I programs in Massachusetts and MassDEP’s proposal to require Stage I system
enhancements. Our analysis demonstrates: (1) that continuing the Stage II program is not cost-
effective; (2) that a review of data supports an immediate end to Stage II programs in
Massachusetts, i.e. today; and (3) that the proposed Stage I continuous monitoring and pressure
management proposals should be eliminated.

The analysis conducted by ERG demonstrates that immediate removal of Stage II controls will result in
less than a de minimis emissions increase, and thus, the EPA’s Stage II removal condition in their
guidance document has been satisfied. As shown later in this report, Tech updated Tables 3.6 and 3.7 in
the ERG report to show a more realistic cost per ton of volatile organic compounds (VOCs) reduced for
continuing Stage II programs of $28,995 in 2013 and increasing to $113,298 in 2015. In addition to
becoming less cost effective over time, in the near future the incompatibility excess emissions from the
competing ORVR and Stage II emissions controls will outweigh any emission reduction benefits from
the continuation of Stage II programs.

! Summarized on the MassDEP website: http://www.mass.gov/dep/air/community/stageii.htm#changes
? “Guidance on Removing Stage II Gasoline Vapor Control Programs from State Implementation Plans and Assessing
Comparable Measures”, August 7, 2012, EPA-457/B-12-001.
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Our review of the proposed Stage I enhancements concluded that the installation of continuous
monitoring and pressure management systems are unproven in Massachusetts’s harsh winter climate and
that these systems are not a cost effective method to control VOC emissions. We are not aware of any
data demonstrating the effectiveness of Stage I continuous monitoring and pressure management
systems when used without Stage II in place. As an alternative, Tech presents a study that demonstrates
that a CARB certified Pressure/Vacuum (P/V) vent valve is a proven and cost effective alternative to
controlling tank breathing losses. Therefore, we recommend the elimination of these proposed Stage I
enhancements.

1.0 Review of Stage 11

The MassDEP is considering the continuation of Stage II in MA until 2015. Each year, as ORVR
systems become more and more common on vehicles being refueled, the emissions benefit of Stage II
systems decreases and so the cost of reducing these emissions quickly increases on a dollar per ton of
VOCs removed basis. At a point in the near future, the incompatibility excess emissions from the
competing ORVR and Stage II emissions controls will outweigh any emission reduction benefits from
the continuation of Stage II programs.3 It is essential that Stage II be removed before this time so that
these excess emissions are not released into the atmosphere. Our review of the ERG report found there
is strong evidence to support the immediate, full removal of Stage II equipment now, and not in 2015.

1.1 ORVR Penetration Rate Higher Than Reported

The ERG figure of 85% ORVR penetration (% gasoline) in 2013 is too low. Tech has independently
calculated the % ORVR penetration using Massachusetts specific MOBILE6 data.* Increasing that
percent figure shifts the cross-over date closer to today. This is in line with NESCAUM’s report
“Onboard Refueling Vapor Recovery Systems Analysis of Widespread Use”, August 20, 2007, which
showed that the emissions from ORVR and Stage II as stand-alone projects were projected to be the
same in 2010 and that the emissions from ORVR-only were projected to be equal to emissions from the
combination of ORVR and Stage II plus incompatibility excess emissions (IEE) in 2013. This second
indicator is used in EPA’s preferred definition of widespread use. The studies in this report are an
extension of work looking at state-specific data to determine ORVR widespread use, which began in
2002 by API and Tech Environmental for other states.

Although the NESCAUM report is from 2007, the results are still valid. EPA’s position is that for an
attainment analysis, the relative change in emissions between the base year and the attainment year is
more important than absolute emissions.” If one were to consider the relative change in emissions, the
NESCAUM study with a widespread use determination of 2010 — 2013 would still be considered to be
valid. This 2012-2013 timeframe for ORVR to be in widespread use has been demonstrated by other
SIP studies in New Hampshire, Connecticut, etc., using the MOVES model.*’

3 IOMA Press Release, “House Resolution may lead to 240-ton reduction in Commonwealth’s 2011 smog emissions”, March
25,2010.

* Note that the MOVES model calculates refueling emissions using the same formula as MOBILE6.2, both of which account
for ambient temperature as well as gasoline RVP.

> EPA’s MOVES training presentation, May 27-28, 2009.

% New Hampshire Department of Environmental Services (DES) Draft State Implementation Plan Revision to Terminate
Stage II Vapor Recovery Program, June XX, 2012.

" Robert Girard, CT DEEP Bureau of Air Management, Presentation at ICPA Annual Meeting, September 13, 2012,
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Tech calculated the penetration of ORVR-equipped vehicles across vehicle classes that are equipped
with ORVR based on the most recent MOBILEG6 vehicle age distribution data (2005) supplied by the
MassDEP, from national fleet characterization data from EPA’s MOBILE development, and from
Massachusetts automobile/truck distributions from the Federal Highway Administration. These data
were used to calculate ORVR penetration in the years 2005, 2007, 2009, 2011, and 2013.

Estimated Massachusetts ORVR Penetration:

Year %
2005 42
2007 56
2009 69
2011 80
2013 87

To perform the calculations, we started with the most recent MOBILE6 vehicle classifications for
Massachusetts, obtained from the MassDEP. We then analyzed these files, along with ORVR phase-in
rates, to give estimated ORVR penetration rates out to 2013. MOBILE6 gives data on the percent of
each vehicle class for a given year (so for light-duty vehicles, 5.5% are model year 2013, 7.3% are
model year 2012, 7.4% are model year 2011 etc.). The percent distribution was assumed to follow the
same trends for each year of the study, with more vehicles being phased into ORVR each year. The
different vehicle classes from MOBILE6 were considered along with the ORVR phase-in dates (i.e. all
light duty vehicles after 2000 were equipped with ORVR, 80% of those after 1999 were equipped with
ORVR etc.). A weighted average was calculated for ORVR-equipped vehicles by class, namely
automobiles, light-, medium-, and heavy-duty trucks. The trucks were further divided into the three
truck weight categories defined in the ORVR regulations using national fleet characterization data from
EPA’s MOBILE development.

The results reveal that ORVR penetration based on vehicles in the fleet will rise to 87% by 2013.
EPA’s definition of wide spread use (WSU) is the date when 75% of the gasoline is dispensed to ORVR
equipped vehicles; thus, ORVR was in wide spread use in Massachusetts in 2011. As described
previously, EPA’s position is that for an attainment analysis, the relative change in emissions between
the base year and the attainment year is more important than absolute emissions. The supporting data
are shown in the Appendix.

This analysis was also repeated after converting the MOBILEG6 data to the MOVES data format, using
EPA’s guidance document. The second analysis using the MOVES model confirmed that given this
dataset, the ORVR penetration based on vehicles in the fleet will rise to 87% by 2013. The supporting
data are shown in the Appendix.

According to the EPA, in areas where “certain types” of vacuum-assist Stage II control systems are
used, the limited compatibility between ORVR and some configurations of this Stage Il hardware may
ultimately result in an area-wide emissions disbenefit.> This is the case in Massachusetts where a vast
majority of the gasoline dispensing facilities (GDFs) have vacuum-assist equipment, supporting the
argument for the immediate removal of Stage II systems.
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1.2 Cost per ton of VOC Removal is Not Cost-Effective

The cost per ton of VOCs reduced for continuing Stage II in 2013, which ERG lists as $20,435, is too
low. ERG calculates this cost per ton using annual costs for continuing current Stage II programs (ERG
Table 3.5) which we believe are inaccurate based on inflated gasoline prices and the unsubstantiated fuel
credit concept. Each of these issues is discussed below.

There are several concerns with the way that ERG calculated the Stage II program costs. The EPA data®
used by ERG assume an annual cost savings of $4,207 without a fuel credit, adjusted to a cost of $3,277
assuming a $930 fuel credit. That fuel credit is based on $2.30/gallon (2010 average retail gasoline
prices without tax). However, ERG further adjusted the cost savings to $2,977 assuming a $1,230 fuel
credit based on a $4/gallon price of gasoline in Massachusetts. ERG used a retail gasoline sale cost
rather than a wholesale cost and did not remove the taxes, which in Massachusetts account for
$0.419/gallon. The calculation of cost savings to the GDF owner should have been based on the amount
of money that would have been saved, a lower average annual wholesale Massachusetts gasoline price
(for example the average retail cost of gasoline was $3.717 as of August 15, 2012”) and should have
been adjusted to remove the tax to give a cost closer to $3/gallon, according to industry experts'’. This
correction makes the cost per ton of VOC reduced for continuing Stage Il more expensive, assuming
that the fuel credit adjustment is a valid assumption.

The fuel credit concept was introduced previously by the EPA in 1991 as a justification for the costs
associated with a Stage II program.'' However, members of the Independent Oil Marketers Association
of New England (IOMA) believe that the fuel credit should not be applied because it does not exist. The
fuel credit is certainly not well-documented and likely is over estimated, as IOMA members have
repeatedly requested data supporting the fuel credit calculations from Veeder-Root, only to be told that
the data does not exist.'> Anecdotally, service stations do not use the fuel savings in their financial data
and fuel inventories, which suggests the equipment is not saving money. Industry representatives have
cited the large energy, testing, and maintenance costs as reasons to not maintain these systems, as
demonstrated by recent decisions in Maine and Vermont to remove Stage II. Even a proponent of
ARID’s permeator system working in Wawa’s Mid Atlantic region has advocated for not installing
additional controls as ORVR is increasingly in widespread use.”’ Given the lack of data to support the
claims of fuel savings, the tables in ERG’s report have been updated to remove the fuel credit and better
demonstrate the true costs of maintaining Stage II programs in Massachusetts.

An API report calculated the annual costs for GDFs to continuing Stage II programs to be $4,410,'
which is in line with the EPA’s $4,207 figure, which assumes no fuel credit adjustment. Using the API
value, Tables 3.6 and 3.7 in the ERG report have been updated to show a more realistic cost per ton of

¥ Widespread Use for Onboard Refueling Vapor Recovery and Stage I Waiver; USEPA, July 8, 2011. Costs include fuel
savings of $930/yr.

? See table: http://www.massachusettsgasprices.com/Prices_Nationally.aspx

10 personal communication between Dana Buske, Tech Environmental and James Garrett, Volta Oil, September 12, 2012.

" Technical Guidance - Stage II Vapor Recovery Systems for Control of Vehicle Refueling Emissions at Gasoline
Dispensing Facilities Volume I: Chapters; USEPA, November 1991, EPA-45013-91-022a.

2 JIOMA member Michele Alabiso, September 12, 2012.

13 Personal communication between Dana Buske, Tech Environmental and Joshua Worth, Wawa, September 14, 2012.

' Refueling Emission Controls at Retail Gasoline Dispensing Stations and Cost-Benefit Analysis of Stage II in Connecticut,
Tech Environmental, Inc., September 24, 2007
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VOC:s reduced for continuing Stage II programs of $28,995 in 2013 and $113,298 in 2015, see Tables 1
and 2, below.

In addition, the predicted VOC emissions are expected to decrease due to a decrease in gasoline
sales as the vehicle miles per gallon (MPG) increase and hybrid vehicles become more
common.''® Even when not considering a decrease in gasoline sales, these cost effectiveness figures
are unreasonable on a cost per ton basis and they support an immediate end to Stage II programs in
Massachusetts. ERG’s report noted that “the cost-effectiveness of Stage II controls declines
significantly between 2013 and 2015”. It is our firm opinion that this decline is even greater than that

described by ERG and enough to warrant the immediate removal of Stage II.

Table 1 (An Update of ERG's Table 3-6)
Cost per Ton of VOC Reduced for Continuing Stage I1: 2013

Annual cost to Throughput Category Stage 11 $/ton*
continue Stage I (gal/yr) Benefits (ton/yr)
Less than 120,000 7 $377,856
120,000 to 240,000 4 $130,038
240,001 to 500,000 28 $66,409
$4,410 500,001 to 1,000,000 127 $35,867
1,000,001 to 2,000,000 278 $20,998
Greater than 2,000,000 160 $13,098
ALL 604 $28,995

* Declining gasoline sales means that emissions will be decreasing over time and thus, the cost per ton
will increase over time.

' “The Outlook for Energy: A View to 2040”, ExxonMobil, 2012. Available online:
http://www.exxonmobil.com/Corporate/energy outlook.aspx
16 David M. Parker, Valero, Presentation at the PMAA Board of Directors Meeting, May 18, 2012.
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Table 2 (An Update of ERG's Table 3-7)
Cost per Ton of VOC Reduced for Continuing Stage II: 2015

Annual cost to Throughput Category Stage 11 $/ton*
continue Stage II (gal/yr) Benefits (ton/yr)

Less than 120,000 2 $1,459,984

120,000 to 240,000 1 $520,152

240,001 to 500,000 7 $265,637

$4,410 500,001 to 1,000,000 33 $138,032

1,000,001 to 2,000,000 72 $81,077

Greater than 2,000,000 42 $49,898

ALL 157 $113,298

* Declining gasoline sales means that emissions will be decreasing over time and thus, the cost per ton
will increase over time.

1.3 Stage II Removal Below EPA’s de minimis Criteria

The Clean Air Act (CAA) requires that states in the Ozone Transport Region (OTR), which includes
Massachusetts, implement measures that would achieve reductions which are “comparable”, but not
“equivalent” to, a Stage II control program. The EPA’s Guidance document” states that the comparable
measures requirement is satisfied if phasing out a Stage II control program in a particular area is
estimated to have a de minimis, incremental loss of area-wide emissions control. According to the EPA,
the incremental emissions control that Stage II achieves beyond ORVR is de minimis if it is less than 10
percent of the area-wide emissions inventory associated with refueling highway motor vehicles.

The analysis conducted by ERG demonstrates that immediate removal of Stage II controls will result in
less than a de minimis emissions increase in emissions, and thus, the EPA’s stipulation has been
satisfied. ERG’s Addendum Report cites an incremental percent reduction of 5.92% in 2013, 1.54% in
2015, and — 1.69% in 2018 as reported in Addendum Table B, assuming a Stage II efficiency of 75%.
These emissions reductions would allow Massachusetts to immediately remove Stage II with EPA’s
support. Using similar data, New Hampshire has petitioned the EPA for the immediate removal of Stage
Il with their informal draft State Implementation Plan (SIP).® In support of the proposed New
Hampshire SIP update, MOVES modeling results demonstrated that the removal of Stage Il would result
in a de minimis emissions increase.
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ERG’s calculations of the incremental increase in emissions are consistent with the EPA’s August 7,
2012 Guidance document, which cites the following equation:

Equation 1
increment; = (Qsu)(1-Qorvr/)(Nius) - (Qsuva)(CF),

where the “increment;” is the annual area-wide emission control gain from Stage II installations at
GDFs. This equation includes the ORVR fraction (Qorvri), which we previously argued should be
larger, as well as the Stage II efficiency (nisn), which are 60 — 75% based on the EPA’s suggested
typical current values. The annual GDF certification test failure rates (shown in Tables 4-2 and 4-3 of
ERG’s report) are listed as an average failure rate of 67% in 2011, with 56% stations failing additional
tests conducted 120 days after the initial certification. Given these failure rates, we believe the Stage II
efficiency is less than the 75% assumed by ERG and is closer to 70%. Our analysis of the data inputs to
Addendum Table B, with a decreased Stage II efficiency rate, makes a convincing argument for
removing Stage I1.

For the sake of comparison, Table 3 is presented, based on ERG’s Addendum Table B, which presents
ERG’s calculation of the incremental emissions assuming 85% ORVR penetration and 75% Stage II
efficiency, as well as an alternate scenario. The incremental emissions increase assuming Tech’s
calculated 87% ORVR penetration and 70% Stage II efficiency decreases to 3.56% in 2013, 1.44% in
2015, and -2.13% in 2018. This demonstrates the impact of the assumed Stage II efficiency on
emissions and may be more accurate for Massachusetts GDFs, given the failure rates which demonstrate
how quickly these systems lose their effectiveness on a day-to-day basis. Although nominally the Stage
Il inspections occur on an annual basis, in reality only a small percentage of Massachusetts’s
approximately 3000 stations are inspected in any given year. The attached Appendix presents the results
of the full analysis.

In addition to the predicted decrease in emissions, as discussed previously the industry gasoline sales
data predict a decrease in gasoline sales as the vehicle miles per gallon (MPG) increase and hybrid
vehicles become more common. Fuel analysts predict that gasoline sales would decline by 50% by
2040, which will further decrease the annual emissions.

The calculations in Table 3 demonstrate that the emissions increase from removing Stage Il is even
lower than predicted by ERG, and further below the EPA’s 10% de minimis emissions increase criteria.
However, both ERG’s scenario and Tech’s update demonstrate that the EPA’s 10% de minimis
emissions increase criteria is met, even without considering predicted decreases in gasoline sales in the
future.
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Table 3: Comparison of Stage Il Efficiencies and Their Incremental Changes in Emissions
(Based on ERG's Appendum Table B, % Reduction in MA VOC Refueling Emissions from Stage 11)

Qorvr De Minimis
Case Year (ORVR Eff(stii) (Stage 11 Increment (%
i) efficiency) reduction in refueling
emissions) *
2013 84.87% 75% 5.92%
ERG t (75%
report (75% =15 90.31% 75% 1.54%
Stage 11 Efficiency)
2018 94.31% 75% -1.69%
Tech Qorvr, 70% 2013 87.00% 70% 3.56%
. 2015 89.80% 70% 1.44%
Stage II Efficiency
2018 94.52% 70% -2.13%
EPA's De o
Minimis Criteria 10%

* These figures do not take the future declining gasoline sales into account.

2.0 Review of Stage I Proposal

The ERG report reviewed various Stage I enhancements including: CARB Module I Stage I Enhanced
Vapor Recovery (EVR) systems, continuous vapor leak monitoring systems (continuous monitoring),
and pressure management systems (emissions processors), as well as the estimated VOC reductions
from these systems. According to CARB, EVR refers to a new generation of equipment, meeting
stricter standards, which control emissions at gasoline dispensing facilities. The Module I system
components include: the couplers that connect tanker trucks to the underground tanks, spill containment
drain valves, overfill prevention devices, and vent pressure/vacuum (P/V) valves. Continuous
monitoring systems use a sensor to monitor UST systems for vapor leaks. Pressure management
systems capture or prevent breathing losses and maintain tank pressures. While the Module I Stage 1
equipment is generally consistent with that used with UST systems today in Massachusetts, continuous
monitoring and pressure management systems are untested in the New England climate and have not
been studied as stand-alone systems without Stage II. Furthermore, we are unaware of data
documenting their performance in the absence of Stage II and this means that many assumptions have
been made about their effectiveness in controlling emissions.

2.1 Continuous Monitoring is Faulty in Wintertime

Section 4.1 of the ERG report “Possible Stage I Enhancements”, briefly addresses the reliability of these
continuous monitoring systems in winter when they are exposed to snow and extremely cold
temperatures, by stating that “ERG believes these systems should work reliably in Massachusetts...”
This “belief” seems overly optimistic given the equipment concerns and malfunctions that have occurred
during the winter season in California. CARB released a memo entitled “Response to Winter Season
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ISD Pressure Alarms™'’ that states that during the “winter fuel season, the number of pressure related

ISD alarms increases significantly”, such that no service or equipment testing is required prior to
clearing the OP alarms from November 1 to March 1. The extent of this problem is wide-spread enough
that CARB even offers a training session for GDF operators on how to handle alarms in the winter
season.'® Given that these systems are untested in the harsher New England environment, there is great
concern regarding system performance and condensation build-up and freezing during a New England
winter.

2.2 Continuous Monitoring and Pressure Management Cost Effectiveness Assumptions

The ERG report’s review of continuous monitoring and pressure management systems relied heavily on
assumptions regarding the estimated impact of system leaks. While these assumptions were necessary
since the EPA has not provided guidance on how to estimate emissions reductions for either system, the
extent of the assumptions used in the cost effectiveness calculations raises significant doubts on their
reliability and accuracy. Several major issues with these assumptions are presented below, which cast
doubt on the cost effectiveness calculations.

First, the testing failure rates for GDFs that have both Stage I and Stage II systems were used to estimate
the potential emissions reduction benefits for continuous monitoring. This testing data came from over-
pressurized UST systems associated with the Stage II systems. The ERG report correctly acknowledged
that without Stage II, it is possible that the leaks would be reduced thereby lowering assumed continuous
monitoring emission reductions. This means that once Stage II systems are removed, any potential
benefits from the installation of a continuous monitoring system is greatly reduced, making these
systems less cost effective.

Second, the ERG report assumed a P/V vent valve efficiency of 90% based upon information provided
by the EPA. Again, this efficiency rate is suspect, given that it is based upon GDFs with Stage II
systems that result in tank over-pressurization and thus a reduction in the overall efficiency of the
devices. As documented further below, a study performed at a non-Stage II GDF in Texas demonstrated
a 99% efficiency for a P/V vent valve. This increased P/V vent valve efficiency is expected to occur in
Massachusetts, once Stage Il systems are decommissioned.

Finally, the ERG reports cites costs for the purchase, installation and maintenance of continuous
monitoring and pressure management system equipment that industry experts believe are vastly
underestimated. Information from industry representatives indicate that the expected costs are at least
double those cited, making the cost per ton of VOC reduction more expensive than that documented the
ERG report.19

It is also noted that the tons of VOCs reduced by the installation of these systems are likely to be lower
than estimated, given both the ineffectiveness of an alarm system during the long Massachusetts winter
and the anticipated decline in gasoline sales in the future. These factors make the installation and
operation of the systems even less cost effective than ERG claims.

7 CARB Special Advisory, Response to Winter Season ISD Pressure Alarms”, Number 405-B, October 10, 2011.
'8 Course #267.1: Changes in Response to In-Station Diagnostic Alarms:
http://www.arb.ca.gov/training/courses.php?course=267.1

' MassDEP August 15, 2012 Stage I & II Programs Stakeholders meeting, Jim Howard, Hess.
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23 CARB Certified P/V Vent Valve as Alternative to Continuous Monitoring and
Pressure Management

Given the issues raised above and the fact that continuous monitoring and pressure management systems
without a Stage II system are unproven technologies, other more cost effective measures could instead
be considered. An alternative is to install P/V vent valves that are part of CARB-certified systems to
control tank breathing losses, which have minimal purchase, installation, and maintenance costs, and
thus, a more reasonable reduction of VOC emissions on a cost per ton basis. A study commissioned by
the American Petroleum Institute (API) demonstrated that high volume stations with P/V valves were
quite effective at controlling losses and did not open and release vapors as a result of pressure increases
resulting from vapor growth and tanker deliveries.*

These tests were conducted at a GDF which was not equipped with a Stage II vapor recovery system,
and thus, are comparable to what Massachusetts will soon have. The study found that although the
underground storage tanks (USTs) ingested air through the P/V valve during the day and the UST
pressures increased in the evening as a result of vapor growth, “all pressure increase associated with
vapor growth and tanker deliveries appear to have been controlled by the P/V valve”.** The report also
states: “For the majority of the day, the UST remains at negative pressures corresponding to the vacuum
setpoint of the PV valve (approximately -1” wc), indicating that air is flowing into the system through
the PV valve.” In other words, the P/V valve did not open as a result of pressure increases and did not
release vapors to the atmosphere and thus are a more cost-effective alternative to installing continuous

monitoring and pressure management systems.
3.0 Conclusion

In 2011, EPA reviewed Stage II vapor recovery system decommissioning. EPA has estimated the
national cost savings for facilities decommissioning Stage II vapor recovery systems to be over $88
million annually. The review of Stage Il was undertaken as part of the current administration’s initiative
to review outdated rules and update them to ensure that they are still achieving the environmental
benefits that they were intended to achieve. In allowing Stage II equipment to be removed, the EPA is
acknowledging that Stage II is no longer “achieving the environmental benefits that they were intended
to achieve”. Our analysis has demonstrated that the immediate removal of Stage II controls will result in
less than a de minimis emissions increase, and thus, the EPA’s stipulation has been satisfied. The cost
benefit analysis demonstrated that the cost per ton of VOCs reduced for continuing Stage II programs in
Massachusetts is already prohibitively expensive at $28,995 in 2013 and increasing to $113,298 in 2015.
In addition, in the near future the incompatibility excess emissions from the combination of ORVR and
Stage II will cause excess emissions. Given the information presented in the report, Massachusetts
GDFs should also be allowed to remove Stage 11 equipment immediately.

Our report has also presented arguments that the use of a CARB certified P/V vent valve to control tank
breathing losses is a better alternative to the unproven installation of continuous monitoring and pressure

22 «Results of pressure monitoring at gasoline dispensing facility”, Sonoma Technology, Inc. for American Petroleum
Institute, December 9, 2005.
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management systems in Massachusetts’s harsh winter climate and that these systems are not cost
effective methods to control VOC emissions. Therefore, Tech recommends the elimination of
MassDEP’s proposal for continuous monitoring and pressure management systems.

If you have any questions regarding this report, please let us know.

Sincerely,
TECH ENVIRONMENTAL, INC.

O (e VI e (AN e

Dana C. Buske, Ph.D. Marc C. Wallace, QEP
Environmental Scientist Associate
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Table A-1: Comparison of Stage Il Efficiencies and Their Incremental Changes in Emissions
(Based on ERG's Appendum Table B, Percent Reduction in MA VOC Refueling Emissions from Stage Il)

Cfi Qstii (% Gas ... |Qstiiva (% Gas| Increment (%
Qorvr Compatibility | Dispensed Eff(stii) Dispensed thru| reduction in
Case Year [ (ORVR _ 1-Qorvr | (Stagelll . .
fraction) Factor = to GDFs w/ efficiency) Vac Assist refueling
(0.0777) x Qorvr| Stage Il) y Systems) emissions)
ERG report 2013 84.87% 0.065947, 0.99] 15.13% 75% 81% 5.92%
(75% Stage Il | 2015 90.31% 0.070171 0.99 9.69% 75% 81% 1.54%)
Efficiency) 2018 94.31% 0.073283 0.99 5.69% 75% 81% -1.69%
ERG Qorvr, 2013 84.87% 0.065944 099 15.13% 60% 81% 3.67%
60% Stage Il 2015 90.31% 0.070171 0.99 9.69% 60% 81% 0.10%|
Efficiency 2018 94.31% 0.073279 0.99 5.69% 60% 81% -2.53%
Tech Qorvr, 2013 87.00% 0.067599 0.99] 13.00% 70% 81% 3.56%
70% Stage Il 2015 89.80% 0.069775 0.99] 10.20% 70% 81% 1.44%)
Efficiency 2018 94.52% 0.073442 0.99 5.48% 70% 81% -2.13%
Tech Qorvr, 2013 87.00% 0.067599 0.99] 13.00% 65% 81% 2.91%
65% Stage Il 2015 89.80% 0.069775 0.99] 10.20% 65% 81% 0.94%|
Efficiency 2018 94.52% 0.073442 0.99 5.48% 65% 81% -2.40%
Tech Qorvr, 2013 87.00% 0.067599 0.99] 13.00% 60% 81% 2.27%
60% Stage Il 2015 89.80% 0.069775 0.99] 10.20% 60% 81% 0.43%|
Efficiency 2018 94.52% 0.073442 0.99 5.48% 60% 81% -2.67%
Addendum Table B, updated tables 9/25/2012



Table A-2: ORVR Penetration Analysis for 2013, MOBILE6 Data:

Heavy Medium duty
Light Light{light-duty |passenger
duty trucks vehicles
Light duty |trucks (0- |(6,001- (8,501 -
Vehicles [6,6000 Ib) |8,500 Ib) |10,000 Ib)

M6 code 12,3 45 6

40% 1998 2001 2004 2004

80% 1999 2002 2005 2005

100%|  2000+| 2003+| 2006+ 2006+
0.022 0.029 0.039 0.035
0.025 0042  0.053 0.061

100%| 0.887  0.833 0.73 0.699
total 92% 88% 65% 59%

Total:

wted avg 57% 23% 6% 2% 87%
assume: 62% 26% 9% 3%
M6 LDV 2013 2012 2011 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 (or older)
M5 LDGV 1 0.055 0073 0074 0073 0078 0085 0076 0069 0066 0056 0059 0049 0042 0032 0025 0022 0017 0013 0009 0006  0.004 0002 0002  0.001 0.013
M6 LDT1 2013 2012 2011 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 (or older)
M5 LDGT1 2 0075 0.1 0.083  0.087 008 0088 0079 0078 0064  0.051 0048 0042 0029 0019 0014 0011 0012 0012 0008 0005 0003 0002  0.001 0.001 0.006
M6 LDT2 2013 2012 2011 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 (or older)
M5 LDGT1 3 0075 0.1 0.083  0.087 008 0088 0079 0078 0064  0.051 0048 0042 0029 0019 0014 0011 0012 0012 0008 0005 0003 0002  0.001 0.001 0.006
M6 LDT3 2013 2012 2011 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 (or older)
M5 LDGT2 4 0.089 0.118 0.11 0.096 0088 0085 0086 0058 0053 0039  0.041 0.031 0018 0013  0.008 0.01 0013 0013 0008 0006 0004 0002 0002  0.001 0.008
M6 LDT4 2013 2012 2011 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 (or older)
M5 LDGT2 5  0.089 0.118 0.11 0.096 0088 0085 0086 0058 0053 0039  0.041 0.031 0018 0013  0.008 0.01 0013 0013 0008 0006 0004 0002 0002  0.001 0.008
M6 HDV2 B 2013 2012 2011 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 (or older)
M5 HDVs (con 6  0.086 0115 0115 0102 0088  0.084 007 0039  0.061 0.035  0.041 0.028 0017  0.011 0.008 0.01 0017 0016 0012 0012 0008 0005 0003  0.002  0.013
M6 HDV3 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984 1983 1982 1981 (or older)
M5 HDVs (con 7 0.066 0.088  0.076 008 0076 0075 0076 0038 0062 0037  0.051 0039 0028 0018 0012 0015 0024 0032 0025 0023 0014 0012 0006 0003  0.025
M6 HDV4 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984 1983 1982 1981 (or older)
M5 HDVs (con 8  0.061 0082 0075 0078  0.091 0115 0103 0044 0088  0.041 0.056 003 0018 0015 0008  0.012 002 0022 0007 0007 0006 0004 0002  0.001 0.017
M6 HDV5 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984 1983 1982 1981 (or older)
M5 HDVs (con 9 0078 0105 0103 0082 0076 0087  0.091 0032 0045 0027  0.035 002 0017 0012 0009 0015  0.021 0.017  0.031 0018 0013 0012 0005 0003  0.045
M6 HDV6 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984 1983 1982 1981 (or older)
M5 HDVs (con 10 0.063 0.084 0057 0067  0.081 0.099 0083  0.061 0.048 0038 0052 0024  0.021 0018 0016 0016 0018  0.021 0.022 0018 0015  0.011 0.006  0.005  0.054
M6 HDV7 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984 1983 1982 1981 (or older)
M5 HDVs (con 1 0.05 0.067 005 0077 0072  0.411 007  0.071 0057 0042 0048 0027  0.021 0016 0019  0.023 002 0033 0033  0.021 0015 0012 0004 0003  0.039
M6 HDV8  a 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984 1983 1982 1981 (or older)
M5 HDVs (con 12 0.031 0.041 0.035  0.041 0.052 0063 0057 0049 0043 0044 0079 0043 0026 0024 0022 0027 0039 0042 0042 0036  0.031 0.017 0.01 0.009  0.096
M6 HDV8 b 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984 1983 1982 1981 (or older)
M5 HDVs (con 13 0.042 0056  0.055 0048 0078 0098 0083 0064  0.051 0.044 0053 0036 0025 0013 0011 0.014  0.026 004 0042 0028  0.024 0.01 0.004 0005  0.051
M6 HDBS 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984 1983 1982 1981 (or older)
M5 HDVs (con 14 0071 0.095 0063 0085 0063  0.151 0085 0117 0108  0.048  0.043 0.01 0.023  0.011 0.007 0009 0004 0004 0003  0.001 0 0 0 0 0
M6 HDBT 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984 1983 1982 1981 (or older)
M5 HDDVs 15 0.052 0.069  0.074 0.08 009  0.108 0.1 0.082 0058 0047  0.061 0.018  0.021 0013 0014 0017  0.015 0.01 0.014 0009 0009 0006 0005  0.002  0.029
M6 Motorcycles 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984 1983 1982 1981 (or older)
M5 MC 16 0.056 0075 0094  0.082 008 0065 0056 0042 0033 0032 0026  0.022 002 0016 0012 0013 0016 0016 0019 0028 0025 0016 0018 0025  0.114



Table A-3: ORVR Penetration Analysis for 2013, MOBILE6 Data converted to MOVES

Medium duty
Light Light-|Heavy light| passenger
duty i
Light duty ~ [(0-6,6000 (6,001 - [(8,501 -
|Vehicles Ib) 8,500 Ib) {10,000 Ib)
1]2,3 4,5 6
7998|2001 2004 2004

40%]

80%)
100%
total

Total:
[wted avg | 57%)| 23%| 6%] 2%| 87%
[assume: | 62%] 26%] 9%| 3%|
M6 Lov 1 2013 2012 2011
MOVES  Cars 21 0055 0073 0074
M6 LDT1 2 2013 2012 2011
MOVES  Pass. Truck 31 0.079077 0.105286359 0.091325
MOVES  Light Comm. 32 0.079156 0.105447484 0.092669
Truck
M6 LDT2 3 2013 2012 2011
MOVES  Pass. Truck 31 0.079077 0.105286359 0.091325
MOVES  Light Comm. 32 0.079156 0.105447484 0.092669
uck
M6 LDT3 4 2013 2012 2011
MOVES  Pass. Truck 31 0.079077 0.105286359 0.091325
MOVES  Light Comm. 32 0.079156 0.105447484 0.092669
Truck
M6 LDT4 5 2013 2012 2011
MOVES  Pass. Truck 31 0.079077 0.105286359 0.091325
MOVES  Light Comm. 32 0.079156 0.105447484 0.092669
uck
M6 HDV2 6 2013 2012 2011
MOVES  Pass. Truck 31 0.079077 0.105286359 0.091325
MOVES  Light Comm. 32 0.079156 0.105447484 0.092669

Truck
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2010
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2010
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2010
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2010
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2010
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2009
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2009
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2009
0.082481
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2009
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0.082816

2009
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0.082816

2009
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0.082816

2008
0.085

2008
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2008
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2008
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2008
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2008
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2007
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0.080238
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2007
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2006
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2006
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2006
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2005
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2005
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2005
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2005
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2004
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2004
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2004
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2004
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2004
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2004
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2003
0.059

2003
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2003
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2003
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2003
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2003
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2002
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2002
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0.037561

2002
0.03865
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2002
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2002
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0.037561

2002
0.03865
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2001
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2001
0.025735
0.024929

2001
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2001
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2001
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2001
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2000
0.032

2000
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0.01665

2000
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0.01665

2000
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2000
0.017155
0.01665

2000
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0.01665

1999
0.025

1999
0.012237
0.011839

1999
0.012237
0.011839

1999
0.012237
0.011839

1999
0.012237
0.011839

1999
0.012237
0.011839

1998
0.022

1998
0.010738
0.010795

1998
0.010738
0.010795

1998
0.010738
0.010795

1998
0.010738
0.010795

1998
0.010738
0.010795

1997
0.017

1997
0.012553
0.013143

1997
0.012553
0.013143

1997
0.012553
0.013143

1997
0.012553
0.013143

1997
0.012553
0.013143

1996
0.013

1996
0.012533
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1996
0.012533
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1996
0.012533
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1996
0.012533
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1996
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1995
0.009

1995
0.008256
0.008962

1995
0.008256
0.008962

1995
0.008256
0.008962

1995
0.008256
0.008962

1995
0.008256
0.008962

1994
0.006

1994
0.005643
0.006418

1994
0.005643
0.006418

1994
0.005643
0.006418

1994
0.005643
0.006418

1994
0.005643
0.006418

1993
0.004

1993
0.003513
0.004123

1993
0.003513
0.004123

1993
0.003513
0.004123

1993
0.003513
0.004123

1993
0.003513
0.004123

1992
0.002

1992
0.002176
0.002623

1992
0.002176
0.002623

1992
0.002176
0.002623

1992
0.002176
0.002623

1992
0.002176
0.002623

1991
0.002

1991
0.001358
0.001584

1991
0.001358
0.001584

1991
0.001358
0.001584

1991
0.001358
0.001584

1991
0.001358
0.001584

1990
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1990
0.001055
0.001161

1990
0.001055
0.001161

1990
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0.001161

1990
0.001055
0.001161

1990
0.001055
0.001161

1989
0.0005

1989
0.000895
0.000932

1989
0.000895
0.000932

1989
0.000895
0.000932

1989
0.000895
0.000932

1989
0.000895
0.000932

1988
0.00025

1988
0.000809
0.000804

1988
0.000809
0.000804

1988
0.000809
0.000804

1988
0.000809
0.000804

1988
0.000809
0.000804

1987
0.000125
1987

0.000762
0.000735

1987
0.000762
0.000735

1987
0.000762
0.000735

1987
0.000762
0.000735

1987
0.000762
0.000735

1986
0.0000625

1986
0.0007352
0.0006975

1986
0.0007352
0.0006975

1986
0.0007352
0.0006975

1986
0.0007352
0.0006975

1986
0.0007352
0.0006975

1985
0.00003125
1985

0.00072051
0.00067379

1985
0.00072051
0.00067379

1985
0.00072051
0.00067379

1985
0.00072051
0.00067379

1985
0.00072051
0.00067379

1984
0.000015625

1984
0.000709978
0.000666309

1984
0.000709978
0.000666309

1984
0.000709978
0.000666309

1984
0.000709978
0.000666309

1984
0.000709978
0.000666309

1983
0.011016

1983
0.002262
0.003692

1983
0.002262
0.003692

1983
0.002262
0.003692

1983
0.002262
0.003692

1983
0.002262
0.003692

Total

1.000000

1.000000
1.000000

1.000000
1.000000

1.000000
1.000000

1.000000
1.000000

1.000000
1.000000
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Executive Summary

This paper provides a review of options for controlling VOC emissions from gasoline dispensing
facilities that states and air quality agencies should consider when responding to the increasing
penetration of ORVR vehicles into the general motor vehicle fleet. The feasibility of potential
control options will vary among states depending on their need for emission reductions.

Controlling nozzle spillage and reducing hose permeation to hydrocarbons can provide VOC
reductions that are independent of other controls. Switching to low spillage nozzles ata 1.2
million gallon per year GDF can reduce VOC emissions by 820 pounds annually at a cost
effectiveness of $3.4k per ton ($1.70 per pound). Similarly at the same GDF, implementation of
low permeation hoses will achieve a reduction of over 100 pounds of VOC per year at a savings
of $0.06k per ton (3 cents per pound).

Retaining Stage Il systems and converting assist-type systems to balance systems may make
sense where maintaining VOC emission reductions is crucial. The combined benefits of balance
system compatibility with ORVR vehicles and capturing emissions from non-ORVR vehicles
can maximize VOC reductions without the maintenance, operating cost and negative greenhouse
gas impacts of assist systems.

Enhanced inspection and maintenance of Stage | equipment with more frequent vapor tightness
testing can significantly improve tank tightness and reduce emissions at GDFs without the
expense of going to continuous monitoring or pressure management equipment. For example,
vapor tight GDFs that are open 24 hours a day can maintain a negative tank pressure without
using a pressure management device. Another lower cost approach to assuring system tightness
with PM is to periodically measure tank vacuum or pressure with a gauge temporarily connected
to the headspace. Gauge readings can be interpreted to assess tank tightness.



1 Introduction

The federal Clean Air Act requires states with areas that are in non-attainment with National
Ambient Air Quality Standards (NAAQS) for ozone to promulgate measures to bring those areas
into compliance. Gasoline vapors generated from vehicle refueling are volatile organic
compound (VOC) that contribute to the formation of ozone. To capture motor vehicle refueling
emissions, 27 states and the District of Columbia encompassing 275 counties nationally have
implemented some form of Stage 11 vapor recovery at gasoline dispensing facilities' (GDF). An
alternate VOC refueling emission control technique, onboard refueling vapor recovery (ORVR),
was introduced in motor vehicles beginning with model year 1998.

The penetration of ORVR in the general vehicle fleet exceeds 80% in some areas and is
continuing to increase. With both systems competing for vapors, Stage |1 may be becoming
unnecessary and its usefulness is being questioned. Consequently, this concern raises two
questions:

What should be done with the seemingly redundant Stage 11 vapor recovery systems at gasoline
dispensing facilities?

How will regulatory agencies obtain adequate volatile organic compound (VOC) reductions if
Stage Il systems are removed?

The purpose of this paper is to provide a review of VOC control options available for GDFs that
states and other air quality control agencies needing additional VOC control to attain ozone
standards should consider when responding to the increasing penetration of ORVR vehicles into
the general motor vehicle fleet. A wide variety of control options are examined and discussed.
Qualitative and, when possible, quantitative assessments of potential emission reductions (or
increases), purchase and electrical costs, a cost-effectiveness ratio and Green House Gas (GHG)
impacts are provided. Data used in this paper is limited to that available in the public domain.
No attempt was made to obtain rigorous cost, use, lifecycle or installation information. Instead,
the authors relied primarily on data available from California's Air Resources Board (ARB) with
some data from the New York State Department of Environmental Conservation (NYSDEC) and
a California vapor recovery equipment distributor.

2 Background

It is helpful to review the origins of GDF vapor recovery controls in order to understand how
future direction may be affected. Virtually all states and regions requiring GDF vapor recovery
controls rely on ARB certifications of vapor recovery control systems. Gasoline vapor recovery
at GDFs was first required in California in the early 1970s. The San Francisco Bay Area and
San Diego air pollution control districts were instrumental in advancing control of this large
source of hydrocarbon emissions. Recognizing the need for statewide uniformity, a California
statute was enacted in 1975 empowering the ARB with primary authority to adopt performance
standards along with appropriate certification and test procedures. The statute directed ARB to



"adopt procedures for determining the compliance of any system designed for the control of
gasoline vapor emissions during gasoline marketing operations, including storage and transfer
operations, with performance standards which are reasonable and necessary to achieve or
maintain any applicable ambient air quality standard"?. In this white paper, the recovery of
vapors displaced from gasoline storage tanks at GDFs during product deliveries by cargo tank
truck will be identified as “Stage I” vapor recovery. Collection and recovery of gasoline vapors
displaced during motor vehicle refueling into GDF fuel storage tanks will be identified as “Stage
I1” vapor recovery. Stage Il vapor recovery systems may be grouped into two basic types: 1)
Balance systems, which make a tight seal at the vehicle/nozzle interface and utilize the pressure
gradient generated during refueling to return vapors to the storage tank, and 2) vacuum assist
systems, which incorporate a vacuum pump in some manner to generate a negative pressure at
the vehicle/nozzle interface to capture vapors and return them to storage. Balance systems were
the first systems to be used in California. Original balance systems used a long bellows to create
a "seal" between vehicle and nozzle. However, the convenience of use of assist systems, which
did not need to make a tight seal, led eventually to a majority of GDFs in California being
equipped with assist systems.

In the late 1990s, concerns about the over-pressurization of the tank ullage space at GDFs with
vacuum assist systems began to emerge. The over-pressurization was caused by excess air being
introduced into the storage tank during vehicle refueling and generating additional vent
emissions. The introduction of ORVR vehicles beginning with 1998 model-year vehicles only
served to make the situation worse. California's Enhanced Vapor Recovery (EVR) regulations
were developed and adopted in 2000. These regulations were designed to address inadequate
performance standards and test procedures that resulted in reduced system effectiveness and
durability along with concerns regarding incompatibility of certified assist systems with ORVR
vehicles.

ORVR vehicles, as the name suggests, utilize a carbon canister, which is part of the vehicle
evaporative emission control system to capture and collect vapors displaced during refueling.
During refueling, the vehicle's on-board system effectively "competes” for vapors with the
GDF's Stage 11 system. Balance systems are inherently compatible with ORVR vehicles because
they only collect whatever vapor/air mixture is available at the fill-neck during refueling and
draw in no outside air. In March 2003, the ARB reported on an evaluation they conducted
which demonstrated that balance-type Stage Il systems do not generate excess VOC emission
from the refueling of ORVR-equipped vehicles. Based on the evaluation, ARB certified all
balance systems in service as being compatible with ORVR-equipped vehicles. However, assist
systems, unless they are designed to be ORVR-compatible, will over-pressurize storage tanks
and create excess vent line emissions. Assist systems that are compatible with ORVR have the
ability to decrease the amount of air returned to the storage tank or are operated at vapor return
rates less than for which they were designed. As the penetration of ORVR vehicles increases
and becomes widespread, not only does the necessity for Stage Il systems come into question,
but the incompatibility of most assist systems requires either their modification to become
compatible with ORVR vehicles or their removal.
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The issue of ORVR systems in widespread use and Stage |1 assist system incompatibility is not
just a California problem. ORVR penetration will vary by location as shown in Figure 1, which
depicts ORVR vehicle penetration in Massachusetts and California. Generally, ORVR
penetration is greater in states with colder climates due to the ravages of road salt and other cold
weather factors that reduce vehicle life and increase fleet turnover with new car replacements.
Figure 1 indicates Massachusetts' ORVR penetration already exceeds 80%*. Even in California,
ORVR penetration for 2011 exceeds 70%°.

Figure 1

ORVR Penetration for Massachusetts and California

100
90
80
70

&0

Massachusetts

D {
> ——(California

40

30

Penetration Percentage

20

10

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019
Calendar Year
References: * and ®

The NYSDEC has reviewed options for dealing with widespread ORVR penetration and the
need for additional VOC emission reductions. A specific proposal was presented in December 7,
2010. The essence of the NYSDEC proposal is to decommission Stage Il systems and utilize the
maintenance and operational cost savings to obtain needed VOC reductions through
implementation of continuous monitoring (CM) and pressure management (PM) at GDFs.
NYSDEC's proposal is not critiqued by the authors. Instead, some of the control techniques
expected to be used in New York are described and additional control options are identified and
compared in terms of cost-effectiveness to NYSDEC's Reasonably Available Control
Technology (RACT) guidelines of slightly more than $6k per ton ($3 per pound) of VOC
reduced’.



3 Scope

The primary topic of this paper is looking at optional Stage Il controls identified as "Hanging
Hardware" including nozzles, hoses and breakaways. This paper does not deal with Stage |
control options other than to discuss continuous monitoring (CM) and pressure management
(PM) as presented in the NYSDEC's proposal. It is assumed that robust Stage I controls, similar
to EVR certified equipment, but not including CM and PM, would be required and implemented
first since such controls strategies are generally cost effective and easily implemented.

GHG impacts of PM systems are discussed qualitatively. Electrical use is assumed to have a
negative GHG impact. However, the amount of electrical use is considered. For example, a
vacuum pump for an assist system which must operate whenever gasoline is dispensed will have
a more significant negative GHG impact than a purge pump for a membrane system which
operates very infrequently. Similarly, an oxidation pressure management system is expected to
have a greater negative GHG impact than either of the above examples due to its direct emission
of carbon dioxide and other combustion gases.

It should also be recognized that control of VOC (in this case, considered to be synonymous with
ROG - reactive organic gases) emissions in itself has a positive but unquantifiable GHG impact.
As stated in an ARB staff report: "Overall, strategies for reducing ROG emission are beneficial
from a climate change perspective. The Intergovernmental Panel on Climate Change (2007) has
provided global warming potentials for a relative small set of ROG species, so it is not possible
to quantify this benefit."®.

4 Emission Control Techniques

This section is intended to provide the reader with background on potential GDF VOC emission
control techniques. CM, PM and hanging hardware are each discussed in order to establish a
foundation for analyses in subsequent sections. Even though hanging hardware is the focus of
this paper, discussions of CM and PM are included in order to provide for comparisons.

4.1 Continuous Monitoring

NYSDEC's proposal requires Stage Il equipment to be decommissioned and CM be installed on
all GDFs with annual throughputs of 120,000 gallons or more. Stage | controls are to be
upgraded to near-EVR levels. PM is an additional requirement for GDFs with greater than
1,200,000 gallons per year throughput. The logic behind requiring CM is that the monitoring
will optimize vapor containment and therefore minimize the release of hydrocarbon vapors from
the vent line. Data presented by NYDEC in response to the December 7, 2010, workshop
comments indicate that CM for purposes of vapor containment can be cost effective °. The
question that may be asked is whether there is a viable alternative to NYSDEC's approach to
CM.



4.1.1 Alternatives to CM

An alternative to CM is to increase the frequency for testing the leak tightness of tank systems.
The South Coast Air Quality Management District (SCAQMD) requires GDF testing every six
months. In 2005, after implementation of Stage | EVR controls, but prior to full implementation
of Stage 1l EVR in 2009, which included continuous monitoring in the form of In-Station
Diagnostics (ISD), SCAQMD compiled data that are the basis of the values depicted in Figure 2.
Figure 2 shows that prior to EVR, compliance with Stage | vapor tightness requirements was at
11%. EVR implementation increased compliance rates to 62% and after two years, compliance
improved to 90%; a complete reversal of compliance to non-compliance percentages when
compared to pre-EVR levels. The EVR regulations require well-trained and system-specific
licensed installers to perform installations and, as do most air quality districts, SCAQMD
requires extensive post-installation testing prior to issuing a permit to operate. One conclusion
that may be drawn from Figure 2 is that while enhanced testing results in very good compliance
rates, it takes multiple years of testing every six months to approach levels which should be
easily attainable with continuous monitoring. Costs of testing vary nationwide and therefore, the
authors have chosen not to compare enhanced testing and CM relative costs.



Figure 2
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The semi-annual testing required by the SCAQMD provides a significant improvement in tank
vapor tightness over regulatory programs with longer test intervals. The clear advantage of
enhanced testing is that it could be implemented without the need for purchasing, installing and
maintaining a CM system. An enhanced testing program could be adopted where GDFs would
be tested every six months and repairs would be made as necessary to allow systems to pass the
test. When considering the testing frequency for a vapor control program, the cost and
disruption to GDF operation of testing needs to be compared with the reduced vapor tightness
and increased emissions that occur with longer test intervals.

The advantage of the CM system is that it alerts the GDF operator when tank tightness
diminishes and tank fittings need to be inspected. An alternative, which can provide information
on tank tightness without CM, is to temporarily connect a gauge to the ullage space and observe
the pressure level in the tank. This can be done by attaching a pressure gauge to tapped hole in a
fill cap that will fit on the Stage | vapor return riser on the tank. Observing the gauge reading
for a few minutes will give a good indication of tank tightness. The pressure or vacuum level in
a tight system will fluctuate during normal GDF operation and indicate a non-zero reading
between vehicle refueling events. If the pressure in the tank is zero (atmospheric pressure) or
returns to zero shortly after any dispensing stops, the tank can be assumed to not be vapor-tight.
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GDF operators could check and record the readings observed on a regular basis, say weekly or
monthly, and take appropriate action when a leak is indicated.

When considering any vapor control program at GDFs, the ability of the regulatory agency
having jurisdiction to effectively enforce its regulations and the cost of such enforcement needs
to be considered. Any vapor control program where the requirements for tanks, monitoring
systems and control equipment are not rigorously monitored will have reduced control
effectiveness.

4.2. Pressure Management

A second major aspect of NYSDEC's proposal regarding Stage Il vapor recovery at GDFs is to
allow the decommissioning of Stage Il systems while requiring PM at GDFs with annual

throughputs of greater than 1,200,000 gallons. Only PM systems that are EVR-certified by the
ARB are allowed in the proposal. At present, certified EVR PM systems include the following:

e Clean Air Separator (CAS) by Franklin Fueling Systems (FFS),
e Carbon Canister Vapor Polisher (CCVP) by Veeder-Root,

e Enviro-Loc ECS membrane processor by VST

e VCS 100 thermal oxidation processor by HIRT.

Component costs for vapor recovery systems including PM systems are included in Table I. The
data in Table I are intended to enable regulatory agencies and other stakeholders to calculate
some of the costs of options to controlling VOC when considering ORVR penetration.

All of the PM systems have been (or are expected to be) certified in conjunction with balance
nozzles. Only the CAS has been certified utilizing an assist (Healy) nozzle.

NYSDEC data indicate PM is cost-effective. That may be true, but the authors cannot
unequivocally suggest the same would be true for other states or locales. Certainly, vapor
growth has been observed by the authors at GDF's that close over night. However, a 2006 ARB
balance system study clearly showed that vapor growth and associated venting would begin only
after a GDF had been shut down for several hours*’. Venting would cease shortly after the GDFs
would re-open. It appears the effectiveness of PM is very much a function of how long a GDF
remains closed and may not be necessary for "tight" or relatively leak free GDFs which have
sufficient business to operate 24/7. Unfortunately, it is difficult to establish regulations to
exempt PM only for stations that operate 24/7. Studies assessing the benefits of PM should
include consideration of the length of time GDFs in a region are closed.



Table 1
EVR/I1SD Component Costs

Conventional Balance (VST/Emco) Assist (Healy 900)
Cost Expected Life Cost Expected Life Cost Expected Life

[Hanging Hardware
Nozzles 45 2 years 325| 2 years 350 2 years
Primary Hose 41 2-3 years 140| 2-3 years 123| 2-3 years
Whip Hose 28 2-3 years 42| 2-3 years 88| 2-3 years
Breakaway 51 2 years 97| 2 years 109| 2 years
|Pressure Management |
Veeder Root Canister 12,100
Healy CAS 5500
Hirt Oxidizer 8300
VST Membrane 10,500
[other Products - 4-Dispener Site
Veeder Root ISD - Existing Console 10,500 n/a
Veeder Root ISD - New Console 16,800 n/a
Incon ISD 10,800 n/a
FFS/Healy VP-1000 7800 1-2 years
|Insta|lati0n 4 Dispenser Site |Variables that can increase costs include local restrictions (especially for Healy CAS),
EVR only 5000-15,000 existing deficiencies in vapor piping, trenching for additional conduits, difficulties
EVR & ISD 8000-18,000 working with current dispenser plumbing and other hidden issues.

Reference *?

4.2.1 Pressure Management Systems

The characteristics of the presently ARB-certified processors are described below in Section
4.2.1.1.

As mentioned above, the CAS is certified to operate with the Healy ORVR compatible nozzles
and hanging hardware on the Healy assist system. It is anticipated that the CAS will be certified
for use with VST balance system hanging hardware by July 1, 2011. Fundamentally, the CAS is
a 400-gallon vapor containment bladder housed within a steel tank. It is a passive system that
utilizes the vacuum generated in the underground storage tank (UST) to purge any excess vapor
captured by the CAS. A relatively complicated, special nozzle that recognizes ORVR vehicles
and limits assist vacuum pump flows through a pair of pressure sensitive diaphragms is required
for the CAS to function properly in an assist system.

The VST certification using the CAS relies on inherent balance system compatibility with
ORVR vehicles to create a vacuum in the UST thereby eliminating the need for dispenser based
vacuum pumps of assist systems. Overall, the CAS, as a PM system, has the advantage of
having a low purchase price and being simple to operate and maintain with minimal direct GHG
impact. Operating costs are primarily those associated with dispenser vacuum pump operation
for Stage Il assist systems. As stated earlier, dispenser vacuum pumps are eliminated in the VST
certification. Some disadvantages of the CAS as a PM system besides the operating costs of
vacuum pumps and associated negative energy use GHG impacts, include visual impact of a 400
gallon steel tank, concrete pad requirements for CAS placement on site and a fixed vapor
capacity at 400 gallons which may be insufficient for systems prone to over pressurization such
as GDFs that shut down for extensive time periods.



4.2.1.2 Veeder-Root

Veeder-Root's CCVP has been popular in California since its certification in 2008. It is certified
to work with balance system nozzles and utilizes vacuum generated by fuel dispensing to purge
the carbon canister. The major advantage of the CCVP is a low installation cost since it is
designed to be mounted on GDF vapor vent pipes. The CCVP has minimal electrical operating
costs and corresponding minimal negative GHG impacts. A distinct disadvantage of the CCVP
is its fixed capacity. The system was originally certified to process up to 400 gallons of vapor,
but that limit has been nearly doubled with a recently certified "extended capacity" version.

4.2.13VST

The first continuous vapor processing PM system to be certified by California was VST's ECS
membrane system. Over pressurization is not an issue for continuous vapor processing systems
because processing occurs on-demand. The processor is activated whenever tank pressure
reaches a pre-determined level and continues to operate until the pressure is relieved. This may
be a significant advantage as ORVR penetration continues to increase since ORVR penetration is
suspected of having a role in PM system over-pressurization. Continuous vapor processing at
minimal operating cost and minimal negative GHG impact are the primary advantages of the
ECS PM system. Disadvantages include a slightly higher purchase price and concrete pad
requirements for mounting the processor.

At the time of publication of this paper, VST has completed the testing portion of ARB
certification on their "Green Machine", which is essentially their membrane system with
activated carbon replacing the membrane; VST has been marketing the Green Machine outside
of California. The disadvantages noted for the ECS system are eliminated or mostly ameliorated
by the Green Machine . The Green Machine is designed to be mounted on GDF vent pipe
support structures, canopy roofs or concrete pads. It still has the advantage of continuous vapor
processing by incorporating a pump for on-demand activated carbon purging thereby minimizing
negative GHG impacts and addressing potential over-pressurization issues.

4214 HIRT

The most recently certified EVR PM system is HIRT's VCS 100 thermal oxidation processor.
Unlike the other PM systems, which recover gasoline vapors by returning them to the storage
tank, HIRT manages pressures by burning excess vapors. HIRT system advantages include low
capital costs, easy installation (canopy or roof mount) and relatively low operating costs.
Disadvantages include no product recovery and negative GHG impacts due to oxidation of
gasoline vapors. It should also be noted that, as an ARB-defined "destructive processor", the
VCS 100 is certified to meet carbon monoxide, oxides of nitrogen, 1,3 butadiene and aldehyde
performance standards established by the ARB. This is in addition to a benzene performance
standard the ARB specifies that must be met by all EVR PM systems.



4.3 Hanging Hardware

There are three hydrocarbon control options that should be considered by air quality control
agencies which are all associated with hanging hardware:

e Utilizing the benefits of EVR nozzle control of spillage emissions;
e Adoption of hose permeation standards being considered by ARB; and,

e Control of non-ORVR vehicle emissions by retaining Phase Il systems, but converting
them to be ORVR compatible.

Each of these three control techniques are discussed below.
4.3.1 Spillage Benefits of EVR Nozzles

The EVR performance standard for spillage is 0.24 pounds per 1000 gallons dispensed. This
compares to an AP-42 emissions estimate of 0.7 pounds per 1000 gallons for conventional
nozzles*®. However, at least one EVR nozzle manufacturer has advertised spillage performance
of 0.016 pounds per 1000 gallons with its dripless nozzle'*. For a typical 1,200,000 gallon per
year throughput GDF with 10 fueling points, implementing ARB's nozzle spillage control
standards can achieve an estimated 820 pounds of VOC reduction annually at a cost
effectiveness of $3.4k per ton ($1.7 per pound) - well within NYSDEC stated Reasonably
Available Control Technology policy.

A significant advantage of spillage benefits from EVR nozzles is that the emission reductions are
independent of tank system vapor tightness, PM or ORVR vehicle penetration. Spillage benefits
are independent of other factors and will occur unless the nozzles are damaged. There are no
negative GHG impacts from dripless nozzles and very slight positive impacts from hydrocarbon
control. The disadvantage of requiring EVR nozzles is their cost relative to conventional
nozzles.

4.3.2 Adoption of Hose Permeation Standards

Hose permeation standards limit the allowable VOC emissions from liquid gasoline diffusing
through hose walls to the atmosphere. At this time ARB has yet to formally propose adoption of
hose permeation standards, but information from their July 2010 workshop®® and discussion with
staff*® allow discernment of what is likely to be proposed. At the workshop, a proposed standard
of 10 grams per square meter per day (gms/m2/day) per a UL testing protocol was suggested.
This standard would apply only to conventional, non-Stage |1, and assist hoses; balance hoses
would be exempt. The exemption is justified because balance systems have a coaxial hose with a
central product hose surrounded by an annular vapor return path. The vapor return path provides
a barrier to liquid gasoline that permeates through the product hose from reaching the
atmosphere. In addition, increased ORVR penetration over time will lower the average returned
vapor concentration in the vapor return path.



A reduction of over 95% in assist and conventional hose emissions was suggested at the ARB
workshop. Based on discussion with staff, the proposed standard would equal about 3.23
gms/m2/day of emissions at ambient temperatures. For a 95% reduction, hose permeation
emissions will be controlled at the rate of approximately 70 gms/m2/day per hose.
Implementation of a hose permeation standard as proposed by the ARB staff for a 1,200,000
gallon per year throughput GDF with 10 fueling points, should achieve over 100 pounds of VOC
reduction annually at an estimated $60 per ton (3 cents per pound) cost savings.

Hose permeation control provides the positive GHG impacts of controlling hydrocarbon without
the negative GHG impact of electrical power usage. Similar to dripless nozzles, hose permeation
control also is independent of other factors such as GDF tightness. If low-permeation hoses are
phased in as existing hoses wear out, the program should be quite cost effective.

4.3.3 Retention of Phase Il Systems

Retention of Phase 11 systems is addressed by the NYSDEC proposal, but it is done in the
context of systems presently in service in New York. Since most Stage Il GDFs in New York
are non-ORVR compatible assist systems, the cost of maintenance of such systems seems to
offset the potential benefits of any control they may offer. However, using Figure 1 data,
assuming 15 billion gallons of gasoline sold annually and an uncontrolled emission factor of 7.6
pounds hydrocarbon per 1000 gallons, the California six percent non-ORVR population in 2020
would result in nearly 9 tons per day of VOC emissions controlled by retaining Stage Il controls.
Note, in California, where EVR has already been implemented, removal of Stage Il systems and
replacement with conventional hanging hardware would also result in a loss of over 10 tons per
day of VOC control from removal of spillage control. Although the impacts in other states are
likely to be less, the analysis should be performed in each affected locale. The issue in NY
appears to be the cost of maintenance of prevalent assist systems off-setting potential benefits.

A primary issue with assist systems, even those compatible with ORVR vehicles, is cost of
operation and particularly the maintenance and replacement costs of vacuum pumps. Based on
Table I, a Healy VP-1000 vacuum pump costs nearly $1500. Including labor and necessary
testing, replacement costs could approach $2000. Recognize that a vacuum pump is required in
each dispenser of a GDF.

There is also the issue of electrical costs and GHG impact. The vacuum pump draws about two
amps in normal operation, which although not high, will add from $15 to $60 to monthly
electrical bills for average-sized GDFs in addition to the negative GHG impacts. Assist systems
are simply more expensive to operate than balance systems. Based on the information reviewed,
the authors suggest retention of existing balance systems should be strongly considered and even
conversion of existing assist systems to balance should be analyzed by locales seeking maximum
VOC control at reasonable cost.

-11-



5 Hanging Hardware Cost Effectiveness Analysis by GDF Size

Although information on the costs and effectiveness of spillage and hose permeation controls
was given in the previous section for a 1,200,000-gallon per year GDF, we thought, in this final
section, it would be useful to present similar values for a smaller and larger GDF. Table Il
contains information on hanging hardware costs and effectiveness for three GDFs types:
120,000 gallons annual throughput and 2 fueling points; 1,200,000 gallons annual throughput
and 10 fueling points; and, 3,600,000 gallons annual throughput and 12 fueling points.

Table 11
Hanging Hardware CE by GDF Size
GDF Annual Annual Cost

Control Throughput, Fueling Emission Annualized  Effectiveness,
Option 1000 gallons Points Reduction, Ibs Cost, $ $/1b
Spillage 120 2 82 280? 3.41

1,200 10 820 144072 1.70

3,600 12 2460 1680% 0.68
Hose
Permeation 120 2 20 Savings 0.031*

1,200 10 100 Savings 0.031*

3,600 12 120 Savings 0.031*

a. Difference between EVR and conventional nozzle costs.

Nozzle spillage control is independent of other factors such as GDF maintenance characteristics
or other controls. Throughput directly affects the emission reductions achieved through nozzle
spillage controls. It should be noted that spillage control for a 120,000 gallon annual throughput
GDF would likely have a cost-effectiveness number slightly exceeding the NYSDEC RACT
guideline. However, spillage control at a 1,200,000 gallon annual throughput GDF would result
in over 800 pounds of gasoline vapor captured and application of controls to a 3,600,000 gallon
annual throughput GDF would result in over a ton per year of VOC controlled at each site. Costs
included in the table are the differences between California EVR style nozzles and conventional
nozzles. Some form of adaptor would need to be offered by nozzle manufacturers if
conventional, non-Stage 11 hoses are to be used. At least one manufacturer indicated such an
adaptor would be made available if a demand developed"’.

With the assumed cost savings ARB presented at their workshop for hose permeation control in
July, 2010, hose permeation should be considered for all sizes and types of GDFs. The emission
reductions are completely dependent on the number of fueling points. Each fueling point
retrofitted with a low permeation hose results in an average 10 pounds of VOC controlled per
year from that fueling point. An important characteristic of hose permeation control is that its
benefits are completely independent of other aspects of the GDF.

-12-
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Vapor Recovery Installation Problems
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Enhanced Leak Detection (ELD) Testing
At Existing GDFs
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VST Supports All of EPA’s Potential Emission Reduction Programs
for GDFs as Identified in their Stage 11 Decommissioning Guidance

Background

On August 7, 2012, the U.S. EPA released its Stage |1 decommissioning guidance document
titled: Guidance on Removing Stage Il Gasoline VVapor Control Programs from State
Implementation Plans and Assessing Comparable Measures. As part of EPA’s guidance, a
brief discussion is included regarding potential GDF emission reduction strategies:

“4.4 Potential Emission Reduction Programs for GDFs

By viewing the GDF in its entirety as a fuel storage and dispensing system, existing GDF
emissions control systems can be enhanced to achieve a higher level of in-use efficiency, and to
deliver more environmental benefit. Of course, additional system design, maintenance, and
enforcement provisions add cost to the installation and ongoing operation of the systems.
Examples of extra design and monitoring features include: 1) ORVR compatible Stage Il nozzles;
2) systems to help better manage UST pressure and control emissions lost from the UST through
vent lines and fugitive leak sources during normal operations; 3) post processors to control or
eliminate normal UST breathing/emptying loss emissions; 4) standards for specially designed
nozzles that reduce emissions from liquid retention, drips, and spills; and 5) low permeation fuel
hoses.”

VST, as a manufacturer of advanced vapor recovery control equipment, has available or is
developing control techniques which address each of the five EPA examples listed above. This
paper briefly discusses each of the five GDF emission reduction programs in the context of how
they may be considered by regulatory agencies as “substitute strategies” to either enhance
existing GDFs so that the impetus to decommission Stage 11 systems is removed or to meet SIP
requirements for additional VOC emission reductions when the decision to decommission Stage
Il systems has been made.

1) ORVR compatible Stage Il nozzles

This strategy would provide for ORVR compatibility for existing GDFs with Stage 11 vapor
recovery. The difference between assist and balance type Stage Il must be taken into account
when discussing this strategy.

Balance Stage 11 systems are inherently ORVR compatible and need no additional components
or modifications to maintain efficiency. However, balance system technology can be enhanced
to both increase in-use effectiveness and gain addition emission reductions by utilizing
California Air Resources Board (ARB) certified Enhanced Vapor Recovery (EVR) equipment.
EVR regulations included several performance standards which were intended to reduce leaks
and improve performance. These performance standards include requirements for vapor check
valves, maximum pressure drops and stringent "spillage™ controls.

Assist Stage 11 systems must include some form of ORVR vehicle recognition in order to
decrease or stop assist vapor pump flow which over-pressurizes the UST when re-fueling ORVR
vehicles. Several manufactures have developed and are marketing nozzles or add-on
components to nozzles which perform this task thereby establishing GDF to ORVR vehicle



compatibility. EVR assist system nozzles are certified to similar performance standards as EVR
balance system nozzles. However, assist systems are inherently more expensive to maintain and
operate due to the added complexity of need for ORVR recognition capability, vapor pump
performance and electrical requirements, and need for more dispenser plumbing.

Some pros and cons when considering upgrading an existing Stage 1l system to be ORVR
compatible:

+ Most environmentally effective approach. By converting Stage Il systems to be ORVR
compatible, not only are excess emissions from incompatibility eliminated, but all non-ORVR
vehicle refueling emissions continue to be captured.

+ Balance systems, because of their greater robustness through simplicity, address many of the
"costs" identified by EPA as reasons for decommissioning Stage II.

+ Incorporating EVR technology such as spillage control will greatly increase VOC emission
reductions.

- Many cost considerations leading up to EPAs Stage 1l decommissioning logic continue to be
applicable with ORVR compatible assist systems. Only a few of the costs identified by EPA,
such as increased component costs, apply to balance systems.

- Practically speaking, a regulatory agency will have a difficult task of adopting requirements for
GDFs to enhance Stage Il performance when EPA has issued regulations and guidance allowing
decommissioning of such systems.

Suggestions for Regulatory Agencies: Perform a cost benefit analysis of both converting to
ORVR compatibility and EVR technology before allowing decommissioning of Stage Il systems.
Consider converting all existing Stage Il GDFs to balance type systems.

VST Capability: VST has Texas approved components available for converting assist systems
to be ORVR compatible and a full line of ARB certified EVR balance system nozzles and
components.

2) Systems to help better manage UST pressure and control emissions lost
from the UST through vent lines and fugitive leak sources during normal
operations

Continuous monitoring (CM) of GDFs allows for better management of UST pressure and an
ability to identify when emission control is being lost through vent lines and fugitive leak
sources. Existing GDF CM systems have been certified under the California EVR regulations as
part of the of larger monitoring systems called In-Station-Diagnostics (ISD). Existing CMs
would need to be modified if applied to either existing, non-EVR Stage 11 GDFs or non-Stage Il
GDFs.

Some pros and cons when considering requiring CM for GDFs with either existing Stage Il
systems or after decommissioning Stage Il systems:

+ Provides capability for real-time information on GDF "tightness" or leak status.



- Regulatory agency must provide for resources to review information which will obviously be
massive.

- Regulatory agency must provide for compliance enforcement capability in order to realize any
emission reductions due to CM.

- CM costs are probably in the range of $9,000 to $10,000 (installed) per GDF with no direct
VOC emission reduction benefit.

- No CM system has been approved or certified in the more simple, non-ARB EVR,
configuration being considered by some states.

Suggestions for Regulatory Agencies: CM can be a very effective tool in preventing VOC
emission releases from GDFs. However, the limitations of merely monitoring must be
considered before establishing a requirement for GDFs to install such systems. Cost/benefit
analyses should consider all aspects of implementing a CM strategy.

VST Capability: VST has developed a much less expensive, when compared to 1ISD, CM
system for GDFs which needs approval just like re-configured ISD systems.

3) Post processors to control or eliminate normal UST breathing/emptying
loss emissions

A detailed discussion of post processors or pressure management (PM) systems may be found in
"White Paper, Options for Controlling VOC Emissions at Gasoline Dispensing Facilities in
Response to Widespread ORVR Implementation™ prepared by Loscutoff and Gilson, 2011.

PM can a very effective approach in addressing ORVR incompatibility if the rest of the system is
modified to be ORVR compatible (such as ORVR compatible nozzles). If however, the Stage Il
system is decommissioned, PM is effective primarily for GDFs that shutdown during extended
periods or overnight. PM systems, as certified by ARB, are either passive or active. Passive
systems only work in a relatively leak free, tight, GDF environment. Active systems provide
much more latitude in GDF tightness and can also provide for water quality benefits by
maintaining a constant negative UST pressure.

Some pros and cons when considering requiring CM for GDFs with either existing Stage 11
system or after decommissioning Stage Il systems:

+ Could be a very cost effective technique for controlling VOC emissions from GDFs that are
shutdown for extended periods (~6 plus hours).

+ Water quality can benefit from active PM systems maintaining a constant, negative UST
pressure.

- The cost of PM systems varies between approximately $5,500 to $12,000. The capital
investment required for a PM system could make a regulation difficult to adopt even though it
may be cost effective.

Suggestions for Regulatory Agencies: Cost versus benefits are critical when considering
requiring PM systems. Analyses need to consider station operation characteristics as the prime
factor in determining if PM is viable.



VST Capability: VST has an active PM ARB certified system and is the process of certifying a
second active system which would be less expensive.

4) Standards for specially designed nozzles that reduce emissions from liquid
retention, drips, and spills

EVR regulations included specific standards to reduce "spillage™ emissions. Based on
certification data, EVR nozzles far exceed anticipated spillage reductions making this strategy
likely very cost effective, especially for high throughput sites, for regulatory agencies
considering retaining Stage Il. Additionally, VST has committed to developing and marketing a
conventional, non-Stage 11, nozzle with EVR spillage benefits (tentatively called "ECO"
(Enhanced COnventional) nozzles by the ARB) by early 2013 for those regulatory agencies
which will proceed with Stage 11 decommissioning but are seeking additional VOC reductions.
The South Coast Air Quality Management District in Southern California felt the benefits of
spillage control sufficiently beneficial to require businesses and government agencies with
primarily ORVR fleets to utilize EVR Stage Il hanging hardware while allowing for Stage 11
decommissioning of their refueling facilities.

Some pros and cons when considering requiring nozzles with advanced, EVR style spillage
control for GDFs with either existing Stage 11 system or after decommissioning Stage Il systems:

+ EVR Stage Il nozzles are available for both assist and balance systems.

+ ECO nozzles provide all of the spillage control benefits of EVR nozzle without a vapor path to
increase potential leak sources.

+ ECO nozzles provide the safety of insertion interlock mechanisms which present conventional
nozzles do not.

+ Nozzle spillage control prevents air pollution, saves gasoline and provides a cleaner forecourt
which also leads to water quality protection.

+ Nozzle spillage control is independent of other control measures and can be incrementally
implemented to minimize cost.

+ Cost effectiveness improves with higher throughput sites.

- EVR nozzles are $250 to $275 more expensive than conventional nozzles although they are still
cost effective in most scenarios.

- ECO nozzles are projected to cost about $40 to $90 more than present conventional nozzles.

- A method of "approving” ECO nozzles may be needed. The ARB is considering adopting
regulations but their timeframe, estimated as mid to late-2013, may be later than desired by other
regulatory agencies.

Suggestions for Regulatory Agencies: Spillage control nozzles may be the most cost effective
control technique for agencies either considering retention of Stage Il systems (EVR nozzles) or
considering decommissioning (ECO nozzles). It is suggested agencies conduct specific analyses
of spillage control nozzle impacts and costs. Agencies should include consideration of adopting
requirements for EVR and/or ECO nozzles implementation at all GDFs in their region due to the



cost effectiveness of the measure and in anticipation of more stringent ozone standards now
being considered by EPA. Adoption of regulations requiring ECO nozzles will ensure the
technology will be marketed in an appropriate time frame and will encourage nozzle
manufacturers to consider development of such nozzles if they are not presently committed to do
so. A "third-party" certification process may need to be developed if the regulatory agency
wishes to test the ECO style nozzles prior to implementing regulations.

VST Capability: VST has an ARB certified EVR balance system nozzle and has committed to
bring to market an ECO style nozzle by mid-2013.

5) Low permeation fuel hoses

The ARB adopted regulations on September 22, 2011 requiring low permeation fuel hoses for
GDFs. In comparison to existing Stage Il hoses, low permeation hoses were projected to be cost
saving according to the ARB staff report. When compared to conventional, non-Stage Il hoses,
hose permeation control is still very cost effective. Technology for developing low permeation
hoses has been available since the early 2000's and adoption of low permeation standards for
GDFs is considered technology transfer. California ambient temperature corrected emission
reduction estimates are about 10.8 pounds VOC per (ten foot) hose per year.

Some pros and cons when considering requiring low permeation hose control at GDFs:
+ Low perm hoses will be available for both assist and non-Stage Il systems.

+ Low perm hoses should have greater durability than conventional GDF hoses since vapor is
hindered from reaching the surface layer of the hoses where most cracks begin.

+ Cost effectiveness appears to be very good for low permeation hoses.

+ Low perm hoses offer significant, quantifiable benefits including both air pollution control and
gasoline recovery.

+ Low perm hose control strategy is independent of other control measures and can be
incrementally implemented to minimize cost.

- No known negatives at this time.

Suggestions for Regulatory Agencies: Along with spillage control nozzles, hose permeation
control may be the most cost effective control technique for agencies either considering retention
of Stage 11 systems or considering decommissioning. It is suggested agencies conduct specific
analyses of low perm hose impact and include consideration of adopting requirements for all
GDFs in their region due to the cost effectiveness of the measure and in anticipation of more
stringent ozone standards now being considered by EPA.

VST Capability: VST is in the process of developing and certifying low permeation GDF hoses
per the ARB regulations. It is anticipated that full ARB approval will be received by mid-2013.
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