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Iker,
 
See attached comments on the notes from EDC and GTME. Chris has enough information to get
pump & motor specifications and pump curves for the liquid fuel forwarding system. I should have

these at or before our meeting on the 24th. However the demineralized water / water injection
system still has some issues to resolve.
 
I have also attached the water and fuel specifications and the maintenance considerations of Heavy
Duty Gas Turbines. Please forward these documents to GTME and EDC. They will need these
documents to support the plant BOP design and for maintenance planning.
 

I look forward to seeing you on the 24th.
 
Regards,
Tom
 
Tom Koontz
Project Manager
ProEnergy Services
2001 ProEnergy Blvd.
Sedalia, Missouri 65301
660-829-5100 office
660-596-7059 fax                                                                          
660-287-2462 cell

http://www.proenergyservices.com
This e-mail is the property of ProEnergy Services, LLC and/or its relevant affiliate and may contain confidential and privileged material for the sole

use of the intended recipient (s). Any review, use, distribution or disclosure by others is strictly prohibited. If you are not the intended recipient (or

authorized to receive for the recipient), please contact the sender or reply to ProEnergy Services at chowatt@proenergyservices.com and delete all

copies of the message. This e-mail (and any attachments hereto) are not intended to be an offer (or an acceptance) and do not create or evidence a

binding and enforceable contract between ProEnergy Services LLC (or any of its affiliates) and the intended recipient or any other party, and may not

be relied on by anyone as the basis of a contract by estoppel or otherwise. Thank you. 
 

From: Iker Candina [mailto:icandina@derwickassociates.com] 
Sent: Tuesday, August 10, 2010 2:13 PM
To: Tom Koontz
Cc: 'Pedro Trebbau'
Subject: RV: RV: EDC Margarita Dual Fuel Modification
 
Hi again TOM;
The meeting with EDC and GMET will take place in our office across the Embassy Suites Hotel

where you normally stay. It will be on Tuesday August 24th   at 9:00am.   Our building is Torre Kyra
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From Derwick – Iker e-mail on August 10th, 2010.


We have reviewed the information given by Derwick about the proposal of the liquid fuel and demineralized water supply pumps for the turbo generators GE MS7001EA of PJBA. Hereby we present the following comments:

Clean fuel bombs for turbo generators I and II


First and for most, and based on the Preliminary General Flow Diagram (DWG N° 409-2956-GFL Rev. 0),  the clean fuel pumps for the turbo generators are the so called Liquid Fuel Forwarding Skid #1 and #2 (named in our engineering as  pumps P-1004 A/S y P-1005 A/S).  Then, in the Preliminary Liquid Fuel Forwarding Pump Skid-7EA General Arrangement (DWG N° SLFFPD7EA-900 Rev. B) document you can observe the skid built by two parallel pumps, from which we assume 1 should be 1 in operation and the other on standby. The skid shown would apply for the Skids #1 and #2 pointed in the General Flow Diagram. This is correct. Conduit and cable to a pressure switch on the skid should be provided and installed by the customer. This cable will provide a signal to the DCS or turbine control system that will notify the when the pressure of the header is low so a start signal can be sent to the stand-by pump.

1. According to the Dual Fuel System – Scope of Work document, the pumps are capable of dealing with a power source of 150gpm each, and according to our calculations it requires a 142 gpm. Therefore, the pumps that Derwick suggested are able to manage the fuel required by each turbo generator. The comment is correct. The power supply will need to be specified and provided by the customer.

 2. Based on the document mentioned before, and regarding the pump discharge pressure, it can be observed that the proposed pumps would discharge a Max. pressure of 75 psi, and the required pressure according our hydraulic is 106 psi. It would be favorable to consult to Derwick which would be the discharge of their pumps to be able to defeat several pressure losses along a pipe of 4” and 512mts long, in order to give the turbo generators the fuel at the right pressure in the combustion chamber. The pump and motor will be sized to the meet the requirements of the turbine generator and to overcome any pressure losses. At this time the specification for the pump & motor have not been finalized as we needed the pressure loss data that you supplied. The pressure regulation will occur just upstream of the turbine at the liquid fuel management spool which will contain a regulating valve, a flow meter, and a stop valve. The flow control of this system is a back pressure regulating valve at the discharge of the pump.

3. Need the minimum suction head on forwarding pumps.

Water Pumps to turbo generators I and II

In the same matter, and based in the Preliminary General Flow Diagram given (DWG N° 409-2956-GFL Rev. 0) the proposed pumps are called Demin Water Forwarding Skid #1 and #2 (called in our engineering as the pumps P-0403 A/B/C/S, having C for the future for the Combined Cycle). Then, in the document Preliminary Demin Water Forwarding Pump Skid-7A General Arrangement (DWG N° SDWFPD7EA-900 Rev. 0)  we can appreciate the skid built by two parallel pumps, assuming  1 in operation and the other on standby, which would will apply on the skid shown on the General Flow Diagram in the Skid #1 and #2. This is correct. Conduit and cable to a pressure switch on the skid should be provided and installed by the customer. This cable will provide a signal to the DCS or turbine control system that will notify when the pressure of the header is low and to send a start signal to the stand-by pump.

1. According to the Dual Fuel System – Scope of Work document, the pumps are capable of dealing with a source of power of 115 gpm each, and according to our calculations only 42.6 gpm are required. Therefore, the pumps offered by Derwick are oversized for the requirements of the project, so we presume that these pumps are designed for the NOx emission control of 42 ppm and not the 150 ppm established in our design. It is important to remark that the design made for the Project, by VEPICA for the intake, pre-treatment, desalinization, demineralization, post-treatment and discharge of water is based for the control of NOx emissions of 150ppm. ProEnergy has designed the forwarding pumps to meet specifications of a typical water injection system for a 7EA DLN 1.0 system. The flow rate provided should not be a problem since the flow is controlled by a back pressure relief valve on the forwarding skid. 

 2. Regarding the discharge pressures, these ones differ from the ones calculated for the Project. The pressure control is critical at the suction of the high pressure pump in the water injection skid. The forwarding skid is designed to control the pressure to the water injection skid.

3. In addition, they also suggest the Water Injection Skid #1 and #2 units (one booster for each turbo generator) shown in the General Flow Diagram. These units are also designed by Derwick to manage 115 gpm each, which is 3 times more than the required. The high pressure water injection pump is a variable speed drive pump. It has a minimum set point (minimum flow 18 gpm) and a maximum set point. The maximum set point can be adjusted at the site to meet site specific needs.

4. Need minimum suction head on the forwarding pumps and the friction losses expected on piping between the forwarding skid and water injection skid so the pumps and motors can be sized.

Based on the comments previously exposed, we suggest:


1. To consult Derwick the possibility to evaluate their proposal in order to adapt it to the design established for the Project (attached you will find the information of each one of the mentioned pumps).

In case the suggested is not feasible then:


2. Request Derwick the working curves and data sheets of the pumps suggested, and also the booster unit to evaluate if they can operate under the parameters established for the Project. Customer to provide pressure losses for piping designed for each system. ProEnergy will propose pump and motor specification and pump curves for review.

3. Consult to Derwick which would be the discharge pressure of their fuel pumps to defeat pressure losses along the pipe of 4” and 512mts long to deliver the fuel to the turbo generators at the required pressure in the combustion chamber. Same as above.

4. Request Derwick to evaluate the impact that a water decrease would have on the combustion chamber. See attached document.

5. Evaluate the impact that the use of the suggested pumps by Derwick would have over both systems (fuel supplier and demineralized water to the turbo generators). 
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Introduction
Maintenance costs and availability are two of the most important


concerns to a heavy-duty gas turbine equipment owner. Therefore,


a well thought out maintenance program that optimizes the


owner’s costs and maximizes equipment availability should be


instituted. For this maintenance program to be effective, owners


should develop a general understanding of the relationship


between the operating plans and priorities for the plant, the 


skill level of operating and maintenance personnel, and all


equipment manufacturer’s recommendations regarding the


number and types of inspections, spare parts planning, and other


major factors affecting component life and proper operation 


of the equipment.


In this document, operating and maintenance practices for 


heavy-duty gas turbines will be reviewed, with emphasis placed 


on types of inspections plus operating factors that influence


maintenance schedules. A well-planned maintenance program 


will result in maximum equipment availability and optimization 


of maintenance costs.


Note:


• The operation and maintenance practices outlined in this


document are based on full utilization of GE-approved parts,


repairs, and services.


• The operating and maintenance discussions presented are


generally applicable to all GE heavy-duty gas turbines; i.e.,


MS3000, 5000, 6000, 7000 and 9000. For purposes of illustration,


the MS7001EA was chosen for most components except exhaust


systems, which are illustrated using different gas turbine models


as indicated. Consult the GE Operation and Maintenance (O&M)


Manual for specific questions on a given machine, or contact the


local GE Energy representative.


Maintenance Planning
Advanced planning for maintenance is a necessity for utility,


industrial, independent power and cogeneration plant operators 


in order to maximize reliability and availability. The correct


implementation of planned maintenance and inspection 


provides direct benefits in reduced forced outages and 


increased starting reliability, which in turn can reduce 


unscheduled repairs and downtime. The primary factors 


Heavy-Duty Gas Turbine 
Operating and Maintenance Considerations


that affect the maintenance planning process are shown in 


Figure 1. The owners’ operating mode and practices will determine


how each factor is weighted. Parts unique to a gas turbine


requiring the most careful attention are those associated with 


the combustion process, together with those exposed to the 


hot gases discharged from the combustion system. These are


called the combustion section and hot gas path parts, and they


include combustion liners, end caps, fuel nozzle assemblies,


crossfire tubes, transition pieces, turbine nozzles, turbine 


stationary shrouds and turbine buckets.


Additional areas for consideration and planning, though longer-


term concerns, are the lives of the compressor rotor, turbine rotor,


casings and exhaust diffuser. The basic design and recommended


maintenance of GE heavy-duty gas turbines are oriented toward:


• Maximum periods of operation between inspections and


overhauls


• In-place, on-site inspection and maintenance 


• Use of local trade skills to disassemble, inspect and re-assemble


gas turbine components


In addition to maintenance of the basic gas turbine, the control


devices, fuel-metering equipment, gas turbine auxiliaries, load


package, and other station auxiliaries also require periodic


servicing. The primary maintenance effort involves five basic


systems: controls and accessories, combustion, turbine, generator


and balance-of-plant. Controls and accessories are typically


serviced in outages of short duration, whereas the other four


systems are maintained through less frequent outages of 


longer duration.


Gas turbine maintenance starts with a clear understanding 


of the plant operation and the environment in which the plant


operates. These two factors should be the basis for developing a


maintenance plan for gas turbines. 


The inspection and repair requirements, outlined in the O&M Manual


provided to each owner, lend themselves to establishing a pattern 


of inspections. These inspection patterns will vary from site to site


and owner operators should understand how factors such as air and


fuel quality will be used to develop an inspection and maintenance


program. In addition, supplementary information is provided through


a system of Technical Information Letters (TILs) associated with
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specific gas turbines after shipment. This updated information, in


addition to the O&M Manual, assures optimum installation, operation


and maintenance of the turbine. (See Figure 2.) Many of the TILs


contain advisory technical recommendations to help resolve issues


(as they become known) and to help improve the operation,


maintenance, safety, reliability or availability of the turbine. The


recommendations contained in TILs should be reviewed and


factored into the overall maintenance planning program.


For a maintenance program to be effective, from both cost and


turbine availability standpoints, owners must develop a general


understanding of the relationship between their operating plans


and priorities for the plant and the manufacturer’s


recommendations regarding the number and types of inspections,


spare parts planning, and other major factors affecting the life and


proper operation of the equipment. Each of these issues will be


discussed in greater detail in the sections that follow.
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Figure 1. Key factors affecting maintenance planning
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• O&M Manual 


 – Turbine-specific manual provided to customer


 – Includes outline of recommended Inspection and Repair requirements


 – Helps customers to establish a pattern of systematic inspections for their site


• Technical Information Letters (TILs)  


 – Issued after shipment of turbine 


 – Provides O&M updates related to turbine installation, maintenance, and operation 


 – Provides advisory technical recommendations to help resolve potential issues 


Figure 2. Key technical reference documents to include in maintenance planning







Gas Turbine Design 
Maintenance Features
The GE heavy-duty gas turbine is designed to withstand severe


duty and to be maintained on-site, with off-site repair required 


only on certain combustion components, hot gas path parts and


rotor assemblies needing specialized shop service. The following


features are designed into GE heavy-duty gas turbines to facilitate


on-site maintenance:


• All casings, shells and frames are split on machine horizontal


centerline. Upper halves may be lifted individually for access to


internal parts.


• With upper-half compressor casings removed, all stationary


vanes can be slid circumferentially out of the casings for


inspection or replacement without rotor removal. 


• With the upper-half of the turbine shell lifted, each half of the


first stage nozzle assembly can be removed for inspection, repair


or replacement without rotor removal. On some units, upper-half,


later-stage nozzle assemblies are lifted with the turbine shell,


also allowing inspection and/or removal of the turbine buckets.


• All turbine buckets are moment-weighed and computer charted


in sets for rotor spool assembly so that they may be replaced


without the need to remove or rebalance the rotor assembly.


• All bearing housings and liners are split on the horizontal


centerline so that they may be inspected and replaced when


necessary. The lower half of the bearing liner can be removed


without removing the rotor.


• All seals and shaft packings are separate from the main bearing


housings and casing structures and may be readily removed 


and replaced.


• On most designs, fuel nozzles, combustion liners and flow


sleeves can be removed for inspection, maintenance or


replacement without lifting any casings. All major accessories,


including filters and coolers, are separate assemblies that are


readily accessible for inspection or maintenance. They may also


be individually replaced as necessary.


• Casings can be inspected during any outage or any shutdown


when the unit enclosure is cool enough for safe entry. The


exterior of the inlet, compressor case, compressor discharge


case, turbine case, and exhaust frame can be inspected during


any outage or period when the enclosure is accessible. The


interior surfaces of these cases can be inspected to various


degrees depending on the type of outage performed. All interior


surfaces can be inspected during a major outage when the rotor


has been removed.


• Exhaust diffusers can be inspected during any outage by entering


the diffuser through the stack or Heat Recovery Steam Generator


(HRSG) access doors. The flow path surfaces, flex seals, and other


flow path hardware can be visually inspected with or without the


use of a borescope. Diffusers can be weld-repaired without the


need to remove the exhaust frame upper half. 


• Inlets can be inspected during any outage or shutdown.


Inspection aid provisions have been built into GE heavy-duty 


gas turbines to facilitate conducting several special inspection


procedures. These special procedures provide for the visual


inspection and clearance measurement of some of the 


critical internal components without removal of the casings. 


These procedures include gas path borescope inspection (BI), 


radial clearance measurements and turbine nozzle axial 


clearance measurements.


A GE gas turbine is a fully integrated design consisting of


stationary and rotating mechanical, fluid, thermal, and electrical


systems. The turbine’s performance, as well as the performance 


of each component within the turbine, is dependent upon the


operating interrelationship between internal components and the


total operating systems. GE’s engineering process evaluates how


new designs, design changes or repairs impact components and


systems. This design, evaluation, testing, and approval assures the


proper balance and interaction between all components and


systems for safe, reliable, and economical operation.


Failure to evaluate the full system impact of a new, repaired, 


or modified part may have negative impacts on the operation 


and reliability of the entire system. The use of non-GE approved


parts, repairs, and maintenance practices may represent a


significant risk. Pursuant to the governing terms and conditions,


warranties and performance guarantees are predicated upon


proper storage, installation, operation, and maintenance,


conforming to GE approved operating instruction manuals 


and repair/modification procedures.
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In general, an annual or semiannual borescope inspection 


should use all the available access points to verify the safe and


uncompromised condition of the static and rotating hardware.


This should include, but is not limited to, signs of excessive gas


path fouling, symptoms of surface degradation (such as erosion,


corrosion, or spalling), displaced components, deformation or


impact damage, material loss, nicks, dents, cracking, indications 


of contact or rubbing, or other anomalous conditions.


During BIs and similar inspections, the condition of the upstream


components should be verified, including all systems from the filter


house to the compressor inlet.


The application of a borescope monitoring program will assist with


the scheduling of outages and preplanning of parts requirements,


resulting in outage preparedness, lower maintenance costs and


higher availability and reliability of the gas turbine.


Major Factors Influencing
Maintenance and Equipment Life
There are many factors that can influence equipment life and


these must be understood and accounted for in the owner’s


maintenance planning. As indicated in Figure 5, starting cycle


(hours per start), power setting, fuel, level of steam or water


injection, and site environmental conditions are key factors in


determining the maintenance interval requirements as these


factors directly influence the life of replaceable gas turbine parts.


Non-consumable components and systems, such as the compressor


airfoils, may be affected by such variables as site environmental


conditions and plant and accessory system effects. Other factors


affecting maintenance planning are shown in Figure 1. The plant


operator should consider these external factors to prevent the


degradation and shortened life of non-consumable components. 


GE provides supplementary documentation to assist the operator 


in this regard.


Borescope Inspections
An effective borescope inspection (BI) program can monitor the


condition of internal components without the need for casing


removal. Borescope inspections should be scheduled with


consideration given to the operation and environment of the 


gas turbine and information from the O&M manual and TILs. 


GE heavy-duty gas turbine designs incorporate provisions in 


both compressor casings and turbine shells for gas path visual


inspection of intermediate compressor rotor stages, first, second


and third-stage turbine buckets and turbine nozzle partitions by


means of the optical borescope. These provisions, consisting of


radially aligned holes through the compressor casings, turbine shell


and internal stationary turbine shrouds, are designed to allow the


penetration of an optical borescope into the compressor or turbine


flow path area, as shown in Figure 3. Borescope inspection access


locations for F Class gas turbines can be found in Appendix E.


Figure 4 provides a recommended interval for a planned borescope


inspection program following initial base line inspections. It should


be recognized that these borescope inspection intervals are based


on average unit operating modes. Adjustment of these borescope


intervals may be made based on operating experience and the


individual unit mode of operation, the fuels used and the results 


of previous borescope inspections.
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Figure 3. MS7001E gas turbine borescope inspection access locations
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Figure 4. Borescope inspection programming







In the GE approach to maintenance planning, a gas fuel unit


operating under continuous duty, with no water or steam injection,


is established as the baseline condition, which sets the maximum


recommended maintenance intervals. For operation that differs


from the baseline, maintenance factors (MF) are established that


determine the impact to the component lives and increased


frequency of maintenance required. For example, a maintenance


factor of two would indicate a maintenance interval that is half 


of the baseline interval.


Starts and Hours Criteria
Gas turbines wear in different ways for different service-duties, as


shown in Figure 6. Thermal mechanical fatigue is the dominant


limiter of life for peaking machines, while creep, oxidation, and


corrosion are the dominant limiters of life for continuous duty


machines. Interactions of these mechanisms are considered in the


GE design criteria, but to a great extent are second-order effects.


For that reason, GE bases gas turbine maintenance requirements


on independent counts of starts and hours. Whichever criteria 


limit is first reached determines the maintenance interval. A


graphical display of the GE approach is shown in Figure 7. In 


this figure, the inspection interval recommendation is defined 


by the rectangle established by the starts and hours criteria. 


These recommendations for inspection fall within the design life


expectations and are selected such that components verified to be


acceptable for continued use at the inspection point will have low


risk of failure during the subsequent operating interval.


An alternative to the GE approach, which is sometimes employed


by other manufacturers, converts each start cycle to an equivalent


number of operating hours (EOH) with inspection intervals based


on the equivalent hours count. For the reasons previously stated,


GE does not use this approach. While this logic can create the


impression of longer intervals, it actually may result in more


frequent maintenance inspections, since separate effects are


considered additive. Referring again to Figure 7, the starts and


hours inspection “rectangle” is reduced in half as defined by the


diagonal line from the starts limit at the upper left hand corner 


to the hours limit at the lower right hand corner. Midrange duty


applications, with hours-per-start ratios of 30-50, are particularly


penalized by this approach.


This is further illustrated in Figure 8 for the example of an


MS7001EA gas turbine operating on gas fuel, at base load


conditions with no steam or water injection or trips from load. 


The unit operates 4000 hours and 300 starts per year. Following


GE’s recommendations, the operator would perform the hot gas


path inspection after four years of operation, with starts being 


the limiting condition. Performing maintenance on this same 


unit based on an equivalent hours criteria would require a hot 


gas path inspection after 2.4 years. Similarly, for a continuous duty


application operating 8000 hours and 160 starts per year, the GE


recommendation would be to perform the hot gas path inspection


after three years of operation with the operating hours being the


limiting condition for this case. The equivalent hours criteria would


set the hot gas path inspection after 2.1 years of operation for 


this application.


GE Energy | GER-3620L (11/09) 5


• Continuous Duty Application
   – Rupture
   – Creep Deflection
   – High-Cycle Fatigue
   – Corrosion
   – Oxidation
   – Erosion
   – Rubs/Wear
   – Foreign Object Damage


• Cyclic Duty Application
   – Thermal Mechanical Fatigue
   – High-Cycle Fatigue
   – Rubs/Wear
   – Foreign Object Damage


Figure 6. Causes of wear – hot gas path components


– Cyclic effects
– Firing temperature
– Fuel
– Steam/water injection
– Site environmental conditions


Figure 5. Maintenance cost and equipment life are influenced by key service 
factors
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Figure 7. GE bases gas turbine maintenance requirements on independent counts of starts and hours


Figure 8. Hot gas path maintenance interval comparisons. GE method vs. EOH method
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When these service or maintenance factors are involved in a 


unit’s operating profile, the hot gas path maintenance “rectangle”


that describes the specific maintenance criteria for this operation


is reduced from the ideal case, as illustrated in Figure 10. The


following discussion will take a closer look at the key operating


factors and how they can impact maintenance intervals as well as


parts refurbishment/replacement intervals.


Fuel
Fuels burned in gas turbines range from clean natural gas to


residual oils and impact maintenance, as illustrated in Figure 11.


Heavier hydrocarbon fuels have a maintenance factor ranging


from three to four for residual fuel and two to three for crude oil


Service Factors
While GE does not subscribe to the equivalency of starts to hours,


there are equivalencies within a wear mechanism that must be


considered. As shown in Figure 9, influences such as fuel type and


quality, firing temperature setting, and the amount of steam or


water injection are considered with regard to the hours-based


criteria. Startup rate and the number of trips are considered 


with regard to the starts-based criteria. In both cases, these


influences may act to reduce the maintenance intervals. 
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Figure 11. Estimated effect of fuel type on maintenance


  
• Fuel  Gas  1
   Distillate  1.5
   Crude   2 to 3
   Residual  3 to 4
• Peak Load
• Water/Steam  Injection
   Dry Control  1 (GTD-222)
   Wet Control  1.9 (5% H2O GTD-222)


  
• Trip from Full Load   8
• Fast Load   2
• Emergency Start   20


Typical Max Inspection Intervals (MS6B/MS7EA)
Hot Gas Path Inspection  24,000 hrs or 1200 starts
Major Inspection   48,000 hrs or 2400 starts


Criterion is Hours or Starts (Whichever Occurs First)


Factors Impacting Maintenance
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Figure 9. Maintenance factors – hot gas path (buckets and nozzles)
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Figure 10. GE maintenance interval for hot gas inspections







fuels (this maintenance factor is to be adjusted based on the water


to fuel ratio in cases when water injection for NOx abatement is


used). These fuels generally release a higher amount of radiant


thermal energy, which results in a subsequent reduction in


combustion hardware life, and frequently contain corrosive


elements such as sodium, potassium, vanadium and lead that can


cause accelerated hot corrosion of turbine nozzles and buckets. In


addition, some elements in these fuels can cause deposits either


directly or through compounds formed with inhibitors that are


used to prevent corrosion. These deposits impact performance and


can lead to a need for more frequent maintenance.


Distillates, as refined, do not generally contain high levels of these


corrosive elements, but harmful contaminants can be present in


these fuels when delivered to the site. Two common ways of


contaminating number two distillate fuel oil are: salt-water ballast


mixing with the cargo during sea transport, and contamination of


the distillate fuel when transported to site in tankers, tank trucks 


or pipelines that were previously used to transport contaminated


fuel, chemicals or leaded gasoline. From Figure 11, it can be 


seen that GE’s experience with distillate fuels indicates that the 


hot gas path maintenance factor can range from as low as one


(equivalent to natural gas) to as high as three. Unless operating


experience suggests otherwise, it is recommended that a hot gas


path maintenance factor of 1.5 be used for operation on distillate


oil. Note also that contaminants in liquid fuels can affect the 


life of gas turbine auxiliary components such as fuel pumps 


and flow dividers.


As shown in Figure 11, gas fuels that meet GE specifications are


considered the optimum fuel with regard to turbine maintenance


and are assigned no negative impact. The importance of proper


fuel quality has been amplified with Dry Low NOx (DLN) combustion


systems. Proper adherence to GE fuel specifications in GEI-41040


and GEI-41047 is required to allow proper combustion system


operation, and to maintain applicable warranties. Liquid


hydrocarbon carryover can expose the hot gas path hardware to


severe overtemperature conditions and can result in significant


reductions in hot gas path parts lives or repair intervals. Liquid


hydrocarbon carryover is also responsible for upstream


displacement of flame in combustion chambers, which can lead to


severe combustion hardware damage. Owners can control this


potential issue by using effective gas scrubber systems and by


superheating the gaseous fuel prior to use to approximately 50°F


(28°C) above the hydrocarbon dew point temperature at the


turbine gas control valve connection. For exact superheat


requirement calculations please review GEI 41040. Integral to the


system, coalescing filters installed upstream of the performance


gas heaters is a best practice and ensures the most efficient


removal of liquids and vapor phase constituents.


The prevention of hot corrosion of the turbine buckets and nozzles


is mainly under the control of the owner. Undetected and


untreated, a single shipment of contaminated fuel can cause


substantial damage to the gas turbine hot gas path components.


Potentially high maintenance costs and loss of availability can be


minimized or eliminated by:


• Placing a proper fuel specification on the fuel supplier. For liquid


fuels, each shipment should include a report that identifies


specific gravity, flash point, viscosity, sulfur content, pour point


and ash content of the fuel.


• Providing a regular fuel quality sampling and analysis program.


As part of this program, an online water in fuel oil monitor is


recommended, as is a portable fuel analyzer that, as a minimum,


reads vanadium, lead, sodium, potassium, calcium and


magnesium.


• Providing proper maintenance of the fuel treatment system


when burning heavier fuel oils and by providing cleanup


equipment for distillate fuels when there is a potential for


contamination.


In addition to their presence in the fuel, contaminants can also enter


the turbine via the inlet air and from the steam or water injected for


NOx emission control or power augmentation. Carryover from


evaporative coolers is another source of contaminants. In some


cases, these sources of contaminants have been found to cause hot


gas path degradation equal to that seen with fuel-related


contaminants. GE specifications define limits for maximum


concentrations of contaminants for fuel, air and steam/water. 


In addition to fuel quality, fuel system operation is also a factor in


equipment maintenance. Liquid fuel may remain unpurged and in


contact with hot combustion components after shutdown, as well


as stagnate in the fuel system when strictly gas fuel is run for an


extended time. To minimize varnish and coke accumulation, dual


fuel units (gas and liquid capable) should be shutdown running gas
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fuel whenever possible. Likewise, during extended operation on


gas, regular transfers from gas to liquid are recommended to


exercise the system components and minimize coking.


Contamination and build-up may prevent the system from 


removing fuel oil and other liquids from the combustion, compressor


discharge, turbine, and exhaust sections when the unit is shut down


or during startup. Liquid fuel oil trapped in the system piping also


creates a safety risk. Correct functioning of the false start drain


system (FSDS) should be ensured through proper maintenance 


and inspection per GE procedures.


Firing Temperatures
Significant operation at peak load, because of the higher operating


temperatures, will require more frequent maintenance and


replacement of hot gas path components. Figure 12 defines the


parts life effect corresponding to changes in firing temperature. 


It should be noted that this is not a linear relationship.


Higher firing temperature reduces hot gas path parts lives while


lower firing temperature increases parts lives. 


It is important to recognize that a reduction in load does not


always mean a reduction in firing temperature. In heat recovery


applications, where steam generation drives overall plant


efficiency, load is first reduced by closing variable inlet guide vanes


to reduce inlet airflow while maintaining maximum exhaust


temperature. For these combined cycle applications, firing


temperature does not decrease until load is reduced below


approximately 80% of rated output. Conversely, a turbine 


running in simple cycle mode maintains full open inlet guide 


vanes during a load reduction to 80% and will experience over a


200°F/111°C reduction in firing temperature at this output level.


The hot gas path parts life effects for these different modes of


operation are obviously quite different. This turbine control effect 


is illustrated in Figure 13. Similarly, turbines with DLN combustion


systems utilize inlet guide vane turndown as well as inlet bleed


heat to extend operation of low NOx premix operation to part 


load conditions.


Firing temperature effects on hot gas path maintenance, as


described above, relate to clean burning fuels, such as natural 


gas and light distillates, where creep rupture of hot gas path


components is the primary life limiter and is the mechanism that


determines the hot gas path maintenance interval impact. With


ash-bearing heavy fuels, corrosion and deposits are the primary


influence and a different relationship with firing temperature exists.


Figure 14 illustrates the sensitivity of hot gas path maintenance
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Figure 13. Firing temperature and load relationship – heat recovery vs. simple
cycle operation


E-Class: Ap = e (0.018*ΔTf )


F-Class: Ap = e (0.023*ΔTf )


Ap  = Peak fire severity factor


ΔTf = Peak firing temperature adder (in °F)


Figure 12. Bucket life firing temperature effect


Figure 14. Heavy fuel maintenance factors







factor to firing temperature for a heavy fuel operation. It can be


seen that while the sensitivity to firing temperature is less, the


maintenance factor itself is higher due to issues relating to the


corrosive elements contained in these fuels.


Steam/Water Injection
Water or steam injection for emissions control or power


augmentation can impact parts lives and maintenance intervals


even when the water or steam meets GE specifications. This 


relates to the effect of the added water on the hot gas transport


properties. Higher gas conductivity, in particular, increases 


the heat transfer to the buckets and nozzles and can lead 


to higher metal temperature and reduced parts life as shown 


in Figure 15.


Parts life impact from steam or water injection is directly impacted


by the way the turbine is controlled. The control system on most


base load applications reduces firing temperature as water or


steam is injected. This is known as dry control curve operation,


which counters the effect of the higher heat transfer on the 


gas side, and results in no net impact on bucket life. This is 


the standard configuration for all gas turbines, both with and


without water or steam injection. On some installations, however,


the control system is designed to maintain firing temperature


constant with water or steam injection level. This is known 


as wet control curve operation, which results in additional 


unit output, but decreases parts life as previously described. 


Units controlled in this way are generally in peaking applications


where annual operating hours are low or where operators have


determined that reduced parts lives are justified by the power


advantage. Figure 16 illustrates the wet and dry control curve 


and the performance differences that result from these two


different modes of control.


An additional factor associated with water or steam injection


relates to the higher aerodynamic loading on the turbine


components that results from the injected water increasing 


the cycle pressure ratio. This additional loading can increase 


the downstream deflection rate of the second- and third-stage


nozzles, which would reduce the repair interval for these


components. However, the introduction of GTD-222™ and 


GTD-241™, high creep strength stage two and three nozzle 


alloys, has minimized this factor.


Water injection for NOx abatement should be performed 


according to the control schedule implemented in the controls


system. Forcing operation of the water injection system at high


loads can lead to combustion and HGP hardware damage due 


to thermal shock.


Cyclic Effects
In the previous discussion, operating factors that impact the 


hours-based maintenance criteria were described. For the 


starts-based maintenance criteria, operating factors associated


with the cyclic effects produced during startup, operation and


shutdown of the turbine must be considered. Operating conditions


other than the standard startup and shutdown sequence can


potentially reduce the cyclic life of the hot gas path components


and rotors, and, if present, will require more frequent maintenance


and parts refurbishment and/or replacement.
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Figure 15. Steam/water injection and bucket/nozzle life


Figure 16. Exhaust temperature control curve – dry vs. wet control MS7001EA







Hot Gas Path Parts
Figure 17 illustrates the firing temperature changes occurring over


a normal startup and shutdown cycle. Light-off, acceleration,


loading, unloading and shutdown all produce gas temperature


changes that produce corresponding metal temperature changes.


For rapid changes in gas temperature, the edges of the bucket or


nozzle respond more quickly than the thicker bulk section, as


pictured in Figure 18. These gradients, in turn, produce thermal


stresses that, when cycled, can eventually lead to cracking. 


Figure 19 describes the temperature/strain history of an MS7001EA


stage 1 bucket during a normal startup and shutdown cycle. 


Light-off and acceleration produce transient compressive strains 


in the bucket as the fast responding leading edge heats up more


quickly than the thicker bulk section of the airfoil. At full load


conditions, the bucket reaches its maximum metal temperature


and a compressive strain is produced from the normal steady state


temperature gradients that exist in the cooled part. At shutdown,


the conditions reverse and the faster responding edges cool more


quickly than the bulk section, which results in a tensile strain at 


the leading edge.


Thermal mechanical fatigue testing has found that the number 


of cycles that a part can withstand before cracking occurs is


strongly influenced by the total strain range and the maximum


metal temperature experienced. Any operating condition that


significantly increases the strain range and/or the maximum metal


temperature over the normal cycle conditions will act to reduce the


fatigue life and increase the starts-based maintenance factor. For


example, Figure 20 compares a normal operating cycle with one


that includes a trip from full load. The significant increase in the


strain range for a trip cycle results in a life effect that equates to


eight normal start/stop cycles, as shown. Trips from part load will


have a reduced impact because of the lower metal temperatures


at the initiation of the trip event. Figure 21 illustrates that while a


trip from between 80% and 100% load has an 8:1 maintenance


factor, a trip from full speed no load has a maintenance factor of


2:1. Similarly, overfiring of the unit during peak load operation


leads to increased component metal temperatures.


As a result, a trip from peak load has a maintenance factor 


of 10:1. Trips are to be assessed in addition to the regular


startup/shutdown cycles (as starts adders). As such, in the 


factored starts equation of Figure 46, one is subtracted from 


the severity factor so that the net result of the formula (Figure 46) 


is the same as that dictated by the increased strain range. 


For example, a startup and trip from base load would count 


as eight total cycles (one cycle for startup to base load plus 


8-1=7 cycles for trip from base load), just as indicated by the 


8:1 maintenance factor.


Similarly to trips from load, emergency starts and fast loading will


impact the starts-based maintenance interval. This again relates to


the increased strain range that is associated with these events.


Emergency starts, in which units are brought from standstill to 


full load in less than five minutes, will have a parts life effect equal


to 20 additional cycles and a normal start with fast loading will


have a parts life effect equal to 2 additional cycles. Like trips, 


the effects of a fast start or fast loading on the machine are


considered separate from a normal cycle and their effects must 


be tabulated in addition to the normal start/stop cycle. However,


there is no -1 applied to these factors, so an emergency start to


base load would have a total impact of 21 cycles. Refer to


Appendix A for factored starts examples.
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Figure 17. Turbine start/stop cycle – firing temperature changes


Figure 18. First stage bucket transient temperature distribution







While the factors described above will decrease the starts-based


maintenance interval, part load operating cycles would allow 


for an extension of the maintenance interval. Figure 22 is a


guideline that could be used in considering this type of operation.


For example, two operating cycles to maximum load levels of 


less than 60% would equate to one start to a load greater than


60% or, stated another way, would have a maintenance factor 


of 0.5. Factored starts calculations are based upon the maximum


load achieved during operation. Therefore, if a unit is operated 


at part load for three weeks, and then ramped up to base load 


for the last ten minutes, then the unit’s total operation would be


described as a base load start/stop cycle.
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Figure 20. Low cycle fatigue life sensitivities – first stage bucket







Rotor Parts
In addition to the hot gas path components, the rotor structure


maintenance and refurbishment requirements are impacted by the


cyclic effects associated with startup, operation and shutdown, as


well as loading and off-load characteristics. Maintenance factors


specific to an application’s operating profile and rotor design must


be determined and incorporated into the operators maintenance


planning. Disassembly and inspection of all rotor components is


required when the accumulated rotor starts or hours reach the


inspection limit. (See Figure 47 and Figure 48 in the Inspection


Intervals Section.)


For the rotor, the thermal condition when the startup sequence is


initiated is a major factor in determining the rotor maintenance


interval and individual rotor component life. Rotors that are cold


when the startup commences develop transient thermal stresses


as the turbine is brought on line. Large rotors with their longer


thermal time constants develop higher thermal stresses than


smaller rotors undergoing the same startup time sequence. 


High thermal stresses will reduce thermal mechanical fatigue life


and the age for inspection.


The steam turbine industry recognized the need to adjust startup


times in the 1950 to 1970 time period when power generation


market growth led to larger and larger steam turbines operating 


at higher temperatures. Similar to the steam turbine rotor size


increases of the 1950s and 1960s, gas turbine rotors have seen 


a growth trend in the 1980s and 1990s as the technology has


advanced to meet the demand for combined cycle power plants


with high power density and thermal efficiency.


With these larger rotors, lessons learned from both the steam


turbine experience and the more recent gas turbine experience


should be factored into the startup control for the gas turbine


and/or maintenance factors should be determined for an


application’s duty cycle to quantify the rotor life reductions


associated with different severity levels. The maintenance factors


so determined are used to adjust the rotor component inspection,


repair and replacement intervals that are appropriate to that


particular duty cycle.


Though the concept of rotor maintenance factors is applicable 


to all gas turbine rotors, only F Class rotors will be discussed in


detail. The rotor maintenance factor for a startup is a function 


of the downtime following a previous period of operation. As


downtime increases, the rotor metal temperature approaches


ambient conditions and thermal fatigue impact during a


subsequent startup increases. As such, cold starts are assigned 


a rotor maintenance factor of two, and hot starts a rotor


maintenance factor of less than one due to the lower thermal


stress under hot conditions. This impact varies from one location 


in the rotor structure to another. Since the most limiting location


determines the overall rotor impact, the rotor maintenance factor


indicates the highest rotor maintenance factors at these locations.


Rotor starting thermal condition is not the only operating factor


that influences rotor maintenance intervals and component life.


Fast starts and fast loading, where the turbine is ramped quickly 


to load, increase thermal gradients and are more severe duty 


for the rotor. Trips from load and particularly trips followed by


immediate restarts reduce the rotor maintenance interval, as 
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Figure 22. Maintenance factor – effect of start cycle maximum load level
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do hot restarts within the first hour of a hot shutdown. Figure 23


lists recommended operating factors that should be used to


determine the rotor’s overall maintenance factor for FA and FB


design rotors. The factors to be used for other models are


determined by applicable Technical Information Letters.


The significance of each of these factors to the maintenance


requirements of the rotor is dependent on the type of operation


that the unit sees. There are three general categories of operation


that are typical of most gas turbine applications. These are


peaking, cyclic and continuous duty as described below:


• Peaking units have a relatively high starting frequency and a 


low number of hours per start. Operation follows a seasonal


demand. Peaking units will generally see a high percentage of


warm and cold starts.


• Cyclic duty units start daily with weekend shutdowns. 


Twelve to sixteen hours per start is typical which results 


in a warm rotor condition for a large percentage of the starts.


Cold starts are generally seen only after a maintenance outage


or following a two-day weekend outage.


• Continuous duty applications see a high number of hours per


start and most starts are cold because outages are generally


maintenance driven. While the percentage of cold starts is high,


the total number of starts is low. The rotor maintenance interval


on continuous duty units will be determined by service hours


rather than starts.


Figure 24 lists operating profiles on the high end of each of these


three general categories of gas turbine applications.


As can be seen in Figure 24, these duty cycles have different


combinations of hot, warm and cold starts with each starting


condition having a different impact on rotor maintenance 


interval as previously discussed. As a result, the starts-based 


rotor maintenance interval will depend on an application’s specific


duty cycle. In a later section, a method will be described that


allows the turbine operator to determine a maintenance factor


that is specific to the operation’s duty cycle.  The application’s


integrated maintenance factor uses the rotor maintenance factors


described above in combination with the actual duty cycle of a


specific application and can be used to determine rotor inspection


intervals. In this calculation, the reference duty cycle that yields a


starts-based maintenance factor equal to one is defined in Figure
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Hot Start (Down <4 Hr.)     3%     1%    10%


Warm 1 Start (Down 4-20 hr.)     10%    82%      5%
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Hours/Year       600  4800    8200


Starts per Year      150   300      21


Percent Trips       3%    1%      20%


Number of Trips per Year       5     3       4


Typical Maintenance Factor      1.7     1.0       NA
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Figure 24. FA gas turbine typical operational profile







presence of bow is detected. Vibration data taken while at 


crank speed can be used to confirm that rotor bow is at


acceptable levels and the start sequence can be initiated. 


Users should reference the Operation and Maintenance Manual


and appropriate TILs for specific instructions and information 


for their units.


Combustion Parts
A typical combustion system contains transition pieces,


combustion liners, flow sleeves, head-end assemblies containing


fuel nozzles and cartridges, end caps and end covers, and assorted


other hardware including cross-fire tubes, spark plugs and flame


detectors. In addition, there can be various fuel and air delivery


components such as purge or check valves and flex hoses. GE


provides several types of combustion systems including standard


combustors, Multi-Nozzle Quiet Combustors (MNQC), Integrated


Gasification Combined Cycle (IGCC) combustors and Dry Low NOx


(DLN) combustors. Each of these combustion systems has unique


operating characteristics and modes of operation with differing


responses to operational variables affecting maintenance and


refurbishment requirements.


Dry Low NOx (DLN) combustion systems produce lowest NOx


emissions during operation in premixed steady-state combustion


mode (PMSS). Continuous and extended operation in lower


combustion modes (lean-lean and/or extended lean-lean 


modes for DLN-1, DLN-1+, DLN 2.0 and sub-piloted premix 


and/or extended sub-piloted premix, piloted premixed and/or


extended piloted premix modes for DLN 2+) is not encouraged 


due to their impact on combustion hardware life.


Extension of a combustion mode—for example, extended piloted


premix—is often attained through manually forcing controls 


logic in order to maintain the same combustion mode beyond 


the load where transfer into the next combustion mode would


normally occur.


The maintenance and refurbishment requirements of 


combustion parts are impacted by many of the same factors 


as hot gas path parts including start cycle, trips, fuel type and


quality, firing temperature and use of steam or water injection 


for either emissions control or power augmentation. However,


there are other factors specific to combustion systems. As


mentioned above, one of these factors is operating mode, 


25. Duty cycles different from the Figure 25 definition, in particular


duty cycles with more cold starts, or a high number of trips, will


have a maintenance factor greater than one.


Turning gear or ratchet operation after shutdown, and before


starting/restarting is a crucial part of normal operating procedure.


Figure F-1 describes turning gear/ratchet scenarios and operation


guidelines (See Appendix). Relevant operating instructions and TILs


should be adhered to where applicable. After a shutdown, turning


of the warm rotor is essential to avoid bow, which could lead to


high vibrations and excessive rubs if a start is initiated with the


rotor in a bowed condition. As a best practice, units should remain


on turning gear or ratchet following a planned shutdown until


wheelspace temperatures have stabilized at near ambient


temperature. If the unit is to see no further activity for 48 hours


after cool-down is completed, then it may be taken off of 


turning gear.


Further guidelines exist for hot restarts and cold starts. It is


recommended that the rotor be placed on turning gear for one


hour prior to restart following a trip from load, trip from full speed


no load, or normal shutdown. This will allow transient thermal


stresses to subside before superimposing a startup transient. 


If the machine must be restarted in less than one hour, a start


factor of 2 will apply. Longer periods of turning gear operation 


may be necessary prior to a cold start or hot restart if the 
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   246   Warm  Starts/Year (Down 4-20 Hr.)       82%
       3   Hot Starts per Year             1%


Baseline Unit Achieves Maintenance Factor = 1


Figure 25. Baseline for starts-based maintenance factor definition







which describes the applied fueling pattern. The use of


low combustion modes (as described above) for continuous


operation at high turbine loads reduces the maintenance interval


significantly, by subsequent increase of the maintenance factor.


Examples: 


• DLN-1 / DLN-1+ and DLN 2.0 extended lean-lean mode at 


high loads, which results in a maintenance factor of 10.


• Operation of DLN 2+ combustion systems in extended 


sub-piloted and extended piloted premixed mode result in 


a maintenance factor of 10.


• Continuous operation of DLN 2+ in sub-piloted premixed 


and piloted premixed mode is not recommended as it will 


drive increased maintenance cost.


• In addition, cyclic operation between piloted premix and


premix modes lead to thermal loads on the combustion liner 


and transition piece similar to the loads encountered during 


startup/shutdown cycle.


Another factor that can impact combustion system maintenance 


is acoustic dynamics. Acoustic dynamics are pressure oscillations


generated by the combustion system, which, if high enough 


in magnitude, can lead to significant wear and cracking. GE


practice is to tune the combustion system to levels of acoustic


dynamics low enough to ensure that the maintenance practices


described here are not compromised. In addition, GE encourages


monitoring of combustion dynamics during turbine operation


throughout the full range of ambient temperatures and loads.


Combustion maintenance is performed, if required, following 


each combustion inspection (or repair) interval. Inspection 


interval guidelines are included in Figure 44. It is expected, 


and recommended, that intervals be modified based on 


specific experience. Replacement intervals are usually 


defined by a recommended number of combustion (or repair)


intervals and are usually combustion component specific. 


In general, the replacement interval as a function of the 


number of combustion inspection intervals is reduced if the


combustion inspection interval is extended. For example, a


component having an 8,000-hour combustion inspection 


interval (CI), and a six (CI) replacement interval, would have 


a replacement interval of four (CI) intervals if the inspection 


interval were increased to 12,000 hours (to maintain a 48,000-hour


replacement interval).


For combustion parts, the base line operating conditions that 


result in a maintenance factor of one are normal fired startup 


and shutdown to base load on natural gas fuel without steam 


or water injection. Factors that increase the hours-based


maintenance factor include peaking duty, distillate or heavy 


fuels, and steam or water injection with dry or wet control 


curves. Factors that increase starts-based maintenance factor


include peaking duty, fuel type, steam or water injection, trips,


emergency starts and fast loading.


Casing Parts
Most GE gas turbines have inlet, compressor, compressor


discharge, and turbine cases in addition to exhaust frames. 


Inner barrels are typically attached to the compressor discharge


case. These cases provide the primary support for the bearings,


rotor, and gas path hardware. 


The exterior of all casings should be visually inspected for 


cracking and loose hardware at each combustion, hot gas path,


and major outage. The interior of all casings should be inspected


whenever possible. The level of the outage determines which


casing interiors are accessible for visual inspection. Borescope


inspections are recommended for the inlet cases, compressor


cases, and compressor discharge cases during gas path borescope


inspections. All interior case surfaces should be visibly inspected


during a major outage. 


Key inspection areas for casings are listed below.


• Bolt holes


• Shroud pin and borescope holes in the turbine shell (case)


• Compressor stator hooks


• Turbine shell shroud hooks


• Compressor discharge case struts


• Inner barrel and inner barrel bolts


• Inlet case bearing surfaces and hooks


• Inlet case and exhaust frame gibs and trunions


• Extraction manifolds (for foreign objects)
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Exhaust Diffuser Parts
GE exhaust diffusers come in either axial or radial configurations


as shown in Figures 26 and 27 below. Both types of diffusers are


composed of a forward and aft section. Forward diffusers are


normally axial diffusers, while aft diffusers can be either axial 


or radial. Axial diffusers are used in the F-class gas turbines, while


radial diffusers are used in B-class and E-class gas turbines.


Exhaust diffusers are subject to high gas path temperatures and


vibration due to normal gas turbine operation. Because of the


extreme operating environment and cyclic operating nature of 


gas turbines, exhaust diffusers may develop cracks in the sheet


metal surfaces and weld joints used for diffuser construction.


Additionally, erosion may occur due to extended operation at high


temperatures. Exhaust diffusers should be inspected for cracking


and erosion at every combustion, hot gas path and major outage. 


In addition to the previously discussed inspections, flex seals, 


L-seals, and horizontal joint gaskets should be visually inspected


for signs of wear or damage at every combustion, hot gas path,


and major outage. GE recommends that seals with signs of wear


or damage be replaced.


Key areas that should be inspected are listed below. Any damage


should be reported to GE for recommended repairs.


• Forward diffuser carrier flange (6FA)


• Airfoil leading and trailing edges


• Turning vanes in radial diffusers (6B, E-class) 


• Insulation packs on interior or exterior surfaces


• Clamp ring attachment points to exhaust frame (major 


outage only)


• Flex seals


• Horizontal joint gaskets


Off-Frequency Operation
GE heavy-duty single shaft gas turbines are designed to operate


over a 95% to 105% speed range. Operation at other than rated


speed has the potential to impact maintenance requirements.


Depending on the industry code requirements, the specifics 


of the turbine design, and the turbine control philosophy 


employed, operating conditions can result that will accelerate 


life consumption of gas turbine components, particularly rotating


flowpath hardware. Where this is true, the maintenance factor


associated with this operation must be understood and these


speed events analyzed and recorded in order to include them 


in the maintenance plan for the gas turbine.


Generator drive turbines operating in a power system grid are


sometimes required to meet operational requirements that are


aimed at maintaining grid stability under conditions of sudden 


load or capacity changes. Most codes require turbines to remain on


line in the event of a frequency disturbance. For under-frequency


operation, the turbine output decrease that will normally occur 


with a speed decrease is allowed and the net impact on the turbine


as measured by a maintenance factor is minimal. In some grid


systems, there are more stringent codes that require remaining on


line while maintaining load on a defined schedule of load versus


grid frequency. One example of a more stringent requirement is


defined by the National Grid Company (NGC). In the NGC code,


conditions under which frequency excursions must be tolerated


and/or controlled are defined as shown in Figure 28.


GE Energy | GER-3620L (11/09) 17


Figure 26. F-Class Axial Diffuser 


Figure 27. E-Class Radial Diffuser







With this specification, load must be maintained constant over 


a frequency range of +/- 1% (+/- 0.5Hz in a 50 Hz grid system) 


with a one percent load reduction allowed for every additional 


one percent frequency drop down to a minimum 94% speed.


Requirements stipulate that operation between 95% to 104%


speed can be continuous but operation between 94% and 95% is


limited to 20 seconds for each event. These conditions must be


met up to a maximum ambient temperature of 25°C (77°F).


Under-frequency operation impacts maintenance to the degree 


that nominally controlled turbine output must be exceeded in order


to meet the specification defined output requirement. As speed


decreases, the compressor airflow decreases, reducing turbine


output. If this normal output fall-off with speed results in loads less


than the defined minimum, power augmentation must be applied.


Turbine overfiring is the most obvious augmentation option but


other means, such as gas turbine, water-wash, inlet fogging or


evaporative cooling also provide potential means for augmentation.


Ambient temperature can be a significant factor in the level 


of power augmentation required. This relates to compressor


operating margin that may require inlet guide vane closure if


compressor corrected speed reaches limiting conditions. For 


an FA class turbine, operation at 0°C (32°F) would require no 


power augmentation to meet NGC requirements while operation 


at 25°C (77°F) would fall below NGC requirements without a


substantial amount of power augmentation. As an example, 


Figure 29 illustrates the output trend at 25°C (77°F) for an FA 


class gas turbine as grid system frequency changes and where 


no power augmentation is applied.


In Figure 29, the gas turbine output shortfall at the low frequency


end (47.5 Hz) of the NGC continuous operation compliance range


would require a 160°F increase over base load firing temperature


to be in compliance. At this level of over-fire, a maintenance 


factor exceeding 100x would be applied to all time spent at 


these conditions. Overfiring at this level would have implications 


on combustion operability and emissions compliance as well as


have major impact on hot gas path parts life. An alternative power


augmentation approach that has been utilized in FA gas turbines


for NGC code compliance utilizes water wash in combination 


with increased firing temperature. As shown in Figure 30, with


water wash on, 50°F overfiring is required to meet NGC code for


operating conditions of 25°C (77°F) ambient temperature and grid


frequency at 47.5 Hz. Under these conditions, the hours-based


maintenance factor would be 3x as determined by Figure 12.


It is important to understand that operation at overfrequency


conditions will not trade one-for-one for periods at under-


frequency conditions. As was discussed in the firing temperature


section, above, operation at peak firing conditions has a nonlinear,


logarithmic relationship with maintenance factor.


As described above, the NGC code limits operation to 20 seconds


per event at an under-frequency condition between 94% to 95%


speed. Grid events that expose the gas turbine to frequencies


below the minimum continuous speed of 95% introduce additional


maintenance and parts replacement considerations. Operation 


at speeds less than 95% requires increased over-fire to achieve


compliance, but also introduces an additional concern that relates


to the potential exposure of the blading to excitations that could
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Figure 28. The NGC requirement for output versus frequency capability over all
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Figure 29. Turbine output at under-frequency conditions







result in blade resonant response and reduced fatigue life.


Considering this potential, a starts-based maintenance factor 


of 60x is assigned to every 20 seconds of excursion for grid


frequencies less than 95% speed.


Over-frequency or high speed operation can also introduce


conditions that impact turbine maintenance and part replacement


intervals. If speed is increased above the nominal rated speed, 


the rotating components see an increase in mechanical stress


proportional to the square of the speed increase. If firing


temperature is held constant at the overspeed condition, the 


life consumption rate of hot gas path rotating components will


increase as illustrated in Figure 31 where one hour of operation 


at 105% speed is equivalent to two hours at rated speed.


If overspeed operation represents a small fraction of a turbine’s


operating profile, this effect on parts life can sometimes be


ignored. However, if significant operation at overspeed is expected


and rated firing temperature is maintained, the accumulated hours


must be recorded and included in the calculation of the turbine’s


overall maintenance factor and the maintenance schedule


adjusted to reflect the overspeed operation. An option that


mitigates this effect is to under fire to a level that balances the


overspeed parts life effect. Some mechanical drive applications


have employed that strategy to avoid a maintenance factor


increase.


The frequency-sensitive discussion above describes code


requirements related to turbine output capability versus grid


frequency, where maintenance factors within the continuous


operating speed range are hours-based. There are other


considerations related to turbines operating in grid frequency


regulation mode. In frequency regulation mode, turbines are


dispatched to operate at less than full load and stand ready to


respond to a frequency disturbance by rapidly picking up load.


NGC requirements for units in frequency regulation mode include


being equipped with a fast-acting proportional speed governor


operating with an overall speed droop of 3-5%. With this control, a


gas turbine will provide a load increase that is proportional to the


size of the grid frequency change. For example, a turbine operating


with five percent droop would pick up 20% load in response to a 


.5 Hz (1%) grid frequency drop.


The rate at which the turbine picks up load in response to an


under-frequency condition is determined by the gas turbine design


and the response of the fuel and compressor airflow control


systems, but would typically yield a less than ten-second turbine


response to a step change in grid frequency. Any maintenance


factor associated with this operation depends on the magnitude 


of the load change that occurs. A turbine dispatched at 50% load


that responded to a 2% frequency drop would have parts life and


maintenance impact on the hot gas path as well as the rotor


structure. More typically, however, turbines are dispatched at


closer to rated load where maintenance factor effects may be 


less severe. The NGC requires 10% plant output in 10 seconds in


response to a .5 Hz (1%) under frequency condition. In a combined


cycle installation where the gas turbine alone must pick up the


transient loading, a load change of 15% in 10 seconds would be
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Figure 30. NGC code compliance TF required – FA class


Figure 31. Maintenance factor for overspeed operation ~constant TF







required to meet that requirement. Maintenance factor effects


related to this would be minimal for the hot gas path but would


impact the rotor maintenance factor. For an FA class rotor, each


frequency excursion would be counted as an additional factored


start in the numerator of the maintenance factor calculation


described in Figure 47. A further requirement for the rotor is that 


it must be in hot running condition prior to being dispatched in


frequency regulation mode.


Air Quality
Maintenance and operating costs are also influenced by the quality


of the air that the turbine consumes. In addition to the deleterious


effects of airborne contaminants on hot gas path components,


contaminants such as dust, salt and oil can also cause compressor


blade erosion, corrosion and fouling. Twenty-micron particles


entering the compressor can cause significant blade erosion.


Fouling can be caused by submicron dirt particles entering the


compressor as well as from ingestion of oil vapor, smoke, sea salt


and industrial vapors. Corrosion of compressor blading causes


pitting of the blade surface, which, in addition to increasing the


surface roughness, also serves as potential sites for fatigue crack


initiation. These surface roughness and blade contour changes 


will decrease compressor airflow and efficiency, which in turn


reduces the gas turbine output and overall thermal efficiency.


Generally, axial flow compressor deterioration is the major cause


of loss in gas turbine output and efficiency. Recoverable losses,


attributable to compressor blade fouling, typically account for 


70 to 85 percent of the performance losses seen. As Figure 32


illustrates, compressor fouling to the extent that airflow is reduced


by 5%, will reduce output by 13% and increase heat rate by 5.5%.


Fortunately, much can be done through proper operation and


maintenance procedures to both minimize fouling type losses 


and to limit the deposit of corrosive elements. On-line compressor 


wash systems are available that are used to maintain compressor


efficiency by washing the compressor while at load, before


significant fouling has occurred. Off-line systems are used to clean


heavily fouled compressors. Other procedures include maintaining


the inlet filtration system and inlet evaporative coolers as well as


periodic inspection and prompt repair of compressor blading.


There are also non-recoverable losses. In the compressor, these are


typically caused by nondeposit-related blade surface roughness,


erosion and blade tip rubs. In the turbine, nozzle throat area


changes, bucket tip clearance increases and leakages are potential


causes. Some degree of unrecoverable performance degradation


should be expected, even on a well-maintained gas turbine. The


owner, by regularly monitoring and recording unit performance


parameters, has a very valuable tool for diagnosing possible


compressor deterioration.


Lube Oil Cleanliness
Contaminated or deteriorated lube oil can cause wear and


damage on bearing liners. This can lead to extended outages and


costly repairs. Routine sampling of the turbine lube oil for proper


viscosity, chemical composition and contamination is an essential


part of a complete maintenance plan.


Lube oil should be sampled and tested per GEK-32568, 


“Lubricating Oil Recommendations for Gas Turbines with Bearing


Ambients Above 500°F (260°C).” Additionally, lube oil should be


checked periodically for particulate and water contamination as


outlined in GEK-110483, “Cleanliness Requirements for Power Plant


Installation, Commissioning and Maintenance.” At a minimum, the


lube oil should be sampled on a quarterly basis; however, monthly


sampling is recommended.
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Figure 32. Deterioration of gas turbine performance due to compressor blade
fouling







Moisture Intake
One of the ways some users increase turbine output is through the


use of inlet foggers. Foggers inject a large amount of moisture in


the inlet ducting, exposing the forward stages of the compressor to


potential water carry-over. Operation of a compressor in such an


environment may lead to long-term degradation of the compressor


due to corrosion and erosion, fouling, and material property


degradation. Experience has shown that depending on the quality


of water used, the inlet silencer and ducting material, and the


condition of the inlet silencer, fouling of the compressor can be


severe with inlet foggers. Similarly, carry-over from evaporative


coolers and excessive water washing can degrade the compressor.


Figure 33 shows the long-term material property degradation


resulting from operating the compressor in a wet environment. 


The water quality standard that should be adhered to is found 


in GEK-101944B, “Requirements for Water/Steam Purity in 


Gas Turbines.”


For turbines with AISI 403 stainless steel compressor blades, the


presence of water carry-over will reduce blade fatigue strength by


as much as 30% and increases the crack propagation rate in a


blade if a flaw is present. The carry-over also subjects the blades


to corrosion. Such corrosion might be accelerated by a saline


environment (see GER-3419). Further reductions in fatigue strength


will result if the environment is acidic and if pitting is present on


the blade. Pitting is corrosion-induced and blades with pitting can


see material strength reduced to 40% of its original value. This


condition is exacerbated by downtime in humid environments,


which promotes wet corrosion.


Uncoated GTD-450™ material is relatively resistant to corrosion


while uncoated AISI 403 is quite susceptible. Relative susceptibility


of various compressor blade materials and coatings is shown in


Figure 34. As noted in GER-3569F, Al coatings are susceptible to


erosion damage leading to unprotected sections of the blade.


Because of this, the GECC-1™ coating was created to combine 


the effects of an aluminum-based (Al) coating to prevent corrosion


and a ceramic topcoat to prevent erosion. Water droplets will


cause leading edge erosion on the first few stages of the


compressor. This erosion, if sufficiently developed, may lead to


blade failure. Additionally, the roughened leading edge surface


lowers the compressor efficiency and unit performance.


Utilization of inlet fogging or evaporative cooling may also


introduce water carry-over or water ingestion into the compressor,


resulting in R0 erosion. Although the design intent of evaporative


coolers and inlet foggers should be to fully vaporize all cooling


water prior to its ingestion into the compressor, evidence suggests


that, on systems that were not properly commissioned, the water


may not be fully vaporized (e.g., streaking discoloration on the inlet


duct or bell mouth). If this is the case, then the unit should be


inspected and maintained per instruction, as presented in


applicable Technical Information Letters (TILs).
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Corrosion Due to Environment Aggravates Problem
• Reduces Vane Material Endurance Strength
• Pitting Provides Localized Stress Risers
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Figure 33. Long-term material property degradation in a wet environment
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Figure 34. Susceptibility of compressor blade materials and coatings







Maintenance Inspections
Maintenance inspection types may be broadly classified as


standby, running and disassembly inspections. The standby


inspection is performed during off-peak periods when the unit is


not operating and includes routine servicing of accessory systems


and device calibration. The running inspection is performed by


observing key operating parameters while the turbine is running.


The disassembly inspection requires opening the turbine for


inspection of internal components and is performed in varying


degrees. Disassembly inspections progress from the combustion


inspection to the hot gas path inspection to the major inspection


as shown in Figure 35. Details of each of these inspections are


described below.


Standby Inspections
Standby inspections are performed on all gas turbines but pertain


particularly to gas turbines used in peaking and intermittent-duty


service where starting reliability is of primary concern. This


inspection includes routinely servicing the battery system, changing


filters, checking oil and water levels, cleaning relays and checking


device calibrations. Servicing can be performed in off-peak periods


without interrupting the availability of the turbine. A periodic startup


test run is an essential part of the standby inspection.


The O&M Manual, as well as the Service Manual Instruction Books,


contain information and drawings necessary to perform these


periodic checks. Among the most useful drawings in the Service


Manual Instruction Books for standby maintenance are the control


specifications, piping schematic and electrical elementaries. 


These drawings provide the calibrations, operating limits, 


operating characteristics and sequencing of all control devices.


This information should be used regularly by operating and


maintenance personnel. Careful adherence to minor standby


inspection maintenance can have a significant effect on reducing


overall maintenance costs and maintaining high turbine reliability.


It is essential that a good record be kept of all inspections made


and of the maintenance work performed in order to ensure


establishing a sound maintenance program.


Running Inspections
Running inspections consist of the general and continued


observations made while a unit is operating. This starts by


establishing baseline operating data during initial startup of a new


unit and after any major disassembly work. This baseline then


serves as a reference from which subsequent unit deterioration


can be measured.
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Shutdown Inspections
• Combustion


• Hot Gas Path 


• Major


Major Inspection


Hot Gas Path
Inspection


Combustion
Inspection


Figure 35. MS7001EA heavy-duty gas turbine – shutdown inspections







Data should be taken to establish normal equipment startup


parameters as well as key steady state operating parameters.


Steady state is defined as conditions at which no more than a


5°F/3°C change in wheelspace temperature occurs over a 


15-minute time period. Data must be taken at regular intervals 


and should be recorded to permit an evaluation of the turbine


performance and maintenance requirements as a function of


operating time. This operating inspection data, summarized in


Figure 36, includes: load versus exhaust temperature, vibration, fuel


flow and pressure, bearing metal temperature, lube oil pressure,


exhaust gas temperatures, exhaust temperature spread variation


and startup time. This list is only a minimum and other parameters


should be used as necessary. A graph of these parameters will


help provide a basis for judging the conditions of the system.


Deviations from the norm help pinpoint impending trouble,


changes in calibration or damaged components.


Load vs. Exhaust Temperature
The general relationship between load and exhaust temperature


should be observed and compared to previous data. Ambient


temperature and barometric pressure will have some effect upon


the absolute temperature level. High exhaust temperature can be


an indicator of deterioration of internal parts, excessive leaks or a


fouled air compressor. For mechanical drive applications, it may


also be an indication of increased power required by the driven


equipment.


Vibration Level
The vibration signature of the unit should be observed and


recorded. Minor changes will occur with changes in operating


conditions. However, large changes or a continuously increasing


trend give indications of the need to apply corrective action.


Fuel Flow and Pressure
The fuel system should be observed for the general fuel flow


versus load relationship. Fuel pressures through the system should


be observed. Changes in fuel pressure can indicate the fuel nozzle


passages are plugged, or that fuel-metering elements are


damaged or out of calibration.


Exhaust Temperature and Spread Variation
The most important control function to be observed is the 


exhaust temperature fuel override system and the back-up over


temperature trip system. Routine verification of the operation and


calibration of these functions will minimize wear on the hot gas


path parts.


Startup Time
Startup time is an excellent reference against which subsequent


operating parameters can be compared and evaluated. A curve of


the starting parameters of speed, fuel signal, exhaust temperature


and critical sequence bench marks versus time from the initial


start signal will provide a good indication of the condition of the
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Figure 36. Operating inspection data parameters







control system. Deviations from normal conditions help pinpoint


impending trouble, changes in calibration or damaged


components.


Coast-Down Time
Coast-down time is an excellent indicator of bearing alignment and


bearing condition. The time period from when the fuel is shut off on


a normal shutdown until the rotor comes to turning gear speed


can be compared and evaluated.


Close observation and monitoring of these operating parameters


will serve as the basis for effectively planning maintenance work


and material requirements needed for subsequent shutdown


periods.


Rapid Cool-Down
Prior to an inspection, it may be necessary to force cool the unit 


to speed the cool-down process and shorten outage time. Force


cooling involves turning the unit at crank speed for an extended


period of time to continue flowing ambient air through the


machine. This is permitted, although a natural cool-down cycle 


on turning gear or ratchet is preferred for normal shutdowns 


when no outage is pending. 


Forced cooling should be limited since it imposes additional thermal


stresses on the unit that may result in a reduction of parts life.


Opening the compartment doors during any cool-down operation 


is prohibited unless an emergency situation requires immediate


compartment inspection—which requires that the doors be opened.


Cool-down times should not be accelerated by opening the


compartment doors or lagging panels, since uneven cooling of the


outer casings may result in excessive case distortion and blade rubs


that could potentially lead to tip distress if the rubs are significant.


Combustion Inspection
The combustion inspection is a relatively short disassembly


shutdown inspection of fuel nozzles, liners, transition pieces,


crossfire tubes and retainers, spark plug assemblies, flame


detectors and combustor flow sleeves. This inspection


concentrates on the combustion liners, transition pieces, fuel


nozzles and end caps which are recognized as being the first to


require replacement and repair in a good maintenance program.


Proper inspection, maintenance and repair (Figure 37) of these


items will contribute to a longer life of the downstream parts, such


as turbine nozzles and buckets.


Figure 35 illustrates the section of an MS7001EA unit that is


disassembled for a combustion inspection. The combustion liners,


transition pieces and fuel nozzle assemblies should be removed


and replaced with new or repaired components to minimize


downtime. The removed liners, transition pieces and fuel nozzles


can then be cleaned and repaired after the unit is returned to


operation and be available for the next combustion inspection


interval. Typical combustion inspection requirements for


MS6001B/7001EA/9001E machines are:


• Inspect and identify combustion chamber components.


• Inspect and identify each crossfire tube, retainer and 


combustion liner.


• Inspect combustion liner for TBC spalling, wear and cracks.


Inspect combustion system and discharge casing for debris and


foreign objects.


• Inspect flow sleeve welds for cracking.


• Inspect transition piece for wear and cracks.


• Inspect fuel nozzles for plugging at tips, erosion of tip holes and


safety lock of tips.


• Inspect all fluid, air, and gas passages in nozzle assembly for


plugging, erosion, burning, etc.


• Inspect spark plug assembly for freedom from binding; check


condition of electrodes and insulators.


• Replace all consumables and normal wear-and-tear items such


as seals, lockplates, nuts, bolts, gaskets, etc.


• Perform visual inspection of first-stage turbine nozzle partitions


and borescope inspect (Figure 3) turbine buckets to mark the


progress of wear and deterioration of these parts. This inspection


will help establish the schedule for the hot gas path inspection.


• Perform borescope inspection of compressor.


• Enter the combustion wrapper and observe the condition of


blading in the aft end of axial-flow compressor with a borescope.


• Visually inspect the compressor inlet, checking the condition of


the IGVs, IGV bushings, and first stage rotating blades.
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• Check the condition of IGV actuators and rack-and-pinion


gearing. 


• Visually inspect compressor discharge case struts for signs of


cracking.


• Visually inspect compressor discharge case inner barrel if


accessible. 


• Visually inspect the last-stage buckets and shrouds.


• Visually inspect the exhaust diffuser for any cracks in 


flow path surfaces. Inspect insulated surfaces for loose 


or missing insulation and/or attachment hardware in internal


and external locations. In E-class machines, inspect the


insulation on the radial diffuser and inside the exhaust 


plenum as well.


• Inspect exhaust frame flex seals, L-seals, and horizontal joint


gaskets for any signs of wear or damage.


• Verify proper operation of purge and check valves. Confirm


proper setting and calibration of the combustion controls.


After the combustion inspection is complete and the unit is


returned to service, the removed combustion hardware can be


inspected by a qualified GE field service representative and, if


necessary, sent to a qualified GE Service Center for repairs. The


removed fuel nozzles can be cleaned on-site and flow tested 


on-site, if suitable test facilities are available. For F Class gas


turbines it is recommended that repairs and fuel nozzle flow 


testing be performed at qualified GE Service Centers.


See the O&M manual for additional recommendations and unit


specific guidance.
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Figure 37. Combustion inspection – key elements


Combustion Inspection


Key Hardware Inspect For Potential Action


Combustion liners Foreign objects
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Fuel nozzles Cracking


End caps Liner cooling hole plugging


Transition pieces TBC coating condition


Cross fire tubes Oxidation/corrosion/erosion


Flow sleeves Hot spots/burning


Purge valves Missing hardware


Check valves Clearance limits


Spark plugs Borescope compressor and turbine


Flame detectors


Flex hoses


Exhaust diffuser Cracks Weld repair


Exhaust diffuser Insulation          Loose/missing parts Replace/tighten parts


Forward diffuser flex seal Wear/cracked parts Replace seals


Compressor discharge case Cracks Repair or monitoring


Cases – exterior Cracks Repair or monitoring


Criteria
• Op. & Instr. Manual • TILs
• GE Field Engineer


Inspection Methods
• Visual • Liquid Penetrant
• Borescope


Availability of On-Site Spares 
is Key to Minimizing Downtime


• Transition Piece


– Strip and recoat


– Weld repair


– Creep repair
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– Strip and recoat


– Weld repair


– Hula seal
replacement


– Repair out-of-
roundness


• Fuel nozzles


– Weld repair


– Flow test


– Leak test


Repair/refurbish/replace







Hot Gas Path Inspection
The purpose of a hot gas path inspection is to examine those parts


exposed to high temperatures from the hot gases discharged from


the combustion process. The hot gas path inspection outlined 


in Figure 38 includes the full scope of the combustion inspection


and, in addition, a detailed inspection of the turbine nozzles, 


stator shrouds and turbine buckets. To perform this inspection, 


the top half of the turbine shell must be removed. Prior to shell


removal, proper machine centerline support using mechanical


jacks is necessary to assure proper alignment of rotor to stator,


obtain accurate half-shell clearances and prevent twisting of the


stator casings. The MS7001EA jacking procedure is illustrated in


Figure 39. 


Special inspection procedures may apply to specific components 


in order to ensure that parts meet their intended life. These


inspections may include, but are not limited to, dimensional


inspections, Fluorescent Penetrant Inspection (FPI), Eddy Current


Inspection (ECI) and other forms of non-destructive testing (NDT).


The type of inspection required for specific hardware is determined


on a part number and operational history basis, and can be


obtained from a GE service representative.


Similarly, repair action is taken on the basis of part number, unit


operational history, and part condition. Repairs including (but not


limited to) strip, chemical clean, HIP (Hot Isostatic Processing), heat


treat, and recoat may also be necessary to ensure full parts life.


Weld repair will be recommended when necessary, typically as


determined by visual inspection and NDT. Failure to perform the


required repairs may lead to retirement of the part before its 


life potential is fulfilled. In contrast, unnecessary repairs are 


an unneeded expenditure of time and resources. To verify the 
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Hot Gas Path Inspection


Key Hardware Inspect For Potential Action


Nozzles (1, 2, 3) Foreign object damage Repair/refurbishment/replace
• Nozzles • Buckets


– Weld repair – Strip & recoat
– Reposition – Weld repair
– Recoat – Blend


– Creep life limit
– Top shroud 


deflection


Buckets (1, 2, 3)      Oxidation/corrosion/erosion


Stator shrouds Cracking


IGVs and bushings Cooling hole plugging


Compressor blading (borescope) Remaining coating life


Nozzle deflection/distortion


Abnormal deflection/distortion


Abnormal wear


Missing hardware


Clearance limits


Exhaust diffuser Cracks Weld repair


Exhaust diffuser Insulation               Loose/missing parts Replace/tighten parts


Forward diffuser flex seal Wear/cracked parts Replace seals


Compressor discharge case Cracks Repair or monitoring


Turbine shell Cracks Repair or monitoring


Cases – exterior Cracks Repair or monitoring


Criteria
• Op. & Instr. Manual • TILs
• GE Field Engineer


Inspection Methods
• Visual • Liquid Penetrant
• Borescope


Availability of On-Site Spares 
is Key to Minimizing Downtime


Figure 38. Hot gas path inspection – key elements







types of inspection and repair required, contact your service


representative prior to an outage.


For inspection of the hot gas path (Figure 35), all combustion


transition pieces and the first-stage turbine nozzle assemblies


must be removed. Removal of the second- and third-stage 


turbine nozzle segment assemblies is optional, depending upon 


the results of visual observations, clearance measurements, and


other required inspections. The buckets can usually be inspected 


in place. Fluorescent penetrant inspection (FPI) of the bucket vane


sections may be required to detect any cracks. In addition, a


complete set of internal turbine radial and axial clearances


(opening and closing) must be taken during any hot gas path


inspection. Re-assembly must meet clearance diagram


requirements to ensure against rubs and to maintain unit


performance. Typical hot gas path inspection requirements for 


all machines are:


• Inspect and record condition of first, second and third-stage


buckets. If it is determined that the turbine buckets should be


removed, follow bucket removal and condition recording


instructions. Buckets with protective coating should be 


evaluated for remaining coating life.


• Inspect and record condition of first-, second- and third-stage


nozzles.


• Inspect and record condition of later-stage nozzle diaphragm


packings.


• Check seals for rubs and deterioration of clearance.


• Record the bucket tip clearances.


• Inspect bucket shank seals for clearance, rubs and deterioration.


• Perform inspections on cutter teeth of tip-shrouded buckets.


Consider refurbishment of buckets with worn cutter teeth,


particularly if concurrently refurbishing the honeycomb of the


corresponding stationary shrouds. Consult your GE Energy


representative to confirm that the bucket under consideration 


is repairable.


• Check the turbine stationary shrouds for clearance, cracking,


erosion, oxidation, rubbing and build-up.


• Check and replace any faulty wheelspace thermocouples.


• Enter compressor inlet plenum and observe the condition of the


forward section of the compressor. 


• Visually inspect the compressor inlet, checking the condition of


the IGVs, IGV bushings, and first stage rotating blades.


• Check the condition of IGV actuators and rack-and-pinion


gearing.


• Enter the combustion wrapper and, with a borescope, observe


the condition of the blading in the aft end of the axial flow


compressor.


• Visually inspect compressor discharge case struts for signs of


cracking.


• Visually inspect compressor discharge case inner barrel if


accessible.


• Visually inspect the turbine shell shroud hooks for sign of


cracking. 
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Figure 39. Stator tube jacking procedure – MS7001EA







• Visually inspect the exhaust diffuser for any cracks in flow path


surfaces. Inspect insulated surfaces for loose or missing


insulation and/or attachment hardware in internal and external


locations. In E-class machines, inspect the insulation on the


radial diffuser and inside the exhaust plenum as well.


• Inspect exhaust frame flex seals, L-seals, and horizontal joint


gaskets for any signs of wear or damage.


The first-stage turbine nozzle assembly is exposed to the direct hot


gas discharge from the combustion process and is subjected to the


highest gas temperatures in the turbine section. Such conditions


frequently cause nozzle cracking and oxidation and, in fact, this 


is expected. The second- and third-stage nozzles are exposed to


high gas bending loads, which in combination with the operating


temperatures, can lead to downstream deflection and closure 


of critical axial clearances. To a degree, nozzle distress can be


tolerated and criteria have been established for determining when


repair is required. These limits are contained in the Operations 


and Maintenance Manuals previously described. However, as 


a general rule, first stage nozzles will require repair at the hot 


gas path inspection. The second- and third-stage nozzles may


require refurbishment to re-establish the proper axial clearances.


Normally, turbine nozzles can be repaired several times and it is


generally repair cost versus replacement cost that dictates the


replacement decision.


Coatings play a critical role in protecting the buckets operating 


at high metal temperatures to ensure that the full capability of 


the high strength superalloy is maintained and that the bucket


rupture life meets design expectations. This is particularly true 


of cooled bucket designs that operate above 1985°F (1085°C) 


firing temperature. Significant exposure of the base metal to 


the environment will accelerate the creep rate and can lead 


to premature replacement through a combination of increased


temperature and stress and a reduction in material strength, 


as described in Figure 40. This degradation process is driven 


by oxidation of the unprotected base alloy. In the past, on early


generation uncooled designs, surface degradation due to corrosion


or oxidation was considered to be a performance issue and not a


factor in bucket life. This is no longer the case at the higher firing


temperatures of current generation designs.


Given the importance of coatings, it must be recognized that even


the best coatings available will have a finite life and the condition


of the coating will play a major role in determining bucket life.


Refurbishment through stripping and recoating is an option for


achieving bucket’s expected/design life, but if recoating is selected,


it should be done before the coating is breached to expose base


metal. Normally, for turbines in the MS7001EA class, this means


that recoating will be required at the hot gas path inspection. If


recoating is not performed at the hot gas path inspection, the life
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Figure 40. Stage 1 bucket oxidation and bucket life







of the buckets would generally extend to the major inspection, 


at which point the buckets would be replaced. For F class gas


turbines, recoating of the first stage buckets is recommended at


each hot gas path inspection. Visual and borescope examination 


of the hot gas path parts during the combustion inspections as


well as nozzle-deflection measurements will allow the operator 


to monitor distress patterns and progression. This makes part-life


predictions more accurate and allows adequate time to plan for


replacement or refurbishment at the time of the hot gas path


inspection. It is important to recognize that to avoid extending 


the hot gas path inspection, the necessary spare parts should 


be on site prior to taking the unit out of service.


See the O&M manual for additional recommendations and unit


specific guidance.


Major Inspection
The purpose of the major inspection is to examine all of the


internal rotating and stationary components from the inlet 


of the machine through the exhaust. A major inspection should 


be scheduled in accordance with the recommendations in the


owner’s Operations and Maintenance Manual or as modified by


the results of previous borescope and hot gas path inspection. 


The work scope shown in Figure 41 involves inspection of all of 


the major flange-to-flange components of the gas turbine, which


are subject to deterioration during normal turbine operation. 


This inspection includes previous elements of the combustion 


and hot gas path inspections, in addition to laying open the


complete flange-to-flange gas turbine to the horizontal joints, 


as shown in Figure 42. 


Removal of all of the upper casings allows access to the


compressor rotor and stationary compressor blading, as well as 


to the bearing assemblies. Prior to removing casings, shells and


frames, the unit must be properly supported. Proper centerline


support using mechanical jacks and jacking sequence procedures


are necessary to assure proper alignment of rotor to stator, obtain


accurate half shell clearances and to prevent twisting of the


casings while on the half shell. Typical major inspection


requirements for all machines are:


• All radial and axial clearances are checked against their original


values (opening and closing). 


• Casings, shells and frames/diffusers are inspected for cracks 


and erosion.


• Compressor inlet and compressor flow-path are inspected for


fouling, erosion, corrosion and leakage. 


• Visually inspect the compressor inlet, checking the condition of


the IGVs, IGV bushings, and first stage rotating blades.


• Check the condition of IGV actuators and rack-and-pinion


gearing.


• Rotor and stator compressor blades are checked for tip


clearance, rubs, impact damage, corrosion pitting, bowing and


cracking.


• Turbine stationary shrouds are checked for clearance, erosion,


rubbing, cracking, and build-up. 


• Seals and hook fits of turbine nozzles and diaphragms are


inspected for rubs, erosion, fretting or thermal deterioration.


• Turbine buckets are removed and a nondestructive check of


buckets and wheel dovetails is performed (first stage bucket


protective coating should be evaluated for remaining coating


life). Buckets that were not recoated at the hot gas path


inspection should be replaced. Wheel dovetail fillets, pressure


faces, edges, and intersecting features must be closely examined


for conditions of wear, galling, cracking or fretting.


• Rotor inspections recommended in the maintenance and


inspection manual or by Technical Information Letters should be


performed.


• Bearing liners and seals are inspected for clearance and wear. 


• Inlet systems are inspected for corrosion, cracked silencers and


loose parts.


• Visually inspect compressor and compressor discharge case


hooks for signs of wear.


• Visually inspect compressor discharge case struts for signs of


cracking.


• Visually inspect compressor discharge case inner barrel if


accessible.


• Visually inspect the turbine shell shroud hooks for sign of


cracking. 
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Major Inspection
Hot Gas Path Inspection Scope—Plus:


Key Hardware Inspect For Potential Action


Compressor blading Foreign object damage Repair/refurbishment/replace


Compressor and turbine rotor dovetails Oxidation/corrosion/erosion Stator shrouds


• Cracking/oxidation/erosionJournals and seal surfaces Cracking


Bearing seals Leaks Buckets


• Coating deterioration


• FOD/rubs/cracking


• Tip shroud deflection


• Creep life limit


Exhaust system Abnormal wear


Missing hardware


Clearance limits


Nozzles 


• Severe deterioration


IGV bushings


• Wear


Bearings/seals


• Scoring/wear


Compressor blades


• Corrosion/erosion


• Rubs/FOD


Rotor inspection


Compressor discharge case Cracks Repair or monitoring


Turbine shell Cracks Repair or monitoring


Compressor and compressor 


discharge case hooks


Wear Repair


Cases – exterior and interior Cracks Repair or monitoring


Exhaust diffuser Cracks Weld repair


Exhaust diffuser insulation Loose/missing parts Replace/tighton parts


Forward diffuser flex seal Wear/cracked parts Replace seals


Figure 41. Gas turbine major inspection – key elements


Criteria
• Op. & Instr. Manual • TILs
• GE Field Engineer


Inspection Methods
• Visual • Liquid Penetrant
• Borescope • Ultrasonics


Figure 41. Gas turbine major inspection – key elements







• Visually inspect the exhaust diffuser for any cracks in flow path


surfaces. Inspect insulated surfaces for loose or missing


insulation and/or attachment hardware in internal and external


locations. In E-class machines, inspect the insulation on the


radial diffuser and inside the exhaust plenum as well.


• Inspect exhaust frame flex seals, L-seals, and horizontal joint


gaskets for any signs of wear or damage. Inspect steam gland


seals for wear and oxidation.


• Check torque values for steam gland bolts and re-torque to 


full values.


• Check alignment – gas turbine to generator/gas turbine to


accessory gear.


Comprehensive inspection and maintenance guidelines have been


developed by GE and are provided in the O&M Manual to assist


users in performing each of the inspections previously described.


Parts Planning
Lack of adequate on-site spares can have a major effect on plant


availability; therefore, prior to a scheduled disassembly type of


inspection, adequate spares should be on-site. A planned outage


such as a combustion inspection, which should only take two to


five days, could take weeks. GE will provide recommendations


regarding the types and quantities of spare parts needed; however,


it is up to the owner to purchase these spare parts on a planned


basis allowing adequate lead times.


Early identification of spare parts requirements ensures their


availability at the time the planned inspections are performed.


Refer to the Reference Drawing Manual provided as part of the


comprehensive set of O&M Manuals to aid in identification and


ordering of gas turbine parts.


Additional benefits available from the renewal parts catalog data


system are the capability to prepare recommended spare parts


lists for the combustion, hot gas path and major inspections as


well as capital and operational spares.


Typical expectations for estimated repair cycles for some of the


major components are shown in Appendix D. These tables assume


that operation of the unit has been in accordance with all of the


manufacturer’s specifications and instructions.


Maintenance inspections and repairs are also assumed to be 


done in accordance with the manufacturer’s specifications and


instructions. The actual repair and replacement cycles for any


particular gas turbine should be based on the user’s operating
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Figure 42. Major inspection work scope







procedures, experience, maintenance practices and repair


practices. The maintenance factors previously described can have


a major impact on both the component repair interval and service


life. For this reason, the intervals given in Appendix D should only


be used as guidelines and not certainties for long range parts


planning. Owners may want to include contingencies in their 


parts planning.


The expected repair and replacement cycle values reflect current


production hardware.


To achieve these lives, current production parts with design


improvements and newer coatings are required. With earlier


production hardware, some of these lives may not be achieved.


Operating factors and experience gained during the course of


recommended inspection and maintenance procedures will be a


more accurate predictor of the actual intervals.


Appendix D shows expected repair and replacement intervals


based on the recommended inspection intervals shown in 


Figure 44. The application of inspection (or repair) intervals other


than those shown in Figure 44 can result in different replacement


intervals (as a function of the number of repair intervals) than


those shown in Appendix D. See your GE representative for 


details on a specific system. It should be recognized that, in some


cases, the service life of a component is reached when it is no


longer economical to repair any deterioration as opposed to


replacing at a fixed interval. This is illustrated in Figure 43 for a 


first stage nozzle, where repairs continue until either the nozzle


cannot be restored to minimum acceptance standards or the


repair cost exceeds or approaches the replacement cost. In other


cases, such as first-stage buckets, repair options are limited by


factors such as irreversible material damage. In both cases, users


should follow GE recommendations regarding replacement or


repair of these components.


While the parts lives shown in Appendix D are guidelines, the 


life consumption of individual parts within a parts set can have


variations. The repair versus replacement economics shown in


Figure 43 may lead to a certain percentage of “fallout,” or scrap, 


of parts being repaired. Those parts that fallout during the 


repair process will need to be replaced by new parts. Parts 


fallout will vary based on the unit operating environment history,


the specific part design, and the current state-of-the-art for 


repair technology.
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Figure 43. First-stage nozzle wear-preventive maintenance: gas fired – continuous dry – base load







Inspection Intervals 
In the absence of operating experience and resulting part conditions,


Figure 44 lists the recommended combustion, hot gas path and


major inspection intervals for current production GE turbines


operating under typical conditions of gas fuel, base load, and no


water or steam injection. These recommended intervals represent


factored hours or starts calculated using maintenance factors to


account for application specific operating conditions. Initially,


recommended intervals are based on the expected operation of 


a turbine at installation, but this should be reviewed and adjusted 


as actual operating and maintenance data are accumulated. 


While reductions in the recommended intervals will result from the


factors described previously or unfavorable operating experience,


increases in the recommended intervals may also be considered


where operating experience has been favorable. The condition 


of the combustion and hot gas path parts provides a good basis 


for customizing a program of inspection and maintenance. The


condition of the compressor and bearing assemblies is the key 


driver in planning a Major Inspection. Historical operation and


machine conditions can be used to tailor custom maintenance


programs such as optimized repair and inspection criteria to specific


sites/machines. GE leverages these principles and accumulated site


and fleet experience in a “Condition Based Maintenance” program 


as the basis for maintenance of units under Contractual Service


Agreements. This experience was accumulated on units that 


operate with GE approved repairs, field services, monitoring 


and full compliance to GE’s technical recommendations. 


GE can assist operators in determining the appropriate


maintenance intervals for their particular application. Equations


have been developed that account for the factors described 


earlier and can be used to determine application specific hot 


gas path and major inspection intervals.
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Factors that can reduce maintenance intervals:


• Fuel


• Load setting


• Steam/water injection


• Peak load firing
operation


• Trips


• Start cycle


• Hardware design


Type of Inspection Combustion System


Factored Hours/Factored Starts
MS3002K MS5001PA/MS5002C, D MS6B MS7E/EA MS9E


Combustion Non-DLN 24000/400 12000/800 (1) (3) 12000/1200 (2) (3) 8000/900 (3) 8000/900 (3)


DLN 8000/400 12000/450 12000/450 12000/450


Hot Gas Path 24000/1200 Eliminated/1200 24000/1200 24000/1200 24000/900


Major 48000/2400 48000/2400 48000/2400 48000/2400 48000/2400


Type of


Inspection


Combustion


System


Factored Hours/Factored Starts
MS6FA MS6FA+e MS7F/FA/FA+ MS7FA+e MS9F/FA/FA+ MS9FA+e MS7FB MS9FB


Combustion Non-DLN 8000/450 8000/450


DLN 8000/450 12000/450 8000/450 12000/450 8000/450 8000/450 12000/450 12000/450


Hot Gas Path 24000/900 24000/900 24000/900 24000/900 24000/900 24000/900 24000/900 24000/900


Major 48000/2400 48000/2400 48000/2400 48000/2400 48000/2400 48000/2400 48000/2400 48000/2400


1. Units with Lean Head End liners have 
a 400-starts combustion inspection interval.


2. Machines with 6581 and 6BeV combustion
hardware have a 12000/600 combustion
inspection interval.


3. Multiple Non-DLN configurations exist
(Standard, MNQC, IGCC). The typical case 
is shown; however, different quoting limits 
may exist on a machine and hardware basis.
Contact a GE Energy representative for 
further information.


Note: Factored Hours/Starts intervals include an
allowance for nominal trip maintenance
factor effects.


Hours/Starts intervals for Major Inspection
are quoted in Actual Hours and Actual Starts.


Repair/replace cycles reflect current
production hardware, unless otherwise
noted, and operation in accordance with
manufacturer specifications. They represent
initial recommended intervals in the absence
of operating and condition experience. 


Figure 44. Base line recommended inspection intervals: base load – gas fuel – dry







Borescope Inspection Interval
In addition to the planned maintenance intervals, which undertake


scheduled inspections or component repairs or replacements,


borescope inspections (BIs) should be conducted to identify any


additional actions, as discussed in the sections “Gas Turbine Design


Maintenance Features.” Such inspections may identify additional


areas to be addressed at a future scheduled maintenance outage,


assist with parts or resource planning, or indicate the need to


change the timing of a future outage to minimize potential effects.


The BI should use all the available access points to verify the safe


and uncompromised condition of the static and rotating hardware.


As much of the Major Inspection workscope as possible should 


be done using this visual inspection without dissassembly. Refer 


to Figure 4 for standard recommended BI frequency. Specific


concerns may warrant subsequent BIs in order to operate 


the unit to the next scheduled outage without teardown.


Hot Gas Path Inspection Interval
The hours-based hot gas path criterion is determined from the


equation given in Figure 45. With this equation, a maintenance


factor is determined that is the ratio of factored operating hours


and actual operating hours. The factored hours consider the


specifics of the duty cycle relating to fuel type, load setting and


steam or water injection. Maintenance factors greater than one


reduce the hot gas path inspection interval from the 24,000 hour


ideal case for continuous base load, gas fuel and no steam or


water injection. To determine the application specific maintenance


interval, the maintenance factor is divided into 24,000, as shown 


in Figure 45. 


The starts-based hot gas path criterion is determined from the


equation given in Figure 46. As with the hours-based criteria, an


application specific starts-based hot gas path inspection interval is


calculated from a maintenance factor that is determined from the


number of trips typically being experienced, the load level and


loading rate.


As previously described, the hours and starts operating spectrum 


for the application is evaluated against the recommended hot gas


path intervals for starts and for hours. The limiting criterion (hours or


starts) determines the maintenance interval. An example of the use


of these equations for the hot gas path is contained in Appendix A.
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Hours-Based HGP Inspection


Where:


Factored Hours = (K + M x I) x (G + 1.5D + AfH + ApP)
Actual Hours = (G + D + H + P)
    G = Annual Base Load Operating hours on Gas Fuel
    D = Annual Base Load Operating hours on 
           Distillate Fuel
    H = Annual Operating Hours on Heavy Fuel
    Af = Heavy Fuel Severity Factor 
           (Residual Af = 3 to 4, Crude Af = 2 to 3)
   Ap = Peak Load Factor (See Figure 12)
     P = Annual Peak Load Operating Hours on gas or distillate
      I = Percent Water/Steam Injection Referenced to
           Compressor Inlet Air Flow
M&K = Water/Steam Injection Constants


Maintenance Interval  =
(Hours)


24000
Maintenance Factor


Factored Hours
Actual Hours


Maintenance Factor =


M       K     Control         Steam Injection        N2/N3 Material


 0       1        Dry  <2.2%          GTD-222/FSX-414
 0       1        Dry  >2.2%  GTD-222
.18     .6        Dry  >2.2%  FSX-414
.18     1         Wet    >0%  GTD-222
.55     1         Wet    >0%  FSX-414


Figure 45. Hot gas path maintenance interval: hours-based criterion


Actual Starts = (NA + NB + NP)


η


Factored Starts = 0.5NA + NB + 1.3NP + 20E + 2F + Σ (aTi – 1) Tii=1


Starts-Based HGP Inspection


Maintenance Interval
(Starts)


  S
Maintenance Factor


=


Where:


Maintenance Factor Factored Starts
Actual Starts


=


S Maximum Starts-Based Maintenance Interval 
(Model Size Dependent)


=


N A Annual Number of Part Load Start/Stop Cycles (<60% Load)=


N B  Annual Number of Base Load Start/Stop Cycles=


N P  Annual Number of Peak Load Start/Stop Cycles (>100% Load)=


E Annual Number of Emergency Starts=


F Annual Number of Fast Load Starts=


T Annual Number of Trips=
a T  Trip Severity Factor = f(Load) (See Figure 21)=


Number of Trip Categories (i.e.Full Load, Part Load, etc.)=η


Model Series S Model Series S


MS6B/MS7EA 1,200 MS9E 900
MS6FA 900 MS7F/MS9F 900


Figure 46. Hot gas path maintenance interval: starts-based criterion







Rotor Inspection Interval
Like HGP components, the unit rotor has a maintenance interval


involving removal, disassembly and thorough inspection. This


interval indicates the serviceable life of the rotor and is generally


considered to be the teardown inspection and repair/replacement


interval for the rotor. These intervals are traditionally concurrent 


with hot gas path and major inspections, however, it should be 


noted that the maintenance factors for rotor maintenance intervals


are distinct and different from those of combustion and hot gas 


path components. As such, the calculation of consumed life on 


the rotor may vary from that of combustion and hot gas path


components. Customers should contact GE when their rotor has


reached the end of its serviceable life for technical advisement. 


The starts-based rotor maintenance interval is determined from the


equation given in Figure 47. Adjustments to the rotor maintenance


interval are determined from rotor-based operating factors as were


described previously. In the calculation for the starts-based rotor


maintenance interval, equivalent starts are determined for cold,


warm, and hot starts over a defined time period by multiplying 


the appropriate cold, warm and hot start operating factors by the


number of cold, warm and hot starts respectively. In this calculation,


start classification is key. Additionally, equivalent starts for trips 


from load are added. The total equivalent starts are divided by 


the actual number of starts to yield the maintenance factor. The


rotor starts-based maintenance interval for a specific application 


is determined by dividing the baseline rotor maintenance interval 


of 5000 starts by the calculated maintenance factor. As indicated 


in Figure 47, the baseline rotor maintenance interval is also the


maximum interval, since calculated maintenance factors less 


than one are not considered. 


Figure 48 describes the procedure to determine the hours-based


maintenance criterion. Peak load operation is the primary


maintenance factor for the F class rotor and will act to increase


the hours-based maintenance factor and to reduce the rotor


maintenance interval.


When the rotor reaches the limiting inspection interval determined


from the equations described in Figures 47 and 48, a refurbishment


of the rotor is required so that a complete inspection of the rotor


components in both the compressor and turbine can be performed.


It should be expected that some rotor components will either have


reached the end of their serviceable life or will have a minimal
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21


2211Maintenance Factor = 


Rotor Maintenance Interval = 
(Not to exceed 5000 starts) 


MF>=1


=  Number of hot starts
=  Number of Warm1 starts 
=  Number of Warm2 starts
=  Number of cold starts
=  Number of trips


Number of Starts


Nh
Nw1
Nw2
Nc
Nt


Start Factors


Fh
Fw1
Fw2
Fc
Ft


=  Warm1 start factor (Down 4-20 hr)
=  Warm2 start factor (Down 20-40 hr)
=  Cold start factor (Down >40 hr)
=  Trip from load factor


5000 


Maintenance Factor


(1)


Starts-Based Rotor Inspection


(1) F class


Note: Start factors for 7/9 FA+e machines are tabulated in Figure 23. 
For other F Class machines, refer to applicable TILs.


=  Hot start factor (Down 1-4 hr)*


Figure 47. Rotor maintenance interval: starts-based criterion







amount of residual life remaining and will require replacement at


this inspection point. Depending on the extent of refurbishment 


and part replacement, subsequent inspections may be required 


at a reduced interval.


As with major inspections, the rotor repair interval should include


thorough dovetail inspections for wear and cracking. The baseline


rotor life is predicated upon sound inspection results at the majors.


The baseline intervals of 144,000 hours and 5000 starts in Figures


47 and 48 pertain to F class rotors. For rotors other than F class,


rotor maintenance should be performed at intervals recommended


by GE through issued Technical Information Letters (TILs). Where 


no recommendations have been made, rotor inspection should be


performed at 5,000 factored starts or 200,000 factored hours.


Combustion Inspection Interval
Equations have been developed that account for the earlier


mentioned factors affecting combustion maintenance intervals.


These equations represent a generic set of maintenance factors 


that provide general guidance on maintenance planning. As such,


these equations do not represent the specific capability of any given


combustion system. They do provide, however, a generalization of


combustion system experience. For combustion parts, the base line


operating conditions that result in a maintenance factor of one 


are normal fired startup and shutdown (no trip) to base load 


on natural gas fuel without steam or water injection. 


An hours-based combustion maintenance factor can be


determined from the equations given in Figure 49 as the ratio 


of factored-hours to actual operating hours. Factored-hours


considers the effects of fuel type, load setting and steam or 


water injection. Maintenance factors greater than one reduce


recommended combustion inspection intervals from those shown


in Figure 44 representing baseline operating conditions. To obtain 


a recommended inspection interval for a specific application, the


maintenance factor is divided into the recommended base line


inspection interval.
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Maintenance Factor = (Factored Hours)/(Actual Hours)
Factored Hours = ∑ (Ki x Afi x Api x ti), i = 1 to n Operating Modes
Actual Hours = ∑ (ti), i = 1 to n Operating Modes
Where:
 i = Discrete Operating mode (or Operating Practice of Time Interval)
 ti = Operating hours at Load in a Given Operating mode
 Api = Load Severity factor
  Ap  =   1.0 up to Base Load 
  Ap  =   For Peak Load Factor See Figure 12
 Afi = Fuel Severity Factor (dry)
  Af   =   1.0 for Gas Fuel (1)


  Af   =   1.5 for Distillate Fuel, Non-DLN (2.5 for DLN)
  Af   =   2.5 for Crude (Non-DLN)
  Af   =   3.5 for Residual (Non-DLN)
 Ki = Water/Steam Injection Severity Factor
  (% Steam Referenced to Compressor Inlet Air Flow, w/f = Water to Fuel Ratio)
  K    =   Max(1.0, exp(0.34(%Steam – 2.00%))) for Steam, Dry Control Curve
  K    =   Max(1.0, exp(0.34(%Steam – 1.00%))) for Steam, Wet Control Curve
  K    =   Max(1.0, exp(1.80(w/f – 0.80))) for Water, Dry Control Curve
  K    =   Max(1.0, exp(1.80(w/f – 0.40))) for Water, Wet Control Curve


 (1) Af = 10 for DLN 1 extended lean-lean, DLN 2.0 lean-lean and DLN 2+ in extended sub-piloted 
  and extended piloted premixed operating modes.


Figure 49. Combustion inspection hours-based maintenance factors


 
 
 
Maintenance Factor = 


Where:
 H       ~ Base load hours
 P       ~ Peak load hours
(1) F class
(2) For E-class, MF = (H + 2*P + 2*TG) / (H + P), where TG is 
      hours on turning gear.


To diminish potential turning gear impact, Major 
Inspections must include a thorough visual and 
dimensional examination of the hot gas path turbine 
rotor dovetails for signs of wearing, galling, fretting or 
cracking. If inspections and repairs are performed to 
the dovetails, time on turning gear may be omitted 
from the hours based maintenance factor.


144000
(1)


Maintenance Factor


H + 2*P (2)


H + P


Hours-Based Rotor Inspection


Note: 


Rotor Maintenance Interval =


Figure 48. Rotor maintenance interval: hours-based criterion







A starts-based combustion maintenance factor can be determined


from the equations given in Figure 50 and considers the effect 


of fuel type, load setting, emergency starts, fast loading rates, 


trips and steam or water injection. An application specific


recommended inspection interval can be determined from the


baseline inspection interval in Figure 44 and the maintenance


factor from Figure 50. Appendix B shows six example maintenance


factor calculations using the above hours and starts maintenance


factors equations.


Manpower Planning
It is essential that advanced manpower planning be conducted


prior to an outage. It should be understood that a wide range of


experience, productivity and working conditions exist around the


world. However, based upon maintenance inspection man-hour


assumptions, such as the use of an average crew of workers in the


United States with trade skill (but not necessarily direct gas turbine


experience), with all needed tools and replacement parts (no repair


time) available, an estimate can be made. These estimated craft


labor man-hours should include controls and accessories and the


generator. In addition to the craft labor, additional resources are


needed for technical direction of the craft labor force, specialized


tooling, engineering reports, and site mobilization/demobilization.


Inspection frequencies and the amount of downtime varies 


within the gas turbine fleet due to different duty cycles and 


the economic need for a unit to be in a state of operational


readiness. It can be demonstrated that an 8000-hour interval 


for a combustion inspection with minimum downtime can be


achievable based on the above factors. Contact your local GE


Energy representative for the specific man-hours and


recommended crew size for your specific unit.


Depending upon the extent of work to be done during each


maintenance task, a cooldown period of 4 to 24 hours may 


be required before service may be performed. This time can be


utilized productively for job move-in, correct tagging and locking


equipment out-of-service and general work preparations. At the


conclusion of the maintenance work and systems check out, 


a turning gear time of two to eight hours is normally allocated 


prior to starting the unit. This time can be used for job clean-up


and preparing for start.


Local GE field service representatives are available to help plan 


your maintenance work to reduce downtime and labor costs. 


This planned approach will outline the renewal parts that may 


be needed and the projected work scope, showing which tasks 


can be accomplished in parallel and which tasks must be sequential.
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Maintenance Factor = (Factored starts)/(Actual Starts)
Factored Starts = ∑ (Ki x Afi x Ati x Api x Asi x Ni), i = 1 to n Start/Stop Cycles
Actual Starts = ∑ (Ni), i = 1 to n Start/Stop Cycles
Where:
 i = Discrete Start/Stop Cycle (or Operating Practice)
 Ni = Start/Stop Cycles in a Given Operating Mode
 Asi = Start Type Severity Factor
  As  =  1.0 for Normal Start
  As  =  1.2 for Start with Fast Load
  As  =  3.0 for Emergency Start
 Api = Load Severity Factor
  Ap  =  1.0 up to Base Load
  Ap  =  exp(0.009 x Peak Firing Temp Adder in deg F) for Peak Load
 Ati = Trip Severity Factor
  At   =  0.5 + exp(0.0125*%Load) for Trip
 Afi = Fuel Severity Factor (Dry, at Load)
  Af   =  1.0 for Gas Fuel
  Af   =  1.25 for Non-DLN (or 1.5 for DLN) for Distillate Fuel
  Af   =  2.0 for Crude (Non-DLN)
  Af   =  3.0 for Residual (Non-DLN)
 Ki = Water/Steam Injection Severity Factor
  (% Steam Referenced to Compressor Inlet Air Flow, w/f = Water to Fuel Ratio)
  K    =  Max(1.0, exp(0.34(%Steam – 1.00%))) for Steam, Dry Control Curve
  K    =  Max(1.0, exp(0.34(%Steam – 0.50%))) for Steam, Wet Control Curve
  K    =  Max(1.0, exp(1.80(w/f – 0.40))) for Water, Dry Control Curve
  K    =  Max(1.0, exp(1.80(w/f – 0.20))) for Water, Wet Control Curve


Figure 50. Combustion inspection starts-based maintenance factors







Planning techniques can be used to reduce maintenance cost by


optimizing lifting equipment schedules and manpower requirements.


Precise estimates of the outage duration, resource requirements,


critical-path scheduling, recommended replacement parts, and 


costs associated with the inspection of a specific installation may 


be sourced from the local GE field services office.


Conclusion
GE heavy-duty gas turbines are designed to have an inherently


high availability. To achieve maximum gas turbine availability, 


an owner must understand not only the equipment, but the 


factors affecting it . This includes the training of operating 


and maintenance personnel, following the manufacturer’s


recommendations, regular periodic inspections and the stocking 


of spare parts for immediate replacement. The recording and


analysis of operating data, is essential to preventative and 


planned maintenance. A key factor in achieving this goal 


is a commitment by the owner to provide effective outage


management and full utilization of published instructions 


and the available service support facilities.


It should be recognized that, while the manufacturer provides


general maintenance recommendations, it is the equipment 


user who has the major impact upon the proper maintenance 


and operation of equipment. Inspection intervals for optimum


turbine service are not fixed for every installation, but rather 


are developed through an interactive process by each user, 


based on past experience and trends indicated by key turbine


factors. In addition, through application of a Contractual Service


Agreement to a particular turbine, GE can work with a user to


establish a maintenance program that may differ from general


recommendations but will be consistent with contractual


responsibilities.


The level and quality of a rigorous maintenance program have a


direct impact on equipment reliability and availability. Therefore, a


rigorous maintenance program which optimizes both maintenance


cost and availability is vital to the user. A rigorous maintenance


program will minimize overall costs, keep outage downtimes to 


a minimum, improve starting and running reliability and provide


increased availability and revenue earning ability for GE gas


turbine users.
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Appendix
A.1) Example 1 – Hot Gas Path Maintenance


Interval Calculation


An MS7001EA user has accumulated operating data since the last 


hot gas path inspection and would like to estimate when the next 


one should be scheduled. The user is aware from GE publications 


that the normal HGP interval is 24,000 hours if operating on 


natural gas, with no water or steam injection, and at base load. 


It is also understood that the nominal starts interval is 1200, 


based on normal startups, no trips, no emergency starts. The 


actual operation of the unit since the last hot gas path inspection 


is much different from the GE “baseline case.”


Annual hours on natural gas, base load


 = G = 3200 hr/yr


Annual hours on light distillate 


 = D = 350 hr/yr


Annual hours on peak load


 = P = 120 hr/yr


Steam injection rate


 = I = 2.4%


Also, since the last hot gas path inspection,


 140 Normal start-stop cycles:


  40 Part load 


  100 Base load


  0 Peak load


In addition,


 E = 2 Emergency Starts w / ramp to


  base load


  F = 5 Fast loads ending in a normal shutdown 


  from base load


 T = 20 Starts with trips from base load 


  


(a Ti = 8)


From Figure 45, at a steam injection rate of 2.4%, the 


value of “M” is .18, and “K” is .6.


From the hours-based criteria, the maintenance factor is 


determined from Figure 45.


For this particular unit, the second and third-stage nozzles are 


FSX-414 material. The unit operates on “dry control curve.”


MF = [K + M(I)] x [G + 1.5(D) + Af(H) + AP x P]


(G + D + H + P)


MF = [.6 + .18(2.4)] x [3200 + 1.5(350) + 0 + 6(120)]


(3200 + 350 + 0 + 120)


MF = 1.25


The hours-based adjusted inspection interval is therefore, 


H = 24,000/1.25


H = 19,200 hours   


 [Note, since total annual operating hours is 3670, 


 the estimated time to reach 19,200 hours is 


 5.24 years (19,200/3670).]


From the starts-based criteria, the maintenance factor 


is determined from Figure 46.


The total number of part load starts is


 NA = 40/yr


The total number of base load starts is


 NB = 100 + 2 + 5 + 20 = 127/yr


The total number of peak load starts is


 NP = 0/yr


MF = [0.5 (NA )+(NB )+1.3(NP )+20(E)+2(F) +       


N A + N B + N P


MF = 0.5(40)+(127)+1.3(0)+20(2)+2(5)+(8–1)20


40+127+0


MF = 2


Σ
n


i=1


(aTI – 1) T
i


Annual hours on peak load at +100 deg F firing temperature


 P = 120 hr/yr


 AP = 6
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The adjusted inspection interval based on starts is


   S = 1200/2.0


   S = 600 starts [Note, since the total annual number of starts is 


 167, the estimated time to reach 600 starts is 


 600/167 = 3.6 years.]


In this case, the starts-based maintenance factor is greater than 


the hours maintenance factor and therefore the inspection interval 


is set by starts. The hot gas path inspection interval is 600 starts 


(or 3.6 years).


A.2)  Example 2 – Hot Gas Path Factored
 Starts Calculation


An MS7001EA user has accumulated operating data for the past 


year of operation. This data shows number of trips from part, base, 


and peak load, as well as emergency starting and fast loading. The 


user would like to calculate the total number of factored starts in 


order to plan the next HGP outage. Figure 46 is used to 


calculate the total number of factored starts as shown below.


Operational history:


 150 Start-stop cycles per year:


  40 Part load


  60 Base load


  50 Peak load


  50 ending in trips:


  10 from 105% load


  5 from 50% load (part load)


  35 from 65% load (base load)


In addition,


 3 Emergency Starts w/ramp to base load:


  2 ended in a trip from full load


  1 ended in a normal shutdown


 4 Fast loads:


  1 tripped during loading at 50% load


  3 achieved base load and ended in 


  a normal shutdown


Total Starts


Part Load, NA = 40 + 1 = 41


Base Load, NB = 60 + 3 + 3 = 66


Peak Load, NP = 50


Total Trips


1. 50% load (aT1 =6.5), T1 = 5 + 1 = 6


2. Full load  (aT 2 =8), T2 = 35 + 2 = 37


3. Peak load (aT3 =10), T3 = 10


Additional Cycles


Emergency starting, E = 3


Fast loading, F = 4


From the starts-based criteria, the total number of


factored starts is determined from Figure 46. 


FS = 0.5(NA)+(NB)+1.3(NP)+20(E)+2(F)+


FS = 0.5(41)+(66)+1.3(50)+20(3)+2(4)+[(6.5–1)6+


(8–1)37+(10–1)10]=601.50


AS = 41 + 66 + 50 = 157


MF =            = 3.8
601.5


157


Σ
n


i=1


(aTI – 1) Ti







B) Examples – Combustion Maintenance Interval
Calculations (reference Figures 49 and 50)
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DLN 1 Peaking Duty with Power Augmentation


+50F Tfire Increase


Factored Hours = Ki * Afi * Api * ti = 34.5 Hours
Hours Maintenance Factor = (34.5/6) 5.8


Where Ki = 2.34 Max(1.0, exp(0.34(3.50-1.00))) Wet
Afi = 1.00 Gas Fuel
Api = 2.46 exp(0.018(50)) Peaking
ti = 6.0 Hours/Start


Factored Starts = Ki * Afi * Ati * Api * Asi * Ni = 5.2 Starts
Starts Maintenance Factor = (5.2/1) 5.2


Where Ki = 2.77 Max(1.0, exp(0.34(3.50-0.50))) Wet
Afi = 1.00 Gas Fuel
Ati = 1.00 No Trip at Load
Api = 1.57 exp(0.009(50)) Peaking
Asi = 1.20 Start with Fast Load
Ni = 1.0 Considering Each Start


3.5% Steam Augmentation
Start with Fast Load


Gas Fuel
6 Hours/Start
Wet Control Curve


Normal Shutdown (No Trip)


Standard Combustor Baseload on Crude Oil


No Tfire Increase


Factored Hours = Ki * Afi * Api * ti = 788.3 Hours
Hours Maintenance Factor = (788.3/220) 3.6


Where Ki = 1.43 Max(1.0, exp(1.80(1.00-0.80))) Dry
Afi = 2.50 Crude Oil, Std (Non-DLN)
Api = 1.00 Baseload
ti = 220.0 Hours/Start


Factored Starts = Ki * Afi * Ati * Api * Asi * Ni = 5.9 Starts
Starts Maintenance Factor = (5.9/1) 5.9


Where Ki = 2.94 Max(1.0, exp(1.80(1.00-0.40))) Dry
Afi = 2.00 Crude Oil, Std (Non-DLN)
Ati = 1.00 No Trip at Load
Api = 1.00 Baseload
Asi = 1.00 Normal Start
Ni = 1.0 Considering Each Start


1.0 Water/Fuel Ratio
Normal Start and Load


Crude Oil Fuel
220 Hours/Start
Dry Control Curve


Normal Shutdown (No Trip)


DLN 2.6 Baseload on Gas with Trip @ Load


No Tfire Increase


Factored Hours = Ki * Afi * Api * ti = 168.0 Hours
Hours Maintenance Factor = (168.0/168) 1.0


Where Ki = 1.00 No Injection
Afi = 1.00 Gas Fuel
Api = 1.00 Baseload
ti = 168.0 Hours/Start


Factored Starts = Ki * Afi * Ati * Api * Asi * Ni = 2.6 Starts
Starts Maintenance Factor = (2.6/1) 2.6


Where Ki = 1.00 No Injection
Afi = 1.00 Gas Fuel
Ati = 2.62 0.5+exp(0.0125*60) for Trip
Api = 1.00 Baseload
Asi = 1.00 Normal Start
Ni = 1.0 Considering Each Start


No Steam/Water Injection
Normal Start and Load


Gas Fuel
168 Hours/Start
Dry Control Curve


Trip @ 60% Load


DLN 2.6 Baseload on Distillate


No Tfire Increase


Factored Hours = Ki * Afi * Api * ti = 943.8 Hours
Hours Maintenance Factor = (943.8/220) 4.3


Where Ki = 1.72 Max(1.0, exp(1.80(1.10-0.80))) Dry
Afi = 2.50 Distillate Fuel, DLN
Api = 1.00 Baseload
ti = 220.0 Hours/Start


Factored Starts = Ki * Afi * Ati * Api * Asi * Ni = 5.3 Starts
Starts Maintenance Factor = (5.3/1) 5.3


Where Ki = 3.53 Max(1.0, exp(1.80(1.10-0.40))) Dry
Afi = 1.50 Distillate Fuel, DLN
Ati = 1.00 No Trip at Load
Api = 1.00 Baseload
Asi = 1.00 Normal Start
Ni = 1.0 Considering Each Start


1.1 Water/Fuel Ratio
Normal Start


Distillate Fuel
220 Hours/Start
Dry Control Curve


Normal Shutdown (No Trip)


DLN 2.6 Peak Load on Gas with Emergency Starts


+35F Tfire Increase


Factored Hours = Ki * Afi * Api * ti = 12.5Hours
Hours Maintenance Factor = (12.5/4) 3.1


Where Ki = 1.67 Max(1.0, exp(0.34(3.50-2.00)))
Afi = 1.00 Gas Fuel
Api = 1.88 exp(0.018(35)) Peaking
ti = 4.0 Hours/Start


Factored Starts = Ki * Afi * Ati * Api * Asi * Ni = 9.6 Starts
Starts Maintenance Factor = (9.6/1) 9.6


Where Ki = 2.34 Max(1.0, exp(0.34(3.50-1.00))) Dry
Afi = 1.00 Gas Fuel
Ati = 1.00 No Trip at Load
Api = 1.37 exp(0.009(35)) Peaking
Asi = 3.00 Emergency Start
Ni = 1.0 Considering Each Start


3.5% Steam Augmentation
Emergency Start


Gas Fuel
4 Hours/Start
Dry Control Curve


Normal Shutdown (No Trip)


DLN 1 Combustor Baseload on Distillate


No Tfire Increase


Factored Hours = Ki * Afi * Api * ti = 1496.5 Hours
Hours Maintenance Factor = (1496.5/500) 3.0


Where Ki = 1.20 Max(1.0, exp(1.80(0.90-0.80))) Dry
Afi = 2.50 Distillate Fuel, DLN 1
Api = 1.00 Partload
ti = 500.0 Hours/Start


Factored Starts = Ki * Afi * Ati * Api * Asi * Ni = 3.7 Starts
Starts Maintenance Factor = (3.7/1) 3.7


Where Ki = 2.46 Max(1.0, exp(1.80(0.90-0.40))) Dry
Afi = 1.50 Distillate Fuel, DLN
Ati = 1.00 No Trip at Load
Api = 1.00 Part Load
Asi = 1.00 Normal Start
Ni = 1.0 Considering Each Start


0.9 Water/Fuel Ratio
Normal Start


Distillate Fuel
500 Hours/Start
Dry Control Curve


Normal Shutdown (No Trip)


Figure B-1. Combustion maintenance interval calculations







C) Definitions


Reliability: Probability of not being forced out of


service when the unit is needed — includes forced


outage hours (FOH) while in service, while on


reserve shutdown and while attempting to start


normalized by period hours (PH) — units are %.


Reliability = (1-FOH/PH) (100)


FOH = total forced outage hours


PH = period hours 


Availability: Probability of being available,


independent of whether the unit is needed – includes


all unavailable hours (UH) – normalized by period


hours (PH) – units are %:


Availability = (1-UH/PH) (100)


UH = total unavailable hours (forced outage,


  failure to start, scheduled maintenance


  hours, unscheduled maintenance hours)


PH = period hours


Equivalent Reliability: Probability of a multi-shaft


combined-cycle power plant not being totally forced


out of service when the unit is required includes the


effect of the gas and steam cycle MW output


contribution to plant output – units are %.


Equivalent Reliability =


GT FOH = Gas Turbine Forced Outage Hours


GT PH = Gas Turbine Period Hours


HRSG FOH = HRSG Forced Outage Hours


B PH = HRSG Period Hours


ST FOH = Steam Turbine Forced Outage Hours


ST PH = Steam Turbine Period Hours


B = Steam Cycle MW Output


  Contribution (normally 0.30)


Equivalent Availability: Probability of a multi-shaft


combined-cycle power plant being available for power


generation — independent of whether the unit is


needed — includes all unavailable hours — includes


the effect of the gas and steam cycle MW output


contribution to plant output; units are %.


Equivalent Availability = 


GT UH = Gas Turbine Unavailable Hours


GT PH = Gas Turbine Period Hours


HRSG UH = HRSG Total Unavailable Hours


ST UH = Steam Turbine Unavailable Hours


ST PH = Steam Turbine Period Hours


B = Steam Cycle MW Output


  Contribution (normally 0.30)


Operating Duty Definition:


Duty Service Factor  Fired Hours/Start


Stand-by  < 1%  1 to 4


Peaking  1% – 17%  3 to 10


Cycling  17% – 50%  10 to 50


Continuous   > 90%  >> 50


MTBF–Mean Time Between Failure: Measure of


probability of completing the current run. Failure


events are restricted to forced outages (FO) while in


service – units are service hours.


MTBF  = SH/FO


SH    = Service Hours


FO     = Forced Outage Events from a Running


  (On-line) Condition


Service Factor: Measure of operational use, usually


expressed on an annual basis – units are %.


SF = SH/PH x 100


SH = Service Hours on an annual basis


PH = Period Hours (8760 hours per year)


ST FOHHRSG FOHGT FOH


ST PHB PHGT PH
+ B + x 1001 –


GT UH ST UHHRSG UH


ST PHGT PH GT PH
+ B + x 100[[ ]1 –


[ ]
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PG6571-81 (6BU) / 6BeV Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners Cl 3 (Cl) / 4 (Cl)(1) 3 (Cl) / 4 (Cl)(1)


Caps Cl 3 (Cl) / 4 (Cl)(1) 3 (Cl) / 4 (Cl)(1)


Transition Pieces Cl 3 (Cl) / 4 (Cl)(1) 3 (Cl) / 4 (Cl)(1)


Fuel Nozzles Cl 3 (Cl) / 4 (Cl)(1) 3 (Cl) / 4 (Cl)(1)


Crossfire Tubes Cl 1 (CI) 1 (CI)


Crossfire Tube
Retaining Clips


CI 1 (CI) 1 (CI)


Flow Divider
(Distillate)


Cl 3 (Cl) 3 (Cl)


Fuel Pump
(Distillate)


Cl 3 (Cl) 3 (Cl)


Stage 1 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 2 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 3 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Shrouds HGPI 3 (HGPI) 4 (HGPI)


Stage 3 Shrouds HGPI 3 (HGPI) 4 (HGPI)


Stage 1 Bucket HGPI 3 (HGPI)(2) / 2 (HGPI)(3) 3 (HGPI)


Stage 2 Bucket HGPI 3 (HGPI)(4) 4 (HGPI)


Stage 3 Bucket HGPI 3 (HGPI) 4 (HGPI)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


Cl = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


(1) 3 (CI) for DLN / 4 (CI) for non-DLN


(2) 3 (HGPI) for 6BU with strip & recoat at first HGPI


(3) 2 HGPI for 6BeV


(4) 3 (HGPI) for current design only. Consult your GE Energy representative for replace intervals by part number.
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D) Repair and Replacement Cycles (Natural Gas Only)


Figure D-1. Estimated repair and replacement cycles


MS3002K Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners CI 2 (CI) 4 (CI)


Transition Pieces CI, HGPI 2 (CI) 2 (HGPI)


Stage 1 Nozzles HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Nozzles MI 2 (MI) 2 (MI)


Stage 1 Shrouds MI 2 (MI) 2 (MI)


Stage 2 Shrouds MI 2 (MI) 2 (MI)


Stage 1 Bucket – 1 (MI)(1) 3 (HGPI)


Stage 2 Bucket – 1 (MI) 3 (HGPI)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


CI = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


MI = Major Inspection Interval


(1) GE approved repair at 24,000 hours may extend life to 72,000 hours.


Figure D-2. Estimated repair and replacement cycles


MS5001PA / MS5002C,D Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners CI 4 (CI) 3 (CI) / 4 (CI)(1)


Transition Pieces CI, HGPI 4 (CI)(2) 3 (CI) / 4 (CI)(1)


Stage 1 Nozzles HGPI, MI 2 (MI) 2 (HGPI)


Stage 2 Nozzles HGPI, MI 2 (MI) 2 (HGPI) / 2 (MI)(3)


Stage 1 Shrouds MI 2 (MI) 2 (MI)


Stage 2 Shrouds – 2 (MI) 2 (MI)


Stage 1 Bucket – 1 (MI)(4) 3 (HGPI)


Stage 2 Bucket – 1 (MI) 3 (HGPI)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


CI = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


MI = Major Inspection Interval


(1) 3 (CI) for non-DLN units, 4 (CI) for DLN units


(2) Repair interval is every 2 (CI) 


(3) 2 (HGPI) for MS5001PA, 2 (MI) for MS5002C, D


(4) GE approved repair at 24,000 hours may extend life to 72,000 hours


Figure D-3. Estimated repair and replacement cycles


PG6541-61 (6B)
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Stage 1 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 2 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 3 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Shrouds HGPI 3 (HGPI) 4 (HGPI)


Stage 3 Shrouds HGPI 3 (HGPI) 4 (HGPI)


Stage 1 Bucket HGPI 2 (HGPI)(1) / 3 (HGPI)(2) 3 (HGPI)


Stage 2 Bucket HGPI 3 (HGPI)(3) 4 (HGPI)


Stage 3 Bucket HGPI 3 (HGPI) 4 (HGPI)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


HGPI = Hot Gas Path Inspection Interval


(1) 2 (HGPI) with no repairs at 24k hours.


(2) 3 (HGPl) with Strip, HIP Rejuvenation, and Re-coat at 24k hours.


(3) May require meeting tip shroud engagement criteria at prior HGP repair intervals. 3 (HGPI) for current


design only. Consult your GE Energy representative for replace intervals by part number.


Figure D-4. Estimated repair and replacement cycles
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PG7001(EA) / PG9001(E) Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners Cl 4 (Cl) / 6 (Cl)(1) 4 (Cl)


Caps Cl 4 (Cl) / 6 (Cl)(1) 4 (Cl)


Transition Pieces Cl 4 (Cl) / 6 (Cl)(1) 4 (Cl)


Fuel Nozzles Cl 4 (Cl) / 6 (Cl)(1) 4 (Cl)


Crossfire Tubes Cl 1 (Cl) 1 (Cl)


Crossfire Tube
Retaining Clips


CI 1 (CI) 1 (CI)


Flow Divider
(Distillate)


Cl 3 (Cl) 3 (Cl)


Fuel Pump
(Distillate)


Cl 3 (Cl) 3 (Cl)


Stage 1 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 2 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 3 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Shrouds HGPI 3 (HGPI) 4 (HGPI)


Stage 3 Shrouds HGPI 3 (HGPI) 4 (HGPI)


Stage 1 Bucket HGPI 3 (HGPI)(2)(3) 3 (HGPI)


Stage 2 Bucket HGPI 3 (HGPI)(4) 4 (HGPI)


Stage 3 Bucket HGPI 3 (HGPI) 4 (HGPI)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


Cl = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


(1) 4 (Cl) for DLN / 6 (Cl) for non-DLN


(2) Strip and Recoat is required at first HGPI to achieve 3 HGPI replace interval for all E-Class.


(3) Uprated 7EA machines (2055 Tfire) require HIP rejuvenation at first HGPI to achieve 3 HGPI replace interval.


(4) 3 (HGPI) interval requires meeting tip shroud engagement criteria at prior HGP repair intervals.


Consult your GE Energy representative for details.


Figure D-6. Estimated repair and replacement cycles


PG6101(FA): 6FA.01 Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners Cl 6 (Cl) 5 (Cl)


Caps Cl 6 (Cl) 5 (Cl)


Transition Pieces Cl 6 (Cl) 5 (Cl)


Fuel Nozzles Cl 3 (Cl) 3 (Cl)


Crossfire Tubes Cl 1 (Cl) 1 (Cl)


Crossfire Tube
Retaining Clips


CI 1 (CI) 1 (CI)


End Covers CI 6 (Cl) 3 (Cl)


Stage 1 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 2 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 3 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Shrouds HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Bucket HGPI 2 (HGPI) 2 (HGPI)(1)


Stage 2 Bucket HGPI 1 (HGPI)(3) 3 (HGPI)(2)


Stage 3 Bucket HGPI 3 (HGPI)(2) 3 (HGPI)(2)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


Cl = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


(1) GE approved repair operations may be needed to meet expected life. Consult your GE Energy


representative for details.


(2) With welded hardface on shroud, recoating at 1st HGPI is required to achieve replacement life.


(3) Repair may be required on non-scalloped-from-birth parts. Redesigned bucket is capable of 3 (HGPI).


Figure D-7. Estimated repair and replacement cycles


PG6111(FA): 6FA.02 Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners CI 2 (CI) 2 (CI)


Caps CI 3 (CI) 2 (CI)


Transition Pieces CI 3 (CI) 2 (CI)


Fuel Nozzles CI 2 (CI) 2 (CI)


Crossfire Tubes CI 1 (CI) 1 (CI)


Crossfire Tube
Retaining Clips


CI 1 (CI) 1 (CI)


End Covers CI 4 (CI) 2 (CI)


Stage 1 Nozzles HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Nozzles HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Shrouds HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Buckets HGPI 3 (HGPI) 2 (HGPI)


Stage 2 Buckets HGPI 3 (HGPI) 2 (HGPI)


Stage 3 Buckets HGPI 2 (HGPI) 3 (HGPI)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


CI = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


Figure D-5. Estimated repair and replacement cycles
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Figure D-9. Estimated repair and replacement cycles


PG7221(FA): 7FA.01 / PG9311(FA): 9FA.01 Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners Cl 6 (Cl) 5 (Cl)


Caps Cl 6 (Cl) 5 (Cl)


Transition Pieces Cl 6 (Cl) 5 (Cl)


Fuel Nozzles Cl 3 (Cl) 3 (Cl)


Crossfire Tubes Cl 1 (Cl) 1 (Cl)


Crossfire Tube
Retaining Clips


CI 1 (CI) 1 (CI)


End Covers CI 6 (Cl) 3 (Cl)


Stage 1 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 2 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 3 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Shrouds HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Bucket HGPI 2 (HGPI) 2 (HGPI)(1)


Stage 2 Bucket HGPI 2 (HGPI) 3 (HGPI)


Stage 3 Bucket HGPI 3 (HGPI)(2) 3 (HGPI)(2)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


Cl = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


(1) GE approved repair operations may be needed to meet expected life. Consult your GE Energy


representative for details.


(2) With welded hardface on shroud, recoating at 1st HGPI may be required to achieve replacement life.


Figure D-10. Estimated repair and replacement cycles


PG7231(FA): 7FA.02 Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners Cl 6 (Cl) 5 (Cl)


Caps Cl 6 (Cl) 5 (Cl)


Transition Pieces Cl 6 (Cl) 5 (Cl)


Fuel Nozzles Cl 3 (Cl) 3 (Cl)


Crossfire Tubes Cl 1 (Cl) 1 (Cl)


Crossfire Tube
Retaining Clips


CI 1 (CI) 1 (CI)


End Covers CI 6 (Cl) 3 (Cl)


Stage 1 Nozzles HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Nozzles HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Shrouds HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Bucket HGPI 2 (HGPI) 2 (HGPI)(1)


Stage 2 Bucket HGPI 1 (HGPI)(2) 3 (HGPI)(3)


Stage 3 Bucket HGPI 3 (HGPI) 3 (HGPI)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


Cl = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


(1) Periodic inspections are recommended within each HGPI. GE approved repair operations may be needed


to meet 2 (HGPI) replacement. Consult your GE Energy representative for details on both.


(2) Interval can be increased to 2 (HGPI) by performing a repair operation. Consult your GE Energy


representative for details.


(3) Recoating at 1st HGPI may be required to achieve 3 HGPI replacement life.


Figure D-8. Estimated repair and replacement cycles


PG7211(F): 7F.01 / PG9301(F): 9F.01 Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners Cl 6 (Cl) 5 (Cl)


Caps Cl 6 (Cl) 5 (Cl)


Transition Pieces Cl 6 (Cl) 5 (Cl)


Fuel Nozzles Cl 3 (Cl) 3 (Cl)


Crossfire Tubes Cl 1 (Cl) 1 (Cl)


Crossfire Tube
Retaining Clips


CI 1 (CI) 1 (CI)


End Covers CI 6 (Cl) 3 (Cl)


Stage 1 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 2 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 3 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Shrouds HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Bucket HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Bucket HGPI 3 (HGPI)(1) 3 (HGPI)(1)


Stage 3 Bucket HGPI 3 (HGPI)(1) 3 (HGPI)(1)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


Cl = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


(1) With welded hardface on shroud, recoating at 1st HGPI is required to achieve replacement life.
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Figure D-13. Estimated repair and replacement cycles


Figure D-11. Estimated repair and replacement cycles


PG7241(FA): 7FA.03 Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners* Cl 4 (Cl) 2 (Cl)


Caps* Cl 4 (Cl) 2 (Cl)


Transition Pieces* Cl 4 (Cl) 2 (Cl)


Fuel Nozzles* Cl 4 (Cl) 2 (Cl)


Crossfire Tubes* Cl 1 (Cl) 1 (Cl)


Crossfire Tube
Retaining Clips


CI 1 (CI) 1 (CI)


End Covers* CI 4 (Cl) 2 (Cl)


Stage 1 Nozzles HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Nozzles HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Shrouds HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Bucket HGPI 3 (HGPI)(2) 2 (HGPI)(4)


Stage 2 Bucket HGPI 3 (HGPI)(1) 3 (HGPI)(1)


Stage 3 Bucket HGPI 3 (HGPI)(3) 3 (HGPI)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


*12K Extended Interval Hardware


Cl = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


(1) 3 (HGPI) for current design. Consult your GE Energy representative for replacement intervals by part


number.


(2) GE approved repair procedure required at first HGPI for designs without platform cooling.


(3) GE approved repair procedure at 2nd HGPI is required to meet 3 (HGPI) replacement life.


(4) 2 (HGPI) for current design with GE approved repair at first HGPI. 3 (HGPI) is possible for redesigned bucket


with platform undercut and cooling modifications.
Figure D-12. Estimated repair and replacement cycles


PG9351(FA): 9FA.03 Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners Cl 5 (Cl) 5 (Cl)


Caps Cl 5 (Cl) 5 (Cl)


Transition Pieces Cl 5 (Cl) 5 (Cl)


Fuel Nozzles Cl 3 (Cl)(1) 3 (Cl)(1)


Crossfire Tubes Cl 1 (Cl) 1 (Cl)


Crossfire Tube
Retaining Clips


CI 1 (CI) 1 (CI)


End Covers CI 6 (Cl) 3 (Cl)


Stage 1 Nozzles HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Nozzles HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Shrouds HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Bucket HGPI 2 (HGPI)(2) 2 (HGPI)(4)


Stage 2 Bucket HGPI 3 (HGPI)(5) 3 (HGPI)(3)


Stage 3 Bucket HGPI 3 (HGPI)(5) 3 (HGPI)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


Cl = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


(1) Blank and liquid fuel cartridges to be replaced at each CI


(2) 2 (HGPI) for current design with GE approved repair at first HGPI. 3 (HGPI) is possible for redesigned bucket


with platform undercut and cooling modifications.


(3) Recoating at 1st HGPI may be required to achieve 3 HGPI replacement life.


(4) GE approved repair procedure at 1 (HGPI) is required to meet 2 (HGPI) replacement life.


(5) GE approved repair procedure is required to meet 3 (HGPI) replacement life.


PG7251(FB): 7FB.01 Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners Cl 3 (Cl) 3 (Cl)


Caps Cl 3 (Cl) 3 (Cl)


Transition Pieces Cl 3 (Cl) 3 (Cl)


Fuel Nozzles Cl 2 (Cl)(1) 2 (Cl)(1)


Crossfire Tubes Cl 1 (Cl) 1 (Cl)


Crossfire Tube
Retaining Clips


CI 1 (CI) 1 (CI)


End Covers CI 3 (Cl) 3 (Cl)


Stage 1 Nozzles HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Nozzles HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Shrouds HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Bucket HGPI 2 (HGPI) 1 (HGPI)


Stage 2 Bucket HGPI 3 (HGPI) 3 (HGPI)


Stage 3 Bucket HGPI 3 (HGPI) 3 (HGPI)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


Cl = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


(1) Blank and liquid fuel cartridges to be replaced at each CI
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Figure D-14. Estimated repair and replacement cycles


PG9371(FB): 9FB.01 Parts
Repair Interval Replace Interval (Hours) Replace Interval (Starts)


Combustion Liners CI 4 (CI) 4 (CI)


Caps CI 4 (CI) 4 (CI)


Transition Pieces CI 4 (CI) 4 (CI)


Fuel Nozzles CI 2 (Cl)(1) 2 (CI)(1)


Crossfire Tubes CI 1 (Cl) 1 (Cl)


Crossfire Tube
Retaining Clips


CI 1 (CI) 1 (CI)


End Covers CI 4 (CI) 4 (CI)


Stage 1 Nozzles HGPI 1 (HGPI)(2) 1 (HGPI)(2)


Stage 2 Nozzles HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Nozzles HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 2 Shrouds HGPI 2 (HGPI) 2 (HGPI)


Stage 3 Shrouds HGPI 3 (HGPI) 3 (HGPI)


Stage 1 Buckets HGPI 1 (HGPI)(2) 1 (HGPI)(2)


Stage 2 Buckets HGPI 1 (HGPI)(2) 1 (HGPI)(2)


Stage 3 Buckets HGPI 1 (HGPI)(2) 1 (HGPI)(2)


Note: Repair/replace cycles reflect current production hardware, unless otherwise noted, and operation in


accordance with manufacturer specifications. They represent initial recommended intervals in the absence of


operating and condition experience. For factored hours and starts of the repair intervals, refer to Figure 44.


CI = Combustion Inspection Interval


HGPI = Hot Gas Path Inspection Interval


(1) Blank and liquid fuel cartridges to be replaced at each CI


(2) 1 HGPI replacement interval for currently shipping units. Older units may have extended lives. 


Consult your GE Energy Services representative for unit specific recommendations.
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E) Boroscope Inspection Ports


Figure E-1. Borescope inspection access locations for 6F machines


Figure E-2. Borescope inspection access locations for 7/9F machines
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F) Turning Gear/Ratchet Running Guidelines


Scenario Turning Gear (or Ratchet) Duration


Following Shutdown:


Case A.1 – Normal. Restart anticipated for >48 hours


Case A.2 – Normal. Restart anticipated for <48 hours Continuously until restart. Rotor unbowed.


Case B – Immediate rotor stop necessary. (Stop >20 minutes)
Suspected rotating hardware damage or unit malfunction


None. Classified as bowed.


Before Startup:


Case C – Hot rotor, <20 minutes after rotor stop 0–1 hour(3) 


Case D – Warm rotor, >20 minutes & <6 hours after rotor stop 4 hours


4 hoursCase E.1 – Cold rotor, unbowed, off TG <48 hours


6 hoursCase E.2 – Cold rotor, unbowed, off TG >48 hours


Case F – Cold rotor, bowed 8 hours(4)


During Extended Outage:


Case G – When idle


(1) Time depends on frame size and ambient environment.
(2) Cooldown cycle may be accelerated using starting device for forced cooldown. Turning gear, however, is recommended method.
(3) 1 hour on turning gear is recommended following a trip, before restarting. For normal shutdowns, use discretion.
(4) Follow bowed rotor startup procedure. See Operation and Maintenance Manual. 
(5) Avoids high cycling of lube oil pump during long outages. 


Until wheelspace temperatures <150F.(1) Rotor classified as  
unbowed. Minimum 24 hours.(2)


1 hour/day


Case H – Alternative No TG; 1 hour/week at full speed (no load).(5)


Figure F-1. Turning Gear Guidelines
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I. GENERAL


This specification is for the several types of liquid fuels suitable for use in the General Electric heavy duty
gas turbines with firing temperatures of 1600°F (870°C) or higher. It is intended as a guide for users of these
turbines for the procurement, use, and where necessary, treatment of fuels.


The fuel 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 his installation. These latter properties are
related to fuel storage and handling and local safety and environmental codes.


All of the fuels covered in this specification shall be hydrocarbon oils free from organic acids and free from
excessive amounts of solid, fibrous or other foreign matter likely to make frequent cleaning of suitable filters
necessary. The fuels shall be stable over storage and shall be compatible with other fuels with which they
could normally be mixed.


Procurement of the fuel to specifications is only the first step to successful heavy duty gas turbine operation.
Further steps required 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 standards for turbine inlet air, and water requirements for installations which employ either steam
or water injection in their cycles. These have been included since the total contaminants entering the turbine
must be considered.


II. FUEL CLASSIFICATION AND OPERATIONAL CONSIDERATIONS


Liquid fuels applicable to heavy duty gas turbines range from petroleum naphthas to residual fuels. Within
this range, 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 summarizes the general types of liquid fuels in 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.


III. FUEL SPECIFICATIONS


The required physical and chemical properties of the four classes of liquid fuels are detailed in 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 allowable limits are specified for five critical trace metal contaminants: sodium, potassium, vana-
dium, lead and calcium. General Electric heavy duty gas turbines will operate at levels higher than those spe-
cified in Table 2; however, increased maintenance of hot gas path parts may result. Therefore, it is required
that the General Electric Gas Turbine Division be consulted for fuel treatment recommendations when the
analysis of the fuel as delivered to the gas turbines exceeds the levels indicated. Fuels outside of the specified
limits of certain physical properties may 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 Fuels in Table 2 are divided into two types: l) Crudes and Blended Residual Fuels, and 2)
Heavier Residual Fuels. The heavy-duty gas turbine will operate satisfactorily on both types, although fuel
treating and heating requirements and stack particulate emission levels will generally be less for the first type
(Crudes and Blended Residual Fuels).


Table 1 - Comparison of Liquid Fuels and Some Hardware Requirements


True Distillates Ash-Bearing Fuels


Fuel Type Light Heavy Blended
Residual Fuels


Crudes and
Blended 
Residual Fuels


Heavier 
Residual Fuels


General Properties
Ash Content
Viscosity
Volatility


Trace
Low
High/Medium


Trace
Medium
Medium


Low/Medium
Wide Range
Wide Range


High
High
Low


Nearest ASTM Type*
Gas Turb., D2880
Burner, D396
Diesel, D975


0-GT, 1-GT
2-GT
1, 2
1-D, 2-D


3-GT


(4)
(4-D)


3-GT


4, 5
4-D


4-GT


6
—


Explosion-Proofing Refer to applicable
codes


Refer to applicable
codes


Refer to applicable
codes


Refer to applicable
codes


Start-Up Fuel Required With very light
fuels


Some fuels Nearly always Always


Fuel Pretreatment Usually none Usually none Nearly always Always


Fuel Preheating Some in cold 
locations


Nearly always Nearly always Always


Fuel Filtration Always Always Always Always


Fuel Combustion 
Atomization


Low pressure air Low pressure air Low or high 
pressure air


High pressure air


Combustor Standard fuel Standard fuel Heavy fuel Heavy fuel


Turbine Cleaning 
Capability


Not Required Not Required Required Required


* Book of ASTM Standards, parts 23 and 24
Note: The considerations listed in this table are not all-inclusive.
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Table 2 - Liquid Fuel Specifications


True Distillates 
(b)


Ash-Bearing Fuels
(b)


Appli-
cability


Property Point of
Applica-


bility
(a)


ASTM
Test 


Method
(c)


Light Heavy Crudes
and


Blended
Residual


Fuels


Heavier
Residu-
al Fuels


3.1 Gas
Turbine
Require-
ments


Kin. Viscosity, cSt, 100°F (37.8°C), min
Kin. Viscosity, cSt, 100°F (37.8°C), max (e)
Kin. Viscosity, cSt, 210°F (98.9°C), max (e)
Specific Gravity, 60°F (15.6°C), max
Flash Point, °F(°C), min (g)
Distillation Temp. 90% Point, °F(°C), max
Pour Point, °F(°), max


Delivery
Delivery
Delivery
Delivery
Delivery
Delivery
Delivery


D445
D445
D445
D1298
D93
D86
D97


.5(d)
5.8
—


Report
Report


650(338)
0 (-18) or


20 (7)
below
min. 


ambient


1.8
30
4


Report
Report
Report


Report


1.8
160
13
.96


Report
—


Report


1.8
900
30


.96(f)
Report


—


Report


Hydrogen, Wt %, min (k)
Carbon Residue, Wt. % (10% Bottoms) max


Direct Pressure Atomization
Carbon Residue, Wt. % (100% Sample) max


Air Atomization, Low Pressure
Carbon Residue, Wt. % (100% Sample),


Air Atomization, High Pressure


Delivery
Delivery


Delivery


Delivery


(i)
D524


D524


D524


Report
.25


1.0


—


Report
—


1.0


—


Report
—


1.0


Report


Report
—


—


Report


Ash, ppm, max
Trace Metal Contaminants, ppm, max (h)


Sodium plus Potassium
Lead
Vanadium (untreated)
Vanadium (treated 3/1 wt. ratio Mg/V)
Calcium
Other Trace Metals above 5 ppm


Combustor
Combustor


D482
(i)


50


1
1
.5
—
2


Report


50


1
1
.5
—
2


Report


Report


1
1
.5


100
10


Report


Report


1
1
.5


500
10


Report


The specifications below apply only when specific environmental codes exist


3.2 En-
viron-
mental
Code


Related
Require-
ments


Sulfur, Wt. %, max
Nitrogen, Wt. %, max


Hydrogen, Wt. %, min.


Ash plus Vanadium, ppm, max.


Delivery
Delivery


Delivery


Delivery


D129
(i)


(i)


(i)


Compliance to any applicable codes.
Fuel-bound nitrogen may be limited to
meet any applicable codes on total NOx
emission.
Minimum hydrogen level may be necessary
to meet any applicable stack plume opacity
limits (k).
Ash plus vanadium content of ash-bearing
fuels may be limited to meet applicable
stack particulate emission codes (l).
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NOTES TO TABLE 2


a. The fuel 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 fuels within each general type are discussed in Appendix A.


c. ASTM Book of Standards, Parts 23 and 24.


d. In the viscosity range of 0.5 cSt to 1.8 cSt, special fuel pumping equipment may be required.


e. The maximum allowable viscosity at the fuel nozzle is 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 limits by 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 distillate.


g. The fuel must comply to all applicable codes for flash point.


h. A total ash less than 3 ppm is acceptable in place of trace metal analysis.


i. No standard reference tests exist; methods used should be mutually acceptable to General Elec-
tric and the user.


j. Water content of crude oils should be reduced to the lowest level practical consistent with capa-
bility of available fuel 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 is set both to control flame radiation in the combustor and to limit
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.


l. Local codes on total stack particulate emissions may set an upper limit on the sum of the ash
(non-filterable) in the original fuel plus the vanadium content. The vanadium together with the
required magnesium inhibitor may be a major contributor to total stack particulate emissions.
In estimating these emissions for comparison with the code, all of he following sources may
have to be considered: vanadium, additives, fuel ash and total sulfur in the fuel; non-combus-
tible particulates in the inlet air; solids from any injected steam or water; and particles from in-
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complete fuel combustion. Where an estimate of stack particulate emissions is required, Gener-
al Electric should be consulted.


IV. FUEL HANDLING AND TREATMENT


A. True Distillate Fuels


Light true distillate fuels normally have sufficiently low pour points that preheating is not required under
most ambient conditions. Heavy true distillates, on the other hand, may have high pour points due to 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.


True distillate fuels as refined have low 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-organisms tend 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-
nants in 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 slugs.


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 where it is necessary to: l) raise the fuel temperature sufficiently above its pour point
to allow 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 oils and is nearly always necessary with
residual oils to 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
because it is present in the fuel in a complex oil-soluble form. The corrosive action can be inhibited by
adding an approved magnesium additive to the fuel to provide a minimum 3 to 1 weight ratio of magne-
sium to vanadium. It is also recommended that this ratio not exceed 3.5 to 1 in order to minimize deposi-
tion.


Periodic cleaning of deposits from turbine hot gas path section is generally necessary when high ash con-
tent fuels are used. Cyclic operation of the turbine may remove some the 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


Contaminants in air can cause erosion, corrosion and fouling of the compressor. These contaminants can
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
HCl 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., sea salt, salt particles, carry-over of treatment
chemicals used 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, the total of Na, K, V and Pb should not exceed 0.005
ppm by weight in air. If it is anticipated that this level will be exceeded, General 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 is used for NOx control or steam that is injected to augment output should not contain
impurities which cause hot section deterioration or deposits. Specifically, the total 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 limits in the fuel should be con-
trolled such that the total concentration equivalent in the fuel (from both sources) conforms to the limits
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


The total 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 contaminants in the
fuel alone, assuming all are equally effective:
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�A
F
� XA � �S


F
� XS � XF � [ Equivalent contaminants in fuel alone]


 


where:


A
F


� air-to-fuel mass flow ratio


S
F


� steam�water-to-fuel mass flow ratio


XF � contaminant concentration(weight) in fuel (ppm)


XA � contaminant concentration(weight) in inlet air (ppm)


XS� contaminant concentration(weight) in injected steam�water (ppm)


VI. FUEL AND ADDITIVE EVALUATION AND SAMPLING


A. Fuel Evaluation Procedure


A supplier’s fuel 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 services are 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


The fuel properties outlined 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 a later date the user desires to use a fuel outside of the original agreed-upon
limits, he should inform the General Electric Company in writing. He should supply a complete analysis
for evaluation and requalification in a similar manner as outlined above.


C. Additive Qualification


Additives used in gas turbine fuels such as vanadium inhibitors, desalting demulsifiers, bacterial growth
retardants or smoke suppressants must meet the approval of the General Electric Gas Turbine Division.
One critical requirement of an additive is that it has a low trace metal content (sodium, potassium, vana-
dium, calcium and lead), so that the inhibitor does not add these contaminants to the fuel.


VII. FUEL DESCRIPTIONS


A. True Distillates


1. Light True Distillates


Naphtha  -  A light volatile fuel with a boiling range between gasoline and Light Distillate. The lower
flash point and higher volatility require special safety considerations. Its very low viscosity may re-
sult in poor lubricity.
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Other Names:
JP-4, Jet B
O-GI 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 Fuel
1-D Diesel Fuel 
JP-5, Jet A
Range Oil, Lamp Oil


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 Oil 
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 Diesel Fuel


2. Heavy True Distillate


An essentially ash-free petroleum distillate with the highest boiling range. Heavy True Distillate has
had limited and localized availability, frequently being a refinery by-product. This fuel may require
heating for handling and forwarding due to high pour point. It may also be more difficult to atomize
for optimum combustion.


Other Names:
Heavy Gas Oil 
Navy Standard Distillate


B. Ash-Bearing Fuels


1. Crudes and Blended Residual Fuels


Crudes - Crude oils from different geographical areas vary widely in levels of trace metal contami-
nants, ash, sulfur and wax and in such physical properties as viscosity, 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 0 to 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 levels to meet applicable codes. Vanadium
contents are in the 5 ppm to 100 ppm range normally. These fuels require complete fuel treatment.


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


2. Heavier Residual Fuels


Residual Fuels - These are low volatility petroleum products remaining at the end of all various re-
finery distillation processes. As such they contain nearly all 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 fuels may have been blended with low cost distillates to lower the sulfur content
and/or reduce the viscosity to insure pumpability.


All residual fuels require heating for pumping, filtering and proper air atomization at the fuel nozzle.
Residual fuels all 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. Fuel
Marine Fuel Oil


VIII. 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 gas turbine fuel han-
dling, fuel treatment and combustion systems.
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A. Ash and Trace Metal Contaminants


Ash-forming materials may be present in a fuel as oil-soluble organometallic compounds, as water solu-
ble salts in water dispersed in the fuel or as solid foreign contaminants. The most common ash-forming
elements which can be present in fuels are aluminum, calcium, iron, magnesium, nickel, potassium, so-
dium, silicon and vanadium. Ash-forming materials are present to varying degrees in crude oils depend-
ing on their geographical source. They are concentrated in the residual fractions during the refining pro-
cess, leaving the light distillates 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.


Gas turbine operating experience has shown that some of the ash-forming substances that may be present
in the fuel can lead 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 (l) 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.


In light distillate fuels, the total ash content is usually very small, and trace metal contamination is essen-
tially a sodium (salt) problem. There are also usually traces of lead and calcium and smaller traces of
potassium and vanadium. It is advantageous to purchase fuel within the specified contaminant limits and
to maintain this quality during transportation, handling and storage. On-site desalting by contaminated
water removal or by fuel washing of distillate fuels with relatively high sodium levels is required to keep
corrosion of the hot gas path and the fuel system components such as flow dividers and fuel pumps at
a very 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 also be significant and
require the addition of a magnesium-base inhibitor to establish a ratio of 3 parts of magnesium to 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/lV). Due to
the less favorable physical properties of residual fuels, it is not possible to consistently reduce the sodium
to the low levels obtainable in light crudes and distillates. The higher sodium levels in treated residual
fuels result 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 fuels and is
somewhat beneficial in that it tends to neutralize vanadium corrosion in much the manner of magnesium.
Residual fuels contain harmless aluminum, iron and silica as 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 occurs in fuels as combustible organic compounds yielding 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 a fuel 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 levels in the fuel.
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Gas turbine installations utilizing exhaust heat recovery equipment could have metal temperatures be-
low the dewpoint of sulfuric acid, and in these cases it 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 level of liquid fuels is regulated in many localities as a means of controlling the emission of
sulfur oxides in the exhaust gases.


Crude oils burned directly as fuels may also contain active sulfur in the form of hydrogen sulfide or mer-
captans. These substances, especially in the 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 a hydrocarbon fuel is a critical factor in controlling stack smoke lev-
els. In general, the higher the hydrogen content in a liquid fuel the lower the smoke level will be. As an
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 a weighed amount of fuel.


E. Carbon Residue


Carbon residue is measured as the residue remaining when a fuel sample is completely distilled in a stan-
dard apparatus. To obtain measurable residue with light distillates, the fuel is first distilled to remove
90% (ASTM Method D86) by volume, and then the carbon residue is determined on the “10% Bottoms.”


One effect of a high carbon residue is carbon formation near the fuel nozzle. To control this, air atomiza-
tion is used in the combustion of all but the lightest fuels, high pressure air being required for the heaviest
fuels.


F. Water and Sediment


Water and sediment in a fuel oil tend to cause fouling of the fuel handling facilities and the gas turbine
fuel system. Accordingly they should be kept at as low a value as practicable and always within the maxi-
mum values shown in this specification.
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The sediment in fuel can be gums, resins, asphaltic materials, carbon, scale, sand or mud. It is mainly
a problem in residual fuels. Very few distillate fuels leave the refinery with more than 0.05% water and
sediment. However, poor handling practices can unnecessarily raise this level, 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.


Gas turbines are normally equipped with high capacity 5 micron filters. Since there are practical limits
to the efficiency of filtration systems, a fraction 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
limits to insure that the suction is always some distance from the bottom to avoid the water and sediment
that collects there. The operator should drain the bottom of the tank periodically to reduce the accumula-
tion and the risk of contamination. Automatic water drainage systems are preferred.


G. Filterable Dirt


Filterable dirt is essentially the suspended solid particulate matter in a distillate fuel which can cause fuel
filter maintenance problems. It is measured as the weight of solids held on a low porosity filter during
the filtration of a given volume of fuel.


H. Viscosity


The viscosity of fuel is a measure of its resistance to flow. It is important 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
centistokes for high-pressure air-atomizing systems. When these limits are 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
these viscosity limits at the fuel nozzle are met under all ambient conditions. In all cases the fuel at initial
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
a minimum viscosity as low as 0.5 cSt at 100°F (37.8 °C).


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


I. Pour Point


The pour point of a fuel is the temperature at which it will barely flow under standard conditions, and
it is significant in connection with fuels that 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 a result of partial separation of wax (wax
pour) or by congealing of hydrocarbons (viscous pour) comprising the oil.
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A waxy fuel must be maintained at a high enough temperature to ensure that all of the wax is in 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.)


J. Fuel Gravity


The specific gravity is not a critical property of gas turbine fuels. Within a given fuel type it can indicate
the chemical composition of the hydrocarbons. As an example, a distillate with a low specific gravity
will be largely paraffinic whereas a high specific gravity will be more aromatic. The latter would have
a greater tendency to smoke with other factors being equal.


Gravity can have an economic significance where the fuel 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 petroleum industry it is customary to use API gravity instead of specific gravity for convenience
since the API 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).


API � � 141.5
Spec. Grav.


�� 131.5


 


Some typical examples are:


Specific Gravity API Gravity


Water 1.00 10.0


Kerosene 0.78-0.83 50-39


No. 2 Distillate 0.82-0.86 41-33


Crudes and Blends 0.80-0.92 45-22


Residual Oils 0.92-1.05 22-3


K. Distillation


The heavy duty gas turbine is 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 vapors in the fuel lines.


Very high end-point fuels, approximately 1000°F (538°C), can have excessive traces of vanadium which
have distilled over. For this reason pure distillate usually would have a maximum end point specification.
(This is also prevented by setting a maximum vanadium level.)
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L. Flash Point


The flash point of a fuel is the temperature at which fuel vapors will flash when ignited by an external
flame.


The flash point is regulated for safety in fuel handling and storage. By itself it is not critical to turbine
operation although it can affect the requirements for auxiliary equipment such as motors, relays, heaters,
etc.


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


Explosion-proofing of equipment may be required 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 sludge. This can occur in the fuel nozzle area and in fuel heaters especially if the
heater surface is far hotter than the surrounding oil. This polymerization to form deposits is a time–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 requirements. The maximum allowable temperature specified is 275°F
(135°C).


N. Compatibility


Mixing certain residual type fuels with dissimilar residual fuels or diluting residual type fuels with cer-
tain distillates may result in the formation 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.


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


When the separation of residue occurs, it is usually in those residual fuels which have a heavy asphaltene
fraction present as a collodial mestastable gel; such as those which have had an intensive heating history
during refining. The nature of a solvent used for dilution (blending) is also 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 is to make a 50-50 mixture of two oils and then subjecting the
mixture to a thermal stability test. A simple screening test is the ASTM D2781, “Compatibility of Fuel
Oil Blends by Spot Test.”


ASTM Specifications do not specify this property, again because it has not been the practice of the oil
suppliers to make this test. These specifications do not call for the test on the light distillate oils because
it is very rare that they encounter compatibility difficulties with one another. However, for the heavier
oils, it is necessary to start up and shut down the gas turbine on a light distillate oil; therefore, it is advis-
able to test the compatibility of the heavy oil/distillate mixture.
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O. Cetane Number


Cetane number is an index of the burning quality of fuel in a diesel engine. It is specified only when the
turbine fuel is also used in a diesel starting engine.


Cetane number is most accurately measured in a special test engine, but a reasonably accurate value can
be obtained from a correlation between the specific gravity and the 50% distillation point.


IX. FUEL ANALYSIS DATA REQUIREMENTS


To evaluate a liquid fuel for gas turbine application certain physical and chemical data are required. Basic
specification requirements are given in Table 2, Section 3. Certain other data are needed for engineering pur-
poses. Table 3 is a list of required data. Following is pertinent information on some of the analytical tests.


A. Sampling


Since analyses of small traces of metals are involved, and since some tests use small amounts of sample,
it is very important that the fuel sample is uniform and representative of the fuel as received by the user
or shipped by the supplier. If the fuel is taken from a container, 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 cans with 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 is the High (Gross) Heating Value, where the water produced is condensed.
The Low (Net) Heating Value is obtained by calculation from the Higher Heating Value by one of several
methods including ASTM D 1405 and D240. The latter requires an accurate value for 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; the two
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), the lower temperature should be 122°F (50.0°C). For pour points between 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, it is
better to ash the fuel and run the spectrometric analysis on an aqueous solution 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 oils and heavy true distillates should be tested to determine the minimum fuel temperature re-
quired to keep all of the wax in solution.


One approach is to remove the wax from the fuel and then to determine its melting point, which repre-
sents the maximum solution temperature. There is no 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 crystals which are filtered out
at low temperature.


An instrumental procedure which measures the wax solution temperature directly on the fuel is Differen-
tial Scanning Calorimetry (DSC). This method is still being developed and has not yet been successful
with all 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 ASTM Method (1) Measured Value


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)
Distillation Range (Not on Residuals)


Carbon Residue, Wt. %
Sulfur, Wt. % (Very Light Distillates)
Sulfur, Wt. % (All Other Fuels)
Hydrogen, Wt. %
Nitrogen, Wt. %
Total Ash (2), ppm


D240
D445
D445
D445
D1298
D1298
D97
D98
D86


D524
D1266
D129


D482


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


°
°
°
°
°
°
°
°
°
°
°
°
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Table 3 – Fuel Analysis Data (Cont’d)


Trace Metals, ppm (2)
Sodium
Potassium
Vanadium
Calcium
Lead
Other Metals Over 5 ppm


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


D1796
D95
D2276


D975


(1) Book of ASTM Standards, Part 17
(2) A total ash less than 3 ppm is acceptable in place of trace metal analysis
(3) Wax data only on crudes and heavy distillates
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GEK 101944b Requirements for Water/Steam Purity in Gas Turbines


I. INTRODUCTION


This document provides the requirements for water/steam purity for injection into all GE gas turbines ex-
cept Classes FB or H. Impurity limits for water and steam injection into FB and H gas turbines, specified
in GEK 107230, are more stringent than the limits in this document.


Water and/or steam is injected into the combustion system for NOx control and/or power augmentation, in
quantities comparable to fuel flow rates, and must meet strict criteria for purity similar to those required
for gas turbine fuels. Furthermore, water/steam chemistries must be compatible with the materials used in
the piping that bring the fluids to the turbine.


Water/steam, fuel and air all carry contaminants that can cause serious damage to hot gas path components
if the levels at which they are present are not controlled. This document identifies the contaminant limits
for water/steam entering gas turbines. Ultimately, the total contaminant loading allowed is determined by
the fuel specifications (GEl 41047H, for liquid fuel, and GEI 41040G, for gas fuel), which identify all
contaminants entering a gas turbine from all sources. The concern for any contaminants entering the hot
gas path is two-fold: 1) will they cause hot corrosion, as for example do sodium and potassium salts, and
2) will they cause deposits, as for example, do calcium salts and silica.


Water also enters gas turbines with the compressor air. This may occur naturally as from water ingestion
in coastal or marine locations, or from rain, or from water produced when humid air is cooled below its
dew point at the compressor inlet and a fog develops. Finally, water can enter a compressor as a result of
carryover from such devices as moisture separators or evaporative coolers. Discussion of inlet air treatment
is discussed in GER 3419. The effects of water on compressor materials are discussed in GER 3601. The
water purity requirements for evaporative coolers are separate from the water quality requirements for water
injection and are given in GEK 107158a.


Of course, water of evaporation adds no contaminants to the incoming air, but carry-over water adds to the
contaminants contained in the air/water/fuel stream.


Additional sources of water-born contaminants that enter the turbine are referenced in the following-doc-
uments: compressor and turbine washing (GEK 107122, GEl 41042 or GEK 103623), and water for dis-
solving Epsom salt, the heavy fuel vanadium inhibitor (GEK 28122).


II. INJECTION WATER/STEAM SPECIFICATION


The maximum total dissolved solids plus total suspended solids of injected steam or water (or a mixture)
must be less than 5 ppmw. In addition, specific limits on impurities that could damage hot section compo-
nents are applied.


All flows (air, water/steam, and fuel) into the turbine contribute to the contaminants in the combustion
gases, and hence to corrosion and deposits in the hot gas path. The allowable purity of water/steam for
gas turbine injection is thus dependent upon the level of impurities in the fuel. Table 1 specifies the limits
of the impurities in the air/water/fuel mixture that enter the combustors. Equation 1 provides a means of
determining the total impurities in combustion gas mixture if the impurity contents of air, water/steam and
fuel and their respective flow rates are know. Using the limits in Table 1 and Equation 1 to calculate the
total impurity limit, one determines the maximum impurity limits for the water/steam.


Equation 1. (A / F) Xa + (W / F) Xw + Xf = Total air+water/steam+fuel contamination
(ppmw), referred to the fuel concentration.
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where A, W, F are air, water and fuel flows (lbs/sec), respective; and Xa, Xw, Xf are air, water and fuel
contaminant concentrations (ppmw), respectively. Examples of this calculation are shown in Appendices
A and B.


Standard analytical methods for water and steam analysis are given in Table 2. Although no standard
method exists for sampling compressor air, EPA 40 CFR 50 gives a number of methods for sampling par-
ticulate. Chemical analysis would be according to EPA 200.7 for particular contaminants.


If fuel purity is not known then the water purity equivalent to clean boiler condensate (with less than 0.2
µS/cm cation conductivity and less than 0.02 ppmw alkali metals) or demineralized make-up water (with
less than 0.2 µS/cm specific conductivity and less than 0.02 ppmw alkali metals) is required. The injected
steam must meet the requirements of GEK 98965. Volatile additives such as ammonia, morpholine, or
cyclohexlamine are permitted for condensate pH control of the source of the steam. These additives do not
add to the alkali burden of the turbine, and will not accumulate in piping, valves, etc.


Water treated with sodium compounds for pH or oxygen control should not be used for injection into gas
turbines or for attemperation of steam used for injection into gas turbines. Such water can lead to high
sodium in the air/water/fuel mixture and cause corrosion of the hot gas path components. It may also lead
to stress corrosion cracking of piping equipment. It should be appreciated that very dilute solutions of some
additives become concentrated during operation, through stagnation and evaporation.


This is especially true of NaOH. Attemperation water, containing NaOH, has produced caustic deposits in
316 stainless steel flex hose by evaporation, resulting in cracking. Units in which this has occurred have
reported fuel nozzle deposits, first stage nozzle deposits, and bucket corrosion.


Deposit formation in the turbine from contaminants in injection water is also a concern. In demineral-
ization ion exchange systems, a special situation may arise in the case of silica. Silica absorbed by the
anion exchanger may not be completely removed during regeneration causing it to accumulate. Eventu-
ally, leakage will occur, allowing silica discharge into the effluent and into the turbine. Such occurrences
have led to combustion liner hole plugging and forced outages. Prevention of silica breakthrough requires
longer regeneration times at higher temperatures, and effluent monitoring. Ion exchange manufacturers
should be-consulted. Another problem arises if silica is present in a colloidal form. In this form it can pass
through ion exchangers and it cannot be detected by conductivity measurements. Water treatment experts
should be consulted. They can make recommendations concerning proper treatment.


III. APPLICABLE REFERENCE DOCUMENTS


GEl 41047H Gas Turbine Liquid Fuel Specification
GEl 41040G Process Specification, Fuel Gases For Combustion in Heavy-Duty Gas Turbines
GER 3419 Gas Turbine Inlet Air Treatment
GER 3601 Gas Turbine Compressor Operating Environment and Material Evaluation
GEl 41042 Gas Turbine and Compressor Cleaning
GEK 103623 Gas Turbine Compressor Washing
GEK 28122 Specification For Magnesium Sulfate For Gas Turbine
GEK 98965 Steam Purity For Industrial Turbines
GEK 107158a Water Supply Requirements for Gas Turbine Inlet Air Evaporative Coolers
Nalco Water Handbook, Frank N. Kemmer, Editor, McGraw-Hill, Second Edition, 1988
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Table 1. Trace Metal Contaminant Specification Maximum Limits, All Sources


Contaminant Contaminant Limit (ppmw) Referred
to the Fuel(1)


Sodium plus Potassium 1.0


Lead 1.0


Vanadium 0.5


Calcium 2.0


(1) The tabulated limits in parts per million by weight (ppmw) are for A / F = 50. For other A / F
ratios multiply the tabulated limits by ((A / F + 1) / 51). The total contamination referred to the fuel
from all sources is determined from Equation 1.


Table 2. Standard Analytical Methods for Water/Steam


Method


Trace Metals:
Sodium plus Potassium(1)


Calcium


EPA 200.7
EPA 200.7


Total Solids:
Total dissolved solids
Total suspended solids


EPA 160.1
EPA 160.2


(1) Other metals not normally encountered in water/steam but found in fuel oils, such as vanadium and
lead, or other alkali metals such as lithium, are also to be included.
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APPENDIX A


Water and Steam Purity Calculations to Determine if Water Purity is Adequate


Liquid Fuel with Water Injection with water/fuel ratio of 0.5 and air/fuel ratio of 50.


Example Liquid fuel impurity
content


Example Air Impurity Content Example Water Impurity Content


Na + K 0.5 ppmw Na+K 0.001 ppmw Na+K 0.25 ppmw


Lithium 0.05 ppmw Ca 0.002 ppmw Ca 1.5 ppmw


Lead 0.2 ppmw Si 0.002 ppmw


Vanadium 0.1 ppmw


Calcium 0.5 ppmw


Na+K (incl. other alkali metals):


Required: (A / F) Xa + (W / F) Xw + Xf <= 1.0 ppmw Na+K


Measured: (50)( 0.001) + (0.5)( 0.25) + (0.55 Na+K + 0.05 Li) = 0.73 ppmw Na+K+Li


The sodium plus potassium content of the water meets the requirement.


V:


Since there is no V content in the water, the water meets the requirement.


Ca:


Required: (A / F) Xa + (W / F) Xw + Xf <= 2.0 ppmw Ca


Measured: (50)( 0.002) + (0.5)( 1.5) + 0.5 = 1.25 ppmw Ca


The calcium content of the water meets the requirement.
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APPENDIX B


Water and Steam Purity Calculations to Establish Maximum Water Limits


Liquid Fuel with Water Injection with water/fuel ratio of 0.5 and air/fuel ratio of 50.


Example Liquid fuel impurity content Example Air Impurity Content


Na + K 0.5 ppmw Na+K 0.001 ppmw


Lithium 0.05 ppmw Ca 0.002 ppmw


Lead 0.2 ppmw Si 0.002 ppmw


Vanadium 0.1 ppmw


Calcium 0.5 ppmw


Na+K limit (incl. other alkali metals):


(A / F) Xa + (W / F) Xw + Xf = 1.0


Xw =(F/W)(1.0-(A / F) Xa- Xf)


Xw = (2)(1.0-50*0.001-0.50-0.05) = 0.8 ppmw Na+K


The maximum limit of Na + K plus other alkali metals in injected water is 0.8 ppmw.


V limit:


(A / F) Xa + (W / F) Xw + Xf = 0.5


Xw =(F/W)(0.5-(A / F) Xa- Xf)


Xw = (2)(0.5-0.1) = 0.8 ppmw V


The maximum limit of V in injected water is 0.8 ppmw. (V is not usually found in water)


Ca limit:


(A / F) Xa + (W / F) Xw + Xf = 2.0


Xw =(F/W)(2.0-(A / F) Xa- Xf)


Xw = (2)(2.0-50*0.002-0.5) = 2.8 ppmw Ca


The maximum limit of Ca in injected water is 2.8 ppmw.
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PH-1.
 
Regarding the questions or concerns that they have and need answers are the comments made in
the email below from Ana Ayala (written in blue), initially that is what they are looking to be
answer in the meeting.
Let me know if you need something else.
 
Have a nice day

Iker Candina

Director de Proyectos

Av. Francisco de Miranda

con 4ta Av. de Campo Alegre.

Torre Kyra. PH-1.

Caracas, Venezuela 1060.

Tel: +58 212 206 8411

Fax: +58 212 206 8475

Mobile: +58 414 766 6656

 

De: Carlos Montoya [mailto:pdi.carlosmontoya@laedc.com.ve] 
Enviado el: Tuesday, August 10, 2010 1:40 PM
Para: Orlando Urdaneta; Iker Candina
CC: Jose Ortiz; Juan Camafeita; Ana Ayala; Daniel Hrlic; Luis Fonseca; Víctor López; Pedro Vallejos;
Manlio Monticelli; Jose Aron Castillo; Maria Vilchez; omerf@inelmeca.com; ramonb@inelmeca.com;
tomasd@inelmeca.com
Asunto: RE: RV: EDC Margarita Dual Fuel Modification
 
Estimado Iker:
 
Según nuestra conversación telefónica, te agradecería confirmaras por esta vía, una reunión de
acuerdo a la nota abajo expuesta, cuya fecha tentativa sería para el lunes 23 de agosto en Caracas,
dando tiempo a que organices al personal Americano que vendría. Por favor tomar en cuenta las
dudas abajo planteadas.
 
Muchas gracias y cualquier cosa no dudes en comunicarte
 
Saludos
 
Ing. Carlos Montoya
Lider de Proyectos Mecánicos y Procesos
Proyecto AGM
G.F. Ingeniería y Proyectos

  C.A. La Electricidad de Caracas



CORPOELEC
Telf: (0212) 2845253-ext 204
        (0414) 0229300
Email: cm102@laedc.com.ve
 
 

De: Orlando Urdaneta [mailto:ourdaneta@gtme.com.ve] 
Enviado el: Lunes, 09 de Agosto de 2010 04:43 p.m.
Para: Iker Candina
CC: Jose Ortiz; Carlos Montoya; Carlos Montoya; Juan Camafeita; Ana Ayala; Daniel Hrlic; Luis Fonseca;
Víctor López; Pedro Vallejos; Manlio Monticelli; Jose Aron Castillo
Asunto: Fwd: RV: EDC Margarita Dual Fuel Modification
 
Buenas tardes Iker, la presente es para solicitarte una reunión entre el equipo de ingeniería
(mecánica y procesos) de DERWICK y GTME, donde contaremos con el apoyo de
EDC/INELMECA para conciliar los criterios de ingeniería que afectan las bombas de
combustible líquido a turbina y las de agua desmineralizada.
 
En el correo siguiente emitido por Ana Ayala se exponen algunas dudas o preguntas de
importante aclaratoria, que considero como mejor vía tratarlas en una reunión de trabajo que
permita a las partes definir sus esquemas y agilizar procesos de compra. Mucho te
agradecería la celeridad al respecto y dejo a tu elección el lugar y hora de la reunión.
 
Saludos ...
Orlando Urdaneta

---------- Mensaje reenviado ----------
De: Ana Ayala <ana.ayala@vepica.com>
Fecha: 4 de agosto de 2010 15:15
Asunto: RE: RV: EDC Margarita Dual Fuel Modification
Para: Orlando Urdaneta <ourdaneta@gtme.com.ve>
Cc: Juan Camafeita <juan.camafeita@vepica.com>

Buenas días Orlando.
Hemos revisado la información suministrada por Derwick sobre su propuesta para las bombas de
suministro de combustible líquido y agua desmineralizada a las unidades turbogeneradoras GE
MS7001EA de la PJBA.  Al respecto nuestros comentarios:
 
Bombas de combustible limpio a turbogeneradores I y II
En primera instancia, y basados en el Preliminary General Flow Diagram suministrado (DWG N°
409-2956-GFL Rev. 0), las bombas de combustible limpio a los turbogeneradores son las denotadas
como Liquid Fluel Forwarding Skid #1 and #2 (denominadas en nuestra ingeniería como las bombas
P-1004 A/S y P-1005 A/S).  Luego en el documento Preliminary Liquid Fuel Forwarding Pump Skid-
7EA General Arrangement (DWG N° SLFFPD7EA-900 Rev. B) se aprecia el skid constituido por
dos bombas en paralelo que presumimos sea 1 en operación y 1 en stand by, lo cual aplicaría el skid
ahí mostrado para los Skid #1 y #2 señalados en el General Flow Diagram.

1.      Según se indica en el documento Dual Fuel System – Scope of Work las bombas son capaces de
manejar un caudal máximo de 150 gpm cada una, y según nuestros cálculos se requiere 142 gpm, por
lo que las bombas propuestas por Derwick si pueden manejar el combustible requerido para cada
turbogenerador.

2.      En base al mismo documento antes señalado, y en relación a las presiones de descarga de las
bombas se aprecia que las propuestas descargarían a una presión máxima de 75 psi, y lo requerido
según nuestra hidráulica es 106 psi.  Cabría consultarles a Derwick cuál sería la descarga de sus

mailto:ana.ayala@vepica.com
mailto:ourdaneta@gtme.com.ve
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bombas para vencer unas pérdidas de presión a lo largo de una tubería de 4” y 512 mts de longitud
para entregar a los turbogeneradores el combustible a la presión requerida en la cámara de
combustión.

 
Bombas de agua desmineralizada a turbogeneradores I y II
De igual manera, y basados en el Preliminary General Flow Diagram suministrado (DWG N° 409-
2956-GFL Rev. 0), las bombas propuestas son denotadas como Demin Water Forwarding Skid #1
and #2 (denominadas en nuestra ingeniería como las bombas P-0403 A/B/C/S, teniendo la C a
futuro para el Ciclo Combinado).  Luego en el documento Preliminary Demin Water Forwarding Pump
Skid-7A General Arrangement (DWG N° SDWFPD7EA-900 Rev. 0) se aprecia el skid constituido
por dos bombas en paralelo que presumimos sea 1 en operación y 1 en stand by, lo cual aplicaría el
skid ahí mostrado para los Skid #1 y #2 señalados en el General Flow Diagram.

1.      Según se indica en el documento Dual Fuel System – Scope of Work las bombas son capaces de
manejar un caudal máximo de 115 gpm cada una, y según nuestros cálculos se requiere 42.6 gpm,
por lo que las bombas propuestas por Derwick están sobredimensionadas para los caudales
requeridos por el Proyecto, por lo que se presume que éstas bombas están diseñadas para el
control de emisiones NOx de 42 ppm y no 150 ppm establecidas en nuestras premisas de diseño. 
Cabe destacar que el diseño realizado para el Proyecto por parte de VEPICA para la toma, pre-
tratamiento, desalinización, desmineralización, pos-tratamiento y descarga de agua está basado
para el control de emisiones NOx de 150 ppm.

2.      En cuanto a las presiones de descarga éstas difieren a las calculadas por el Proyecto.

3.      En adición también proponen las unidades Water Injection Skid #1 and #2 (una booster por
cada turbogenerador) mostradas en el General Flow Diagram.  Estas unidades de igual manera
están diseñadas por Derwick para manejar cada una 115 gpm, cantidad 3 veces más a lo requerido.

 

En vista de lo anteriormente expuesto se sugiere:

1.      Consultar a Derwick la factibilidad de evaluar su propuesta para adecuarla al diseño
establecidos para el Proyecto (se adjunta información de cada una de las bombas en cuestión).

En caso que lo sugerido en el punto anterior no sea factible entonces:

2.      Solicitar a Derwick las curvas de funcionamiento y hojas de datos de las bombas propuestas así
como de la unidad booster para evaluar si pueden operar bajo los parámetros establecidos por el
Proyecto.

3.      Consultarles a Derwick cuál sería la presión de descarga de sus bombas de combustible para
vencer unas pérdidas de presión a lo largo de una tubería de 4” y 512 mts de longitud para
entregar a los turbogeneradores el combustible a la presión requerida en la cámara de combustión.

4.      Solicitar a Derwick evalúen el impacto que tendría la disminución de agua en la cámara de
combustión.

5.      Evaluar de manera integral el impacto que tendría el empleo de las bombas propuestas por
Derwick en ambos sistemas (suministro de combustible y agua desmineralizada a los
turbogeneradores).

 
Saludos cordiales,
Ing. Ana J. Ayala P.
Gerente de Ingeniería



Venezolana de Proyectos Integrados VEPICA
Caracas - Venezuela
Teléfono: +58-212-2043982
ana.ayala@vepica.com

 
De: Orlando Urdaneta [mailto:ourdaneta@gtme.com.ve] 
Enviado el: Jueves, 29 de Julio de 2010 10:53 a.m.
Para: Juan Camafeita; Ana Ayala
CC: Alfonso Vidal; Pedro Vallejos; Carolina Diaz; Rodrigo Rondon; Víctor López; Luis Fonseca
Asunto: Fwd: RV: EDC Margarita Dual Fuel Modification
 
En los archivos anexos encontraran lo propuesto a suministrar por DERWICK en cuanto a
los sistemas de combustible líquido e inyección de agua desmineralizada en el proyecto de
JBA. Resalta la confirmación por parte de DERWICK, en cuanto al suministro de las bombas
de gasoil limpio a turbina y las de agua desmineralizada a turbina. Esto confirma que
debemos suprimir estas compras y VEPICA deberá hacer la integración de ambas ingenierías.
 
DERWICK, tiene bajo su diseño el suministro de dos bombas de agua desmineralizada del
100% para inyección de agua a las turbinas, bajo el criterio de permitir obtener hasta 42 ppm
en los niveles de NOx. Nuestro diseño solo llega a 150 ppm. Considerando que estas bombas
serán suministradas por DERWICK, debemos hacer las adaptaciones desde el punto de vista
de ingeniería para adecuar su funcionamiento.
 
Saludos ...
Orlando Urdaneta

---------- Mensaje reenviado ----------
De: Iker Candina <icandina@derwickassociates.com>
Fecha: 29 de julio de 2010 08:54
Asunto: RV: EDC Margarita Dual Fuel Modification
Para: ourdaneta@gtme.com.ve

Buenos dias ORLANDO;
Esta creo que es la información que me solicitaste
 
--

Iker Candina
Av. Francisco de Miranda
con 4ta Av. de Campo Alegre.
Torre Kyra. PH-1.
Caracas, Venezuela 1060.
Tel: +58 212 206 8411
Fax: +58 212 206 8475

mailto:ana.ayala@vepica.com
mailto:ourdaneta@gtme.com.ve
mailto:icandina@derwickassociates.com
mailto:ourdaneta@gtme.com.ve


Mobile: +58 414 766 6656
 
De: Pedro Trebbau Lopez [mailto:ptrebbau@derwickassociates.com] 
Enviado el: Monday, July 19, 2010 12:56 PM
Para: 'Adalberto Redondo'
CC: 'Iker Candina'; dguzman@derwickassociates.com; 'Jose Ortiz'; 'Maria Vilchez'; luisrgalvizg@gmail.com;
'Manlio Monticelli'; 'Isaias Briceño'; 'Tom Koontz'; 'John Bryant'; sboerckel@proenergyservices.com; 'Joaquin
Mavares'; 'Omar Petit'
Asunto: EDC Margarita Dual Fuel Modification
 
Estimados,
Por favor encuentren los dibujos y especificaciones preliminares asociados con el proyecto de
conversión dual de las dos unidades 7EA de Margarita.
Necesitamos mas detalles técnicos por parte de GTME para poder especificar y procurar las
bombas y motores para el agua desmineralizada y el combustible. En un próximo email se las
estaré haciendo llegar.
También necesitamos copia de los manuales y dibujos de instalación originales de GE para poder
finalizar los últimos detalles de la conversión.
Por parte nuestra, aun les debemos detalles sobre el sistema de control y la propuesta por el
comisionamiento solamente de la parte dual de la planta. Seguimos esperando respuesta por parte
de Steve, John y Tom. Apenas tenga esa información se la estaremos haciendo llegar.
 
Saludos,
--
Pedro Trebbau López
 

 
Av. Fco. de Miranda
con 4ta. Av. de Campo Alegre
Torre Kyra, PH-1
Caracas, Venezuela
 
Tel: +58 212 206.84.40
Fax: +58 212 206.84.25
Mobile: +58 412 300.74.70
Yahoo Messenger: trebbau
Skype: ptrebbau
 
www.derwickassociates.com
 
This email message is for the sole use of the intended recipient (s) and may  contain confidential
and privileged information. Any unauthorized review, use, disclosure or distribution is prohibited.
If you are not the intended recipient, please contact the sender by reply email and destroy all
copies of the original.
 
 
 
Este Correo Electronico es confidencial y puede ser protegido a traves de mecanismos
legales. Si usted no es el destinatario de este mensaje o si lo recibio por error, usted no debe
copiarlo, retransmitirlo, utilizarlo o divulgar su contenido. Debe regresarlo a su remitente de

mailto:ptrebbau@derwickassociates.com
mailto:dguzman@derwickassociates.com
mailto:luisrgalvizg@gmail.com
mailto:sboerckel@proenergyservices.com
http://www.derwickassociates.com/


inmediato y borrar la copia de su sistema. Los correos electronicos en Internet no son
necesariamente seguros. La empresa no acepta responsabilidad por cambios hechos a este
mensaje posteriores a su envio. ---------- This email is confidential and may be protected by
legal privilege. If you are not the intended recipient you should not copy it, re-transmit it, use
it or disclose its contents, but should return it to the sender immediately and delete your copy
from your system. Internet e-mails are not necessarily secure. The company does not accept
responsibility for changes made to this message after it was sent.
 
_________________________________________________________

"Este contenido es confidencial y de interes exclusivo para la C.A. La Electricidad de
Caracas y sus empresas filiales, por lo tanto, se permite usar copiar o distribuir el mismo solo
a personas autorizadas. Si recibe este correo por error, por favor destruyalo y notifique al
remitente. Eventualmente, los correos pueden ser interceptados o alterados, llegar con demora
o incompletos, al respecto C.A. La Electricidad de Caracas no se hace responsable por los
errores, defectos u omisiones que pudieran afectar al mensaje original."

"This content is confidential and just concern to C.A. La Electricidad de Caracas and
subsidiary enterprises. Therefore, authorized personnel may copy, distribute or used it. If you
received this e-mail by misconception, please destroy it and notify to the sender immediately.
The e-mails can be intercepted or altered, be delayed or incomplete, on the matter La
Electricidad de Caracas is released by typos, oversight or mistakes affecting to the original
message."


