VOLUME 2.  AIR OPERATOR ADMINISTRATION
CHAPTER 30.  AIRCRAFT FUELING.

30.1 BACKGROUND

Improper fueling procedures may cause aircraft accidents. If operators of fueling facilities establish procedures for safe and proper fueling of aircraft and fueling personnel follow these procedures, many aircraft accidents or incidents will be prevented. Fueling personnel should be familiar with the fuel requirements for the models and types of aircraft they are servicing. This chapter contain a description of fuel contamination and other problems that may be encountered in fueling aircraft and recommended procedures for combating these problems.

30.2 GENERAL

A.
An operator  must have procedures for handling and dispensing fuels. The following must be included as components of the operator’s procedure manual:

· Dispensing equipment procedures

· Electrostatic protection procedures

· Contamination protection procedures

· Related record keeping procedures

B. The operator’s manuals must include procedures for vendors and contractors. A states aviation regulations may not establish standards for fueling facilities, but this does not relieve the operator of overall responsibility for conducting those operations within established industry standards

30.2 FUELS

A.
AVIATION GASOLINE. 

The naming system for the grades of aviation gasoline is derived from the general term “AVGAS,” a widely used abbreviation of the words “aviation gasoline”, followed by the grade marking. The grades are identified by their performance numbers, as recognized by all military and commercial specifications, e.g., 80, 100LL, and 100.

(1)
The naming system for AVGAS grades is printed on all containers in white letters and numbers on a red background.

(2)
Storage containers are also marked with a circular band around the piping, the color of which matches the dye in the AVGAS flowing through the line. The dyes are red for AVGAS 80, blue for AVGAS 100LL, and green for AVGAS 100. A minimum 4 inch wide band is recommended. If the pipeline is painted the color of the AVGAS, then no banding is needed.

B.
JET FUELS. 

The three classifications of aviation turbine fuels are universally referred to as “jet fuels”.

(1)
The naming system for the jet fuel is printed on all containers in white letters on a black background to distinguish it from aviation gasoline.

(2)
Examples of jet fuel storage container markings include the following:

· Jet A fuel containers marked with a single 4-inch wide (minimum) black band around the piping

· Jet A-1 fuel containers marked with two 4-inch wide (minimum) black bands

· Jet B-1 fuel containers marked with three 4-inch wide (minimum) yellow bands

31.3. Fuel Contamination

A. Water in the Fuel.

(1)
Water occurs in aviation fuels in three forms:

(a)
Dissolved water occurs similar to the humidity in the atmosphere that converts to droplets and settles out as the fuel temperature decreases during flight. 

(b)
Suspended water appears in the form of droplets that reflect light. High concentration of droplets will cause fuel to have a cloudy or hazy appearance.

(c)
Solid bodies of water may be caused by leakage of storage tanks, leaking filler neck seals, or the settling out of suspended water droplets.

(2)
Accumulation of water. There is no way of preventing the accumulation of water formed through condensation in fuel tanks. The accumulation is certain, and the rate of accumulation will vary; so it is recommended that storage tanks, fuel truck tanks and aircraft fuel tanks be checked DAILY for the presence of water. Any water discovered should be REMOVED immediately. In addition to the daily water check, fuel tanks should be CHECKED AFTER EACH DELIVERY as insurance against inadvertent water contamination.

(3)
The minimum settling time. Adequate settling time is NECESSARY for accurate testing. The minimum settling time for aviation gas is 15 minutes per foot-depth of fuel and 60 minutes per foot-depth of turbine fuel.

(4)
Water checks of storage tanks and fuel trucks may be made by attaching water detecting paste, or litmus paper, to the bottom of the tank dip stick.

(a)
Push the dip stick to the bottom of the tank and hold for 30 seconds. When the stick is removed, the detecting paste or litmus paper will have changed color if water is present.

(b)
The source of excessive amounts of water must be determined and corrected before further use of fuel from the tank.

B.
RUST AND SCALE 

Rust and scale dislodged from the inside of fuel storage tanks may enter the aircraft fuel tanks and clog systems. Turbine fuel tends to dislodge rust and scale and carry the particles in suspension. Because of this, fuel dispensing equipment filters should be serviced frequently. Aviation gasoline should not be stored in tanks or equipment that have been used for turbine fuel storage.

C. MICRO-ORGANIC GROWTH 

Micro-organic growth thrives in turbine fuel and appears as a soapy, slippery slime on the inside surfaces of fuel storage tanks. Micro-organisms of bacteria and fungi multiply rapidly and may cause serious corrosion in aircraft fuel tanks, as well as clog fuel filters, screens, and control units. Therefore, turbine fuel storage tanks should be checked frequently for the presence of slime or micro-organic growth. If found, the tank should be cleaned thoroughly to assure removal of the micro-organic growth and prevent further contamination. 

D. DIRT, LINT, AND DUST 

Dirt, lint, and dust may collect on fuel dispensing hose nozzles when proper storage receptacles are not used. Fuel hose nozzles should not be stored in such a manner that dirt or moisture will collect in them. Always check the nozzle for dirt and water before using it.

E. CONTAMINATION WITH OTHER TYPES OR GRADES OF FUEL 

Contamination with other types or grades of fuel can cause aircraft engine damage and possible failure in flight. Turbine fuels mixed with aviation gasoline reduce the antiknock and volatility of fuels required for reciprocating engines. Quantities of aviation gasoline mixed with turbine fuels will cause damaging lead deposits to collect in jet engines when used indiscriminately. Transportation or storage of turbine fuel in tanks previously used for storage or transportation of aviation gasoline is not recommended as contamination from rust and scale, or a possible change of fuel specification, may result.

F. ADDITIVES 

Additives. Certain turbine engine powered aircraft require the use of fuel containing anti-icing additives. Therefore, fuel personnel must know whether or not the fuels they dispense contain additives. When anti-icing additives are to be added to the fuel, the manufacturer’s instructions (usually printed on the container) should be followed to assure proper mixture. Anti-icing additive content in excess of 0.15% by volume of fuel is not recommended as higher concentration can cause the aircraft fuel capacitance system to give erroneous indications. Concentrations of at least 0.05% additive by volume of fuel are effective in eliminating microbial growth.

30.4
Fuel Dispensing Equipment. 

Fuel servicing vehicles should be conspicuously and legibly marked to indicate the type and grade of fuel.

(1)
Markings should be displayed on each side and on the rear of the vehicle in CONTRASTING colors.

(2)
Fuel hydrants and pit installations should be identified similarly, according to type of fuel and grade.

(3)
Turbine fueling vehicles should be marked to show whether or not anti-icing additives are contained in the fuel being dispensed.

(4)
Leaking or otherwise defective pumping equipment, plumbing, hoses, nozzles, and grounding cables of fuel dispensing vehicles and stationary facilities should be repaired before further use. Fuel/nozzle/lever stop notches should be removed to avoid the possibility of an inadvertent blocking open of the valve. 

(5)
Fuel dispensing vehicles, and stationary facilities, should be equipped with appropriate fire extinguishers, fire blankets, static grounding cables, explosionproof flashlights, and ladders. Fire extinguishers should be located so they are accessible from either side of the vehicle and remote from probable fire hazard.

(6)
Fueling vehicles should be positioned as distant from the aircraft as permitted by the length of the fuel dispensing hose. Mobile units should be parked parallel to or heading away from the aircraft wing leading edge, so it may be moved away quickly in the event of an emergency. When the fueling operation is completed, the fueling vehicle should be parked at least fifty feet from aircraft or buildings and positioned in a manner to permit removal from the area without delay.

30.5 Fueling procedures 

A GENERAL

Fueling procedures. Fueling personnel should first check with the flight crew to determine the type and grade of fuel required, including additives for the aircraft. It is a good practice to have the pilot sign a demand, identifying the grade and quantity of fuel desired. In the absence of the flight crew, fueling personnel should check the placard located near the aircraft fuel tank filler port, or the aircraft owner’s manual that is usually carried in the aircraft, to determine the type and grade of fuel required.

(1)
Check to ensure that:

(a)
No electrical or radio equipment in the aircraft is energized or being maintained while fuel is being dispensed into the aircraft, except those switches that may require energizing to operate fuel selector valves and quantity gauge systems.

(b)
Qualified personnel should be stationed at the aircraft fuel control panel during pressure fueling operations.

(c)
Fueling personnel should not carry objects in the breast pockets of their clothing when servicing aircraft or filling fuel service vehicles because loose objects may fall into fuel tanks.

(d)
Matches or lighters should never be carried during fueling operations.

(e)
Because of the high lead content, direct avgas fuel contact with skin or the wearing of fuel saturated clothing should be avoided. Skin irritation or blisters may result from direct contact with fuel.

(f)
Immediate medical attention should be sought if fuel enters the eyes.

(g)
In the event of fuel spillage, discontinue fueling operations until the spill can be removed, using proper safety precautions.

B.  FUELING FROM MOBILE EQUIPMENT

The following sequence should be followed by the fueling crew.

(a)
Connect a grounding cable from the fueling vehicle to a satisfactory ground. Grounding posts usually consist of pipes or rods driven far enough into the ground to result in a zero potential.

(b)
Connect a ground cable from ground to the aircraft (on landing gear axle or other unpainted surface). Do not attach ground cables to the propeller or radio antenna.

(c)
Connect a grounding cable from the fueling vehicle to the aircraft. The fueling vehicle may be equipped with a “T” or “Y” cable permitting ground attachment first and grounding of the aircraft with the other end.

(d)
Connect a grounding cable from the fuel nozzle to the aircraft before removing the aircraft tank cap. This bond is most essential and needs to be maintained throughout the fueling operation and until the fuel cap is replaced.

CAUTION: Conductive-type fuel hose does not provide a satisfactory method of bonding.

(e) The fuel dispensing equipment grounding cables should be removed in the reverse order of the sequence outlined above.

C
FUELING FROM HYDRANTS, PITS, AND CABINETS.

(a)
Connect the grounding cable from the dispenser to the aircraft.

(b)
Connect the grounding cable from the hose nozzle to the aircraft before removing the fuel cap.

D
OVERWING FUELING. 

The fuel filler hose should be draped over the wing leading edge. Never lay the fuel filler hose over the wing trailing edge because aircraft structural damage may result. A simple rubber shower mat may be used to provide protection for wing leading edges during fuel operation. Step ladders or padded upright ladders may be used to provide easy access to high wing and large aircraft. Standing on wing surfaces should be avoided and never stand on wing struts. Hold the fuel nozzle firmly while it is inserted in the fuel tank filler neck and never block the nozzle lever in the open position. Be sure that fuel filler caps are replaced and securely latched when fueling is completed. 

E  UNDERWING FUELING. 

Discharge possible static buildup in the fuel dispensing hose by touching the pressure nozzle to an unpainted part of the aircraft, such as a landing gear axle, before attaching to the aircraft filler receptacle. No static ground wire between the filler nozzle and the aircraft is necessary. 

F. FUELING FROM DRUMS

Refueling from drum storage or cans should be considered as an unsatisfactory operation and one to be avoided whenever possible. All containers of this type should be regarded with suspicion and the contents carefully inspected, identified, and checked for water and other contamination.

(a)
Drums or cans should, if practicable, be protected from the sun and weather. All drums should be stored off the ground and on their sides, with the bungs below the liquid level, and in such a manner that they are visible and accessible. Drums stored vertically can accumulate water around the bungs which can be sucked into the drum by thermal heating and cooling of the fuel. Additionally, fuel in the drums or cans should be used according to the fueling delivery date - oldest stock first. Avgas has a 6 month shelf life therefore old fuel should be sampled and checked by a laboratory before use in an aircraft.

(b)
Only sound clean drums with good interiors should be used. Where fuel storage in drums has occurred for long periods, the use of the fuel is questionable unless it has been tested for quality. Bungs should always be screwed tightly into empty drums because an open bunghole allows hazardous vapors to escape from the drum after the drum has been emptied.

(c)
When fueling from drums, it is advisable to use a 5 micron filtered portable pumping unit, the best filtering equipment available locally or, as a last resort, a chamois skin filter and filter funnel.

Remember refueling from drums or cans is considered to be unsatisfactory. Extraordinary precautions are necessary to eliminate the hazards of water and other contaminants.

F. WATER DRAIN

The aircraft fuel tank sumps should be drained before each fuel servicing to remove water that may have accumulated from condensation or entered the tank during fueling operations. Draining fuel sumps immediately after fueling serves little purpose because the agitation action of fuel entering the tank may suspend water and contaminants - which can remain suspended for many minutes and may not settle out until the aircraft is airborne.

30.6  Procedures

A   REFERENCES

FAA AC 150/5230, Aircraft Fuel Storage, Handling, and Dispensing on Airports, as amended

FAA AC 20-125, Water in Aviation Fuel

B.  REVIEW PROCEDURES

A.
Review the Operator’s Manual. Ensure that the manual indicates whether services will be performed by the operator or contracted out.

(1)
Review the operator’s manual to ensure that it defines the following:

· Lines of authority and responsibilities

· The operator’s training program

· The vendor’s training program, if applicable

(2)
Ensure that the manual contains procedures for the following:

· Inspection of incoming fuels

· Elimination of fuel contamination

· Use of dispensing equipment

· Refueling and defueling, by specific make and model of aircraft

(3)
Ensure that the manual includes procedures for record retention and ongoing inspections of the following:

· Fuel (millipore checks, etc.)

· Storage facilities and dispensing equipment

· Filters

· Safety equipment

· Training programs for servicing personnel

· Individual training records

· Vendors (in accordance with operator’s program)

(4)
If the manual is acceptable at this point, continue on to the facilities inspection. If the manual is unacceptable, return it to the operator for corrections and/or revisions.

B.
Inspect the Facility

(1)
Ensure that:

· Personnel training requirements are documented and current

· Training is conducted according to the manual curriculum

· Piping is marked and color coded to identify fuel type and grade

· Control/cutoff valves are clearly marked with instructions for emergency use, e.g., on/off

(2)
Ensure that the fuel farm/storage area provides for the following:

· Proper security (fenced and posted)

· Proper display of “Flammable” and “No Smoking” signs

· Markings to identify type/grade of fuel

(3)
Ensure that the equipment includes the following:

· A positive low point sump

· Adequate fire extinguishers

(4)
Ensure that fuel filters/filter separators contain, at a minimum, the following:

· An inlet strainer

· Inflow and outflow filter/separators sized to match maximum pump flow capacity

· Differential pressure check system

· Positive water defense system

· Sump drain with outlet located to facilitate capture of outflow

· Fuel sampling (millipore or equivalent) fittings downstream of all filters and filter/separators

(5)
Ensure that hoses, nozzles and outflow connectors are:

· Specifically designed and tested for delivery of aviation fuels

· Controlled by spring loaded, nonbypassable automatic (deadman) fuel flow cutoff valves

· Equipped with dust cap or other feature that will minimize contaminant introduction into fuel/system

· Equipped with nonbypassable 100 mesh nozzle/connector screens

· Color coded to identify fuel type

(6)
Ensure that electrical equipment, switches, and wiring are of a type or design approved for use in hazardous locations (explosionproof, e.g., free of exposed conductors, contacts, switches, connectors, motors, etc).

(7)
Verify that grounding and bonding equipment ensures that piping, filters, tanks, and electrical components are electrically bonded together and interconnected to an adequate electrical ground. The system should have ground wires, bonding wires, and clamps adequate to facilitate prompt, definite electrical ground connection between fueler/pit/cabinet, grounding system, and aircraft being fueled.

(8)
Ensure that fuel tenders and fueling pits have the following:

(a)
Appropriate markings displayed, e.g., “DANGER”, “FLAMMABLE”, “NO SMOKING”, fuel grade, standard hazardous material placard, filter due dates, and emergency fuel shutoff

(b)
Appropriately placed fire extinguishers

(c)
Air filter/spark arrestor and a leak-free exhaust system terminating in a standard baffled original equipment type muffler, if equipped with internal combustion engine
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