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Standard Practice for
Receipt, Storage, and Handling of Fuels for
Gas Turbines

This standard is issued under the fixed designation D 4418; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope designate the fuel that is actually burned in the gas turbine.

1.1 This practice covers the receipt, storage, and handling gfueél may actually be sampled at a point upstream from the
fuels for gas turbines, except for gas turbines used in aircrafPoint of entry into the combustor(s), provided the sample is
It is intended to provide guidance for the control of substance&ePresentative of the fuel actually entering the combustor(s).
in a fuel that could cause deterioration of either the fuel system, 3.2 fuel contaminants-in principle, are any fuel component
or the gas turbine, or both. other than hydrocarbon oils. In the present context the con-

1.2 This practice provides no guidance for either the selectaminants are foreign materlals that make the fuel Iess_ suitable
tion of a grade of fuel, a topic covered by Specification D 28800" even .unsmtable for the mtendgd use. The contaminants of
or for the safety aspects of the fuel and fuel systems. Foprimary interest are foreign materials introduced subsequent to
example, this practice does not address the spacings of stora¢ manufacture of specification quality fuel. Hence they are
tanks, loading and unloading facilities, etc., and procedures fgnaterials introduced in the distribution system (that is storage
dealing with the flammability and toxic properties of the fuels.t@nks, pipelines, tank, trucks, barges, etc.), or in the user's

1.3 The values stated in SI units are to be regarded as tiéorage and handling systems, or generated within these
standard. The values given in parentheses are for informatio?yStems (rust generated in steel pipes and tanks by moist fuel,
only. etc.). Contaminants may be soluble or insoluble in the fuel.

1.4 This standard does not purport to address all of the 3.3 dissolved and free waterwater may be present in the
safety concerns, if any, associated with its use. It is thduel as dissolved water or as *free” (undissolved) water, or
responsibility of the user of this standard to establish appro20th. The free water may be fresh or saline. Fresh water may
priate safety and health practices and determine the applica€nter the fuel from steam coils in storage tanks, from conden-

bility of regulatory limitations prior to use. sation out of moisture-laden air, or from leaking cooling coils.
Saline water can enter the fuel during transportation in barges
2. Referenced Documents or tankers.
2.1 ASTM Standards: 3.4 particulate solids—may enter a fuel from the air (sus-
D 1500 Test Method for ASTM Color of Petroleum Prod- Pended dirt and aerosols) or from the distribution and storage
ucts (ASTM Color Scalé) systems (rust, corrosion products, gasket debris, and so forth).
D 1796 Test Method for Water and Sediment in Fuel Oils by 3.5 metallic compounds-metals may be present as metallic
the Centrifuge Method (Laboratory Proceddre) compounds in the fuel as a natural result of the composition of
D 2274 Test Method for Oxidation Stability of Distillate the crude oil and of the refining process. However, unless
Fuel Oil (Accelerated Method) special precautions are taken, additional metallic compounds
D 2276 Test Methods for Particulate Contaminant in Avia-Can be acquired during distribution and storage. A commercial
tion Turbine Fuel® product pipeline may contain residues of lead-containing
D 2880 Specification for Gas Turbine Fuel Gils gasoline that would then be dissolved by the gas turbine fuel.
D 4057 Practice for Manual Samphng of Petroleum andTank trUCkS, railroad tankcal’s, barges, and tankers may be
Petroleum Producis inadequately cleaned and contain residues of past cargos.
Acidic components in saline water salts in the fuel may react
3. Terminology with distribution and storage equipment.

3.1 fuel entering the combustor(sithis term is used to 3.6 microbial slimes—may result when conditions are con-
ducive to the growth of microorganisms that are always

present. The presence of free water is essential to the growth of

1 i i i i i i i i - . - -
This practice is under the jurisdiction of ASTM Committee D-2 on Petroleum many of these microorganisms that grow in tank water bottoms

Products and Lubricantsand is the direct responsibility of Subcommittee D02.Eo|

Burner, Diesel, and Gas Turbine Fuel Oils. and feed on nutrients in the water or on the hydrocarbons.
Current edition approved Oct. 31, 1988. Published February 1989. Originally )
published as D 4418 — 84. Last previous edition D 4418 — 84. 4. Summary of Practice
2 Annual Book of ASTM Stand | 05.01. . . . .
3 AEEE; ngk ﬁf ASTM St::dgiﬁl 05.02. 4.1 The body of this practice defines the contaminants
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frequently found in turbine fuel oils and discusses the sourceparticulates like rust. They are dissolved or suspended either in
and significance of such contaminants. the fuel hydrocarbons or in free water present in the fuel. The

4.2 Annex Al is a guide for the receipt, storage, andsignificance of several individual trace metals with respect to
handling of distillate gas turbine fuels, Grades 1-GT and 2-GThot corrosion is discussed in 6.1.4 through 6.1.5. Although
in accordance with Specification D 2880. lower levels of trace metals in a fuel will promote longer

4.3 Annex A2 is a guide for the receipt, storage, andturbine service from a corrosion standpoint, the specification of
handling of gas turbine fuels, Grades 3-GT and 4-GT, thatexcessively low levels may limit the availability of the fuel or
contain residual components. materially increase its cost. Table 1 suggests levels of trace

4.4 Annex A3 is a guide for the selection and storage ofmetals that would probably yield satisfactory service.
fuels intended for long-term storage, when such fuels are 6.1.4 Ash is the noncombustible material in an oil. Ash-
distillate fuels. forming materials may be present in fuel oil in two forms} (

4.5 Annex A4 is a guide for gas turbine users who aresolid particles, and %) oil- or water-soluble metallic com-
considering the use of fuels from alternative non-petroleunpounds. The solid particles are for the most part the same
sources. material that is designated as sediment in the water and
o sediment test. Depending on their size, these particles can
5. Significance and Use contribute to wear in the fuel system and to plugging of the fuel

5.1 This practice provides the user of gas turbine fuel oilsilter and the fuel nozzle. The soluble metallic compounds have
and the designer of gas turbine fuel systems with an apprecidittle or no effect on wear or plugging, but they can contain
tion of the effects of fuel contaminants and general methods oflements that produce turbine corrosion and deposits as de-
controlling such contaminants in gas turbine fuel systems. scribed in 6.1.5.

5.2 This practice is general in nature and should not be 6.1.5 Vanadium and Leaég-Fuel contaminants might in-
considered a substitute for any requirement imposed by waelude soluble compounds such as vanadium porphyrins, me-
ranty of the gas turbine manufacturer, or by federal, state, ofallic soaps, or tetraethyl lead that cannot be removed from the
local government regulations. fuel at the gas-turbine site.

5.3 Although it cannot replace a knowledge of local condi- 6.1.5.1 Vanadium can form low melting compounds such as
tions or the use of good engineering and scientific judgmentvanadium pentoxide which melts at 691°C (1275°F), and
this practice does provide guidance in development of indicauses severe corrosive attack on all of the high-temperature
vidual fuel management systems for the gas turbine user. alloys used for gas-turbine blades. If there is sufficient magne-
sium in the fuel, it will combine with the vanadium to form
compounds with higher melting points and thus reduce the

6.1 Contamination levels in the fuel entering the combuscorrosion rate to an acceptable level. The resulting ash will
tor(s) must be low for improved turbine life. Low contamina- form deposits in the turbine and will require appropriate
tion levels in the fuel in the turbine’s in-plant fuel system arecleaning procedures.
required to minimize corrosion and operating problems. Pro- 6.1.5.2 When vanadium is present in more than trace
viding fuel of adequate cleanliness to the gas turbine combusimounts either in excess of 0.5 ppm or a level recommended
tor(s) may require special actions by the user. These actionsy the turbine manufacturer, it is necessary to maintain a
might include special transportation arrangements with the fuakeight ratio of magnesium to vanadium in the fuel of not less
supplier, particular care in on-site fuel storage and qualitthan 3.0 in order to control corrosion.
control procedures, and establishment of on-site cleanup pro- 6.1.5.3 An upper limit of 3.5 is suggested since larger ratios
cedures. Each of the four classes of contaminants defined in 3yl lead to unnecessarily high rates of ash deposition. In most
has its own significance to system operation. cases, the required magnesium-to-vanadium ratio will be

6.1.1 Water will cause corrosion of tanks, piping, flow obtained by additions of magnesium-containing compounds to
dividers, and pumps. Corrosion or corrosion products inthe fuel oil. The special requirements covering the addition and
close-tolerance devices, such as flow dividers, may causgpe of magnesium-containing additive, or equivalent, shall be
plugging and may stop flow to the turbines. Free water isspecified by mutual agreement between the various interested
potentially corrosive in sulfur-containing fuels, it may be parties. The additive will vary depending on the application,
particularly corrosive. Free water may contain dissolved saltgut it is always essential that there is a fine and uniform

that may be corrosive, and may encourage microbiologicadiispersion of the additive in the fuel at the point of combustion.
growth.

6.1.2 Particulate Solidsmay shorten the life of fuel system . _ _
components. Life of fuel pumps and of various close-tolerance ~ TABLE 1 Trace Metal Limits of Fuel Entering Turbine

6. Significance of Contaminants

devices is a function of particulate levels and size distributions Combus 9r(_s) :
in the fuel. High levels of particulates can lead to short cycle Trace Metal Limits by Weight, max, ppm
times in the operation of filters, filter/separators, centrifuges, Designation —  adium Sggti;g‘siglrf Calcium Lead
and electrostatic purifiers. Since such separation devices do not
remove all the particulates, certain quantities will be present inNo- %-6T 0.5 0.5 0.5 0.5
No. 1-GT 0.5 0.5 0.5 0.5

the down-stream fuel. No. 2-GT 0.5 0.5 0.5 0.5

6.1.3 Trace Metalsrefer both to those metals present as No.3-GT 0.5 0.5 0.5 0.5

H H H i~ No. 4-GT (Consult turbine manufageyers)
metallic compounds in solution and to metals present in -
5 Document Sharing Hub

Full document details: ASTM D4418-88(1998)


http://www.avadocuments.com/doc/astm-d4418-88-1998
http://www.avadocuments.com/doc/astm-d4418-88-1998

iy D 4418

6.1.5.4 For gas turbines operating at turbine-inlet gas temturbines operating at turbine inlet gas temperatures below
peratures below 650°C (1200°F), the corrosion of the high650°C (1200°F), the corrosion due to sodium compounds is of
temperature alloys is of minor importance, and the use of aninor importance and can be further reduced by silicon-base
silicon-base additive will further reduce the corrosion rate byadditives. A high sodium content is even beneficial in these
absorption and dilution of the vanadium compounds. turbines because it increases the water-solubility of the depos-

6.1.5.5Lead can cause corrosion, and in addition it canits and thereby increases the ease with which gas turbines can
spoil the beneficial inhibiting effect of magnesium additives onbe water-washed to obtain recovery of the operating perfor-
vanadium corrosion. Since lead is only rarely found in signifi-mance.
cant quantities in crude oils, its appearance in the fuel oil is 6.1.6.3 Calcium is not harmful from a corrosion standpoint:
primarily the result of contamination during processing orin fact, it serves to inhibit the corrosive action of vanadium.
transportation. However, calcium can lead to hard-bonded deposits that are not

6.1.6 Sodium, Potassium, and Calcignfuel contaminants self-spalling when the gas turbine is shut down, and are not
might also include fuel-insoluble materials such as water, salteadily removed by water washing of the turbine. The fuel-
or dirt, potential sources of sodium, potassium, and calciumwashing systems, used at some gas turbine installations to
These are normally removed at the gas-turbine site, unless suobduce the sodium and potassium level, will also significantly
contaminants are extremely finely divided. lower the calcium content of fuel oil.

6.1.6.1 Sodium and Potassiuraan combine with vanadium 6.1.7 Microbial Slimescaused by microorganisms can plug
to form eutectics that melt at temperatures as low as 566°@lters and other close-tolerance openings. Some organisms can
(1050°F) and can combine with sulfur in the fuel to yield cause corrosion as well as produce slimes. Under anaerobic
sulfates with melting points in the operating range of the gagonditions, hydrogen sulfide, which may cause corrosion, can
turbine. These compounds produce severe corrosion, and foe generated by biological action. Biocides are available for
turbines operating at gas inlet temperatures above 650°€ontrolling the growth of microorganisms, but their effect on
(1200°F), additives are not yet in general use that control suctrace metal levels and other fuel properties should be consid-
corrosion. ered. Since water is required for the growth of the microor-

6.1.6.2 Accordingly, the sodium-plus-potassium level musiganisms, one way of controlling their growth is to eliminate the
be limited, but each element is measured separately. Some gasesence of water through tank-stripping operations or other
turbine installations incorporate systems for washing oil withseparation techniques.
water to reduce the sodium-plus-potassium level. In installa-
tions where the fuel is moved by sea transport, the sodium{- Keywords
plus-potassium level should be checked prior to use to ensure 7.1 contaminants; fuel handling; fuel storage; gas turbine
that the oil has not become contaminated with sea salt. For gdsels

ANNEXES
(Mandatory Information)

Al. PRACTICE FOR THE RECEIPT, STORAGE, AND HANDLING OF DISTILLATE TURBINE FUELS

Al.1 Scope 2-GT, conforming to Specification D 2880. It consists of the

Al1.1.1 This practice covers the receipt, storage, and harfankage, piping, fittings, and separation equipment between the
dling of distillate gas turbine fuels, Grades 1-GT and 2-GT,Point of connection W|th_ the delivery truck,_ railroad car, or
purchased in accordance with Specification D 2880. other transportation equipment and the point where the fuel

A1.1.2 This practice may also be used as a guideline for th@nters the gas turbine combustor(s). The specific configuration
receipt, storage, and handling of gas turbine fuel, Grade 0-GRf components will vary with the r_’nanufacturer’s and the user’s
purchased in accordance with Specification D 2880, but only iPreference for one type of equipment over another, for ex-
modifications are made to take into account the volatile natur@mple, a centrifugal purifier over a coalescing filter/separator.
of Grade 0-GT fuel. Those modifications are not specified inThus, Fig. A1.1 is merely a guide for discussion and illustra-
this practice. tion.

A1.1.3 This practice provides guidance in developing an Al.2.2 separation systemincludes equipment for remov-
individual fuel management system for the gas-turbine user. ling foreign materials, for example, water and solids, from
includes suggestions for the operation and maintenance dfiels. Fuel storage tanks may serve simultaneously as separa-
existing fuel storage and handling facilities, and for identifyingtors, since contaminants can settle to the bottom of such tanks

where, when, and how fuel quality should be monitored. under the influence of gravity. Other commonly used separa-
_ tors are the various types of filters, centrifuges, and electro-
Al.2 Terminology static separators.

Al.2.1 fuel storage systemFig. Al.1 is a generalized fuel Al1.2.2.1 filters—devices for separating suspended matter
storage system for use with distillate fuels, Grades 1-GT andtom the fuel by passing the fuel throughawmms
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