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GENERAL

This specification isfor the several types of liquid fuels suitable for use in the General Electric heavy duty
gasturbineswith firing temperatures of 1600°F (870°C) or higher. It isintended asaguidefor users of these
turbines for the procurement, use, and where necessary, treatment of fuels.

Thefuel properties specified herein include both those which could affect turbine operation and those addi-
tional properties which the turbine user may need to specify for hisinstallation. These latter properties are
related to fuel storage and handling and local safety and environmental codes.

All of thefuels covered in this specification shall be hydrocarbon oils free from organic acids and freefrom
excessiveamountsof solid, fibrousor other foreign matter likely to makefrequent cleaning of suitablefilters
necessary. The fuels shall be stable over storage and shall be compatible with other fuels with which they
could normally be mixed.

Procurement of thefuel to specificationsisonly thefirst step to successful heavy duty gasturbine operation.
Further stepsrequired of the user are: (a) prevention of contamination before, during, and after delivery, (b)
proper design of fuel storage, heating and transfer facilities, (c) proper management of the entire facilities
with regard to maintenance procedures and schedules and (d) proper design and operation of any fuel treat-
ment equipment.

In addition to outlining the overall fuel requirements, this specification also defines minimum acceptable
air quality standardsfor turbineinlet air, and water requirementsfor installationswhich employ either steam
or water injection in their cycles. These have been included sincethetotal contaminants entering theturbine
must be considered.

. FUEL CLASSIFICATION AND OPERATIONAL CONSIDERATIONS

Liquid fuels applicable to heavy duty gas turbines range from petroleum naphthas to residual fuels. Within
thisrange, fuels vary in hydrocarbon composition, physical properties, potential pollutants and trace metal
contaminant levels. Since contaminants are a most important consideration in fuel application, the liquid
fuels have been divided into two basic classes: true distillates (ash-free) and ash-bearing fuels.

Table 1 summarizesthe general typesof liquid fuelsin these two classes and some operational requirements
in gas turbine applications. Refer to Appendix A for common names and characteristics of specific fuels
within each general type.

FUEL SPECIFICATIONS

Therequired physical and chemical propertiesof thefour classesof liquidfuelsaredetailedin Table 2. These
properties have been divided into two categories: those required for gas turbine performance (Section 3.1,
Table 2) and those which may be limited to meet local environmental codes (Section 3.2, Table 2).

Maximum allowablelimitsare specified for fivecritical tracemetal contaminants: sodium, potassium, vana-
dium, lead and cal cium. General Electric heavy duty gasturbineswill operateat |evel shigher than those spe-
cified in Table 2; however, increased maintenance of hot gas path parts may result. Therefore, it isrequired
that the General Electric Gas Turbine Division be consulted for fuel treatment recommendations when the
analysisof thefuel asdelivered tothegasturbinesexceedsthelevelsindicated. Fuelsoutside of the specified
limits of certain physical propertiesmay also be used, but General Electric should be consulted for consider-
ation of any impact on the operation of the turbine or fuel treatment system, where required.
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The Ash-Bearing Fuelsin Table 2 are divided into two types: |) Crudes and Blended Residual Fuels, and 2)
Heavier Residual Fuels. The heavy-duty gasturbine will operate satisfactorily on both types, although fuel
treating and heating requirementsand stack particulate emission levelswill generally belessfor thefirst type
(Crudes and Blended Residual Fuels).

Table 1 - Comparison of Liquid Fuelsand Some Har dwar e Requirements
True Distillates Ash-Bearing Fuels
Fuel Type Light Heavy Blended Crudesand Heavier
Residual Fuels Blended Residual Fuels
Residual Fuels
General Properties Trace Trace Low/Medium High
Ash Content Low Medium Wide Range High
Viscosity High/Medium Medium Wide Range Low
Volatility
Nearest ASTM Type* O0-GT, 1-GT 3-GT 3-GT 4-GT
Gas Turb., D2880 2-GT
Burner, D396 1,2 4 4,5 6
Diesel, D975 1-D, 2-D (4-D) 4-D —
Explosion-Proofing Refer to applicable | Refer to applicable | Refer to applicable | Refer to applicable
codes codes codes codes
Start-Up Fue Required With very light Some fuels Nearly aways Always
fuels
Fuel Pretreatment Usually none Usually none Nearly aways Always
Fuel Preheating Somein cold Nearly aways Nearly aways Always
locations
Fud Filtration Always Always Always Always
Fuel Combustion Low pressure air Low pressure air Low or high High pressure air
Atomization pressure air
Combustor Standard fuel Standard fuel Heavy fuel Heavy fuel
Turbine Cleaning Not Required Not Required Required Required
Capability
* Book of ASTM Standards, parts 23 and 24
Note: The considerations listed in this table are not all-inclusive.




Liquid Fuel Specification

GEI141047J

Table 2 - Liquid Fuel Specifications

TrueDigtillates Ash-Bearing Fuels
(b) (b)
Appli- Property Point of ASTM Light Heavy | Crudes | Heavier
cability Applica- Test and Residu-
bility Method Blended | al Fuels
€)) (c) Residual
Fuels
3.1 Gas | Kin. Viscosity, cSt, 100°F (37.8°C), min Delivery D445 .5(d) 18 18 1.8
Turbine | Kin. Viscosity, cSt, 100°F (37.8°C), max () | Delivery D445 5.8 30 160 900
Require- | Kin. Viscosity, cSt, 210°F (98.9°C), max (e) | Délivery D445 — 4 13 30
ments | Specific Gravity, 60°F (15.6°C), max Delivery D1298 Report Report .96 .96(f)
Flash Point, °F(°C), min (g) Delivery D93 Report Report Report Report
Distillation Temp. 90% Poaint, °F(°C), max Delivery D86 650(338) | Report — —
Pour Point, °F(°), max Delivery D97 0 (-18) or
20(7)
below Report Report Report
min.
ambient
Hydrogen, Wt %, min (k) Delivery 0] Report Report Report Report
Carbon Residue, Wt. % (10% Bottoms) max | Delivery D524 25 — — —
Direct Pressure Atomization
Carbon Residue, Wt. % (100% Sample) max | Delivery D524 1.0 1.0 1.0 —
Air Atomization, Low Pressure
Carbon Residue, Wt. % (100% Sample), Delivery D524 — — Report Report
Air Atomization, High Pressure
Ash, ppm, max Combustor | D482 50 50 Report Report
Trace Metal Contaminants, ppm, max (h) Combustor Q)
Sodium plus Potassium 1 1 1 1
Lead 1 1 1 1
Vanadium (untreated) 5 5 5 5
Vanadium (treated 3/1 wt. ratio Mg/V) — — 100 500
Calcium 2 2 10 10
Other Trace Metals above 5 ppm Report Report Report Report
The specifications below apply only when specific environmental codes exist
3.2 En- | Sulfur, Wt. %, max Delivery D129 | Complianceto any applicable codes.
viron- [ Nitrogen, Wt. %, max Delivery Q) Fuel-bound nitrogen may be limited to
mental meet any applicable codes on total NOy
Code emission.
Related | Hydrogen, Wt. %, min. Delivery (i Minimum hydrogen level may be necessary
Require- to meet any applicable stack plume opacity
ments limits (K).
Ash plus Vanadium, ppm, max. Delivery () Ash plus vanadium content of ash-bearing

fuels may be limited to meet applicable
stack particulate emission codes (1).
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NOTESTO TABLE 2

a. Thefuel properties specified refer to the fuel at different points in the overall system:
Delivery — Fuel as delivered to the turbine site.
Fuel Skid — Fuel at inlet of fuel skid at turbine.
Combustor — Fuel at turbine combustors.

b. Typical fuelswithin each general type are discussed in Appendix A.
c. ASTM Book of Standards, Parts 23 and 24.
d. Intheviscosity range of 0.5 cSt to 1.8 cSt, special fuel pumping equipment may be required.

e. Themaximum allowable viscosity at thefuel nozzleis 20 cSt for high pressure air atomization
and 10 cSt for low pressure air and direct pressure atomization. The fuel may have to be pre-
heated to reach this viscosity, but in no instance shall it be heated above 275°F (135°C). (This
maximum fuel temperature of 275°F is allowed only with residual fuels.) The viscosity of the
fuel at initial light-off must be at or below 10 cSt.

f. A specific gravity of 0.96 is based on average fuel desalting capability with standard washing
systems. Fuels with specific gravities greater than 0.96 may be desalted to the required mini-
mum sodium plus potassium limitsby using higher capability desalting equipment (with higher
attendant cost) or by increasing the gravity difference between the fuel and wash water by
blending the fuel with a compatible digtillate.

g. Thefuel must comply to all applicable codes for flash point.
h. A total ash lessthan 3 ppm is acceptable in place of trace metal analysis.

i. Nostandard referencetestsexist; methods used should be mutually acceptableto General Elec-
tric and the user.

j. Water content of crude oilsshould bereduced to thelowest level practical consistent with capa-
bility of availablefuel treatment equipment, to minimize the chance of corrosion of fuel system
components. In no case shall the water content exceed 1.0 vol. %.

k. A minimum hydrogen content isset both to control flameradiation inthe combustor and tolimit
smoke emissions, where the latter is required by local codes. The limits are 12.0% minimum
for true distillates and 11.0% for Ash-bearing fuels (11.3% where the carbon residue exceeds
3.5%). In each case it is assumed that the proper combustor and fuel atomization system are
used.

Where the hydrogen content of the fuel is below these limits, General Electric should be con-
sulted for appropriate action.

I. Local codes on total stack particulate emissions may set an upper limit on the sum of the ash
(non-filterable) inthe original fuel plusthe vanadium content. The vanadium together with the
reguired magnesium inhibitor may be amajor contributor to total stack particulate emissions.
In estimating these emissions for comparison with the code, al of he following sources may
have to be considered: vanadium, additives, fuel ash and total sulfur in the fuel; non-combus-
tible particulatesintheinlet air; solids from any injected steam or water; and particlesfromin-
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completefuel combustion. Where an estimate of stack parti culate emissionsisrequired, Gener-
a Electric should be consulted.

IV. FUEL HANDLING AND TREATMENT

A. TrueDistillate Fuels

Light truedistillatefuelsnormally have sufficiently low pour pointsthat preheating isnot required under
most ambient conditions. Heavy truedistillates, on the other hand, may have high pour pointsdueto high
wax content or high wax melting temperature which make preheating necessary to prevent filter plug-
ging. Both types of distillates may also require preheating to meet the viscosity requirement at the fuel
nozzle for proper atomization.

Truedidtillatefuel sasrefined havelow water, dirt and trace metal contaminant levels. Where subsequent
transportation, handling and storage are carefully managed, these low levels should persist at the gas
turbine. In locations where there is danger of contamination such as salt bearing water, auxiliary fuel
clean-up equipment should be provided to restore the original quality.

In addition to potential hot corrosion from salt in water, water accumulated at the bottom of a storage
tank can also cause problems. Micro-organismstend to grow at the water-fuel interface generating both
chemicals corrosive to metals in the fuel system and also slime which can plug fuel filters.

Adequate fuel storage and handling practices must be employed to minimize water and other contami-
nantsin the fuel. These include settling the fuel before use, providing floating suction and periodic re-
moval of water from the bottom of the tank. In applications where adequate settling periods can not be
accommodated, more rapid purification methods may be required. Available purification equipment in-
cludes centrifuges and electrostatic dehydrators. The overall fuel system design should avoid slugs of
water, and any clean-up system should have the capability to remove such sugs.

B. Ash-Bearing Fuels

Depending on the physical properties and the trace metal contaminant levels of these fuels, functions
of the source and refinery treatment, they usually require pretreatment before burning in a gas turbine.
Three basic steps in pretreatment are:

1. Preheating
2. Water washing for salt removal
3. Vanadium inhibitor addition

Preheating is used whereit isnecessary to: 1) raise the fuel temperature sufficiently aboveits pour point
to alow free flow and to prevent filter plugging, and 2) to lower the fuel viscosity to reduce the flow
resistance and to provide proper atomization at the fuel nozzles.

Desalting by water washing will be necessary with some crude oilsand is nearly always hecessary with
residual oilsto reduce the sodium plus potassium levels. Sodium and potassium can cause hot corrosion
of the turbine blading by sulfidation attack at the operating temperatures of the turbine. Sodium and po-
tassium can also contribute to turbine fouling. Desalting is accomplished by mixing the fuel with 3%
to 10% potable water to extract the soluble salts, followed by separation of the salt-laden water by cen-
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trifugation or electrostatic coalescence. Washing also removes some of the calcium depending on the
specific chemical nature of the calcium compounds. Lead is not removed by water washing.

Vanadium can also cause hot corrosion of the turbine blading, but it is not removed by water washing
becauseit is present in the fuel in acomplex oil-soluble form. The corrosive action can be inhibited by
adding an approved magnesium additive to thefuel to provide aminimum 3to 1 weight ratio of magne-
siumto vanadium. It isalso recommended that thisratio not exceed 3.5to 1 in order to minimize deposi-
tion.

Periodic cleaning of depositsfrom turbine hot gas path sectionisgenerally necessary when high ash con-
tent fuelsare used. Cyclic operation of theturbine may remove somethe deposit by thermal shock. Gen-
eral Electric should be consulted for approved cleaning agents, water quality and cleaning procedures
for those applications where turbine cleaning is required.

V. NON-FUEL CONTAMINANTS

A. Air-Borne Contaminants

Contaminantsin air can cause erosion, corrosion and fouling of the compressor. These contaminantscan
also contain the same trace metals as found in fuels and which cause corrosion to the hot section.

Compressor erosion can be caused by sand or flyash; compressor corrosion by noxious fumes such as
HCI or H2S04; compressor fouling by liquid or solid particles which adhere to the compressor blading.
Hot section corrosion can be caused by sodium from, e.g., seasalt, salt particles, carry-over of treatment
chemicalsused in evaporative coolers, chemical process effluents; potassium from flyash or fertilizers;
lead from automobile exhausts; and vanadium from residual fuel fired steam plants.

Specifically, with respect to hot section corrosion, thetotal of Na, K, V and Pb should not exceed 0.005
ppm by weight inair. If it isanticipated that thislevel will be exceeded, Genera Electric should be con-
sulted for recommendations on the selection and use of proper air filtration equipment.

B. Water-Borne Contaminants

Water or steam that isused for NOy control or steam that i sinjected to augment output should not contain
impurities which cause hot section deterioration or deposits. Specifically, thetotal of Na+ K +V + Pb
should not exceed 0.5 ppm by weight in the water or steam. If the total of these contaminants exceeds
this level, General Electric should be consulted with respect to water or steam purification equipment
and procedures.

In the case where contaminants are present in water or steam the total limitsin the fuel should be con-
trolled such that the total concentration equivalent inthefuel (from both sources) conformsto thelimits
in Table 2.

Refer to the next section 5.3 for the method for calculating the equivalent concentration in the fuel.

C. Non-Fuel Contaminant Relationships

Thetotal contaminant level in the combustion products must be controlled. The following relationship
can be used to convert the contaminants in air, steam/water and fuel to equivalent contaminantsin the
fuel alone, assuming all are equally effective:
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(é) Xy + (g) Xs + Xg = [ Equivalent contaminants in fuel alone ]

where:

é = air-to-fuel mass flow ratio

g’ = steam/water-to-fuel mass flow ratio

Xg = contaminant concentration (weight) in fuel (ppm)

X, = contaminant concentration (weight) in inlet air (ppm)

Xg = contaminant concentration (weight) in injected steam/water (ppm)

VI. FUEL AND ADDITIVE EVALUATION AND SAMPLING

A. Fue Evaluation Procedure

A supplier’'sfuel analysis shall be submitted to the General Electric Gas Turbine Division covering all
the fuel requirements outlined in Table 2 of this specification. If the required analytical servicesare not
available to the user, he may make arrangements to purchase such services from General Electric. See
Appendix C for fuel sampling and analysis requirements.

B. Requalification of Fuel: Fuel Changes

Thefuel propertiesoutlined in the specification and originally agreed upon by General Electric Compa-
ny and the user will determine some of the equipment selection and certain operating conditions of the
gas turbine system. If at alater date the user desires to use a fuel outside of the original agreed-upon
limits, he shouldinformthe General Electric Company inwriting. He should supply acompleteanalysis
for evaluation and requalification in a similar manner as outlined above.

C. Additive Qualification
Additivesusedin gasturbinefuelssuch asvanadiuminhibitors, desalting demulsifiers, bacterial growth
retardants or smoke suppressants must meet the approval of the General Electric Gas Turbine Division.

Onecritical requirement of an additiveisthat it hasalow trace metal content (sodium, potassium, vana-
dium, calcium and lead), so that the inhibitor does not add these contaminants to the fuel.

APPENDIX A - FUEL DESCRIPTIONS
A. TrueDistillates

1. Light TrueDistillates

Naphtha - A light volatilefuel with aboiling range between gasolineand Light Distillate. Thelower
flash point and higher volatility require special safety considerations. Itsvery low viscosity may re-
sult in poor lubricity.
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Other Names;
JP-4, Jet B
O-GlI Gas Turbine Fuel

Kerosene - A light, highly refined and slightly more volatile fuel than Light Distillate. Normally
more expensive than No. 2 distillate.

Other Names:
1-GT Gas Turbine Fuel
No.1 Burner Fue
1-D Diesdl Fuel
JP-5, Jet A
Range Qil, Lamp Qil

Light Distillate - Widely available volatile distillate fuel with good combustion characteristics, be-
ing readily atomized and clean burning.

Other Names:
2-GT Gas Turbine Fuel
No. 2 Burner Fuel
Diesel Oil
Marine Gas Qil
Domestic Fuel

Diesel Fuel - Closely related to Light Distillate fuel except for additional requirements peculiar to
diesel engine operation such as Cetane Number.

Other Names:
2-D Diesdl Fuel

Heavy True Distillate

Anessentially ash-freepetroleum distillatewith the highest boiling range. Heavy TrueDistillatehas
had limited and localized availability, frequently being arefinery by-product. Thisfuel may require
heating for handling and forwarding dueto high pour point. It may also be moredifficult to atomize
for optimum combustion.

Other Names:
Heavy Gas Qil
Navy Standard Distillate

B. Ash-Bearing Fuels

1. Crudesand Blended Residual Fuels

10

Crudes- Crude oilsfrom different geographical areasvary widely in levelsof trace metal contami-
nants, ash, sulfur and wax andin such physical propertiesasviscosity, gravity and distillation range.
Most crudes will have flash points below 100°F (38°C) due to highly volatile components. Some
very low ash crudes, typified by Indonesian and North African crudes, have 0to 5 ppm of vanadium
requiring minimal or no inhibition. Other crudes for gas turbine application range up to 100 ppm
vanadium. Most crudes require desalting, especially if water transportation has been used.
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Blended Heavy Distillate - Petroleum distillate contaminated with or blended with lesser amounts
of residual petroleum products, but with vanadium contents of 5 ppm or less. They may have wax
contents requiring heating for pumping and filtering. They may also require washing for desalting,
especially if water transportation has been used.

Other Names:
3-GT Gas Turbine Fuel
4-D Diesel Fuel
Marine Diesel Fuel

Blended Residuals - Blended residuals lie between blended heavy distillates and heavy residuals.
They are commonly blended to specific maximum sulfur level sto meet applicable codes. Vanadium
contentsare in the 5 ppm to 100 ppm range normally. These fuels require compl ete fuel treatment.

Other Names:
No. 4 Burner Fuel
No. 5 Burner Fuel
Light Residua Qil
Light Furnace Oil
Intermediate Bunker Fuel

2. Heavier Residual Fuels

Residual Fuels- These arelow volatility petroleum products remaining at the end of all variousre-
finery digtillation processes. As such they contain nearly al of the ash-forming materials present
in the original crude oil plus some additional that may be introduced in processing. They usually
contain high molecular weight hydrocarbons such as asphaltenes, which can cause storage sludging
problems. Residual fuelsmay have been blended with low cost distillatesto lower the sulfur content
and/or reduce the viscosity to insure pumpability.

All residual fuel srequireheating for pumping, filtering and proper air atomization at thefuel nozzle.
Residual fuelsall require washing to reduce the sodium level and vanadium inhibition by addition
of a General Electric approved Magnesium base additive.

Other Names:
No. 6 Burner Fuel
Boiler Fuel
Bunker C. Fud
Marine Fudl Oil

APPENDIX B - MEANING OF SPECIFICATION TESTS

Chemical tests are specified because slag-forming substances present in oil ash can cause turbine corrosion
and deposits, and the presence of sulfur can result in corrosion of heat recovery equipment in the turbine
exhaust. Certain physical tests are specified because they influence the operation of the gasturbine fuel han-
dling, fuel treatment and combustion systems.
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A. Ash and Trace Metal Contaminants

Ash-forming materialsmay be presentin afuel asoil-soluble organometallic compounds, aswater solu-
ble saltsin water dispersed in thefuel or as solid foreign contaminants. The most common ash-forming
elementswhich can be present in fuels are aluminum, calcium, iron, magnesium, nickel, potassium, so-
dium, silicon and vanadium. Ash-forming materialsare present to varying degreesin crude oils depend-
ing on their geographical source. They are concentrated in the residual fractionsduring therefining pro-
cess, leaving the light distill ates contaminant-free; however, ash-forming materials may be introduced
later by contamination with salt-bearing water or with other petroleum products during transportation
and storage.

Gasturbineoperating experience has shown that some of the ash-forming substancesthat may be present
inthefuel canlead to corrosion and deposit problems. These problems are most acute with residual and
crude oils which contain larger quantities of the troublesome substances.

Corrosion can result from () vanadium, (2) sodium, (3) potassium or (4) lead. These elements as well
as calcium (and others such as magnesium, manganese, iron, silicon and aluminum) can cause ash de-
posits which are difficult to remove. Calcium can act as an effective inhibitor for vanadium corrosion,
but its deposition tendencies have precluded its use.

Inlight distillatefuels, thetotal ash content isusually very small, and trace metal contaminationisessen-
tially a sodium (salt) problem. There are also usually traces of lead and calcium and smaller traces of
potassium and vanadium. It isadvantageousto purchasefuel within the specified contaminant limitsand
to maintain this quality during transportation, handling and storage. On-site desalting by contaminated
water removal or by fuel washing of distillatefuelswith relatively high sodium level sisrequired to keep
corrosion of the hot gas path and the fuel system components such as flow dividers and fuel pumps at
avery minimum level.

Crudes and contaminated distillates almost without exception have high enough salt levels, or the risk
of significant salt levels, that they require desalting. The vanadium levels may aso be significant and
reguire the addition of amagnesium-baseinhibitor to establish aratio of 3 parts of magnesiumto 1 part
of vanadium by weight.

Residual fuels have the highest ash and trace metal contaminant levels usually necessitating complete
fuel pretreatment: desalting and vanadium inhibition by a magnesium-based additive (3Mg/IV). Dueto
thelessfavorablephysical propertiesof residual fuels, itisnot possibleto consi stently reducethe sodium
to thelow levels obtainable in light crudes and distillates. The higher sodium levelsin treated residual
fuelsresult in controlled corrosion and deposit accumulation with some increase in maintenance. Cal-
cium levels may be high in some residual fuels, but they may be appreciably lowered by the fuel treat-
ment. Nickel, which is not removed by fuel treatment, may also be high in certain residual fuelsandis
somewhat beneficial inthat it tendsto neutralize vanadium corrosion in much the manner of magnesium.
Residual fuels contain harmless aluminum, iron and silicaas components of suspended solids (dirt). A
significant portion of these suspended particles are removed either in the fuel washing or by fuel filtra-
tion.

B. Sulfur

Sulfur occursin fuels as combustibl e organic compounds yiel ding sulfur oxides on combustion. These
combine with any traces of sodium or potassium present to form alkali sulfates; a principal source of
hot corrosion. The sulfur level in afuel cannot be lowered enough by refining to avoid the formation
of alkali sulfates, so that they must be controlled by limiting the sodium and potassium levelsinthefuel.

12
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Gasturbine installations utilizing exhaust heat recovery equipment could have metal temperatures be-
low the dewpoint of sulfuric acid, and in these casesit is necessary to know the sulfur level in the fuel
to avoid acid corrosion of heat transfer surfaces. The maximum allowable sulfur to avoid sulfuric acid
condensation will depend on the specific heat recovery equipment used. For fuels exceeding this maxi-
mum level, the operating temperature of the heat recovery equipment could be changed accordingly to
avoid condensation of acid products.

The sulfur leve of liquid fuelsisregulated in many localities as ameans of controlling the emission of
sulfur oxides in the exhaust gases.

Crude oilsburned directly asfuelsmay al so contain active sulfur inthe form of hydrogen sulfide or mer-
captans. These substances, especially inthe presence of water, may cause corrosion to fuel system com-
ponents. For this reason, the water content of such fuels should be kept as low as possible.

C. Nitrogen

Fuel-bound nitrogen in petroleum fuels comes largely from organo-nitrogen compounds present in the
original crude oil. In some distillate fuels, fuel-bound nitrogen may also come from additives such as
stabilizers.

This chemically-bound nitrogen in the fuel will contribute to the total nitrogen oxide pollutant in the
exhaust gases, adding to the nitrogen oxides from the direct combination of atmospheric nitrogen and
oxygen in the gas turbine combustion reaction. The particular combustion system and operating condi-
tions will affect the total nitrogen oxide production from both atmospheric and fuel-bound nitrogen.

D. Hydrogen

The percent combined hydrogen in ahydrocarbon fuel isacritical factor in controlling stack smokelev-
els. In general, the higher the hydrogen content in aliquid fuel the lower the smokelevel will be. Asan
example: paraffinic hydrocarbons with high hydrogen contents (14-15%) have much less tendency to
smoke than do aromatic hydrocarbons which can have 10% or less hydrogen.

Hydrogen is usually determined by an accurate measurement of the amount of water produced in the
controlled combustion of aweighed amount of fuel.

E. Carbon Residue

Carbonresidueismeasured astheresidueremaining when afuel sampleiscompletely distilledinastan-
dard apparatus. To obtain measurable residue with light distillates, the fuel isfirst distilled to remove
90% (ASTM Method D86) by volume, and then the carbon residueisdetermined on the* 10% Bottoms.”

Oneeffect of ahigh carbon residueiscarbon formation near thefuel nozzle. To control this, air atomiza-

tionisusedinthecombustion of al but thelightest fuels, high pressureair being required for the heaviest
fuels.

F. Water and Sediment
Water and sediment in afuel oil tend to cause fouling of the fuel handling facilities and the gas turbine

fuel system. Accordingly they should bekept at aslow avalue aspracti cableand alwayswithinthe maxi-
mum values shown in this specification.

13
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The sediment in fuel can be gums, resins, asphaltic materials, carbon, scale, sand or mud. It is mainly
aprobleminresidua fuels. Very few distillate fuelsleave the refinery with more than 0.05% water and
sediment. However, poor handling practices can unnecessarily raisethislevel, and once an oil becomes
contaminated it may not be feasible to restore its original cleanliness, such as the case of lead or vana-
dium contamination.

Gasturbines are normally equipped with high capacity 5 micron filters. Since there are practical limits
to the efficiency of filtration systems, afraction of the solids entering the filter remains in the oil and
can be an important factor in fuel system component life.

Fuel storage tanks should be designed with floating suctions that are equipped with low level bottom
limitstoinsurethat the suction isalways some distance from the bottom to avoid the water and sediment
that collectsthere. The operator should drain the bottom of thetank periodically to reducethe accumula-
tion and the risk of contamination. Automatic water drainage systems are preferred.

. Filterable Dirt

Filterabledirtisessentially the suspended solid particul ate matter inadistillate fuel which can causefuel
filter maintenance problems. It is measured as the weight of solids held on alow porosity filter during
the filtration of a given volume of fuel.

. Viscosity

Theviscosity of fuel isameasure of itsresistanceto flow. It isimportant in the fuel auxiliary equipment
since it determines pumping temperature, atomizing temperature and oil pump pressure.

In order to obtain proper operation of the gas turbine, the maximum viscosity at the fuel nozzles must
not exceed 10 centistokes for pressure atomizing or low-pressure air-atomization fuel systems, and 20
centistokesfor high-pressureair-atomizing systems. When theselimitsare exceeded, poor ignition char-
acteristics, smoking, unsatisfactory combustor exit temperature distribution, lowered combustion effi-
ciency or formation of carbon may occur. In most cases, fuel heating must be employed to insure that
theseviscosity limitsat thefuel nozzleare met under all ambient conditions. Inall casesthefuel atinitial
light-off must be at or below 10 cSt viscosity.

Minimum viscosity limits are imposed to safeguard the high pressure fuel pump, which depends on the
lubricating qualities of the fuel for satisfactory operation. It should be noted that naphtha fuel can have
aminimum viscosity aslow as 0.5 cSt at 100°F (37.8 °C).

Special pumps may be required for viscosities below 1.8 ¢St at 100 °F.

. Pour Point

The pour point of afuel isthe temperature at which it will barely flow under standard conditions, and
itissignificant in connection with fuelsthat may require heating to make them pumpable and with fuels
fed to a pump by gravity flow.

Petroleum oils when cooled may change to a plastic state as aresult of partial separation of wax (wax
pour) or by congealing of hydrocarbons (viscous pour) comprising the ail.

Liquid Fuel Specifications



Liquid Fuel Specifications

A waxy fuel must be maintained at ahigh enough temperatureto ensure that all of thewax isin solution
to prevent wax crystals from clogging filters and lines. For distillates, wax separation can usually be
avoided by heating the fuel to at least 20-30°F (11-17°C) above the pour point. Waxy crude oils used
as fuels may require even higher temperature differentials. Each type of waxy fuel must be evaluated
individually for minimum wax solution temperature. (For methods, refer to page C2.)

. Fuel Gravity

The specific gravity isnot acritical property of gasturbinefuels. Within agiven fuel typeit canindicate
the chemical composition of the hydrocarbons. As an example, a distillate with alow specific gravity
will belargely paraffinic whereas a high specific gravity will be more aromatic. The latter would have
agreater tendency to smoke with other factors being equal .

Gravity can have an economic significance where the fud is purchased by volume since the total heat
units will decrease with decreasing specific gravity.

Residual fuels requiring washing will be more difficult to wash if the specific gravity approaches that
of water.

In the petroleumn industry it is customary to use API gravity instead of specific gravity for convenience

sincethe APl system eliminates the small decimal difference between fuel samples encountered in the
use of specific gravity. It is always referenced to 60°F (15.6°C).

141.5
APl = - 1315
[Spec. Grav. ]

Some typical examples are:

Specific Gravity API Gravity
Water 1.00 10.0
Kerosene 0.78-0.83 50-39
No. 2 Digtillate 0.82-0.86 41-33
Crudes and Blends 0.80-0.92 45-22
Residual Qils 0.92-1.05 22-3

. Distillation

The heavy duty gas turbineis not sensitive to the distillation characteristics of the fuel per se.

Extremely volatile fuels such as naphthas require the use of a start-up fuel (light distillate) due to the
low temperature at which they vaporize, giving the possibility of combustible vaporsin the fuel lines.

Very high end-point fuel's, approximately 1000°F (538°C), can have excessivetracesof vanadiumwhich

havedistilled over. For thisreason puredistillateusually woul d have amaximum end point specification.
(Thisisaso prevented by setting a maximum vanadium level.)
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L. Flash Point

The flash point of afuel isthe temperature at which fuel vaporswill flash when ignited by an external
flame.

The flash point isregulated for safety in fuel handling and storage. By itself it isnot critical to turbine
operation although it can affect therequirementsfor auxiliary equipment such asmotors, relays, heaters,
etc.

Minimum permissible flash points are regulated by local, state or federal laws.

Explosion-proofing of equipment may berequired by local, state or federal regulations or other applica-
ble codes when the flash point is below a minimum permissible value.

M. Thermal Stability

The thermal stability of an oil is a measure of its ability to resist breaking down when heated to form
deposits of resins and ludge. This can occur in the fuel nozzle areaand in fuel heaters especially if the
heater surfaceisfar hotter than the surrounding oil. This polymerization to form depositsisatime-tem-
perature phenomenon: being accelerated by high temperatures, long exposure times and contact with
air.

Thermal stability is most critical for high viscosity residual fuels which require high temperatures to
meet fuel atomization viscosity regquirements. The maximum allowabl e temperature specified is 275°F
(135°C).

N. Compatibility

Mixing certain residua type fuelswith dissimilar residual fuelsor diluting residual type fuelswith cer-
taindistillatesmay resultintheformation of tarry precipitates. The precipitation may occur immediately
after mixing or may take some time to develop. Heating for prolonged periods of time will generally
accelerate the separation.

Thistarry residue can accumulate in the bottom of tanks and can settle out in fuel lines and on filters.

When the separation of residue occurs, itisusually inthoseresidual fuelswhich have aheavy asphaltene
fraction present asacollodial mestastable gel; such asthose which have had an intensive heating history
during refining. The nature of a solvent used for dilution (blending) is a so important; paraffinic (low
specific gravity) distillates are more apt to cause precipitation than aromatic (high specific gravity) dis-
tillates.

One method of testing for compatibility isto make a 50-50 mixture of two oils and then subjecting the
mixtureto athermal stability test. A simple screening test isthe ASTM D2781, “ Compatibility of Fuel
Qil Blends by Spot Test.”

ASTM Specifications do not specify this property, again because it has not been the practice of the ail
suppliersto makethistest. These specifications do not call for thetest on thelight distillate oils because
itisvery rare that they encounter compatibility difficulties with one another. However, for the heavier
oils, itisnecessary to start up and shut down the gasturbineon alight distillate oil; therefore, itisadvis-
able to test the compatibility of the heavy oil/distillate mixture.
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O. Cetane Number

Cetane number isan index of the burning quality of fuel in adiesel engine. It is specified only when the
turbine fuel isalso used in adiesel starting engine.

Cetane number ismost accurately measured in aspecial test engine, but areasonably accurate value can
be obtained from a correlation between the specific gravity and the 50% distillation paint.

APPENDIX C - FUEL ANALYSIS DATA REQUIREMENTS

To evaluate aliquid fud for gas turbine application certain physical and chemical data are required. Basic
specification requirementsaregivenin Table 2, Section 3. Certain other dataare needed for engineering pur-
poses. Table 3isalist of required data. Following is pertinent information on some of the analytical tests.

A. Sampling

Sinceanalysesof small traces of metalsareinvolved, and since sometests use small amountsof sample,
itisvery important that the fuel sampleisuniform and representative of thefuel asreceived by the user
or shipped by the supplier. If thefuel istaken from acontainer, it should be thoroughly mixed mechani-
cally before sampling. For sampling from storage tanks, refer to ASTM Standard Method for Sampling
Petroleum Products, D-270-65.

The sample for analysis should be stored preferably in plastic or plastic-lined metal containers. Avoid
metal canswith soldered seams and containers with seals (rubber) which can disintegrate and contami-
nate the fuel. The container should only be about two-thirds full so that it may be well shaken before
taking analytical samples. Heavy residual fuels should be in wide-mouth containers.

B. Heating Value

The heating value measured isthe High (Gross) Heating Value, where thewater produced iscondensed.
TheLow (Net) Heating Valueisobtained by cal cul ation from the Higher Heating Value by oneof several
methodsincluding ASTM D 1405 and D240. Thelatter requires an accurate valuefor percent hydrogen
while the former requires an aniline point (ASTM D1012) and specific gravity.

C. Viscosity
Viscosities at two temperatures are needed for a viscosity-temperature relationship for the fuel; thetwo
temperatures normally being 100°F (37.9°C) and 210°F (98.9°C). If the pour point is between 70°F

(21°C) and 90°F (32°C), thelower temperature should be 122°F (50.0°C). For pour pointsbetween 90°F
(32°C) and 120°F (49°C), the lower temperature should be 150°F (65.6°C).

D. Carbon Residue

Ramsbottom carbon residue (ASTM D524 ) is preferred as more accurate . If the Contradson method
(ASTM D189) is used, the results should be converted to Ramsbottom (see D524).
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E. Trace Metal Analysis

Trace metal contaminant levels are usually measured by spectrometric methods such as atomic absorp-
tion, flame emission or a spark source spectrometry. The first two methods use a solvent diluted fuel
sample while the latter operates directly on the original fuel. In any case, the reference standards must
match the fuel properties as closely as possible. For very accurate analyses of vanadium and lead, itis
better to ash the fuel and run the spectrometric analysis on an aqueous sol ution of the treated ash. In the
ashing procedure, special care must be taken not to lose these elements.

F. Wax Content and Wax Melting Point

Crude ails and heavy true distillates should be tested to determine the minimum fuel temperature re-
quired to keep al of the wax in solution.

One approach isto remove the wax from the fuel and then to determine its melting point, which repre-
sentsthe maximum sol ution temperature. Thereisno standard method for wax separation, but there are
several laboratory procedures which are satisfactory. They all involve dilution of the fuel with a poor
wax solvent and then chilling to 0°F (—18°C) or lower to separate the wax crystalswhich arefiltered out
at low temperature.

Aninstrumental procedurewhich measuresthewax solutiontemperaturedirectly onthefuel isDifferen-
tial Scanning Calorimetry (DSC). Thismethod is still being devel oped and has not yet been successful
with al crude oils.

For light distillate fuels, ASTM D 2500 Cloud Point or ASTM D3117 Wax Appearance Point may be
used.
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Table 3 — Fuel Analysis Data

Property

Gross Heating Value, Btu/lb

Kin. Viscosity, cSt, 100°F (37.8°C)
Kin. Viscosity, cSt, 122°F (50.0°C)
Kin. Viscosity, cSt, 210°F (98.9°C)
Specific Gravity, 60°F (15.6°C)
Specific Gravity, 100°F (37.8°C)
Pour Point, °F(°C)

Flash Point, °F(°C)

Digtillation Range (Not on Residuals)

Carbon Residue, Wt. %

Sulfur, Wt. % (Very Light Digtillates)
Sulfur, Wt. % (All Other Fuels)
Hydrogen, Wt. %

Nitrogen, Wt. %

Total Ash (2), ppm

ASTM Method (1)

D240
D445
D445
D445
D1298
D1298
D97
D98
D86

D524
D1266
D129

D482

M easured Value

IBP
10%
20%
30%
40%
50%
60%
70%
80%
90%
EP

o |o o (o |[0o (O |0 |]OfO|]O|O]|O
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Liquid Fuel Specifications

Table 3 — Fuel Analysis Data (Cont’d)

Trace Metals, ppm (2)

Sodium

Potassium

Vanadium

Calcium

Lead

Other Metals Over 5 ppm
Sediment & Water Vol. %
Waeter, Vol. %
Filterable Dirt, mg/100ml
Wax, Wt. %
Wax, Melting Point, °F
Cetane No. (Diesel Engine Start Only)

(1) Book of ASTM Standards, Part 17

(2) A total ash lessthan 3 ppm is acceptable in place of trace metal analysis

D1796
D95
D2276

D975

(3) Wax data only on crudes and heavy distillates

20



GE Industrial & Power Systems

General Electric Company
One River Road, Schenectady, NY 12345
518 « 385 « 2211 TX: 145354



	Home
	Letter
	GEK 63362c
	Distribution List
	GePower.com
	Main Table Of Contents
	Tab 1
	GEK 110368
	GFD71EDN1
	GEK 107355
	193D2088
	196D4463
	123E1125
	204D1301
	362A2940
	123E2968
	114E1384
	678D0869
	377A3127
	353B1145
	194D6865
	322B4250
	357B5037
	277A2415

	Tab 2
	OCL
	POSTD
	GEK 107359
	UOGTDLN1
	377A4376
	GTS-111
	GEK 95149
	416HA662
	498HA697
	522HA282
	522HA283
	522HA284

	Tab 3
	CPC8
	DA36AA
	RS-FS-9001
	RS-FSM-1002
	RIVERHAWKIM110
	1900-60
	CD81362
	8109M

	Tab 4
	AIES0730
	240C3224
	361B1443
	361B1576
	361B1450
	PG-PA3000IM
	IMP400-07
	DPM-50
	536
	Accu_Trak_2000
	T069
	LML0005-5
	FS967
	49011
	49012
	10076401
	10077320
	V6943R1
	GR0730_A040-00
	GR0730_A040-AppA
	GDX-101
	GR0730_A040-AppB
	GR0730_A040-AppC
	141-080-240
	GR0730_A130

	Tab 5
	GEK 110462
	332B8656
	GEEP-T-14-1
	EL7_5GTM_3

	Tab 6
	GEK 110463
	357B1802
	111E3558
	354A1696
	T282
	SEOUL_351A9531
	3353
	HF-11
	135
	590
	MODEL400
	M500_01
	233C3702
	585A2696
	358A6281

	Tab 7
	CW0730
	357B1884
	240C3222
	P-2077
	GR0730_A076

	Tab 8
	GEK 110072
	GER 3942
	123E2488
	353B3407
	230F4123
	230F4124
	GER 4189
	GEK 103818
	CDS6214
	CDS6499
	LH750-1500
	FF5370_FF5047
	PIHC-SI-902A
	GR0730_0639
	00809-0100-4716
	00813-0100-4716
	00813-0100-2654
	00813-0100-4733
	V5098-R5
	V5103-R2
	V6071
	FrontMatter_0991
	208D2175
	208D2176
	356B6195
	378A5579
	378A5570
	FF5417
	FF5302
	FF1245
	FF5417
	FF5302
	rki-317-t
	2001-lm-001
	6348-10
	373A7662P001
	ds990001_b1298
	132t6_133-53
	IPS-934
	ge-dil-iom-gas_rev2
	ge-dil-iom-gas_rev2
	26093
	26094
	26094
	JVA272242
	if243
	if899_2
	E-57
	INI-242
	4121_b
	nbbv400
	du1
	132pc_133_60
	INI-242
	4121_b
	132pc_133_60
	series_88
	05_9040_099
	im120_01
	Ini-242
	4121_b
	PG-PA3000IM
	INI-242
	4121_b
	du1
	IPS-934
	00809-0100-4001
	du1
	0991
	GR0730_G002
	GR0730_G004

	Tab 9
	GEK 110464
	353B2503
	TMSK0001
	1630-M1
	1811A
	GEI 56128
	TSC802a
	1404_6-A
	HF-11
	8670

	Tab 10
	TO0372
	355B8686
	320B6648
	IGV362A1097P103

	Tab 11
	CSA0730
	357B1762
	109E9426
	IB_OPER_MAINT
	B_3620_24
	LB5001
	Bulletin_113
	1022_AirExtVA
	FF5003
	FF1900
	SC7D-130-E10
	AE3315788002
	00809-0100-4001
	PG-PA3000IM

	Tab 12
	FP0730
	FPTEST
	357B1847
	336A2424
	Chemetron_II
	d10481668
	d10481668G
	d54202
	4-6-8_TON_SYS

	Tab 13
	VH0730
	355B8163
	IB_OPER_MAINT
	B_3620_24
	LB5001

	Tab 14
	WW0730
	GEK 28166
	GEK 107122
	361B1542
	230F4120
	IMO-202
	IMO-48
	GR0730_E025

	Tab 15
	GEI 41004
	GEK 103623
	GEI 41040
	GEI 41047
	GEK 32568

	Tab 16
	GEK 104051
	GEK 28156
	GER 3620
	248A4158
	287A7181G044
	248A6156G049
	116E2038
	123E1275
	114E1421
	351A9918
	287A1895

	Tab 17
	GEK 107358
	GEK 107039
	GEK 106832
	GEK 106843
	GEK 106900
	GEK 107070
	GEK 106855
	GEK 106856
	GER 3942
	GEK 106863
	GEK 106865
	GEK 106866
	GEK 106873
	GEK 106874
	GEK 106877
	GEK 106893
	GEK 106883
	GEK 106897
	GEK 110493
	GEK 106910
	GEK 106912
	GEK 107041
	GEK 107269
	GEK 107552
	GEH 5979
	GEH 5980
	GEH 6195
	GEH 6126_Vol1
	GEH 6126_Vol2
	GEH 6407
	GFK1180
	GFK1181
	GFK1260
	GFK1282
	GFK1283
	GFK1305
	GFK1396
	GEI 100500
	GEI 100501
	GEI 100502
	GEI 100503
	GEI 100504
	GEI 100505
	GEI 100506
	GEI 100507
	GEI 100508
	GEI 100513
	GEI 100516
	GR0730_A014BOM
	GR0730_364A9441CL
	GR0730_364A9441WD
	361B1491
	129766-01
	129767-01
	129768-01
	129770-01
	129771-01
	143488-01
	138629-01
	warranty7dec00
	MAN610

	Tab 18
	SASSTD
	JA0041-00
	RHDTDR8E0
	L53
	GR0730_A059

	Tab 19
	GEK 103839
	GEK 95149
	GEK 95192
	GEK 95144
	GET 6987
	GEY 5627
	GEK 95168
	GEK 75512
	GEI 85803
	GEK 107443
	GEK 95122
	GEK 103566
	GEK 46117
	GEI 85802
	GEK 95191
	GEI 58519
	GEK 7613
	GEK 95139
	GEK 95132
	GEK 95121
	GEK 95120
	GEK 95147
	GEK 95137
	GEK 103605
	GEK 95124
	GEK 103835
	GEK 95140
	GEK 27070
	362B7390
	362B7391
	362B7392
	362B7393
	361B1458
	373A4805
	378A3035
	194D6865
	118E4359
	358A4454
	121E3934
	104E1368
	155D8926
	118E3523

	Tab 20
	GEH 6375
	GEI 100228
	GEI 100242
	GEI 100022
	GEI 100159
	GEI 100163
	GEI 100167
	GEI 100216
	GEI 100246
	GEI 100240
	GEI 100241
	GEK 83756
	GEI 100020
	2500-INS-407
	2500-INS-404
	373A4589
	GR0730_A155BOM
	359B4394AA
	359B4394AJ
	359B4394AP

	Tab 21
	E107-7-06-120
	E107-7-07-117
	DMVA-100
	GEH 2038
	Form312-701-00C
	GEK 100666
	GEH 1793
	GEK 49939
	GEI 83905
	GEI 68719
	GEK 106273
	GEH 2024
	GEH 2058
	1601-0070-A8
	GEK 49886
	GEK 106168
	LOR-1
	GEA 12136
	GEK 100682
	M-3420
	359B3586
	GR0730_A016BOM
	GR0730_A016BOM2

	Tab 22
	GR0730_A107

	Tab 23
	GR0730_A023
	GEH 4961
	GEH 5190
	GET 6592
	B-FRPENG
	GR0730_A087
	GR0730_A106
	GR0730_F907

	Tab 24
	GEK 103591


	On-line Help
	Search Help
	Navigate Help
	Zoom Help


