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Clean Tanks and Fuel Mean Reliable and Efficient Equipment
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The Business of Innovation

HYPOTHESIS:
Aerobic and anaerobic microbes
are producing by-products that
are establishing a corrosive
environment in ULSD systems.

_ Corrosion

| Anaerobes | Microbes < Aerobes

Could these microbes be present in the USTs inspected?

Yes. Yes.
Water present, energy (hydr arbon) pr T, Water present. energy (ethanol) source
slightly acidic pH conditions. present. slightly acidic pH conditions.
and localized oxygen-deficient areas covuld and localized oxygenated areas could
allow anaerobic microbe growth. allow aerobic microbe growth.

Were these microbes found in the USTs inspected?

Yes.
Analysis of bottom water and sediment
indicated presence of aerobes, specifically
from the f ily A tob teraceae.

Yes.
of bottom water and sediment
indicated presence of anaerobic bacteria.

Could these microbes be responsible for producing corrosive by-products?

Yes.

Bacteria in the family A tob #
metabolize ethanol info acetic acid in
the presence of oxygen and water in slightly
acidic pH conditions.

P4 N

HYPOTHESIS VERIFIED
Aerobic bacteria (family Acefobacteraceae could be
responsible for the production of the acetic acid.

Figure 4. MIC Hypothesis Evaluation
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The Business of Innovation

HYPOTHESIS:
Aggressive chemical species
present in ULSD systems are
facilitating aggressive
corrosion.

Corrosion

Which chemical species are capable of facilitating corrosion?2

Were these chemical species present in UST systems inspected®?2
Yes.

Y s
g Analysis showed significant amounts of acetic
acid in the water botftom. headspace

Analysis showed frace levels of ethanol
in water bottom and fuel samples.
vapor, and fuel.

Can the chemical species be responsible for the aggressive corrosion®@
Yes.

- Acetic acid pKa = 4.75
Reaction rafte is appropriate fo account

for observed aggressive corrosion. <
Substantial concenfrations of acetic acid

measured in the vapor, fuel, and water

botftom samples correlate to the
acetic acid found in the scraping samples.

X

; HYPOTHESIS VERIFIED

Acetic acid may be responsible for the aggressive corrosion.

Figure 3. Aggressive Chemical Species Hypothesis Evaluation
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FINAL HYPOTHESIS:
Aerobic microbes are producing acetic acid which is being
dispersed into the humid vapor space coating and re-coating the
UST equipment. This process concentrates the acetic acid on
the equipment, resulting in severe and rapid corrosion.

Acetic acid is a cormrosive species found in appreciable concentrations
in vapor, fuel, and water bottom samples from the inspectfed USTs.
Further, it was found in the chemical analysis of the corrosion scraping samples.

Did conditions exist for aerobic microbes that produce acetic acid?

Yes.
Oxygenated areas, water. and slightly acidic pH conditions were in all USTs inspected.
Ethanol (energy source) was found in § of 6 USTs inspecfed.

Were these microbes found in the USTs inspected?2
Yes.
Analysis of water bottoms with sufficient extractable DNA indicated presence of aerobes.
specifically from the family Acefobactlteraceae.

Could these microbes be responsible for the acetic acid and corrosion?@

Yes.
Research conducted by Ghommidh, Navarro, and Durand indicates that with sufficient ethanol
and oxygen, approximately 27 grams of Acetobacter can produce approximately 600 grams
of acetic acid in one week. This quantity of acetic acid is sufficient to form approximately 920
grams of iron (IlIl) acetate (corrosion).

Are USTs suitable environments for these microbes?

Yes.

The low diversity of microbes seen in the collected samples indicates the UST diesel
environment is selective for the microbes given the energy source (ethanol). oxygen, and water.

- Ethanol could enter the UST in diesel fuel that has come in confact with fuels containing
ethanol. Shipping tankers commonly carry ethanol fuels, jet fuels. and diesel fuels. where
cross-contamination of fuel and vapor is possible. Common manifolded ventilation systems
covuld also force gasoline and ethanol vapors info ULSD tanks.

Oxygen enters the UST environment during fuel deliveries and as ambient air displaces fuel
during fuel dispensing. Solubility of oxygen in water at 20°C is approximately 9.0 mg/L
and in diesel fuel is estimated fo be 200-300 mg/L.

Wafter can enter the UST environment via condensation from air displacing fuel removed
during dispensing, dissolved in the fuel, or from surface water entering the UST.

Is there a mechanism to disperse the acetic acid to the vapor phase?
Yes.

- Turbulence in the UST liquids (fuel and water bottom) during fuel delivery can mix and splash

water containing acetic acid to the vapor portion of the UST.
- Acetic acid produced in the water layer has a higher vapor pressure than diesel fuel and can

migrate through the fuel intfo the vapor phase.

Figure 5. Final Hypothesis

September 2012
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t understand “Protocol” which is the
line: b v which fuel is produced and the bench
for ma/ntenance
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= S’econd/y we must understand the Methodology used to
- maintain tank and fuel guality.



SWVhoisets the Guideline by which itish
ymportant to haveiclean tanks and. fuel?
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'?I.I'IEIineS, Standards and Specifications

SENINE 1105 ‘ldely accepted fuel storage guidelines and standards are
WEVEIC o) §d through a consensus of technical specialists and
_1_)\ Srment agents representing different perspectives and interests
,,:;'«_;.,«c re environmental, and other safety issues. The Environmental
— Protection Agency (EPA), National Fire Protection Association (NFPA),
== ~ ASTM International, the Air Transport Association (ATA), and the
=~ American Petroleum Institute (API) are the leading authorities. Each
of these groups publish a series of standards that concern fuel quality
and storage tank issues. A selection of the most appropriate and

popular of these guidelines are as follows:




Pollution Prevention requires the procedures
ns and testing of above ground tanks
_q-uirements for Owners and Operators of
-,-" ound Storage Tanks (UST) requires that USTs
must be inspected every 60 days to ensure the

”'*‘é'éulpment is running properly.

The EPA states that a new or upgraded storage system
IS @ good start, but the system must be properly
operated and continuously maintained. This includes
water monitoring, removal and cleaning.
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tandard for the Installation of Station for Fire

/4

NFPA’

ipply Maintenance states that "tanks shall always be filled by means that

S ;andard for the Inspection, Testing Maintenance of Water-Based
ction Systems
gg//s for a maintenance schedule to check to make sure diesel systems
f water.
_ -«: Flammable and Combustible Liquids Code (2008)

1.6 8/ eqwres tank owners to establish a procedure for checking and removing
,,_..;;,.,waf /ng water from the bottom of the storage tanks.

._’.

’7‘5— NFFA 110 Standard for Emergency Power and Standby Power Systems

- (2010)
=~ 7.9.1.1All fuel tanks and systems shall be installed and maintained in

accordance with NFPA 30, Flammable and Combustible Liguids Code.
/.9.1.2* Fuel system design shall provide for a supply of clean fuel to the prime
mover. (Annex A.7.9.1.2 provides further explanation of 7.9.1.2 Please see attached.)
/.9.1.3 Tanks shall be sized so that the fuel is consumed within the storage life, or
provision shall be made to replace stale fuel with clean fuel.
8.3.8 A fuel gquality test shall be performed at least annually using tests approved by
ASTM International Standards.
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INTERNATIONAL

—

ational D975, Section X2. Storage and Thermal Stability of

,',- or monitoring the quality of bulk fuel during prolonged storage is an
a successful program.
fuel should be periodically sampled and its quality assessed.
' “.5 nation levels in fuel can be reduced by storage in tanks kept free of
7 tanka ge should have provisions for water draining on a scheduled basis.

Tl ds for the American Society for Testing and Materials. They have committees
===—"that rev : v and establish the values, benchmark properties, and uniform standards by
'.:.:4-;-:2- ch petroleum products are evaluated — and products for a wide range of industries
— = and endeavors. Understandably, their website is extensive and we recommend you

- refer to the website, if only to get an idea of the size and scope of ASTM activities.
- = ASTM International
100 Barr Harbor Drive
West Conshohocken, PA 19428-2959
Phone: 610-832-9585
www.astm.org
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== :— | Specification 103 Standard for Jet Fuel Quality Control
=242 Storage tank shall include the following equipment: (a) floating
~-suction with means of verifying proper operation.
2-5.7.1 Storage tank interiors: (a) check fuel storage tank interiors for

cleanliness and condition of coating (b) clean as required.
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el Tank Institute suggests that in order to
v «-your business, maintain good
r relations, ensure high-quality fuel, and
ak-fl e operatlon of your storage systems, you
-._;_;3;:e:::é} E monitor for water in those systems and
= jremove water whenever it is detected. This must
- -be a routine part of your operations and

- maintenance procedures.


https://www.steeltank.com/Home/tabid/441/Default.aspx
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3 Test/ng Stanaards by which the fuel is
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;;,-,.-, Producers The Refineries that adhere to the
sfandards and Specification

- Tank Manufactures, which produce the tanks we store
the fuel our equipment runs on, Warranties!
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— Now tha O:We have established who sets the
;;:;;:' ““DROT OC%IL” lets learn some "Fuel Facts” and then

e

_— == lﬁie Methoa’o/og v needed to maintain Tank and Fuel
== Qua//ty
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Facts
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P RUEIS and tanks contaminate on their own.

/(“hrn:l fad weather adversely effect all Fuels
JnJ r f ks
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>/. | ﬁgme Manufactures adhere to ASTM Fuel

S
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- ahty Standards.
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— ’> Each publish a fuels book for customer
2 verification and reference of these standards
and warranties that apply.
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AJJ ngme Manufactures design
their

3 qulpment around ASTM Fuel
= -‘-"-_—-f Quality Standards for
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—— Performa nce, Efficiency, Ecology
_' | and Economy.
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The Methodolo —
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dihe Fuel Doctor’'s Philosoph

~ Usgz)l octor S approach to the tank and fuel
CJrL..]J’ matlon problems.

~If ;u_f;vvere Sick the doctor would examine you,
== jdentify’and classify your illness and prescribe a
eatment program.

0
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> After gaining control of the illness, he would
. prescribe some preventative measures to keep you
healthy.
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FAeONLaMINation in fuel'is like an illness, it doesn't
IO as] pment to'run at an optimal level. Fuel
nustE healthy and stored in a clean

CTIVIT ol ment (the tank) to perform in the

—eC ipment
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:_:}Tanks and fuel will stay healthy with the right

-

- - programs, products and services in place.



Step 1 - Identifiection
The Doctor would make an examination
fo identify the problems.

A sample of fuel s pulled from the tank with o portable sampling and
on-sife fest kit, The sample is then examined fo defermine If
confamination exists. Fuel deterioration is a natural effect with fime
and weather being the biggest factors, Water naturally builds up in the
fank through condensation and fransportation, This condensation
promotes bacterial colonization and fungi growth along with clouding
and gel formation. Dirt and rust, combined with water on metal
surfaces, creafing oxidation. The natural repolymerization process
creates gums and resins, which inferferes with pumpabllity and
combustibility that lead to system shutdown. Fouled injectors begin
slobbering and drooling causing more exnaust emissions and potentidl
problems meeting EPA standards.




S1a9 2 Glassifiaation
The Doctor would analyze the symptoms and
classify the illngss.

The second step Is 1o run an analytical test 10 determine the fype ana extent
of organic and inorganic tank and fuel contamination, The resulfs of organic
and inorganic contamination are far-reaching. Your fuel becomes
non-comoustiole and non-pumpdable. Use of confamincted fuel can also
lead fo rapid abrasive wear and costly repairs because of clogged In-line
filters and exploded Injectors, Productivity Is lost when your employses are
forced 1o shiff thelr focus from the work at hand fo equipment failure ano
repalrs,
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= '_1' Now that we have diagnosed

the problem lets prescribe a program to
combat the contamination.



otan 3 = Prascintion of Carg

The Doctor writes a Préscription of Care fo gain control of fhg
lingss causing the dlscomfort

After receiving the results of fhe analysis, ARS wiites ¢ prescriofion of care 1o
comect the problems ot re being experienced. Most commonly e
nrescription will consis of The ARS Tonk and Fugl Qualty Managemant Servica
Program. Ine correct dosages of ArS Treatment and @ close looped! mulistage
fUsl monitoring and maintenance system, removes: orgonic and inorganic
contamination
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|sual Fuel and Tank Survey



San Luis Obispo, CA
www.advancedfuelservicesinc.com



$19 4= Ganirol
The Doctor has gaingd control of your finess.




$1an 9= Davandion

Ihe Doctor puts you on  preventaiive
maintenance schedule,

Tne finol tep 5 o provice your company with o wel rounded Tank and
Hig| QUolity Management Program eliminating contamimation before
canstort




What are you doing fo insure your fusl quality meels ASTM Sk

Diesel Dialysis Systems Inc.

Tank and Fuel Quality Management Program

DDSI 4 System

* DDSI fuel monitoring & maintenance systems are fully cutomated.

+ The system pulls the fuel from the bottom of the storoge fonk on a
predetermined schedule or manually and runs it through a muttiple
stoge decontamination process. Then the fuel is freated and

refurned to the storoge tank meeting ASTM fuel quality s?ondo«ds.‘, e

* All engine monufactures odhere to ASTM fuel %gomy standords when
desigmg|their equipment for performance, efficiency. ecology ond
economy!

¢ mgglmen geographic location, transport & storoge adversely effect all

+ It's been proven that fuel contominates noturally as eorly as 28 days
after leaving the refinery!

Clean Tanks and Fuel = Reliable Power
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Advanced

Fuel

serVices Inc.

A DoctoR s APPROACH 1O HEALTHY FUEL

Dr. RoN F. SICKELS

ENGINEERING, SALES & SERVICE
CELL - 805.610.5234

NATIONAL SERVICE CENTER

P.O. Box 1346, Morro Bay, CA 23442
OFFICE - 805.9295.1715
FaAx - 805.995.171<2

BraNncH OFFICE
Las VEcAas, NV
805.431.742<2

WWW.ADVANCEDFUELSERVICESINC.COM




