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A Dravo Company 

November 23, 1987
 

WAPDA
 
Guddu 450 MW Cornbined Cycle Project
 
WAPDA, Lahore
 

Attention: 	 Mr. Nazim Husain Siddiqui
 
General Manager (Design & Development) Thermal
 

Sqib.jroct 	 GODDIJ 150 MW CCP 
Lot IA/IB: Gas Turbines & Accessory Equipment 
Gas Fuel Study Team 
Final Report, 

Dear Mr. Siddiqui:
 

On behalf of the Gas Fuel Study Team, I am pleased to en
close two (2) copies of the Final Report entitled "Guddu
 
Combined Cycle Power Plant, Gas Fuel Study".
 

Certain operational problems had been experienced with the 
General Electric installed MS-9001 Model E gas turbines at 
the Guddu Power Plant. These problems were initialy assumed 
to be related primarily to liquids in the feed gas supply 
system to the gas turbines. However, with the passage of 
time, the acquisition of operating data, the inspections and 
analysis of the type and causes of damage occurring in the 
gas turbine the emphasis is focusing on physical design

tfactors of the rnmbustion sys em rather than liquids in the 
gas. 

A Gas Fuel Study Team consisting, of the following Team mem
bers was assembled to evaluate the deleterious effects of 
liquids in the gas fuel feed on gas turbine availability and 
reliability. The Teams charter is to recommend tile remedial 
measures to be taken. 
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Team Members: WAPDA Consultant 
 - Lewis E. Hussain 
Independent Consultant - Franklin Parker 
General Electric - Leroy 0. Tomlinson
 
Gibbs & Hill - Lloyd Winsor
 

Certain sections of the report have been prepared by indi
vidual Team members based on their specific experience,

hands-on knowledge or their- access to information not. avail
able to the entire Team. The principal sections in the
 
report in this category include:
 

S-. 1,ns V-6. I Fuel Gas Spe-ificaIins/Contrants and 
V], Gneron il Fleetric Statement of Combustion System
Prnbiems, e hi( h were prel)ared by the General Fle,-tric 
,ream member 

Section V-I, Future Gas 
Field Plans and V-6.2, Specifi
cations GEI-41040C which were prepared by the WADPA 
Consul tant 

As a result of the above there may be apparent differences 
of opinion pertaining to the following areas.
 

The actual amount of entrained liquids in the gas fuel
 

The extent. to which liquids reached the gas turbine
 

The arrival, of large slugs of liquid to the Guddu plant.
 

The causes for gas turbine shutdown
 

The source of fuel to be used at Guddu 

The actual impact of liquids in the gas feed to the
 
gas turbines and the physical damage 
in the combustion
 
sys t.em 

In general., however, the Team is in agreement on the con
tents of the 
summary, conclusions and recommendations sec
tions of the Final Report.
 

The recomendation to immediately shut down the gas turbines
 
in the 
event that a slujg of liquid should pass through the 
proposed liquid scrubbers or existing Peerless scrubbers was 
made for t.he purpose of protecting the gas turbines from 
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probable extensive physical damage. WAPDA, however, should
 
consider the overall 
impact upon their power distributions
 
grid if all six (6) gas turbines should be simultaneously
 
shut down.
 

A review of gas samples dating from June 1983 plus those
 
taken by the Team, with the exception of the gas samples
analyzed by t.he Hydrocarbon Development Institute (IHDT) has 
led to the conclusion that the gas is in general -onfor
mance with the specification. It should be noted that the 
analytitca] resulIs of the HD samples are not cnnsis -nt 
witlh 
the pro,'inus nnnly ses. This may be attrihutabl, tr,I hr. 
compositin onf th gas during the sampline peri, or anlyt
ical prorcr.,lros. -lne latter is more suspecti. 

The existing Guddu on-site Sui, filter-separation system is
 
inadequate due to design and lack of adequaLe controls and 
should be upgraded or replaced. 

The existing Peerless scrubbers on the individual gas tur
bines will remove all of the entrained liquids in the fuel
 
gas and meet specifications except for large surg'es or
 
slugs.
 

The fuel gas heaters, as specified, will superheat the gas
and vaporize small quantities of liquid hydrocarbon mist.
 
However, large quantities of liquid, if present, will pass

through the heaters unvaporized. Any hydrocarbons whose
 
boiling point exceeds 120 deg. F (Hexanes and higher) will
 
not be vaporized. 

The installation of liquid scrubbers between the mixing
stations and fuel gas heaters is recommended. These scrub
bers will act as buffers to prevent large surges or slugs of 
liquid from entering the heaters and downstream equipment. 

The liquid's problem is associated primarily with Sui gas.

Sui gas should not be supplied to the gas turbines until
 
provisions are made to eliminate any possibility of liquids
 
enter ing the gas turbines. There has been no noticeable
 
quantity of liquid in either 
 the Mari or Kandhkot gas. 

Extraordinary measures had bee" employed to meet the initial
 
startup date. The fuel gas supply 
 system supplied Sui gas
to the gas turbines directly from 
the pipeline, bypassing

the Sui filter-separators at Guddu. Hydrocarbon liquids
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removed by the General Electric installed Peerless scrubbers
enabled the gas turbines to produce power during 
the first.
 year of operation. Problems 
were discovered during the
first combiistion system inspection. 
 Some of the gas turhine
combustion system problems were related to desi gn and
assemhly problems. However, the evaluation was confuPsed bystartup fuel gas supply problems, previously noted which
including liqid hydrocarbons at the inlet to the Peerlessscrubbers and 
fuel gas temperatures 
lower than design. The
apernfinq r'oliihiiif y ,.'as inrproveed by turhino mondif i , ion smale v (Thulra I El ,otrtic to alecomrordaft to Ie I, lt"flit-] aslrupu r't ute anl 'hr1ugina from S i to Mari and handlhkot Ias
slipp I 0 . 10o filr-ther ,enhance the already incorporated
changes General Electric is incorporating additional modifi
cations (increased stiffness of 
seals at combustion liner
dischnrge, increased clearance between combustion liner and
flow sleeves and thermal 
barrier coatings on transition

pieces as parts are 
repaired and replaced), performing

laboratory 
tests to assure that 
fuels are not contributing

to parts wear and 
providing upgraded combustion system

assembly procerlures to the 
 site. 

All applicable comments 
on the draft report from USAID,

WAPDA, GE and G&lI 
has been incorporated in 
the report.

Those comments, mainly from Gibbs & Hill Pakistan, not
included, will he answered in a letter to Mr. S. D. 
1.
 
Reimers.
 

With the issuance of 
the Final Report the 
Team has completed

its assignment 
on this project. 
The Team or select members,

as requiired, are available 
to answer specific questions or
follow tp on 
specific recommendations or additional 
tasks at

the request of USAID.
 

Very truly yours,
 

Gibbs & Hill, Inc.
 

LW:Ic Lloya Winsor
 
Enclosures 
 Fuel Gas Study
 

Team Coordinator
 

CC: S. 
D. I. Reimers (G&H Lahore) 2 Copies

M. W. Choudhry (USAID Islamabad) 1 Copy 
L. E. Hussain (WAPDA) I Copy
F. Parker (Independent Consultant) 
I Copy
 

OravoL. 0. Tomlinson (GE) I Copy 
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INTRODUCTION
 

A combined cycle power plant of approximately 600 MW (iso
 

rating) electrical generating capacity has been purchased
 

by the Pakistan Water and Power Development Authority
 

(WAPDA). The gas turbines, heat recovery steam generators,
 

steam turbines, and associated system equipment and
 

structures are being furnished by General Electric, USA
 

(QE) . Foreign currency rinancing has been furnished by the 

Asian Developmert Bank (ADB) and the United States Agency 

for International Development (USAID).
 

First phase of the duvelopment consists of four General
 

Electric MS-9001 model E gas turbines. Exhaust gas from the
 

turbines is used to generate steam in four heat recovery
 

boilers to generate additional electric power using two
 

conventional steam turbine generators in the second phase
 

of the project.
 

It is planned that the combined cycle plant be expanded in
 

the near future to provide an additional 300 MW (iso
 

rating) of generating capacity employing two gas turbines,
 

two heat recovery boilers and one steam turbine generator
 

of similar design to those already furnished.
 

I 
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Some operational and reliability problems have been
 

experienced by the gas turbines. Part of the problems have
 

been related to 
the design of the gas turbines and some to
 

the fuel gas. The problems related to fuel occurred when
 

the gas turbines were fired on 
Sui gas directly from the
 

pipeline, bypassing 
the on-site Guddu station filter

separators and with inlet 
fuel gas temperature lower than
 

design. Modifications were made 
to accommodate the lower
 

fuel
p as temperature and the 
use of Sui gas was
 

disrontinued. These changes improved the gas turbine
 

operatinn, but wear of combustion system parts has
 

continued which requires inspection and replacement of
 

combustion system parts at 
operating intervals shorter than
 

expected.
 

A Gas Fuel Study Team consisting of the following members
 

was formed for consideration of those problems related 
to
 

fuel gas supply:
 

WAPDA Consultant 
 Lewis E. Hussain
 
Independent Consultant 
 Franklin Parker
 
General Electric engineer Leroy 0. Tomlinson
 
Gibbq & Hill engineer Lloyd Winsor
 

The organization of this Team, its 
objectives, the scope of
 

activities, 
the schedule of its activities and the report
 

to be produced are outlined in 
the Team's Charter which
 

follows.
 

2
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July 21, 1987 

GUDDU COMP.rNED CYLvL P~WER PLANT 
GAS FUEL StJDy TEAM 

1.0 OBJECTIVE
 

1.1 The team shall determine if theGuddu gas fuels currentlysite are in use atsuitable thefor use inthe the GE Frameevent that 9 gas turbines.the team determines In
suitable that the gas fieldsthe team are notshall develop reccrmiendations for gas fueltreatment.
 

1.2 The emphasis and thrust of
liquids which 

the team's investigations shallmay be present be uponin the gaspresent, their fuels and, if foundpotential to befor deleteriousoperation, effects uponarid, if gas turbinesuch potential is confirmed, 
measures which should be taken. 

the remedial 

2.0 TEAM MEMBERS 

2.1 The team shall be comprised of four persons: 

a. 
 A WAPDA engineer
 

b. 
 A General Electric engineer
 

c. 
 A Gibbs & Hill engineer
 

d. An independent 
gas consultant
 
2.2 The WAPDA, GE and G&H engineers shall beexisting project staff in order that they can 

drawn from outside the 
approach
in an independent the subject
manner and without preconceived ideas.
 

3.0 SCOPE OF WORK 
3.1 
 The team's scope of work shall include, but need not necessarily be

limited to, 
the following:
 
3.1.1 
 Determine the actual analyses of the gas fuels being 
supplied
the gas turbines with toparticular emphasis on the carposition andquantities of any liquid components.
 
3.1.2 
 Review operations data with specific regard to the gas fuels. 
3.1.3 Inspect and review the gas treatment facilities at the Vari, Suiand Kandhkot gas fields.
 
3.1.4 
 Review planned activities 
at the gas fields which could have an
impact upon gas quality or composition in the future.
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3.1.5 Inspect and review the gas treatment facilities at tke Guddu
plant site. 

3.1.6 Determine whether the gas fuels, as currently delivered to thegas turbines, or as likely to be delivered during the coolerwin, 'er months, are suitable for use in the gas turbines.fue. specification which shall be 
The 

used as
specification GEI-41040C basis is GE(copy attached). Thethis specification and 
team shall reviewelaborate upon it if required. 

3.1.7 If it is determined that further gas treatment is required,develop recommendations 
regarding what 
needs to be done 
 to
render the gas fuels suitable for use in the gas turbines. 
3.1.8 Prepare estimates of the cost and procurement and erection leadtimes for any additional equipment which it is recommended beinstalled. 

4.0 SUPEORT 

4.1 The existing WAPDA, GE and G&H project team will provide the gas
fuel study team with infrastructural and other support as required.

5.0 SCHMEDLE, COORDI TION A D REPORTING 

5.1 The anticipated schedule from initiation to completionthree to four weeks. The is from
team's activities through releasedraft report (see of abelow) will be performed entirely in Pakistan
except for any hone office preparation that may be required. 

5.2 The team shall decide upon d teara coordinator at their firstmeeting and 
 this individual 
 shall be responsible for interfacing
with WAPDA, GE and G&H project management in Pakistan and forissuing progress and status reports and for ensuring thatof the team's final report and 
the draft

the final report are issued in atimely manner. 

5.3 The team shall provide WAPDA, GE, G&H and USAID management with atelexed progress and status report at the end of each week's 
activities.
 

5.4 The team shall issue a draft report doctmenting their findings,conclusions and recannendations at the end of their activitiesPakistan. inA final report will be issued no later thanafte. Lhe issue four weeksof the draft report.
document All four team members willtheir acceptance of the draft and finalappending their signatures thereon. If 

reports by 
accept any team member is unable toa majority report then it is incumbent upon him to issue aminority report. 
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GEI-41040C 

SPECIFICATIONS FOR GAS TURBINE FUEL GASES 

GENERAL 
I. (Cont'd) 

9ecause of the increased use of General
E'ectric gas turbines in a wide variety ofindustrial applcations, both in the UnitedStates and other parts of the world, it hasbecome important to set forth specific-ations on fuel gases that can be tolerated inthe gas turbine. The specifications and adiscussion of the different parts of thespecifications are presented in theparagrqphs that folow. 

FUEL GAS SPECIFICATIONS 

CONTAMINANTS 

1. The solid materials in the gas,
exclusive of hydrocarbon materials 

shall not exceed 30 ppm by weight.
The size and density distribution ofthe solid pc.tlcles must be stch that
not more than 1.0 percent by weight
of the particles shall have aterminal settling velocity in air (70Fand 30 inches Hg, absolute) greater
than 14 inches per minute, and not more than 0.1 percent shall have aterminal settling velocity in excess 
of 23 inches per minute. 

For a solid spherical particle,Stroke's Law of settling permits
calculating the terminal settlingvelocity if the particle diameter and 
particle specific gravity are known.
The following tabulation gives theparticle diameters equivalent to the
limiting terminal settling velocity
values. 

Settling Velocity Equivalent Spherical Particle Diameter 

in./Min. in Microns 

Sp. Gr. 2 Sp. Gr. = 4 
14 
 10 
 7 
23 
 13 
 9 

2. Any water in the gas above the 3. The gas shall be whatsaturation amount at is known inits point of useshall not exceed a quarter of a 
the Industry as "dry gas", that is,the gasolinepercent by weight. vapor In 1000 cubic
feet of gas at standard conditions 
(60F and 30 inches Hg, absolute)shall be equivalent to not more0.1 gallon liquid. 

than 
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NOTE 

"Wet" gases shall not be 
excluded as a fuel for gas
turbines, but used,when provi-
sion shall be made to avoid too
sudden a chenge in heating value 
during starting and running. (See
"Heating Value" in "Discussion" 
section, following.) 

4. 	 No naphthalene or gas hydrates or
other solid or semi-solid hydro-
carbons shall condense from the gaswhen its temperature is dropped by
20F at constant pressure, 

HEATING VALUE 


The lower or net heating value must liein the range of 300 to 5000 Btu per cubic
foot. However, whatever heating value isspecified for a given application within this 
-ange, it shall not differ from the design orspecified value by more than plus dr minus
10 percent. 

FLA'IlMABrLITY LIMITS 

The minimum ratio of toupper lower
.!ammnbility limits is 2.2:1. Flammabilityumits to be determined at 6OF and 1atm osphere. 

COMPOSITION 

1. 	 The concentration of 	 hydrogen
sulfide H2S, sulfur dioxide SO2,sulfur trioxide SO3 , total sulfur, and 
carbon dioxide CO 2 to be en-
countered, shall be specified. Thisshall be done thatso proper

precautions can be taken if
 necessary to prevent elevated 
temperature corrosion of 	 turbineblading materials, and ambient 
temperature corrosion of controlvalves and systems. 
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2. 	 The total amount of sulfur and the
alkali metals, sodium, potassium,and 	lithium, shall be less 	 than th-at 
required to form the equivalent of 5 ppm of alkali metal sulfates in the
fuel. The sulfur and alkali metels 
may be present in either the geseoct
phase or In the liquid and solid
contaminants, and combine to form
corrosive alkali metal sulfatesduring the combustion process. 

3. 	 The except~on to paragraphs I and 2
is for exhaust-heat-recovery applications utilizing equipment in the 
exhaust stream for heating water 
and/or generating steam. Thewhich containsapplileations shalllessrequire a gasthan 30 ppm 
total sulfur. Sulfur will convertsulfur trioxide in the togas 	 turbine 
combustion system. The sulfur 
trioxide will then condense into
sulfuric acid theat liquid-vapor
equilibrium temperature (which
temperature is a function of the
SO3 concentration). The specified
maximum sulfur concentration of 30 
ppm will adequately protect theheat-recovery equipment from cor
rosion. 

DISCUSSION OF SPECIFICATIONS 
CONTAMINANTS 

The contaminants likely to be found in
fuel gas, of course, depend on the kind ofgas 	involved, such as natural gas, coke oven 
gas, water gas, producer gas, etc. However,some of the contaminants which are likely
to be found consist of the following: 

1. 	 Tar, lamp black and coke 

2. 	 Water 

3. 	 Sand or clay 

4. 	 Rust or Iron oxide 

S. 	 Iron sulfide 
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6. Scrubber oil 

7. Lube oil 

8- Naphthalene and gas hydrates 
Water, either as a liquid or as ice, is aptto constitute the largest contaminantoccurring in gas distribution systems. In thecase of natural gas or gas fordistributeddomestic use, these contaminants listedabcve, forin such a nuisance that the gas isusually cleaned before it is transmittedthrough the gas pipeline. Thus, the solidswhich are entrained in the gas pipelineconsists principally of iron oxides and ironsulfides which are formed by corrosion of 

the ges pipeline. 
An interesting figure in regard to thecontamination of fuel gas as a resultcorrosion of the pipeline is given as 

of 
follows: 

If a B00-psig gas pipeline of 30-inch 
diameter,mile long l/2-inch wall thicknesscould completely disintegrateand 30-in100 years in a uniform manner, the solid 
material it would put into the volume of gasthat could be carried by this size pipeline
would result in a concentration of about 200 
ppm of such solid material in the gas.Scrubbers are generally to removeSarubberare usedtar and lamp black,gnealand d o removdeishvyirogen sulfide is 

often removed by reacting the gas with ironoxide. However, in industries, refineries,coke plants, etc., any state of cleanliness 
can be encounteredestablish the and it is advisable toconditions resulting therefrom
that must be satisfied in the design of the 

gas turbine. 

HEATING VALUE 

In general, the fuel gases which aredistributed in American cities, those foundin major transmission lines, and the naturalgases from various gas fields have a heatingvalue range which Lies well within the plusor minus 10 percent specified. SomeJapanese gases and natural gases In widerspread parts of Venezuela have heatingvalues that differ by 2 or 2-1/2 to 1. Some 

Industrial and refinery gases may have 
.. Thus, considering the minimumheating values that difrer by as much as 3 tofuel and 
firing requirementsstandard of a gas turbine, thedesigned toGeneral Electricoperate on gas turbine isfuel gases whichhave a heating value that will not vary mo-ethan plus or minus 10 percent from thenormal value. Turbines which are requiredto operate on fuel gases that have heatln;values which vary over a range wider thanplus or minus 10 percent will require specialequipment for proper fuel control. Gradualchanges in the heating value of a gas overthe range of plus or minus 10 percent can bereadily tolerated by the standard GeneralElectric gas turbine; however, for those gas 

turbines which are designedheating value variations, for wider
for a maximumgradual changes in heating limitvalue isimposed. This limit Is plus or minus 20percent. Any such variation in the heatingvalue range should also include the 

variations which result fromthe quantity and type differences inof liquid and solidhydrocarbons carried in the gas.
 

Precaution 
are taken in the design of thegas turbine to prevent traps where gasolines 

and liquid petroleum gases could accumulateand slug suddenly into the fuel system.particularly during starting and particularlywith wet gas. 

COMPOSITION 

No specific limit on the sulfur content is
imposed except 
 as noted for the exhaust
heat-recovery cycle and
o formation for the possibilityof alkalip However, metal sulfatethe concentration ofhydrogen sulfide H2 S, sulfur dioxide SO2 ,sulfur trioxide S03, total sulfur, and carbondioxide C0 2, must be specified. It isrecognized that these components may becorrosive at elevated temperatures withcertain conditions and materials and,in the presence of water, 

when 
may also form arather corrosive substance at ambienttemperatures which could be injurious tofuel-handling system. 

the 
Elevnted temperaturecorrosion may be avoided by a judicious 
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selection of turbine blading materials,Ambient temperature corrosion canavoided in bea like manner by keeping the gashot enough to be dr-. and/or by providing acorrosion-resistant fuel-handling system, 

FLAMMABILITY LIITS 
With most fuel gases, the fuel/air ratioof present General Electric gas turbinessuch that isat full load,- the mixture, ifuniform, is below the lower flammabilitylimiLs. Combustion is accomplishedmixing all the fuel bywith part of the air inthe flame zone of the cornbustor.restriction Nois placed on the lower limitflammability ofor the percentage of hydrogenin the fuel; however, 

are the attendant dangersrecognized and precautions are taken inthe design of the gas turbine and its fuel-
control system to assure that no duct 

explosions will occur. Chapter 4, entitled"tnert Gas Safety", in the 1941 edition of"Fuel Flue Gases" published byAmerican theGas Association, gives a gooddiscussion of the problems involved with 
flammability and supplies flammabilitylimits for a number of gases at atmospherictemperature and pressure.
 

The fuel-flow 
 range of a gas turbinefrom full to lightoff may be as high as 20 to1, and the fuel-flow range at a given airflow may be 4 or 5 to 1. The ratio of theupper to lower limits of flammability of afuel Is an Index of how wellperform a fuel willin a combustor. General Electrichas learned by experience that the minimumratio for its standard combustors is 2.2:1.This maximum is approached and sometimesexceeded by low Btu gases, particularlythose containing large amounts of inert 
gases. 
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SUMMARY
 

Activities of the Gas Fuel 
Study Team have included the
 

following:
 

1. 
 Review the effect of the fuel gas on past operation of
 

the gas 
tirbines and recommend upgrading of facilities
 

to satisfy the minimum gas turbine requirements,
 

2. 	 Collection of gas samples for analysis.
 

3. 	 Review of operations with specific regard to 
fuel 	gas.
 

4. 	 Inspection of the gas supply and field treating
 

facilities at 
the Sui, Mari and Kandhkot fields.
 

5. 	 Review of 
fuel gas supplier contract commitments on
 

fuel gas quality.
 

6. 	 Inspection of the fuel gas treatment and delivery
 

systems at Guddu Station.
 

7. 	 Review of 
the gas supply as currently delivered to the
 

gas turbines for suitability and conformance with GE
 

specification GEI-41040C.
 

9
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8. 	 Development of recommendations regarding improvement
 

in facilities and their operAtion in regard to the
 

delivery of fuel in accordance with the WAPDA/GE
 

contract.
 

9. 	 An estimate of the costs and schedule for
 

implementation of recommendations will be developed
 

for the final report.
 

10. 	 Review of operating records related to the gas supply
 

to the gas turbines operating at Guddu Station.
 

11. 	 Inspection of gas turbine No.1 and 2 while they were
 

dismantled for a hot gas path inspection on No.2 and 
a
 

combustion inspection on No.l.
 

12. 	 Collection of samples of material either blown
 

down or mechanically removed from the station
 

filters-separators and gas turbine strainers and fuel
 

gas 	manifold.
 

13. 	 Review of documents pertaining to the mode of
 

operation prior to the completion of the mixing
 

station.
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14. Review of correspondence relative to 
liquids in fuel
 

gas to the turbines.
 

15. The preraration of 
a draft report in Pakistan, receive
 

comments 
from principals and preparation of the final,
 

report.
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CONCLUSIONS
 

1. 	 All of the gas fuels currently in use at the Guddu
 

station are suitable for use in the GE MS-9001E gas
 

turbines provided the treating and separation
 

facilities now in place are closely supervised by the
 

operntors and they are operated in the manner
 

intended, the installation of the fuel gas heating
 

system is completed and the recommendations in this
 

report are implemented.
 

2. 	 The Sui gas delivered to the combined cycle plant
 

during the first year of dperation contained liquid
 

hydrocarbons and a had high Wobbe 
index brecause of its
 

low temperature and high heating value. These
 

contributed to the gas turbine problems and some may
 

recur if Sui gas is fired without the heater and
 

implementation of 
the liquid removal equipment and
 

upgraded treatment plant operation as 
recommended in
 

this report.
 

3. 	 There is some 
potential for deviation from the fuel
 

gas compositions stated in the Lot IA/IB purchase
 

specification since the WAPDA contracts with the gas
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suppliers do not commit the gas stippliers to any
 

responsibility 
to deliver gas at any specified
 

composition. It 
is generally not anticipated that this
 

will occur, however, there was 
some evidence of
 

variation in the composition of the samples taken by
 

the Team.
 

4. 
 A potential for delivering fuel gas with liquid mist
 

or slugs and with solid contaminants exists for gas
 

from all suppliers through the following means
 

4.1 	 Sui gas delivered at 305 psig can contain liquid
 

hydrocarbons.
 

4.2 	 There are no slug catchers or liquid scrubbers on
 

the Sui gas treatment system at Ouddu.
 

4.3 	 The Sui gas filter-separators 
are not equipped
 

with automatic drain systems.
 

4.4 	 All filter-separators 
can be bypassed. (Temporary
 

connection of Kandhkot filter-separator includes
 

no provision by by-pass). 
The gas turbine fuel
 

gas scrubbers cannot be by-passed.
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4.5 Automatic drain systems from filter-separators or
 

scrubbers are not always in operation.
 

4.6 There are 
no high liquid level alarms on any
 

filter-separators at Guddu.
 

5. Data regarding 
the quality, heating value, composition
 

or cleanliness of the gas that has been delivered 
to
 

the gas turbines has been secured and appearo in
 

Section V-1, Fuel Gas Analyses
 

Quantitative evaluation indicated that the Mari and
 

Kandhkot gas had minimal liquid hydrocarbons when
 

received from the pipeline at Guddu. 
The Sui Gas at
 

the delivery point does contain an unquantified amount
 

of liquid hydrocarbons as indicated by analysis of gas
 

samples and the Sui filter-separator liquid blowdown.
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IV-1 

IV. RECOMMENDATIONS
 

HIGH PRIORITY RECOMMENDATIONS
 

The following recommendations have been agreed upon by the
 

Gas Fuel Study Team as 
having high priority. It is the
 

opinion of the Team that all of 
these recommendations
 

should be 
followed and that steps necessary for their
 

implementation be 
taken immediately.
 

Although these recommendations merit a high priority, 
the
 

gas 
turbines can be operated on Mari and Kandhkot gas with
 

the equipment now installed. The recommendations made
 

herein will improve both the availability and reliability
 

of the systems and protect the gas turbine combustion
 

systems 
from liquids, and enable reliable operation with
 

all gas supplies (Mari, Kandhkot and Sui).
 

1.1 Complete the installation of the 
fuel gas heater in
 

the fuel line to the gas 
turbines down-stream of the
 

mixing station, which will provide 20 degrees of
 

superheat 
or a minimum gas temperature of 120 0 F.
 

This heater installation was planned prior to the
 

activation of 
the Fuel Gas Study Team.
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1.2 	 High efficiency liquid ncrubbers with mist
 

eliminator and automatic high capacity drain systems
 

must bp installed in the fuel gas line 
to the gas
 

turbines between the 
mixing station and the heaters.
 

The liquids should be discharged to the existing
 

collection tank which 
is located a safe distance
 

away from the generating equipment. 
The collection
 

tank should be equipped with a high level alarm.
 

The tank must be 
vented so that the vapors, which
 

are 
heavier than air and highly flammable, are
 

discharged so that they will dissipate safely away
 

from equipment.
 

1.3 	 The gas turbine control systems should be modified
 

so that the current high liquid level alarm on 
a
 

unit scrubber will shutdown the gas 
turbine
 

instantaneously in addition to 
alarming.
 

1.4 	 The burning of Sui gas in the gas turbines should be 

curtailed prior to the installations of the
 

liquid-scrubber system between the mixing station
 

and the fuel gas heaters to prevent hydrocarbon
 

liquid from entering the gas turbine systems.
 

1.5 	 The gas chromatograph installation to 
monitor the
 

composition and Wobbe index of the fuel gas to the
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gas turbines and the three streams to the mixing
 

station should be placed in service on a high
 

priority basis and maintained in working order. Tn,'
 

composition, specific gravity, heating value and
 

Wobbe index of each gas should be entered into the
 

daily log on an hourly basis until the computerized
 

monitoring system in 
the central control room is
 

commissioned.
 

1.6 	 A highly disciplined operation and maintenance
 

program should be 
initiated immediately for the fuel
 

gas treating facilities at Guddu. 
 This must include
 

blowdown of the liquid collection vessel on a
 

regular basis with documentation of action and
 

liquid 	level in liquid collection vessel prior to
 

discharge.
 

1.7 	 All forms for the tabulation of instrument readings
 

by shift personnel should include a prominent place
 

for entry of any deviation from normal values. Daily
 

records should be reviewed by technical supervisory
 

personnel. and particular attention given 
to
 

deviations in instrument readings 
from values
 

expected under normal operation.
 

17
 

BEST AVAILABLE COPY 



1.8 	 All level controls in the fuel 
gas supply system
 

should 	be activated.
 

1.9 	 High level alarms should be installed on all
 

filter-separators.
 

1.10 	 The temporary drain tanks 
for the individual gas
 

turbine scrubbers must be removed 
and the drains
 

piped to the single large drain tank.
 

1.11 	 A fire 
screen per NFPA guidelines must be
 

installated in the 
vent line from the large drain
 

tank.
 

1.12 	 The design of the gas turbine combustion systems
 

should be carefully evaluated relative 
to their
 

ability to 
operate reliably with reasonable
 

mainterian(e when fired ori any one or any combination 

of the three gases conforming to the Lot IA/IR bid 

specifications.
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IV-2 ADDITIONAL RECOMMENDATIONS
 

Following are additional recommendations which the Fuel Gas
 

Study 	Team considers worthy of serious consideration. It is
 

strongly advised that thesn recommendations be implemented
 

as soon as practical.
 

2.1 	 A regular program of instrument maintenance and
 

calibration should be initiated.
 

2.2 	 The three lines supplying gas to Guddu should be
 

cleaned with a brush scraper at least once per year.
 

Necessary modifications to permit scraper operation
 

•ihould be made as soon as possible.
 

2.3 	 Squeegee scrapers or spheres should be run 

periodically in gas lines. The interval should be
 

adjusted based on liquid recovered and ongoing gas
 

analyses.
 

2.4 	 Provision must be made to receive liquid removed
 

from the pipeline. This liquid will be 
a high vapor
 

pressure mixture of hydrocarbons and the receiving
 

system must accommodate the release of a large
 

quantity of vapor when the pressure is released.
 

19
 

BEST AVAILABLE COPY 



2.5' 	 Installation of a high capacity liquid separator on
 

the Sui Gas pipeline entering the Guddu Station
 

(upstream of the existing filter-separators) would
 

be a more satisfactory approach to the removal of
 

liquids from the Sui 
Gas. This would provide
 

satisfactory protection for the 
gas turbines and 

improve the operation of the Sui fii ters-separators 

and mixing station. (see Section V-5.1). 

2.6 	 A study should be performed relative to upgrading
 

and/or installing additional dehydrations capacity 

at. Sui (see Section V-7.2). 

2.7 	 A study should be performed relative to upgrading 
or
 

replacing the existing filter-separators on Sui Gas 

at Guddu (see Section V-7.3).
 

2.8 	 A sLudy should be performed relative to the 

upgrading of the dehydration facilities at Mari to 

reduce 	glycol losses (see Section V-7.4).
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V. REPORT OF GAS FUEL STUDY 

General
 

The outline for thi.-

Team corresponds to 

Paragraph ..0 in 

This Charter 

Section Pnra rri.p! 

V-i 2.1.1 

V-2 2R .2 

V-3 


V-4 3.1.4 


V-5 3.1.5 


V-6 3.1.6 


V-7 3.1.7 


V-8 3.I . 

V-9 ----

cti'tjon, the Report of Gas Fuel Study 

.- cope of work as outlined in
 

werhich consists of: 

Fuel Gas Analyses
 

review of Fuel Gas Operating Data
 

G.a.3Field Treatment Facilities
GLs 


Future Gas Field Plans
 

Gas Treatment Facilities at Guddu
 

General Electric Fuel Gas
 
Specification Review
 

Additional Gas Treatment Facilities
 

7S.'-.imated 

Yu.,: Gas Heater Liquid Scrubbers 

,rations and Maintenance 

U Cost and Schedule for 

Arn additional section not
 
;pecifically identified in the
 

) B AI:Lrter. 
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V-I FUEL GAS ANALYSES 

1.1 General 

A detailed it:, ;.is oI' available gas samples was 

performed. Ti :.rluded gas sample analyses obtained 

from variuu- :-1--s dating from June 10, 1983 to gas 

samples tl ,tlj Ths Team. 

1.2 Gas Analys._- .ied 

The gas s.m'I'l .. !uyses, including the specification 

gas provided' : neral Electric for the design of the 

gas turbine- L-,follows: 

Table V-1,2-. ,.ists of the original specification 

gas composi-i,. ,'ovided to General Electric for 

desi g n. 

Table V-1.2- ists of four Sui gas test analyses 

made on Jun', AK23. These samples are compared 

with the sp'.:: 7 tJ.on gas provided to General 

Electric f'o. - i. These tests show that there is 

more henr L:. :rbons (propane through hexanes 

plus) in Su; : ... n indicated in the Lot IA/lB 
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specificatior,, :.,General Electric. The source of
 

these analy!,- :.he purpose and actual sample location 

are unknowr:. ' analyses show that there are more 

heavy hydroc.-.i'' in this sample than that shown on 

Table V-I.2-.
 

Table V-], - -ists of analyses of two Sui gas 

samples obttI, 'rom GE-GT-2 on January 5, 1986. 

Three anal ys, " made from sample 1 and two 

analyses we- from sample 2. These sample
 

analyses sh,, Lhere is considerably more heavy 

hydrocarboii.. a-,une
through pentanes) in all of the
 

analyses thai :' is in the Sui fuel gas 

specificatic;: .i-:ded to General Electric for the gas 

turbine desi:. could not be 'determine precisely 

where these s were taken but it is assumed that 

they were t, .ter the scrubbers. These samples 

were t::kc . :. ":i.uary and were taken at a period 

whenir.' SUu. .: mert facilities at Guddu were 

completely by ., and raw untreated Sui gas passed 

through Le . y bypass pressure reducing station 

and was sen-t -ly to the gas turbine feed gas 

scrubbers . --n:iore it was at this period that 

large qutiz -.. liquid hydrocarbons were removed 
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from the scru-: 


There is how,',.
 

liquids remJ.,; 

that zneasu'-.:. 

than the de( 


scrubbers. 

Table '-].2.-!..:..ists 

the GE-GT Nu, 


during -c}. 

gases. Th'. 

such thEt, or-

through th, 

appenr to ,: . 

To fulfill tL:.-


samples were .
 

V-I . 2-E. 

Table V-1.2-F 


analyses of 


analysis of . 

samples (2C 

specification; 

the Kandhkot *. 

and allowed to spill on the ground.
 

o indication that the quantity of
 

7om the gas were much larger than
 

:g January 1987 which is much less
 

quid removal capacity of the
 

of two gas samples obtained for 

r'formanoe test. The fuel burned 

:h of Sui and Marl::onsisLed both 

ing mode of the bypass station is
 

,as at a time can be processed
 

, The two samples on V-1.2-D
 

,tts(see Table V-1.2-A).
 

:lirements of the Charter, gas
 

at the locations indi6ated in Table
 

t.abulation of the results of
 

samples taken by the Team. The
 

;i gas and the first Kandhkot
 

. indicate close conformance to the
 

,;lysis. since a full analysis of
 

:.s not made, three additional
 



samples werr tnki approximately one week later (20-2, 

2D-1 and 21)-2. :ifse samples of the Sui gas samples 

were anfly, ,- Hydrocarbon Development Institute 

of Pakistfi ,. -hJ . The analysis of these samples 

show!- it . ,viation from the specification 

and nll 1):'., 1 yses. These indicate a 

significai. in gas composition or possibly 

erroneous.1- FI;Z: 

Kandhkot sa:w,. ' -,'lyzedwhile the Team was in 

Pakistan ,.,:,onable agreement with the
 

analyses in. specifications.
IiA/11B Analyses 

performed -:ams departure indicate an 

increase iii .. content of approximately 5 percent 

offset by ,. rding decrease in total inerts 

(nitrogen -, ) t dioxide). 

No 1n11alyss - miniples were performed while the 

Teaw ;:, . . Analyses performed later:. . 

indicate ,, in methane content of 

approximnn.l8> : ent from earlier analyses and from 

the analysi:f, IA/]B specifications. This 

decrease i.n i.. content is largely offset by a 

correspondi::' . :tse in total inerts (nitrogen plus 

carbon dio.::
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http:approximnn.l8


It 2' :.', Lhe composition of gas produced 

fron- : would have changed this 

signi ' , leads the Team to view the more 

recen : --;uspicion. 

If th: :n from the analysis of the Sui 

gns :':, . !- favorable for the gas turbine 

beczL:, ::iex: at 30°F is 41.13. This 

ind .::, c:x range between Mari gas at 

]00o n: '30 0 F of + or - 14.8% which the 

ga!3 11.ore easily. accommodate than the 

+ or - , r." .pecification gas compositions. 

Analy'- ,anples indicate that it is 

u.- . -,. General Electric gas turbines. 

With :: r moLi::vit, has the same composition as 

the ":Ification gas used for design.. 

An ,.2: ,m.:.s of these gases as shown on 

Tah-Ie :.I - and V-1.2-F indicate that the 

Co1 ..... : -v-,y constant. There has been no, 

indi i .-: . .. : ases vary over the range 

spec.ii ,:: 4 gas specifications. 
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Samples , ..'om various sources as shown in 

the T" blo-, !,-iut there are heavier 

hyd:'o -;, 2, i:. than indicated on the Lot 

IA/5 s,: .. ::hc. location of where several of 

the ,h,..>- ,z,,!d is not known. 

1.3 Liuij
 

A sanp'. iblowdown from one of the Sui 

gas ,.::..'. analyzed'qualitatively by gas 

. Electric. The spectrum of 

this . - the calibration standard of C 6 

throL. ...... 'rosene (bottom) is shown on 

Figur - . .. :..lysis indicates qualitatively 

th I, , :o from the filter contains 

hea" . . a distribution similar to 

keroserw, , .,what lower molecular weight.
 

T , h.t the Sui theS , gas entering 

filter- rjed liquids with a high 

vapori]. .'. ,, . Therefore, this would also 

iipl. t.}) :'...-'ui .gas was supplied to the gas 

turb on-site filter-separators 

bypa. 5,
, through November 1986),
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the gs ci stime range of entrained 

liqui. does not contain all of the 

PCE, :ids because some of the 

ligh:.,,: -i(.;ds (C5 and lighter) vaporized 

when ..h, , '.!.:.,itarged to the atmosphere. 

The ana.! ..-. .. :.kmple illustrates the apparent 

ina.l - heaters to fully vaporize 

this :.he temperature to 120OF if 

thes~e " ".- are entrained. This 

iia . . . .mechanical liquid removal 

equip: , ...'!JLd upstream of the heater. 

1.4 1el~;J 

The qu!lJ; IV :. aion indicated that the Mari and 

Kadhkt. .:,il liquid hydrocarbons when 

'ti:at Guddu. The Sui gas does 

co::t .. : ,:uantity of liquid 

' myd:'. " .... cu by the gas and 

filte'u. blowdown analyses. 
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The ouiy ;.-.c' .... :. :- obtaining a valid sample of a 

flowin, ,.,, .,"-,.tttin a sample of the gas at 

fo'0 W Imple' : of the liquid (by 

neai ,*,. . :ipeline conditions and 

conit ,, .n the proper proportion. 

This ,, iihed at Guddu. All of the 

samplu.:w ,,::,,.. y of the flowing gas. All 

hydoc:. .,were in the vapor phase. 

The pri.< . , i,.:irocarbons which may have 

bee, coJL. .. was shown by.!er-separators 

the ,S. 1 i i.: . . f!iiter-separators, but there 

was ( . : :he relationship between 

It mu:1......: 1.:', tha~t any simple method of gas 

snup~li:-,. <: .... been opportunity for liquid," , 


condf.t: :.ult in a true sample of the
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FUEL GAS vs"i-w: , 'ED TO GENERAL ELECTRIC 
DESIGN
 

COMPONENT-

SUI 
Volume 
Percent 

KANDHKOT 
Volume 
Percent 

Me thane 88.52 79.2 

Ethane 0.89 1.1 

Propane 0.26 1.1 

Butanes + 0.37 0.4 

Nitrogen 9.5 2.46 16.6 

Carbon Dioxicl. &:. 7.35 2.6 

112S (Gr/lOOc!fl '.1 92.2 30.8 

Mer-capt.an Sn] I'iDr, 3.8 1 .2 

Higher hen.r;K " ,:. :, I 930.8 862.9 
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''-1 2-B 

COHIP.:d: :> . .J}C FI CATION GAS 

SAMPLES 

SUI Test Test Test 
Spotc G .- .. No.2 No.3 No.4 
Voi k"vVolume Volume Vol ume 

COMPONENT Y, Percent Percent -t-, ent 

Methane 8.": B8.82 88.73 88.95 

Ethane 0.8.9 . 0.962 0.919 0.959 

Propane 0.2 f' 0.238 0.237 0.234 

1-Butane - , , 0.130 0.135 0.115 

n-Butane 0.135 0.136 0.062 
i-Pentane - - 0.026 0.025 0.025 
n-Petane . 0.083 0.081 0.043 

Hexane 0.258 0.319 0.259 

Nitrogen 2.4t ,,2 3.754 3.855 3.759 

Carbon Dioxide 7.3 . 5.593 5.580 5.596 

H2S (Gr/!OOcf) 92.2 - - -

Heicaptn 2. 

Su'I fi e i , C ,",'I kl( 

High kat.. '.35.210 35,260 35,090 
Value (kJ/Nm3) 
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TABLE V-I.3-C 

"UT OAS SAMPI.E. 1 AN 2 
. 

(,tl 
cFR('CG JIAS "FIJITINIH 

.;AN AIY 5 , 1! r. 
O.NO 

. . .. . ..-. . ;.3 5 ' H j .. . . 

a .:' , .: i : ; .{ . ... 

N,1
C1,11"m Dioxid,. 

thant, 
Unknown 

Propane 
i-Butane 
n-Butane 
i-Pentane 
n-Pentane 

8 l. .5505 5.0900,R 
5,70935 

.1 .01921 

.10257 

.23409 

.06303 

.06354 

.03566 

.02510 

5,139991 

I .01578 
.10299 
.23353 
.06304 
.06316 
.06315 
.02408 

8.8135830 
5,71415 

1 .02071 
.09798 

.23398 

.G6387 

.06299 

.0194 

.02643 

6. 32792 

.99835 

.08997 

.22395 

.06021 

.05911 

.03332 

.02274 

.07550 
r. 35958 

1 .00064 
.013099 

.22348 

.06096 

.05875 

.03592 

.03159 

Btu/acf 
Sp Or 

920.07 
.6383 

922.2 
.6383 

921.6 
.6384 

921.6 
.6450 

912.2 
.6452 
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TABLE V-1.2-D 

VASTU11{1.!2 NO. 3 

.~~ ~ ~ ~:'N ~~lS GA n"i AP ': :iP.PS.!!; 

...... 

C L-b1, 1o 
Et .a 

i - ,e ta 1 
n-Pentnae 

Bt'/acf 
Sp. Cr. 

i d,! 

22..12120 

72.81970 
4.41537 

.31049 

.00000 

.00013 

730.9 
.6917 

2 . 562052 

72.75550 
4.36G32 

.31603 

.00009 

.00000 

730.1 
.6918 

2f. 't 

72.36(; 10 
4.35582 

.30422 

.00063 

.00000 

726.0 
.6933 

. 

72.31520 
4.37617 

.31381 
.00111 
.00000 

726.0 
.6936 
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IDENTIFIC-VIOU : 1: -A-PLES TAKEN BY TEAM 

!.V)'CATION OF SAMPLE POINTS 
SAMPLE NUMBER 

J".. andhkot Sui Turbines 

Field Samples (at gts ,. 1.:-

Upstream of D- ,I- , A - 3A 

Downs trreuiri :F 's 	 -

Plant Samples (at.riu 

Pipeline GaY - '' IC 	 2C & 30
 
2C-2
 

Downstre.m ot" "--	 2D, 3D -
S, ""2D-1 	 &
 

2D-2
 

Fuel to Turbines ',:J,-	 --- 4A 
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TADLE V-1.2-1, 

A.AIYf;IS OF (AS SAMPLES TAKEN BY TilE TEAM 
___ 

1AM) - EAtljIl.I!OT 
MAR 
IA 

GAS 
Ill 

AIALYSES 
II 

f:A;::ilF;¢f 
7.: 71;-2 

': 
2 0 

ANA 1,y.I9AS 
m ! 

, GAS AH AI,YSFS 
A -

%01* 

.277 VI 

- . . , :! : - .;- -L 7 -;.; 0.2 7 -.' . " 0 ''-.,: 1 5 A . A . 0 

- 0.014 - 0.013 0.013 0.016 0.01 0.016 

1"Xa - - - - 0.047 - - 0.003 0.005 0.025 
Carbon 

Dioxide 

6.60 6.60 6.60 4.00 3.60 4.0 3 16 
" 

3.50 13.21 11.57 
12.97 .60 

Nitrogen 20.63 20.44 20.51 16.96 12.06 17.67 12.50 12.68 3.54 7.37 5.39 20.00 
Hydrogen 

Sulfide, PPM 

- - - - 200 - 150 236 100 300 
150 -

Mercapton 

gulfide, PPm 

- - 200 - 50 90 50 100 50 

HHV, Btu/scf - - 865 - - 861 835 837 835 
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I!i,
 

~LL4L"~ CALIBRATION STANDARD 

:~~ij( 

c i 'I 

SUI GAS rL, ,TER 
LIQUID Bi jWPOWN SAMPLE 

7.:
 

< . -'I" Y - , . . "-' KEROSENE 

FIGURE V-1.3-A
 

J;AS .IHROM.ATOGRAPH ANALYSIS OF 

LIQUID SAMPLE FROM SUI GAS 

"' ' --- SE .;kRATORBLOWDOWNc U ,P lr! '-L-I EDOBEST VA_,LA 



V-2 REVIEW OF FUEL GAS G'Uh2:DATA 

2.1 Review' c,f '. Dta With to Fuel GasDn' Regard the 

A ti; , 1  . . oubf operations data has been 

scanneci or. y that relevant to above 

subject-. . collected for detailed study. 

This loo-! from the various Registers 

Log-smet>:* :i1 iiiritained by the operations 

staff . Station. 

W'APDA c. ,u':: ).. up Agreements with Sellers for 

the us< c ls , .: fuel for gas turbines of the 

combi d c:, . .:.- respectively with M/s Pakistan 

Petri, ,. '. tcnd Kndhkot and with Fauji 

Found.idc "or . [- contract for Sui gas is 

between WAPDA, h:.: rnineer Thermal and M/s Pakistan 

.etIC -. -:. 7: . ... : in fact supplement to an 

ca r: '.. :.. m1 nature transacted on 

Decembt- :, ;9' ,:-, it s principal contract for use 

of Sui a,. c:,-i ' .ct:.tr power stations of WAPDA. 

The spali,,,:-'t,.: ,tct is dated December 1, 1975 

meant f.'. , Lic steam station located atI-Jh.,: 
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extendedGuddu site ani e. to supply gas turbines 

as well. Tht c, al terms are comparatively 

liberal !,ni f;. ... -regards demands and their 

revision. 

The gtis co,;r ,': mari supplies is with Fauji 

Foundt..r-, .. Apri] 1984, with a difference 

that, '-i ; .- :. e:.:cA]usively for the 450 MW 

combi;tt: ,-> :: ,it.Guddu, otherwise commercial 

te'm. :,. i ', - .n-milar, In this contract a 

a,,.-.
sepLre,,. ,: eith the quality of natural 

gas i:i: ., :', ,F. of composition and shows both 

liquid :i:-.: :' ' w.:er as being negligible 

componenT3V.;. 

The Kandhlkot. gs 2.and purchase agreement is 

between VAPDA P.dhistan Ltd. (P.P.L.Pak- Petroleum 

dat e . :. '!'he supplies from this source 

. qualit.y at the point of 

deliver'y *.::ed ffor record. The current 

suppli-.s n: : :ither moisture (water vapor) 

orDOCUMEN
 

LUIEST AVAILABLE DOCUME1NT
 



The contract u!L,:L',i contain commercial terms and 

conditi; m-,. - deal with the quality of gas in 

a casua l . : aZre not being retained as 

support 11 r,;., 

The f.irs ,,n, relevant data pertains to the 

record cf Th . c:onsumption of gas beginning 

from the ccnt.-. -.:br- 1985 up to the end of June 

1987 .ecw , :u -ces of supply is shown in
 

Table \-:, i-,% .'c.ird shows that beginning from 

the stm.i, u.p Nr 1,.in December 1985, the 

suppj..-> ilone, thereafter Mari gas 

supp-, i.:i.U :' '-ontinued till March 1987. From 

Februa-.. " h ;!as mixing station was 

conp..,:' u U :,.986 fuel from only a single 

soure, ,A,! ,:' ,:ud be supplied to the gas 

°turbi ::,.-: .- .,.. ':'. by-pass pressure reducing 

.. ~b'.7 because of certain 

uiuc .:. :,.cc. . . ,..'QIA and General Electric, 

Marl gas r..jLon .. : , 

After coi-.i..;: .. the treatment. plants at the 

source an .iv 'v ini, ends, and after the 

commissioni1g C. . Nlo. 4 gas turbine in June 1987 

Kandhkot g..F ... cith Mari gas because Mari gas,,. w:i 

alone could no.......Ln- demand requirements.
 

.L: ILU *, CjINT 



The next irT7o"',. Lelates to the total consumption 

of gas f:!: : 1986 to June 1987 as shown on 

Table V-2. -::. . .ht sources of supply had been 

Sui and M < C i'V urjng this period, therefore this 

part of' i:i,'.. ... .- tLzjns to Sui and Mari gases 

only.
 

Table V-2. -C< ': he quantity of condensate 

collected ' :., be.inning from January, 1987 to 

June 1.97. ' ... quantity of 75 drums collected 

in tli.- ; : .... v 1987 and nil quantity from 

April .- " , . -hi..practice was initiated in 

Janu-:,", o it the condensate if any was 

disposf-i .. t. prior to this period can 

be p1 ''<: , i.bient temperatures for the 

previc u~. i :,i .:., :thi' gas consumption from each 

field,
 

An e. '.. , .. . 1mintained on Unit No. 

GE-GT-.' . . m- object of observing the 

quantit:. c .cllected over its period of 

operati.i . . .. ..... o 13th April 1987 up to the 

end of' Juii. - . :':'espmnding ambient temperature as 

well as the tt-::.: .,; at the scrubbers are also 

a, 



noted. Tl ' shown on Table V-2.I-D shows 

that no .r,, ' .' collected during this period. 

The sou-r :' ,a. Mari for the first two months 

and fo: -u one it was a mix of Mari and 

Kandhk1,. .' ,u :as no condensate observed. 

The sam.: :. - - d .s shown on Table V-2.1-E was 

maintin< i !: '); GF-GT-I (G-7) from June 8, 

1987 to Ju;1 : . - . 

The next ,. - on Tables V-2.1-F through 

V-2,1-T .. , oT,-rating hours of each unit 

separaty h i io,C . for which each unit tripped 

out as a. :rough protective devices of 

the u:i, .: - a scheduled outage. This 

pro forlz.' . by General Electric and the 

informati,:,i. '>, '. . .h-hein also contains the total 

. L 



"',K(,F V-2.1-A 

, :'IMPIONMONTf- -:' : OF FUEL GAS 
FOR 

" SINCE450 . ',,S COMMISSIONING 

SR. NO. MONT-/YEAf .:UI'TION 	 (MSCF) GAS USED 

01. Decembe c 	 26527l, 	 Sui 

02. Januar'. 	 1052651 Sui 

03. Februar' 8:18992 (Sui 	or Marl) 

04. March 20-6206896 (Sui 	or Mari) 

05. April 792939 (Sui 	or Marl)
 

06. May 1!; 6 2914200 (Sui or Marl) 

07 June 2972143 (Sui or Mari) 

08. July >,, 2581187 (Sui 	or Mari) 

09. August " 540976 (Sui 	or Marl)
 

10. September'. : 11,12762 (Sui 	 or Marl) 

11. October 1 1420037 (Sui 	 or Mari) 

12. November -.. 1379967 	 (Marl and Sui) 

13 I)cDe i.. , 2'73581 Sui 	 and Mari 

14. Janu,-. ".421 (Sui 	 and Mari) 

15. February 23-48191 (Sui 	and Marl) 

16. March .,. 2224178 (Sui 	and Mari) 

17. April !PiS7 2196001 	 Marl 

18. May 1 !, 7 2959978 	 Marl 

19. 	 June 1937 3618618 Mix (Marl plus 
Kandhkot) 

• [, :, :,. r Fk. 



TAP,,E V-2.1-B 

MONTII' -. '>SY h<:PPTION OF FUEL GASES 
FOR 

, "NEDCYCLE PLANT 
N: <V.P:9 A TO JUNE 1987 

MONTH/YEAP 
___________ 

:ONSUMPTION 
(MCF) 

GAS 
_____ 

TYPE 

November i9 1275058 Mari 
4612 Sui 

December 1iPi: 273749 Mari 
! 3,0832 Sui 

January 197 1387203 Mari 
152228 Sui 

February 19', :133064 Mari 
I2]5137 Sui 

March 19,7 K 5361 Mari 
031985 Sui 

April 1987 2196001 Mrri 
Ni Sui 

May 1987 155=8 Mari 
Nil Sui 

June 1987 3,U574 Mari 
Nil, Sui 



..A V-2.1-C 

COND2E!2-T.) " ' D 	FTFOM FUEL GAS SCRUBERS 
I'2 CYCLE PLANT',KINED 

-OTi/;, ".....ITY QUANTITY 
____[LUS____ (US GALLONS) 

Janurvr . 2058 

Febru:,':: ' 3150 

Ma -ch ' 115 630 

April NIL NIL 

N .,y ];?7 NIL NIL 

June 1987 HIL NIL 

1 drum 42 U. . 

: The 1.; : .. .crubber is saturated at 305 psi 
l 'shed 


subat:.. .:i i 

and "::I: 	 . . "c.rub,: to atmospheric pressure a 

liquid (lighter hydrocarbons)

from the scru&; . v-poration, 
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TE " .... ':L GAS FROM SCRUBBER 
.'.' .. . T TEMPERATURE 

• ' ;-K (G-10) 
F}-cO; .,'/2'. :7 TO JUNE 30, 1987 

:'lIZTURE 

DATE TI. 
"-'; 

: o c 
AMBIENT TEMP 

0C 
CONDENSATE 
COLLECTED 

13.4.87 
14.4.87 

150 / , 
1600'. 

35/26 
37/29 

-

-
15.4.87 
16.4 .87 

1 G() 
50.0 

.k' 

.1 
28/24 
39/25 

-

-

17.4.87 14 0 ;', '22 40/26 -
19.4.87 1300 ::. 22 44/30 -
20.4 .87 
21.4.87 
22.4.87 
23.4.87 

170(: 
1 CG, 
1700,'t' 
1501) C;) . 

/26 
'/24 

23 
22 

40/28 
41/25 
42/24 
37/24 

-

-

-
24 .4 87 
25.4 . ,7 

150( 
1500/ 

22 
/21 

39/20 
39/23 

-
-

26.4. 7 1600 20 40/21 -
27 .4.87 1500/Cr '19 40/23 -
30.4.87 
01.5.87 

1600o'"'C24 
150 ,/' .. /24 

42/26 
36/21 

-
-

02.5.87 
03. 5.87 
04.5.87 
05.5.87 
06.5.87 

1 00.' 
140C/( 
15 0 
1500' 
1 0 

' 
,2 

,,20 

.20 
,0 

2/,2 

34/23 
33/24 
37/25 
38/25 
40/30 

-
-

-
-
-

07. 5.87 0 " 51 32/23 -
08.5.87 i C:0 . 0 35/28 -
09.5 , 
10.5.7F, 

1V' 2 33/21 
36/25 

-

11.5.87 
12.5.87 

15U0,
1500. 

,0 36/-
36/25 

-
-

13.5.87 
14.5.87 

1500,. 
150 , 

/24 
2,"r',35/24 

33/27 -

-
15.5.87 160' 8 36/28 -
16.5.87 1500 4 36/27 -
17.5.87 1400., 2", 39/27 -
18.5.87 
19.5.87 
20.5.87 

1500, 
1500/6t'12 
1400(.,' { 

' 5 
5 

41/29 
42/29 
40/27 

-

-
21.5.87 1400/ 4 40/26 -
22.5.87 
23.5.87 

1 01 ,0 
180,''"" 

"'2-4 
/25 

33/27
37/27 

-
-

24.5.87 1900/0; , '24 36/31 -
25.5.87 1600/"'C' 40/- -

26.5.87 1506/0G , 40/32 -
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.-!l (continued)
 

27.5.87 1700/(04 C/2 40/32 -
28.5.87 
29.5.87 

1700/0',0?/24 
1600/0, ' 24 

38/31 
41/31 

-

-
30.5.87 
31.5.87 
01.6.87 

70( 
15 0O /'.; 
1400, 

, 
/22 

"80 

35/25 
37/28 
40/33 

-

-
-

02.6.87 15-1 '28 43/80 -
03.6.87 1500, /2 41/31 -
04.6.87 15l") /27 41/30 -
05.6.87 
06.6.87 
07.6 .87 
08.6.87 
09.6.87 
10.6 .87 
11.6 .87 
12.6 .87 
13.6 .87 
14.6 87 

15 O' 
500/ 

150( 
1500/ 
15 0 0 
1500/t, 
150/ 
1900/0 
16O( 
140 '' 

''30 

'027 
'28 
'5 

29 

•30 
'0/31 
2/27 

'./30 

44/NIL 
45/3i 
-/-

43/33 
4 /NIL 
40/31 
40/33 
39/30 
39/27 
40/30 

-

-

-

-

-

-

-

-

-

-
15.6.87 
16.6.87 
17.6.87 

14 00/../29 
1300/' 
1400,/0:0/29 

/29 
40/30 
39/31 
41/32 

-

-
-

18.6.87 1700/ ./28 44/28 -
19.6.87 
20 .6.87 
21.6.87 
22.6 .87 
23.6.87 
24.6.87 
25. 6 .87 
26.6.R7 

1.100/0"' 
1600/11' ,. 
1500' 
1500 

,,27 
120/ 
20' ,, 
17( ./26 

0/27 
i/30 

7/29 
28 
1300' 

'/27 
26 

40/27 
43/31 
-/29 
40/32 
37/30 
37/30 
-/31 

42/30 

-
-

-

-

-

-
-

-
27.6.8.7 t6 0,'o'0,'U/27 ,: 43/30 -
28.6.87 
29.6.87 
30.6.87 

1600,':w 
60OO ,./28 

1700,';50(" 

:2/27 

22/26 

44/-
42/30 
42/28 

-

-

-
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DATE 


08.6.87 

09.6.87 

10.6.87 

11.6.87 

12.6.87 

13.6.87 

14.6.87 

15.6.87 

16.6.87 

17.6.87 

18.6.87 

19.6.87 

20.6.87 

21.6.87 

22.6.87 

23.6.87 

24.6.87 

25.6.87 

26.6.87 

27.6.87 

28.6.87 

29.6.87 

30.6.87 


V-2. I-E
 

.,"'EL GAS FROM SCRUBBER 
..... ;ENT TEMPERATURE 

...... . -.... T-I (G-7) 
i".?,. "K . T3 JUNE 30, 1987 

C. .. 'KI'UlJPE 
AMBIENT TEMP CONDENSATE
 

TIME 
 COLLECTED
 

1500/230 2 C 42C/35C -

1500/0'10(: 0 C 40C/30C 
150/0,0 C;)C 40C/30C 
2200,/0,0, C 35C/32C 
2200, ;, c 31C/30C 
1 400,, , :' C 38C/31m 
1500/: c)5 C 41C/3o. 
1300/ 0 6 C 38C/30C 
1300/0.6 3 C 37C/31C 
1700/00 3 C 41C/32C 
1500/0/ 0 ; ( ,u3C 43C/310 
1600/070C " 25 C 42C/28C 
2200/0 F0C 2 7 C 33C/29C 
1500/0 hu, 29 C 36C/31C
1600/010' 9 C 40C/33C 
170 0/O( 28 C 39C/30C 
1700/C0 9 C 40C/30C 
107 0 C' ' 9 C 40C/30C 
1600/0501 ' " - C 42C/30C 
1400/0.100 29 C 41C/30C 
1400/070C 5 C 42C/30C 
1300/C 0 :1SC 8C/33C
1G00/C: C" 41C/30C 
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.ECORD 

c - 1987 

OPERATING iRF iv. .... FORCED OUTAGE GENERATION 
MONTH BASE "E!RGENCY IY DURATION (MWH) 

TF-tPS HOURS 
MIN MAX 

Dec,1985 226.7 :" - :T.. 8 30 26509 

J3an,1986 530.3 22L '.. 5 17 38 55169 

Feb,1986 651.5 :22 '21 2 1 34 60396 

Mar, 1986 494.6E i: _ 2 10 37 45159 

Apr,1986 551.- :21 - 2 4 22 44861 

May, 1986 513.4 22: :2:. 1 2 59 42270 

Jun,1986 373.1 NIL C NiL 7 70 3 26327 

Jui,1986 463.7 NL 1: NIL NIL NIL NIL 33863 

Aug,1986 140.5 IL 3I 10 1 0 34 9886 

Sep,1986 22E.0 IlL 1.; 2 2 3 21 22836 

Oct,1986 287.4 Ni _"2 11 56 23601 

Nov,1986 - IIL ... IL NIL NIL NIL -

Dec,1986 - NIL NI NIL NIL NIL NIL -

Jan,1987 438.14. NIL 11 NIL NIL NIL NIL 40424 

Feb,1987 613.31 NIL 'NIL 3 10 30 43108 

Mar, 1987 61.4 NL NIL 1 6040 

Apr,1987 NIL NIL NIL - -

c 4~j Lf 

.1av ,19E,7 :2> :: . A:.. 

Jun 19 5. . - E
M 

w 0o5 
M -J -JO 

0 
47800 
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,e11. . -

OPLRA'IN : ...... OCEL) OUTAGE GENERATION 
MONTH BASE E,'z.:l RGENCY DURATION (mWH) 

:'.ips HOURS 
MIN MAX 

Dec,1985 - NIL NIL NIL NIL -

Jan,1986 -N 'L NIL NIL 26095 

Feb,1986 - NIL " NIL NIL NIL 2634 

Mar,1986 - NIL :.. N I L  N I L N I L 2 7 2 8 8 

Apr,1986 572.1 NIL 4 1 14 28 48664 

May,1986 683.7 NIL -"I: 1 0 21 52925 
Jun,1986 631.4 NIL .:L 2 1 26 5174 

Jul1986 467.9 IL NIl, 1 13 10 35603 

Aug, 19E6 127.5 NIL NIL NIL NIL 9575 

Sep,1986 263.4 NIL 2 17 0 19425 
Oct,1986 370.5 Nil 22 5 34 54 30528 

Nov,1986 470.8 N! L 4 9 5 27150 
Dec,1986 740.62. N' L NIL NIL NIL 67773 

Jan,1987 560.45 NIL NIL NIL NIL 47628 

Feb,1987 664.29 NIL 2 9 45 47514 
Mar,1987 697.26 NL - 5 10 46 70552 
Apr,1987 ,.. NI7 1 1 0 66905 

Mqay, 19E7 7 ." 1 1 5 60960 

I::. . 0 51 45791 
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C . :.: . :;: . ; i9> 

OPERATING HiS _ ;_ _..- P'CED OUTAGE GENERATION 
NIONTNA BASE PAK s:-::;:: :.: .. -::LROENCY DURATION (MWII) 

HOURS 
MIN MAX 

)ec,1985 - 7IL 

fan,1986 - NIL ... . . . 

'eb,1986 - NIL 2 - - - 238 

lar,1986 582.5 NIL iK - 28 22 59280 

,pr,1986 463.5 NIL :;- 2 4 40 38524 

iay,1986 415.9 ,IL :: 2 2 58 32357 

un,1986 577.9 ::IL 2..2 2 06 45434 

ui,1986 493.6 :2 2IL1 1 54 42664 

uq,1986 115.9 NIiL 22 1 1 13 9017 

ep,1986 279.9 NIL 27':, 1 . 1 3 22697 

ct,1986 240.1 NI: 2" . 3 30 56 19814 

ov,1986 391.8 IL 2 3 42 25577 

ec,1986 666.12 NI L ::-L 6 2 48 54773 

an,1987 636.51 i- C :. IL NIL NIL 63944 

eb,1987 167.36 1I:L 1::.:NIL NIL NIL 12653 

ar,1987 141.50 :::L :;: NIL NIL NIL 13612 

r,1997 694.127 "-. 10 3 65758 

ay, 19F 664.59 . 111 35 55587 

un,19F7 717.47 ::: " • 2 2 3 64924 
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OPERAT1NG -. . 1I.E.(' OUTAGE GENERATION 
IONTH BASE PEAK L":Y:iL.,.: : .:L;EtCY DURATION (MWH) 

:i.:.'s HOURS 
MlIN M,t> 

,ec, 1985 NIL NIL UIL NIL NIL -

an,1986 NIL ,iL :2 :IL NIL NIL -

eb, 1986 NIL NIL I...... . IL NIL NIL -

iar,1986 NIL NIL .7 NIL NIL NIL 1804 

pr,1986 386 :: ; 2 10 Ll 37743 

ay,1986 619.7 N:L N:L : 13 54 48757 

un,1986 660.6 NIL 3 2 55 58268 

ul,1986 521.4 I:L 1NiL NIL NIL 42183 
ug,1986 53.3 :17L 21 38 3873 

2p,1 9 86 36.7 NIL N:L NIL NIL 3510 

ct,1986 217.5 r:_L 6c C 1 24 17236 

ov,1986 378.8 NIL .4 .3 5 09 21848 

ec,1986 700.63 :7L 1,:NIL NIL NIL 67221 

Ian,1987 531.97 ,NL.- NIL NIL NIL 50178 

eb,1987 648.95 :IL E NIL NIL NIL 47597 

ar,1987 651.42 1I:L .:' :. 2 47 58 57544 

r,I9 694.: :- .... : 5 07 67773 

a-:, ,.5 . . - - 52 35 63228 

un, 1987 710.00 NIL ... .:IL 1I1NIL NIL 56414 
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V-3 	 GAS FIELD TREATMENT .,C2Lhi.TIES 

3.1 	 General
 

Facilities are u.u,.L'y installed at the origin of gas 

pipelines to perform i'. more of the following functions 

1. 	 To remove frf- and reduce the water vapor 

content of such a level that no 

condensntJoi .,.i .. u at pressures and temperatures 

to be encou~iI, :'K .:: pipeline 

2. 	 To perform L . f. unction relative to liquid 

hy d roc arbor , 

3. 	 To remove impu",_ which either reduce the heating 

value of th.c . cgi' arc corrosive to the pipeline and 

equi pmn' 

It is almost aways ocvis iiu to perform at least the first 

process lsted, r,-hyor' i in.. 
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Removal of inert. il,:dint (e.g., nitrogen), is seldom 

justified, except -, the cost of transportation in 

large and long p, :.. 

Most corrom:ive . : :.... dioxide and hydrogen sulfide), 

are not har'fu l w:ter is not present; consequently, 

their removal jy. , ,.ee.ary if dehydration is 

effective. Tii .' ". fields supplying Guddu 

dehydratioa f :: '.. . it place and operating. Liquid 

hydrocarbon: . *:. '.... limited extent. Inert and 

corrosive ga, . .:', :: --.-moved 

It is essent.itl -. ,.'ationr of gas turbines that the 

fuel gas be fr-e. c" .. hydrocarbons, especially that 

there be J -ir'i inno .. :;.,riations liquid hydrocarbon 

content. This c:ui n :.'ured by one of the following plans: 

"31 .1 P1] a:: ' 

Processin: r inlet to pipeline to ensure a 

hydrocarbon (ttnd .er dew point well below any 

possible L::i':t:.,crature. 
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3.1.2. Plan F
 

lnterc'ep.iri< -. 1] Iiquid slugs arriving in the 

pipe ine. t :.plant before filter-separation 

or pi 'e v '...ction. 

3.1.3 Plan C" 

InternF ptLn.: tl liquid slugs in the fuel gas
 

piping downi-trcnn of' filter-separation, pressure 

reduction ,l:I m:..xing bit upstream of the gas 

heating i t:. . 

3.1.4 Plan D 

Interceptiiii: Kiquid slugs from the gas to the 

turbine.n, -- ,;,,i: t-etrm of the heating station. 

From an 0Vu:'1]i I'!:0oN.-' :: .Lo , by far the most satisfactory 

solution will be Pi the treatment of all gas to 

pipeline quatv:t *'ae fields. This will not only 

eliminate the u2 liquid hydrocarbon in the fuel 

to the turbiieo_, but wj., improve operation of the 

pipelines.
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Implementation nf tl>5i p.In will be the most expensive as 

it will entail .iib;.ri:: installation and operating cost 

at each gas ,;; necessary to removefield. ,n]y will it be 


all liquid hy_'droe!' : ,.d free water from the gas, it
 

will be neces0.:v t . the hydrocarbon and water dew
 

points to _n-.' ,!.; : iline temperature. This will
helm 2I 

require equ . !p%:.rction of liquid hydrocarbons 

as well as d!vd-i .:ipment for the reduction of water 

vapor. Equi ima,:K : '.-'w: vapor reduction is in operation 

at all three .: !. this time in the form of glycol 

dehydrati on. 

Adoption of Plan B, i-ermoval of liquids at the entrance to 

the plant prior to eny pressure reduction or present 

filter-separation ill 15- very effective and will also be 

expensive.
 

liquK, x',]Migh r')n. vip,]i:yseparators, as distinguished 

from ,L.':, ' ,): .. ' be required on each entering 

gas pipeline. Tihi:. - iC;::;., t must be sized for the total 

capacity of th_,pi,: > t,,ndmust be designed for the 

pipeline operating .:',- :r 

1%'r--t1 1FdOW MENT 



If this type of septtr'ntjoi equipment is installed, there 

may be small quait.c, o: liquid hydrocarbons formed in 

the plant piping , ),'f ssure reduction and cooling but 

it will be in the , f fine mist, There will be little 

opportunity foc.:1:e >,t.on of condensed hydrocarbons in 

the plant pipii . 

Plan C, the removal of 1.1bquid hydrocarbons immediately 

upstream of the f 0 0 3 -. heaters will insure the arrival of 

dry super-hent.e f,. .,- t.o the gas turbines. 

This liquid removi. oouipment has been specified for the 

total fuel requiroe :w',t.- six gas turbines at the turbine 

supply pressure, *",PU psig. 

Plan D, removiL of liqui:- immediately upstream of the gas 

turbines, will u. :ective than Plan C. Any 

eppr-eci al"io f1 c: .hydrocarbon reaching the fuel 

gas he"'.to: - and be only partially 

vaporized. The gas dun:: .,nam of the heater will then be 

re-saturated.
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The Gas Fuel StLudy Ti: considers the most satisfactory of 

the four ]plans to ,: P1 .:r C, the removal of entrained 

liquids iminediatel7 ci:-Ltan, of the fuel gas heaters. (See 

-V-7.1 Fuel Gas 1ete * P. quid Scrubbers) for specifications. 

3.2 Sui Gas Field Trentm:i , }:Lcilities 

The facilities at Si g,- field in which the gas to Guddu
 

is treated were :.ic oiiw Wednesday 29 July. 

out e. 

black gummy stbetac:,: ejected. This material appears 

identical to depo It.f., :,urid in the Y strainers on the gas 

turbines at Cudde. since been identified as 

Lriethylene glyuoi eeK nnvy hydrocarbons , up to and 

including C12. 

When blowing t. ;?m:ple connection, a heavy viscous 

Variol:s ga i dizted 1983, some dated 1986, 

indicate :1-1 heavy hydrocarbns (butanes 

and heavier) is ,iroz]ucufet Sui. Sui gas for Guddu is not 

processed prior tc, :iv.y to the pipeline. After entering 

the pipeline, --.. . in parallelthe : ': >hydrated two 
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dehydration units each rated at 51 mmscfd located at Sui
 

near the origin of the pipeline to Guddu,. Total flow
 

through these unit:- b,-en as much as 140 mmscfd. 

Overload operatior ci . units will result in less 

effective water remi.lov,' trid in glycol carryover from the 

glycol contact I.ow,1'. 

The dehydrati or ue.. r', conventional in design. Each 

glycol contact :octaiins gas scrubber sectionz.r" a 

below the bottom i:!.i t-ray, eight bubble cap contact 

trays, a mist ,ct.r' Iove the glycol feed tray and a 

gas/glycol heat aa'.5z tO rncl the incoming lean glycol 

stream.
 

Glycol is regenera..c in it horizontal boiler with 

submerged firetubo., Su:,. capacity for glycol is provided 

by an extension of ,.ir shell. Regenerated glycol is 

cooled f' ? :c, g with wet glycol from the 

contact towt. " ,:: in :A heat exchanger by the gas 

stream leaving the co,;A.cL tower. Regeneration is at 350OF 

to 380 0 F. 

Two filter-se:'ato:- -. u ai rallel filter the gas before it 

enters the glycol contort towers and two identical units 

filter the dehydratn, c oe, This installation should remove 

substantially all of't-he lycol carryover under design 

load conditions. 
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Dehydrated Sui gas enter the pipeline at approximately 

900 psig at a temperttt.ur.u of 100°F or higher. In the 

pipeline to Guddu, th> rrs:sure drops due to the energy to 

sustain flow. Sinc!._ nuach of the pipeline is above ground 

or in earth satura-ec -.. t.h water, the temperature of the 

gas probably approa:m.. t.he 24 hour average ambient 

temperature. in .s,.,. is may be 1000 F,and in winter 

as low as 400 F. As .i.mperature falls below the 

hydrocarbon dewroint ci' the gas condensation of the 

heavier hydroc:-bc t.Y occur. In addition, some liquid 

may be carried uve:- f:'w:. the overloaded dehydrators. 

There i.; also a diT;.i, possibility of the loss of glycol 

to the effluent gua ;'hai the units are overloaded. 

The profile of the iir.n from Sui to GUDDU is 

essentially level .:c, there are no significant hills or 

valleys. The natui.,: :.:i supports and occasional 

crossing of .cis ,ms results in sags and pockets 

'n the iies >z.',. less than one pipe diameter, 

some pockets are sev.eral feet. Condensed liquid will 

collect in these lowl -: :, the amount depending to some 

extent on gas veloci.'.. 

At 140 mmscfd, velocit:. In the pipeline will be less than 

20ft/sec, at 100 inm:.-cfci, velocity will be less than 

14ft/sec. Neither of these velocities is sufficient to 

ensure that liquids will be carried along with the gas 
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stream. Instead, 	liquid will accumulate in low spots in
 

the pipeline. The accumulation of liquid will decrease
 

the flow area of' the gaz and therefore increase the gas 

velocity. At some r-ete f floy, the gas velocity will be 

sufficient to pick Lup !.iuid from low spots and carry it 

down the pipeline. '4i-i. this occurs, the liquid tends to 

travel in waves. A lh:':.: wave or slug of liquid will act 

as a piston, picki:.< uj more liquid from low spots until a 

slug of some si: e to:'F. Experience on other pipelines 

carrying wet gas h. cw. that slugs of several hundred 

barrels can, and so mtJ do, form and are carried along 

to the end of the impi.ne. There is no firm evidence 

however, that such lmrge slug of liquid eveir entered the 

Guddu facility ever tnoufh there is a considerable amount 

of liquids in the Sui :a- durinrg the colder winter months. 

The pipeline originates at some distance from the final
 

dehydrat ion faci ii 	 t.1 es. Tih, piping at the dehydration unit 

,is so rr,	 ': " launched at the origin of 

the line can be pu'scd .hru the facility by opening a
 

bypass valve and bypessing the dehydration units for a
 

brief interval.
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3.3 Mari Gas Field Treatment Facilities
 

Facilities at Mari gus field processing gas prior to
 

admission to the pip,:line to Guddu were visited on Friday
 

31 July.
 

Final field separation at. Mari occurs before the metering 

station. After meterin.;, the gas enters the glycol contact 

tower of the dehyd'i.i-n unit. This is an 8-tray tower 

without a gas scr'ubl:- section below the bottom glycol 

tray. Wet glycol ic 'eanved from the bottom of the tower. 

The glycol regencrato- at Mari is a more sophisticated 

unit than the Sui units and should produce a higher
 

concentration of le(an glycol which, in turn, should
 

produce a drier (wotter) gas than the Sui unit.
 

There are nc fUJu-:;- <ue: ors downstream of the glycol 

contact ttLO. :esult in the carryover of an 

appreciable quantity of glycol, especially when the unit 

is overloaded or when a process upset occurs, 
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3.4 Kandhkot Gas Field Treatment Facilities
 

Facilities at Kandhkot gas field in which the gas to Guddu
 

is treated were visite(d on Saturday 1 August.
 

Field gas entering the Kandhkot facility passes through a
 

slug catcher befort! n-,(tering the dehydration facilities.
 

Dehydration is irn ientical glycol dehydration units
 

each rated at 30 mms ,j. Each glycol contact tower
 

incorporates a gas scrubber section below the bottom glycol
 

tray. There are bubble car trays and a mist extractor to
 

remove entrained liquid from the effluent gas.
 

The facility contains three filter-separators. One of these 

units filters the gus before it enters the glycol 

contactor. One unit filters the gas after it leaves the 

contactor. The thi:-d unit serves as a spare and can be 

substituted for *f the Metering byoier others. is an 

orifice meter following final processing.
 

The pipeline to Guddu originates approximately a thousand
 

yards from the dehydration faciJity. The gate was looked on 

the scraper launcher at the origin of the pipeline so no 

close inspection was made. 
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V-4 FUTURE GAS FIELD PLANS
 

4.1 Future of Gas Sup iv from Sui 

There are two ministries in Federal Government that
 

negotiate demands for- f'uel oil and gas supplies for the 

purpose of generatini el.ectric power, i.e. the Ministry of 

Petroleum and Nat ui" L Petources, and the Ministry of Water 

and Power. WAPDA f:ll. under direct control of the latter 

ministry. All its deminds for fuel are routed through this 

ministry, for subsequent adjustment between power generation 

and industry. 

From the present trend of the supply and demand position it 

appears that the emphasis has been on making the maximum use 

of residual oil and curtailing supplies from Sui sources to 

the extent possible. Presently this curtailment has affected 

the supplies to nou:f the steam stations of WAPDA that are 

faced with the :r.oflj~utransporting oil by trainf fuel 

tankers, decanting them and processing it for firing the 

boilers. Guddu Station has however remained exempted for 

this restraint, although these units are equipped for 

conversion at short notice. Both the steam boilers and gas
 

turbines are capable of burning oil as well as gas.
 

oESI AVAILA3LL t)OQUML.N 

63 



There is every reason to expect that the gas supply from Sui
 

will be further reduc,!d, but the level to which this will
 

finally be settled must remain a matter of negotiations
 

between WAPDA and the concerned ministries in Islamabad.
 

Complete cessation of' itipplies from Sui is not likely in the
 

foreseeable future.
 

The Planning Commission No. 1 Proforma that WAPDA has
 

prepared and submitted to the planning commission in respect
 

of additional 300 N'< Combined Cycle Power Station (Units 5 

and 6) units at Guddu ,.us indicated that the fuel gas for
 

the units will be ma.dv available mainly from Kandhkot while
 

the supplies from Mari and Sui will also be available. The
 

strLngth of such a statement is obviously based on
 

assurances and commitment from the Ministry concerned.
 

Pakistan Petroleum Ltd. is managing the Operations of the
 

Sui fields and the lKhadhkot fields. This organization is 

therefore well informk-: of the planning strategy of the 

Federal Government and receives direct instructions from 

them. In this context it has been gathered that laying of 

additional pipe lines to satisfy the demands of power 

generation and the upcomming industries in this are is now
 

64 BEST AVAILA3LE DOCUMENT 



under active implementation and receiving top priority.
 

There is therefore no doubt that by the time the second
 

phase of the combined cycle (Units 5 and 6) comes through
 

the additional capability of the gas transmission will have
 

been fully commissiorned. 

The present governments fivepoint development strategy which 

is due for completion by the end of 1990, takes into its 

fold development of' 7ower so that there is no load shedding 

in future. rhi2 special is toIn r,:ai.d attention given 

areas of Sind Province that have remained under development 

so far. There is a regular assessment of the progress 

carried out by the government agencies and it is not likely 

that such an important infra-structural item like the laying 

of additional pipelint:i would go by default, on which the 

economy of the whole country depends. 
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V-5 GAS TREATMENT FACILITIES AT GUDDU
 

Gas from the three sources of supply are processed at Guddu
 

in a similar manner but with 
a few exceptions.
 

5.1 Sui Gas Treatment Facilities
 

All of the Sui gas that enters the Guddu Power Plant is 

presently treated or distributed from a single facility 

operated by Sui prcrL3i(o:i. The Sui gas first passes through 

two parallel banks of owo filter-separators each. These two 

banks can be isolated but at present they feed into a common
 

header. The valving i Such that the filtered gas can be
 

routed to the mixingi 
 station or to the steam plant pressure
 

reducing station. Currently all Sui gas is routed to the
 

mixing station.
 

Two of the filter-sepfartor units have no 
liquid collecting
 

chamber, no gage gia3, 
or 
level control device. Two units
 

have a lower chamber for liquid accumulation equipped with
 

gage glass but 
no level control device. Routine blowdown is
 

reported to be once or twice weekly. Since there is a gage
 

glass in two of these units, it is assumed that the operator
 

monitors the liquid level and blows down all four units
 

whenever liquid has accumulated in 
the two with gage glasses.
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In the early days of operation of the gas turbines, theme
 

filter-separators were bypassed and Sui gas fed directly
was 


to the gas turbine installation via the pressure reducing
 

station. This mode of operation continued for about a year
 

whenever Sui gas was burned in 
the gas turbines.
 

Even with the current Sui gas treatment facilities at Guddu
 

the turbine installation probably could receive slugs of
 

liquid too large to be handled by the Peerless scrubbers on
 

the individual gas turbines without modifications to the
 

on-site Sui gas treatment facilities.
 

The installation and the 
program of operation and maintenance
 

are totally inadequate if Sui gas is to be supplied to the
 

gas turbines without further processing for liquid removal
 

and the upgrading of the controls on the existing Sui
 

filter-separators.
 

5.2 Mar and Kandhkot Gas Trenttment Facilities 

5.2.1 General:
 

The original Kandhkot treatment station consisted of a
 

coalescer in series with three filter-separators. The
 

original Mari gas line had no 
treating facilities.
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As a temporary measure two of the Kandhkot filters
 

were utilized to treat the Mari gas until the new Mari
 

filter-separators could be installed.
 

As a result of this temporary arrangement both gases
 

were treated. It was, however, necessary to reduce
 

the Mari gas pressure from about 900 psig to 450 psig
 

because of the lower design pressure of the Kandhkot
 

filter-separators. This was beneficial in that by
 

reducing the pressure, heavy hydrocarbons, if presents
 

would be partially condensed and removed.
 

5.2.2 Mari Treatment Facilities
 

Mari gas is being fed directly from the gas pipeline
 

to one of two parallel 100 percent filter-separators
 

at the full line pressure of 900 psig.
 

Each of th fter-separator units is equipped with a
 

two compartment lower drum for the collection of
 

accumulated liquids. Each compartment is equipped
 

with gage glass, liquid level controller operating a
 

dump valve, and a manual drain valve.
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One of the Mari filters was opened for inspection. In
 

general the unit was not very dirty. Objects such as
 

a piece of metal 1-1/2 x 2-/12 inches were found,
 

stones about 3/4 inch in diameter, sand, gravel and
 

rust scale in a wet sludge liquid were recovered. The
 

liquid was completely soluble in water. The
 

conclusion is that it is glycol. The Team was
 

informed that the glycol losses at the Mar
 

dehydration stition were excessive (see Appendix 2).
 

No traces ou hydrc)carbons were detected. The General
 

Electric Teal mt-:-mher obtained samples of analysis. 

Team members observed the washing of the filter with a
 

fire hose. The three valves on the bottom drain lines
 

were opened. Tnitially wash water flowed out onto the
 

ground below the filter from a single valve and out to
 

the discharge pit. Shortly thereafter the water flow
 

stopped in -.1i th:'ee. This indicated that the valves 

and pipelines wt.r, plugged with fine sand and other 

solid material such as rust scale. The lower chamber 

was subsequently cleaned. All drains flowed freely.
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Mari gas from the filter-separators passes directly,
 

without further processing to the mixing station. It
 

appears that they are no hydrocarbon liquids in the
 

Mari gas.
 

The existing Mari gas treating system represents the
 

final design. The Kandhkot gas treating system is 

currently being converted back to its original 

design. This consists of a coalescer in series with 

the three parallel filter-separators. 

5.2.3 Kandhkot Treatment Facilities
 

Kandhkot gas was introduced into the gas turbines for
 

the first time in June of 1987. It represented about
 

15 percent of the total gas with the balance Mari gas.
 

No liquids were observed in the level gages or drain
 

lines despit! th, Cact that the block valves on the 

liquid level controllers of the coaleseer and
 

filter-separators were closed. It appears that there
 

are no liquid hydrocarbons in the Kandhkot gas.
 

70 

•E.3i AVIL[CE ou0 NI 



Gas passes directly from the single Kandhkot
 

filter-separator, which cannot be by-passed as
 

currently connected, to the mixing station. This will
 

not be the case after the system has been converted
 

back to its original design.
 

5.3 Mixing Station
 

The mixing station is designed to maintain two gas fuel
 

headers at the desired pressure. One of the headers feeds
 

the four gas turbines and will ultimately supply six gas
 

turbines when the plant expansion is completed. The other
 

main header supplies the steam plant. The header supplying
 

the gas turbines is normally set at 350 psig. and the steam
 

plant header at 200 psig. Gas enters the mixing station
 

headers through six control valves, two on each gas supply
 

line.
 

Pressure on each header can be controlled by operating the
 

control valves manually or in automatic control mode.
 

Flow of gas from one source can be maintained by manually
 

operating the two pressure control valves on that stream to
 

obtain the desired reading on the flow meter for that source
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and operating the control valves on the other two gas
 

supplies in automatic mode. This will maintain flow from one
 

source; fluctuations in demand will be supplied from the
 

other two sources on pressure control.
 

There are no provisions for direct flow control and no
 

provision for measuring gas flow from each of the three gas
 

supply headers to either of the mixing stations nor is there
 

any way to determined the actual gas flow rate to either the
 

steam plant or, thu gag turbines. 

There is a specific gravity indicator on each gas line to the
 

mixing station. Some difficulty-has been experiencud in
 

keeping these instruments operational.
 

5.4 Gas Turbine Fuel Gas Scrubbers
 

5.4.1 General
 

The vertical Peerless scrubbers which are located on
 

the fuel gas line to each turbine were installed by
 

General Electric. Their primary functions is to
 

remove small quantities of liquid that may be in the
 

fuel gas resulting from modest temperature reductions
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in the gas or as a result of pressure reduction.
 

Their design, however, is such that they are capable
 

of removing relatively large quantities of liquids
 

from the fuel gas and still comply with the design
 

specification for liquids in the fuel gas to the gas
 

turbines. This specification and performance
 

guarantees which follow in Section 5.4.2 
were
 

provided by Peerless Manufacturing Company (refer to
 

Appendi- 3).
 

5.4.2 Specifications and Performance Guarantees
 

The particulate and liquid removal performqnce
 

guarantees of each Peerless scrubber based on a
 

design gas flow rate of 25,000,000 scf/day includes:
 

- Particles 10 microns and larger in size - 100
 

perc.nt efficiency (percent removal)
 

- The exit gas will contain less than 0.1 gallons
 

per million standard cubic feet of gas for:
 

a. maximum liquid loading @ maximum flow = 64 gpm
 

b. maximum liquid loading @ normal flow = 70 gpm
 

c. maximum liquid loading @ minimum flow = 72 gpm
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The above liquid rates are based on a steady gas and
 

liquid flow rate and not as slugging or pulsing
 

conditions. the vendor estimates that there would
 

be a ninety percent or better liquid removal rate
 

for entering slugs up to approximately 200 gpm. As
 

the amount of liquid exceeds 200 gpm the performance
 

of the unit would slowly start declining.
 

The above refers to liquid removal rates in the
 

multiclone section of the scrubber.
 

Each of the scrubbers is capable of removing over
 

2000 barrels pef day of liquids while meeting the
 

specifications for liquid in the gas.
 

The liquid dump system provided has a flow rate of
 

approximately 45 gpm at a 300 psi differential
 

pressure.
 

The liquid discharge rate for a single separator is
 

limited to about 1500 barrels per day of liquids 
as
 

per vendor specifications. This, however, may be
 

reduced somewhat by the choke coil effect of
 

discharge piping upstream and downstream of the
 

bottoms liqutd discharge valve.
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There are no records available pertaining to the
 

amount of liquids removed from the scrubbers when
 

the bypass pressure reducing station was in
 

operation. The highest recorded amount of liquid
 

removed was 75 barrels during the month of February
 

1987, when the total electric power generated was
 

slightly more than 150,000 mWh. This was the total
 

amount of liquid removed for all of the scrubbers on
 

the gas turbines in operation during this period.
 

This removal rate is low when compared with the
 

monthly design liquid removal rate of about 45,000
 

barrels per mont' per scrubber.
 

The liquid discharged from the scrubber is saturated
 

with light hydrocarbons at scrubber operating
 

temperature and pressure, when fa~shed to
 

atmospheric pressure a portion of the original
 

liquid from the scrubber is lost by evaporation.
 

It appears that the scrubbers will remove all of the
 

liquids that would normally enter the system during
 

the colder winter months and meet the design
 

specification of 0.01 gal/mm scf. The exception
 

would be very large slugs which would also have an
 

impact on the steam boilers as well as the gas
 

turbines.
 

75 1iS '' ,r, ' ' 



Each scrubber is equipped with a high liquid level
 

alarm. The alarm sounds and indicates the cause on
 

the annunciator board in the turbine control room.
 

Liquids in Gas Turbine Fuel Gas Supply
 

5.5.1 Background
 

Before the commissioning of the mixing station, Sui
 

gas was supplied to two of the gas turbines without
 

being processed in the Sui filter-separator facility
 

at Guddu. During this operation,the total gas flow
 

from Sui was in excess of 102 MMscfd, the design
 

capacity of the Sui dehydration facility. The nature
 

of the pipeline and the station piping is conducive
 

to the accumulation of liquids in low spots, hence
 

the potential for the arrival of the liquids in
 

slugs. Under these conditions, liquid hydrocarbons
 

and glycol could be delivered to the pipeline and
 

ultimately to the individual gas turbine fuel gas
 

scrubbers in slugs which could exceed the capacity
 

of the scrubbers. There is no conclusive evidence
 

or records from the gas supply system that excess
 

quantities of liquids ever reached the gas
 

turbines. There is some indications that liquid
 

arrived at the Peerless scrubbers in sufficient size
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to flood the separators and cause the turbine to
 

trip. (See Appendix 1 - Telex from Charles Blue to
 

H.C. Gerber dated March 17, 1986). WAPDA, however,
 

was having Sui gas supply pressure control problems
 

with the temporary bypass which was more likely to
 

have been the cause for the shutdown. Furthermore,
 

the blowing of liquids from temporary tanks may have
 

been related to flashing liquids or to level control
 

problems in the scrubbers. (See paragraph AA and BB
 

of Mr. Blues telex).
 

In summary it cannot be determined what caused the
 

shutdown, liquids in gas or pressure control
 

problems.
 

The individual scrubbers in the gas turbine fuel gas
 

supply are primarily intended as "polishing"
 

separators to clean up the last vestiges of
 

entrained liquid and solid particles. They are,
 

however, guaranteed to reduce the liquid in gas to
 

the turbines to the design specification of 0.1
 

gallons per million scf of gas provided that the
 

internal cyclones are not overloaded with liquid or
 

the unit is niot flooded (See Section V-5.4.2).
 

While the scrubbers have a liquid removal capacity
 

of 45 gpm (1500 BPSD), slugs larger than the
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instantaneous capacity of scrubbers were probable
 

under conditions existing when the Sui filter

separators were bypassed and currently possible,
 

even when the Sui filter-separators are in operation.
 

Since completion of the gas mixing facilities at
 

Guddu, it is no longer necessary to burn Sui gas in
 

the turbines without its being processed in the
 

filter-separation facility at the steam station. The
 

piping still exists for bypassing the Sui filter

separator station completely.
 

The inadequencies of the Sui filter-separator
 

installation and its operation are discussed in
 

Section V-5.1.
 

5.5.2 Liquids in Strainers
 

Gas turbine Unit No. 1 (G-7) was shut down due to
 

apparent operating difficulties associated with the
 

combustion system. The gas inlet fuel gas feed ring
 

flange connections contained a thin coating of
 

sticky brownish liquid which did not have any
 

appreciable odor or taste. The wye strainer on the
 

fuel gas feed line was opened for cleaning. The
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strainer and piping were covered with a thin coat of
 

black sticky liquid. This was later deduced to be
 

glycol. It was completely soluble in water.
 

When the fuel gas heater and the proposed gas heater
 

liquid scrubbers are installed and operating, the
 

fuel gas to the scrubber will be superheated at
 

least 20°F and have a minimum temperature of 120 0 F.
 

The existing Peerless scrubbers in their present
 

location downstream of the heaters will thus become
 

superfluous. Their primary function will be for
 

surge protection in case liquids get through the gas
 

heater-liquid scrubber system.
 

5.5.3 Transfer Line
 

The fuel gas transfer line from the scrubbers to the
 

gas turbines combustions system forms a low level
 

loop wherein liquids could accumulate. This low
 

level loop which is in a trench is approximately two
 

hundred feet long. During shutdown, periods of low
 

flow and colder winter months there is the
 

possibility that condensation could occurred. The
 

exact quantity and the impact upon the combustion
 

system is indeterminable.
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6.0 GENERAL ELECTRIC FUEL GAS SPECIFICATION
 

6.1 Fuel Gas Specification/Contracts
 

6.1.1 General
 

The General Electric fuel gas treatment and gas
 

turbine GE fuel gas control and combustion system were
 

designed to burn fuel gases in accordance with the
 

provisions stated in the WAPDA Lot lA/lB bid
 

specification for the 450 MW Combined Cycle Power
 

Station and the General Electric specifications for
 

gas turbine fuel gases, GEI-41040C which is included.
 

in Section I, Introduction.
 

6.1.2 Lot iA/lB Fuel Gas Specification
 

The fuel gas specifications presented in the Lot lA/lB
 

bid specification is excepted as follows
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Natural Gas
 

Natural gases from Mari, Sui and Kandhkot Gas Fields
 

will be available. These gases will have the
 

following properties:
 

Methane (% vol) 

Ethane (% vol) 

Propane (% vol) 

Butane and higher (% vol) 

Nitrogen (% vol) 

Carbon dioxide (% vol) 

Hydrogen Sulfide 

(Gr/100 cu. ft).
 

Mercaptan Sulfide 

(Gr/100 cu ft)
 

Higher heating value 

3 )
(kJ/NM


Mari Sui Kandhkot
 

71.2 88.52 79,2
 
0.2 0.89 1.1
 
- 0.26 1.1
 
- 0.37 0.4
 
19.5 2.46 16.6
 
9.0 7.35 2.5
 
0.1 92.2 30.8
 

- 3.8 1.2 

26,940 34,740 31,350
 

Natural gas will be supplied at the battery limit at
 

305 + 7 psig pressure and 100 F temperature. 

The gas turbine unit shall be designed for
 

satisfactory, operation with natural gas having heating
 

3
values ranging from 26,940 kJ/Nm 3 to 34,740 kJ/Nm .
 

Mainly the natual gas from Mari Gas field will be
 

utilized and performance tests for gas operation shall
 

be based on this gas.
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6.1.3 Fuel Gas Specification No. GEI-41040C
 

Key paragraphs in General Electric specification No.
 

GEI-41040C related to this application are excerpted
 

below :
 

Contaminants
 

The gas shall be what is known in the industry as "Dry
 

Gas", that is, the gasoline vapor in 1000 cubic feet
 

at standard conditions (60°F and 30 inches Hg,
 

absolute) shall be equivalent to not more than 0.1
 

gallon liquid.
 

NOTE -"Wet gas" shall not be excluded as a fuel for
 

gas turbines, but when used, provision shall be made
 

to avoid too sudden a change in heating value during
 

starting and running.
 

No napthalene or gas hydrates or other solid or
 

semi-solid hydrocarbons shall condense from the gas
 

when its temperature is dropped by 20°F at constant
 

pressure.
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Heating Value
 

The lower or net heat value must lie in the range of
 

300 to 5000 BTU per cubic foot. However, whatever
 

heating value is specified for a given application
 

within this range, it shall not differ from the design
 

or specified value by more than plus or minus 10
 

percent.
 

The WAPDA fuel gas specificaLion in the Lot IA/IB bid 

specification and the General Electric Specification 

ar3 generally in accord. Comments related to the 

compatibility of these specifications are: 

I 	The heating value range in the WAPDA specification 

is + 12.6% which is higher than the maximum 

allowable of + 10% shated in the GE specification. 

The gas turbine fuel control and combustion system 

were designed Lo accommodate this wide range of 

heating value. 

2 	All of the above fuel gases will be. dry at the
 

stated supply conditions of 10OF temperature and
 

305 + 7 psiL. pressure, which satisfies the gas
 

turbine requirements.
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The fuel gas composition and the gas temperature at
 

the supply point to the gas turbine are significant
 

factors used in the design of the fuel control and
 

combustion system. These influence the quantity of
 

heat release that will pass through a fixed orifice at
 

a given pressure ratio. This characteristic is
 

expressed by the Wobbe index.
 

At the supply temperature of IOOF and the composition
 

of each fuel, the Wobbe index for each fuel in the
 

WAPDA specification is as follows with the Wobbe index
 

at fuel supply temperature of 30F presented for
 

comparison:
 

Fuel Gas Mari Sui Kandhkot
 

High heating value 26,940 34,740 31,350

3 )
(kJ/Nm


Lower heating value 24,270 31,250 28,992.5

3 )(kJ/Nm

(Btu/scf) 652 839.2 779.5 

Specific gravity 0.721 0.647 0.673 
(Air = 1.0)
 

Wobbe Index at 10OF 32.45 44.09 40.01
 

Wobbe Index at 30F 34.69 47.13 42.87
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The fuel gas control and combustion system for the
 

WAPDA Guddu MS-9001E gas turbines v;ere designed to
 

accommodate the variation in Wobbe index of + 15.2% as
 

required by the range of fuel gas composition and 10OF
 

supply temperature in the Lot lA/lB specification. The
 

Wobbe index range is increased by 6.9% to accommodate
 

the Sui gas at 30F. The flow area of the gas fuel
 

nozzle tips were reduced to accommodate this condition
 

6.1.4 Lot 4 Fuel Gas Specification
 

The fuel gas specification included in the Lot 4 bid
 

specification presented a composition differing from
 

that in the Lot IA/IB specification. The Sui and
 

Kandhkot compositions were identical to those in the
 

Lot IA/lB bid specification. The natural gas fuel
 

specification in The Lot 4 bid specification is
 

present.ed on pages TS-4-3 and TS-4-4 of Volume 2, Book
 

1 as follows:
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Natural gas from the Mari Gas Field will be the normal
 

fuel for the gas turbines. However, the gas turbine
 

will be provided with a dual fuel system and will be
 

capable of operating either on natural gas or
 

distillate oil or any combination thereof. The
 

characteristics of two available natural gases are as
 

follows:
 

Sui Kandhkot
 

Methane (VoI. %) 88.52 79.2 
Ethane (Vol. %) 0.89 1.1 
Propane (Vol. %) 0.26 1.1 
Butane and Higher (Vol. %) 0.37 0.4
 
Nitrogen (Vol. %) 2.46 16,6
 
Carbon Dioxide (Vol. %) 7.35 2.5
 
Hydrogen Sulfide (Gr/100.cu.ft) 92.2 30.8
 
Merceptan Sulfide (Gr/100 cu.ft) 3.8 1.2
 
Higher Heating Value (kJ/Nm 3 ) 34,740 31,350
 

The composition of Mari gas is as follows:
 

Methane (Vol. %) 68 to 76
 
Ethane and Heavier (Vol. %) 0.1 to 0.4
 
Carbon Dioxide (Vol. %) 6.0 to 10.0
 
Nitrogen (Mol. %) 18.0 to 22.0
 
Hydrogen Sulfide, ppm 0.5 to 6.0
 
Gas Gravity 0.627 to 0.789
 
Higher Heating Value (kJ/Nm3 ) 25,700 to 28,000
 
Nitrogen plus Carbon Dioxide Maximum 30
 

(Mol. %)
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Following is a "worst case" gas within the limits of
 

the Mari gas composition at quoted in the Lot 4 Fuel.
 

gas specification:
 

Mari Gas
 

Component % By Volume
 

Methane 68.0
 
Ethane and heavier 0.1
 
Carbon dioxide 10.0
 
Nitrogen 21.9
 
Hydrogen sulfide 0.0005
 

Physical Characteristics
 

Specific gravity (Air = 1.0) 0.7405
 
Higher heating value (kJ/Nm3) 25,700
 
Lower Heating Value (kJ/Nm3 ) 23,142
 

(Btu/scf) 621.4
 
Wobbe index at 10OF - English 30.51
 

10OF Metric 1524.7
 
30F - English 32.62
 
30F Metric 1630.0
 

The Lot 4 specification analysis increases the Wobbe
 

index range a further 6.35% which results in a total 

range between Sui gas at 30F to Mari gas at 1OOF of + 

21.4%. Note that this is based on a composition with 

the lowest stated hydrocarbon content that fits all 

the statements except "carbon dioxide plus nitrogen 

not to exceed 30" and results in a specific gravity 

that is 6.5% lower than the stated maximum of 0.789.
 

87
 

BEST AVAILABLE DOCUMENT 



6.1.5 	 WAPDA Gas Control
 

The gas quality or composition stated in the WAPDA gas
 

contracts do not agree with either of the above
 

compositions that have been provided as a design
 

basis. The gas contracts state.the following related
 

to commitments by the gas suppliers to WAPDA:
 

1. 	 Sui (page 3 of PPL/WAPDA Contract dated December 5,
 

1974)
 

"Quality of gas 8. 	 The quality of raw gas sold
 

by the seller and purchased
 

by the buyer conforms to the
 

following specifications:
 

a. Max H2S content 	 13 Gr/100 cu.ft
 

b. Max CO 2 content 	 8 percent (by volume)
 

c. 	 Max total sulphur content 20 Gr/100
 

cu.ft.
 

d. Max oxygen content 	1.0% (by volume)
 

e. 	 Max gross heating value 930/Btu/cu.ft
 

(Wet)
 

f. 	 Min. gross heating value 870/Btu/cu.ft
 

(Wet)"
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2. 	 Mari (pages 9 and 10 of Fauji Foundation/WAPDA contract
 

dated April 24, 1984)
 

"ARTICLE IV
 

QUALITY OF GAS
 

(a) 	 Seller shall supply Gas to Buyer as produced by
 

Seller. Seller shall not be required to, in any
 

way, treat, dehydrate or process the Gas produced,
 

provided however, Seller shall install equipment
 

such as gas liquid separator(s) for removal of
 

free 	water prior to delivery of Gas to Buyer.
 

(b) 	 Seller plans to produce Gas from several wells in
 

the Mari Gas Field, which, when gathered and
 

commingled, is expected to have a composition
 

within the range indicated below for individual
 

components:
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Methane 	 68 to 76 mole
 

percent
 

Ethane and Heavier 0.1 to 0.4 mole perce
 

Carbon Dioxide 6 to 10 mole percent
 

Nitrogen 18 to 22 mole percent
 

Nitrogen plus Carbon
 

Dioxide 30 maximum mole perce
 

Condensable Hydrocarbons Negligible
 

Water as liquid Negligible
 

Hydrogen sulfide 0.5 to 5 PPM
 

Calorific value 690 to 750 Btu/scf
 

Seller shall not be bound to supply gas with
 

hydrocarbons and non-hydrocarbon components wit]
 

the above composition ranges.
 

(c) 	 In no event shall Seller be obliged to operate
 

Field in a way not consistent with good gas fie:
 

practice, or to make any investments or incur az
 

operating expenses that would not have been mad(
 

or incurred in the absence of this clause.
 

3. 	 Kandhkot (pages 4 and 5 of PPL/WAPDA contract dated
 

December 31, 1986)
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"Quality of gas 8. The quality of Raw Gas sold
 

by the Supplier and purchased
 

by the Buyer shall conform to
 

the following specifications.
 

a) Max H2S content 

b) Max C02 content 

c) Max total sulphur 

content 

d) Max oxygen content 

e) Max gross heating 

value 

f) Min gross heating 

value 

40 gr/100 SCF
 

10 mole %
 

20 Gr/100 SCF
 

1 mole %
 

875 Btu/Scf
 

725 Btu/Scf"
 

The fuel gas composition is not defined by the gas contracts.
 

Since the fuel gas composition affects the gas turbine
 

operation and the life of combustion system parts, the fuel
 

gas composition must be monitored continuously.
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6.2 SPECIFICATION GFT-41040C
 

6.2.1 General
 

Paragraph 3.1.6 of the charter for the Fuel Gas Study
 

Team reads as follows:
 

"Determine whether gas fuels, as currently delivered
 

to the gas turbines, or as likely to be delivered
 

during the cooler winter months, are suitable for use
 

in the gas turbines. The fuel specification which
 

shall be used as basis is GE specification GEI-41040C.
 

The team should review this specification and
 

elaborate upon it, if required".
 

6.2.2 Contaminants
 

1. The elaborate arrangements that are presently
 

provided in the treatment plants at the fields *of Sui,
 

Mari and Kandhkot, leaves no possibility of passing
 

through any moisture (liquid water) to the pipelines
 

connecting the Guddu station if all equipment is
 

operating properly. Any solids that are picked up
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en-route are further eliminated by the
 

filters-separators at the receiving end (Ouddu)
 

before reaching the gas turbines. Finally the
 

Peerless scrubbers are intended to completely protect
 

the gas turbines from any stray solids or liquids
 

that may find their way through, since these are
 

placed immediately before the turbines.
 

2. There has never been a complaint with regard to
 

moisture (water) having been noticed. All three
the 


Sui, Mari and Kandhkot have standard moisture
 

eliminating dehydration plants. The dehydration
 

plants at Sui and Kandhkot are operating under the
 

charge of Pakistan Petroleum Ltd. (PPL) on behalf of
 

WAPDA, and the dehydration plant at Mari is run by
 

WAPDA staff themselves. All the three plants were
 

operational at the time the Team visited.
 

3. The contaminants listed in the specification and
 

which are likely to be picked up in the transmission
 

pipelines, are entrapped by the filter-separators
 

that have been installed at the Guddu Power Plant.
 

These filter-separators are found to be operational
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and maintained by replacing the elements, the ones
 

which have been replaced were also inspected and
 

except for those which were renewed at the initial
 

stages, others were still in good condition. Standby
 

filter-separator are installed in parallel which
 

obviates the necessity of bypassing the
 

filter-separators for maintenance purposes.
 

6.2.3 Heating Value
 

Variation of heating value to the extent of 10
 

percent is permissible according to the specification
 

noted above. Wider variation ranges up to 20 percent
 

also fall within the design of the gas turbines
 

supplied by G.E. What difference there is in the
 

design of one from the other, the specification is
 

silent on. It would have been advisable to highlight
 

any design features that, would render the turbine
 

immune to wider range of vari,%tion in heating value;
 

thereby assisting the consultants on the project to
 

draw up acceptable technical specifications.
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It is interesting to note that a full paragraph has been
 

devoted to the precautionary measures that have been included
 

in the design of the turbine, to obviate the possibility of
 

slug formation. It says "precautions are taken in the design
 

of the gas turbine to prevent traps where gasoline or liquid
 

petroleum could accumulate and slug suddenly into the fuel
 

system, particularly during starting and particularly with
 

wet gas". This gives an understanding that such an
 

eventuality is not altogether unknown to 
the turbine
 

manufacturers, but is well cared for in 
the design of the
 

turbine systems layout design. In fact with the passage of
 

time and acquisition of more experience any misgivings with
 

regard to the damages caused to the gas turbine hot path
 

components were exclusively due to the presence of liquid gas
 

is now narrowing down, and increased attention to 
the design
 

factors to such components like nozzle configuration and
 

stiffening of shrouds and certain other modification to the
 

design of hot path components all indicate a systematic
 

improvement in the design of the equipment. 
 This however,
 

was forfeited in the early stages of operation because of 
the
 

hasty commission of first units under extreme pressure of
 

need of the moment.
 

95 
BEST AVAILABL EDOCUMENT
 



V-7 ADDITIONAL GAS TREATMENT FACILITIES
 

7.1 Fuel Gas Heater Liquid Scrubbers
 

7.1.1 General
 

The original fuel gas composition provided to Geneal
 

Electric for Gas Turbine Design did not indicate the
 

presence of hydrocarbons heavier than butanes, whereas
 

the Sui and Kandhhot gas samples obtained by the team
 

and analyzed at Karachi showed the presence of
 

hexanes. 
 The other sample which were not analyzed at
 

Karachi did not 
show the presence of hydrocarbons
 

heavier that ethanes. This does not imply that
 

heavier hydrocarbons were not present but rather that
 

the gas chromatograph was not calibrated to detect
 

them.
 

Glycol was found 
in the Mari gas. It was later
 

learned that the dehydration system at Mari, which has
 

no filter-separators is experiencing excessive glycol
 

losses.
 

The Sui 
gas contains C6 and heavier hydrocarbons. An
 

analyses of samples taken from the Sui
 

filter-separators 
at Guddu showed the presence of C1 2
 

and heavier hydrocarbons.
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7.1.2 
 Specification for Fuel Gas Heater'Liquid'Scrubber
 

The following specification is for a single 100
 

percent capacity liquid scrubber upstream of each
 

fuel gas heater,.
 

Performance Requirements
 

Each unit shall meet the following performance
 

and design parameters and other requirements.
 

Gas flow
 

1,000 SCFM minimum (0.06 million standard cubic
 

feet per hour)
 

190,000 SCFM maximum (11.4 million standard
 

cubic feet per hour)
 

Gas Inlet Temperature
 

40 F minimum
 

109 F maximum
 

- Gas Pressure 

Operating pressure 300 psig 

Design pressure 400 psig 
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- Fuel Pressure Drop
 

5 psi maximum
 

- Maximum Allowable Entrained Liquids
 

0.1 gal/mmscf.
 

Product Gas Characteristics
 

The equipment shall remove liquids, solids and
 

sludge like material from any one individual gas
 

or any mixture of the following three
 

specification grade product gases:
 

Mari Sui Kandhkot
 
Gas Gas Gas
 

Methane (% vol) 71.2 88.82 79.2
 

Ethane(% vol) 0.2 0.89 1.1
 

Propane (% vol) - 0.26 1.1
 

Butane and higher - 0.37 0.4
 

Nitrogen (% vol) 19.5 2.46 16.6
 

Carbon dioxide 9.0 7.35 2.5
 

Hydrogen sulfide 0.1 92.2 30.8
 
(Gr/100 cu.ft)
 

Mercaptan sulfide - 3.8 1.2 
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Liquid Properties
 

+ Hydrocarbons to 


Water
 

Triethylene Glycol
 

C5 C 12
 

During normal summer operations the quantity of
 

liquids will be minimal. The possibility of larger
 

quantities of liquid entering the scrubbers exists.
 

This could represent up to several gallons per
 

minute during the colder winter months, plus slugs
 

of liquid of indeterminate size.
 

Solid Materials
 

Rust and scale
 

Traces of sand and clay
 

The glycol forms a sticky emulsion that coats
 

fiberglass elements. It also passes through the
 

filter element along with a naphtha kerosene type
 

liquid and water.
 

Figure 7-1.1-A shows depicts the fuel gas heating
 

and liquid scrubber system for two 100 percent
 

capacity units.
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Figure V-7.1.1-B depicts the liquid scrubber
 

controls. The scrubbers should be equipped with a
 

two stage level control, high level alarms and a
 

high-high liquid level shutdown to prevent liquid
 

carryover into the gas turbines. Should a large
 

slug of liquid which exceeds tLe capacity of the
 

1.1/2 inch control valve enter the scrubber, then
 

the 4 inch quick acting liquid dump valve would be
 

activated by the high liquid level controls.
 

Supportive Equipment
 

1. DP cell with high pressure alarm
 

2. Level gages with back lighting
 

3. Level controllers with high level alarms
 

4. All drains, instrument connections handling
 
liquids anrl discharge line should be flanged for
 
ease of cleaning.
 

5. Flanged facilities shall be provided for ease of
 
cleaning.
 

6. Skirt nr saddles for mounting.
 

7. Pressure gage connections.
 

8. 1 lot of block valves for gas side.
 

9. 1 lot of block valves for liquid side.
 

10. Safety valve.
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7.2 Sui Dehydration System Study
 

The Sui gas field glycol dehydration system is undersized
 

based 	on the current gas demand. Refer to Section V-3.2,
 

If Sui gas is to be burned in the Ouddu Combined Cycle Power
 

Plant (Refer to Section V-4) a study should be yerformed
 

pertaining to the 
upgrading and/or installation of
 

additional dehydration capacity at the Sui 
gas field site.
 

The Sui filtration station at Guddu indicates that
 

appreciable quantities of heavy (C4 
plus) hydrocarbons and
 

glycol are entrained in the Sui 
gas. The study should
 

include but not be limited to the following:
 

1. 	 The total cost to design specify and enlarge the
 

present dehydration facility
 

2. 	 The current annual cost of replacing the glycol
 

3. 	 Operating and maintaining cost savings at the duddu
 

site, including filter-separator replacement.
 

4. 	 The short and long term impact on the operations and
 

maintenance of the gas turbines.
 

5. 	 The impact of moisture in the gas stream or the Sui
 

pipeline. The gas contains H2 S and C02 
which react
 

with water to form acids.
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7.3 Sui Guddu Site Filter-Separator Study
 

Operating records show that there is 
an appreciable
 

carryover of liquid hydrocarbons and glycol during the
 

colder winter months ,(Refer to Section V-5.1, 
and Tdtle
 

V-2.1-C).l Two of the four 
filter-separators have neither
 

lower chamber for liquid accumulation nor level control
 

devices. The other 
two have lower chambers and gage ilisses
 

but no level control devices.
 

On inspection of the filter elements within two 
of the
 

filters and the discarded filters it 
was evident that the.
 

sticky-tarry glycol emulsion passes through the filter
 

elements. Furthermore, naphtha and kerosene type liquids 
are
 

easily passed through and carried into the mixing station
 

and ultimately a portion may find its way into the turbine
 

combustion system.
 

There is a possibility that Sui 
gas will not be burned at
 

the Guddu site in the future (Refer to Section V-4). If such
 

should not be 
the case then 
a study should be performed
 

pertaining to upgrading 
or replacing these
 

filter-separators. The study should include but not be
 

limited to the following:
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1. 	 Installation of a liquid scrubber similar to that
 

proposed between the mixing station and fuel gas
 

heaters be located upstream of the existing
 

filter-separators to intercept liquids which
 

enters the Ouddu facility during the winter
 

months. The scrubber would be similar to the
 

proposed fuel gas heater liquid scrubber but
 

specified for a higher operating pressures.
 

2. 	 The total cost pertaining to the replacement or"
 

upgrading of the filter-separators.
 

3. 	 The cost pertaining to operating and maintenance
 

at the Guddu site.
 

4. 	 The credit for liquid hydrocarbons that are
 

recoverable. Currently the hydrocarbons liquids
 

enter 	a drain type sump and are not recovered.
 

During blowdown of the filter-separators the
 

liquid 	hydrocarbon flashes to form a liquid and a
 

vapor. The vapor represents a health as well as
 

safety hazard. It could be highly flammable.
 

5. 	 The impact of the sticky glycol on the proposed
 

fuel gas heater system (Refer to V-5.4 and V-7.1)
 

6. 	 The short and long term impact on the operation of
 

the gas turbines.
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7.4 Mari Gas Field Glycol Filter-Separator Study
 

The glycol dehydration facility at 
the Marl gas field
 

site does not have any filters-separators 
to remove
 

glycol entrained in the Mari product gas. Glycol has
 

been found in the Guddu filter-separators up to 
the
 

inlet piping and strainers on the gas turbine
 

combustion system.
 

Subsequent correspondences received by the fuel gas
 

study team after their departure from Pakistan revealed
 

that WAPDA is losing an excessive quantities of glycol
 

at the Mari gas dehydration plant.
 

One proposal made by WAPDA (See Appendix 2 Mari Glycol
 

Loss Problems) was 
to shut down the Mar dehydration
 

system to save 
on glycol. This is absolutely not
 

recommended. The gas contains, |1 2 S and C0 2 which 

reacts with water to form a weak acid. This will have 

severe corrosive effects on 
the pipeline to the Guddu
 

Power Plant. This has been substantiated by evidence
 

of corrosion in the pipelines 
to the Fauji and
 

Fertilizer Plants. 
 A corrosion inhibitor is being
 

injected into the pipelines to these plants.
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In view of the above, immediate consideration should be given
 

to installing filter-separators at the Mari Dehydration
 

Plant. These including spare units, should be similar'in
 

design to those at Kandhkot and be specified for the maximum
 

gas flow rate from Mari to Guddu.
 

A review of the overall performance of the existing Mari
 

Glycol dehydration system should be performed. This should
 

include an evaluation pertaining to the design and operation
 

of the system, forced outage and the possible addition of a
 

spare or supplementary dehydration unit.
 

1. 	 Total cost to design, specify and install the glycol
 
filter-separators and the installation of additional
 
dehydration capacity.
 

2. 	 The current annual cost of replacing the lost glycol.
 
If the Mari gas rate increases, the glycol lose rate
 
will increase
 

3. 	 The cost pertaining to operations and maintenance at
 
the Guddu site, including filter element replacement
 

4. 	 The short and long term impact on the operation of the
 
gas turbines
 

5. 	 The impact of sticky glycol on the gas pipeline.
 

The impact of corrosion on the Mar pipeline.
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V-8 	 ESTIMATED COST AND SCHEDULE FOR FUEL GAS HEATER LIQUID
 
SCRUBBERS
 

8.1 	 General
 

The Peerless Manufacturing Company and Perry Equipment
 

Corporation (PECO) were contacted pertaining to 
their
 

recommendations and budget cost to provide the Fuel Gas
 

Heater Liquid Scrubbers which were recommended in V-7.1, Fuel
 

Gas Heater Liquid Scrubbers.
 

Peerless recommended and provided a quotation for a unit 
that
 

is similar to the existing Peerless Scrubbers on the gas
 

turbines.
 

PECO recommended and provided a quotation for a
 

filter-separator system which is similar to the units, such
 

as the Mari filter-separators, currently in 
use at 	Guddu.
 

The PECO system would be the preferred system for normal
 

winter type operations at Guddu where the anticipated liquid
 

in the fuel gas would be relatively low under normal
 

operating circumstances even with 100% Sui gas feed to the
 

gas turbines.
 

A conventional type liquid knock-out drum with s ype of
 

mist elimination would be more suitable than th4 
 type
 

filter-separator. The Peerless liquid scrubber }A more
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desirable type unit. It is recommended and is used as the
 

bases for this estimate.
 

The Peerless scrubber differs from the existing scrubbers on
 

the gas turbine in that the liquid enters below the
 

multiclone separation system rather than directly into the
 

multiclones. in this manner the bulk of the liquid,
 

particularly surges or slugs, will be removed prior to
 

entering the multiclones. Provisions are provided for normal
 

liquid removal and an emergency quick acting liquid discharge
 

system.
 

Peerless provided a quotation for the scrubbers as requested
 

whereas PECO provided a complete quotation for a complete
 

liquid scrubbing system including all interconnecting piping,
 

instrumentation and controls. Their quotation does not
 

include foundations and process piping and valving.
 

The PECO estimate, which is included in Appendix 3, will be
 

used as the bases for this preliminary estimate. It will be
 

modified for the less expensive Peerless scrubbers, the
 

elimination of extra filter elements, the inclusion of
 

missing items such as foundations, block valves and fuel gas
 

piping.
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8.2 Estimated Cost in Fourth Quarter 1978
 

8.2.1 Adjusted PECO Quotation
 

1. Scrubbers, Peerless 


2. Export Preparation 


3. Controls 


4. Optional + Crating 


5. Inland Freight' 


Sub Total 


Ocean Freight 


Adjusted Quotation 


8.2.2 Additional Equipment
 

4-16", 300 psig B.W. Plug Valves 


1-10", 300 psig Safety Valves 


10 each 16, 4 and 2" Ells 


150'-16", 200'-4" & 100'-2" CS Pipe 


Reinforced concrete pad 


Shipping Cost, Additional Equipment 


Total Equipment Cost 


$35,000 each
 

1,140 each
 

48,175 per set
 

5,830 per set
 

2,910 Total
 

$183,200
 

10,000 Total
 

$193.200
 

$31,200 Total
 

9,000 Total
 

3,000 Total
 

8,000 Total
 

2,000 Total
 

3,600 Total
 

$250,000
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8.2.3 	 An estimated field installation cost of 1.1 million
 

rupies was provided by Gibbs & Hill, Pakistan based
 

on similar size Guddu projects.
 

8.2.4 	 Schedule
 

The estimate for engineering, procurementt and
 

installation is approximately fourteen months. This
 

includes:
 

- Preliminary design specification 4 months 
and procurement 

- Shop design and fabrication with 4 months 
engineering drawings available 
two months after award of contract 

- Transportation and Shipping 	 2 months
 

- Installation 
 4 months
 

The actual hookup of the major instrumentation
 

ties-in to the mhin control board and gas turbine
 

control system may take a little longer but once
 

constructed the system can be activated as 
soon as
 

th6 liquid level controllers are functional
 

Provisions should be made for quick tie-ins between
 

the new 	fuel gas heater and the mixing station
 

during 	the installation of the fuel gas heater
 

system.
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V-9 OPERATIONS AND MAINTENANCE
 

9.1 General
 

The plant is staffed with operators. While many are unskilled
 

and have a relatively high turnover rate, supervisory
 

personnel are qualified and competent.
 

Maintenance is a problem due to a shortage of skilled
 

personnel, a high turnover rate and a shortage of spare parts
 

and maintenance supplies.
 

9.2 Gravity meters
 

Specific gravity is not needed in calculating gas consumption
 

for contract purposes. For this reason, the specific gravity
 

instruments had not been activated and readings have not been
 

recorded. This is unfortunate; a record of specific gravity
 

together with the heating value of the gas would provide
 

information from which gas composition could be determined
 

with reasonable accuracy. During the Teams visit to Guddu,
 

these meters were pbwind in operation and recording of
 

specific gravity on an hourly basis was commenced.
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A single turbine type flow meter is installed on each gas
 

stream upstream of the mixing station. It measures that
 

combined flow 
to the steam plant and gas turbine mixing
 

stations. Due to 
foreign matter in the pipeline, one of the
 

meters was damaged. 
The other two are out of service due to
 

lubrication problems.
 

Flow quantities for billing purposes, are determined by the
 

seller. When the turbine meters are placed in service, there
 

will be no separate measurement of gas to the steam plant and
 

the gas turbine plant. Rate of 
fuel gas flow to each
 

individual turbine is indicated on the control panel. A
 

running total is maintained but no permanent record is made
 

of changes in the rate of flow.
 

.3 Level Controllers and Drains
 

All filter-separators except 
those on Sul gas are equipped
 

with level controllers which can automatically dump
 

accumulated liquids.
 

For operating reasons, the operators prefer to dump
 

accumulated liquids manually. As 
a result, many of the level
 

controllers in the plant are deactivated either by shutting
 

off gas for operation or by closing block valves in the
 

liquid drain lines.
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Accumulated liquid can still be dumped manually If the 
level
 

controllers are put in operation. If the control level 
is set
 

fairly high, liquid appears in the gage glass before a
 

sufficient level to activate 
the dump valve accumulates.
 

9.4 High level alarms
 

The Peerless Scrubbers on the individual gas turbine fuel
 

supply lines are equipped with high level alarms. When liquid
 

reaches the alarm level, an 
alarm sounds and the situation is
 

signaled in the turbine control unit. General Electric
 

proposes to make provision that if 
the alarm level persists
 

for ten minutes, the 
turbine will shut down automatically.
 

Team members would suggest on immediate shutdown to protect
 

the gas turbines from excessive damage.
 

9.5 Gauges and thermometers
 

Pressure gages and indicating thermometers are installed at 

strategic points in the piping system. There are numerous
 

situations in which pressure gages on the same piping
 

indicate different pressures. This merely indicates that
 

gages are not calibrated.
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9.6 Pressure Cbntrollers
 

Hunting of the pressure of fuel gas supplied to the tanbine
 

was observed. Pressure fluctuates between 300 and 350 psig 
on
 

a cycle of between one and two minutes. This fluctuation
 

presents no serious problem since the fuel control on the gas
 

turbines can handle this range. 
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VI. GENERAL ELECTRIC S'T.; < .. C.USTION SYSTEM PROBLEMS 

V.I-I GENERAL 
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1986 and have op'ra...... 

., 

"Cy operating at the WAPDA Guddu 

w,.ar generation system have 

' "ts lives that are shorter 

, imilar units. These four 

.. : um three sources with 

. ga,-.s turbines entered 

.,,' I !) ,mber 1985 and April 

--..h...ours. 

During December, 01. 

operated exc/usivnl: 

filter-separators nn-

wjy 1986, the gas turbines 

ks thaft bypassed the Ouddu 

,,-pure of 10-300C. During thW. 
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period from Februnr , or-',uh November 1986 the gas 

turbines burned OI.L . . . . Sui gas or Mari gas. After 

the gas mixing P t.O: '."',.-ioned in November, 1986 

filtered Sui ga u :. "':-. i.ired through March, 1987. 

From April, 1987 < .-. ":." gas or a mixture of Mari and 

Kandhkot gas has ,.,, 

The gas turbine clwV',.:, .s.a parts deterioration and 

other component dnmi ," ',s cvered primarily during 

inspections jprfr : -nd K early 1987. some of 

the damage, fuV *',>H as an example, were 

discovered dur'in 0;' "ova.....c', repaired during forced 

outages. A sumsi, r:y *. ... .:ibne problems is presented 

or. Table VI-i-A. "n' .. :.,s were experienced when 

the gas turbi... an-........: . .ui gas with the Sui 

filter-separt.o - .. ..... prior to gas turbine 

modificationis t.o ...-. . . -. .::',Ation. Some combustion 

system prob! ..- ,. . ., , -2 !stl owing the exclusion of Sui 

gas and Lhe gas ;w2. 

The discussion t.a." o" a descriptionc Li prov.ides summary 

of the gas turbine u.w io.nc,nd fuel gas control systems 

regarding the effec' , .: ._- characteristics on operation 

followed by ,. -,ims at anddiscuxs ....... experienced Guddu 

corrective action thn n :implemented and in progress. 
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SUMMARY 01 
AT .'.T 

1. 	 Rotor high vibration
 

operating at low .o11( i :,
 

deceleration during h,
i 

2. 	 No. 2 bearing materia: 

and cracking 


3. 	 Compressor dischar', : 


cracks 


4. 	 Turbine casing crack!,s 


5. 	 Fuel gas manifold , 


6. 	 Compressor blade ruo.

7. 	 Transition piece ov,t:;'> .:ad
 

cracking
 

8. 	 Gas path temperatu(- . 

9. 	 Combustion liner d.,t' " 

- Discharg! spr, 

- Cracks 

- Cross flame tube cnj I 

- Fuel nozzle c .ol.. 


10. 	 Fuel nozzle swirl tip 

11. 	 Cross flame tube
 

12. 	 Cross flame tube u. " 

13. 	 Cross flame tube inte<fc'.u 

with 	 flow sleeve and 

i2BIE PROBLEMS 

ATION 

Problems during early
 

operation which caused
 

forced outages or were
 

found during
 

inspections in 1986
 

and early 1987
 

,
 

Problems that persist
 

after 	gas turbine
 

modifications and change
 

from Sui to
 

Mr-/Kandhkot
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VI-2 COMBUSTION AND FUEL, (.., 9',:TL SYSTEM DESCRIPTION 

Vl-2. 1 Combustion Ss's.,eio 

The combustion sy, :. h, MS-9001E gas turbines at the 

WAPDA Guddu stnti.. : ,iuri f'uel system configured to 

burn natural , - . i"tillnte oil singly or in 

combination wi.. " in in operating range. The 

combustion .ourteen "sL: combustionchambers, 

each conprisin:- . . : ;'.:le, liner, flow sleeve, 

crossfire ::. pue.c:piece. Two combustors have 

spark plugs fCo. ., 1-.',-combustors on the opposite 

side of the ga.; , :- . . " Linm detectors. Figure 

VI-5.2-A shows'. t.... ' ,ric combustion chamber and 

its flow diagr:m. 

The fuel no:zl_, i :.., !. !'%i.l gas so that it mixes with 

the prin'"ry :. .. :u:.2 the swirl tip assemblies 

whenl operati ." , , a.' . . a,:. When operating on No. 2 

distillate oij, 'h . . .L1iizes the oil with air from 

the atomizing ii: .. . :.d directs it into the 

primary air that ............. :-nbu:stor through the swirl tip 

assembly. Figure V1-.>-- illustrates the fuel nozzle. 
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The combustion I P , . :he flame and mixes air with 

the combustion pOle: . .j.th. temperature of the gas 

leaving the combut, ,.! il illowable limits for the 

turbine. The . :.!.tion liner is cooled bywall i.' ... 

impingement of ni.r :.Iugh . the slot cooling holes 

which forms an intp:.. ., cooling the wall downstream 

of the slot. Fi ur,. " --i .iu.strates the combustion 

liner. The spring,: .... :,I, ischarge end minimizes air 

leakage at the .c::. :: .he transi tion piece. 

The transition pi,. . ci that carries the hot 

combustion prociut:n - ,:'t:,ibnstion liner to the turbine 

nozzle. It tras itir:. ,, Lound combustor to the 

turbine nozzle nl:,,. . seals at the transition 

piece exit mini:;i-< .: .,,.i into the hot gas path and 

bypassing the coo::.. .. 

Fourteen cr'o:us',f .. :.....:,.,...;onrect the combustion liners. 

Two combosto:' c,.,,v- .. i ,.h sparLk plugs for ignition. 

Flame travels throuv._J ,, '2,:<.'fire tubes from the fired 

combustors to fir': .. comc'.-ibustors 

I 20 

BEST AVAILM'LE DOCUM'NENT 



VI-2.2 Fuel Gas System
 

The fuel gas a.. v f., from the gas anduel supply 

meters it to thi,:. r,.c. iombustors over the range from 

ignition flow to '(VA iw. A schematic diagram for 

the fuel gas 't ON..: Figure VI-5.2-D. Key 

components are t ,- valve, gas control valve, 

fuel manifold antd . ::d the gas manifold purge system. 

The stop/ratio ,,l ,.........i, the pressure at the inlet to
 

the gas control v.-t. :'h.L:0,t point for the stop/ratio 

value varies wIJtAl -.. i Wii that it is at its minimum set 

point at igniti, ,. and at its maximum set point 

at. 100% speed. .. ,i:'.sure at the inlet to the gas.. T;. 

control valve ct:7 :,'':otitrol fuel flow stably over 

the wide range t-,a:. a. ' t.htgas turbine. 

The gas control vII, l.he primary gas fuel flow control 

valve and i s .:,d .,c vernor' to control 

accelerat. j n d.:iI: , , (nt rol speed or load during 

normal operation, .- iiAs at turbineo2 iJ temperature the 

first stage !otor 

The fuel gas piui.........:"od distributes the fuel to 

each of the 14 co:i .< . 'itehu. manifold purge system 

directs air from 1 ', ' ,:.n.k air compressor to the fuel 

i:-,' and 

during operaLicn t, . . 

gas manifold to cu.-. a . the manifold gas nozzles 
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VI-3 FUEL GAS/COMBUSTION SY2nT' OPERATION SUMMARY 

The fuel system metur ruel to the combustors over a range of
 

670 to 34,640 scfm (1149-:K,900 Nm3 /hr). This is a turn down 

ratio of 52. The lo.eot P~ ow occurs during the warmup period 

immediately fo~lowi: i.o n and the highest fuel flow 

occurs at the highe.w NM. (Dak load at -5C ambient air 

temperature).
 

At ignition, which ocuu:n at approximately 16 percent speed, 

the fuel flow is set. y Lo: position of the stop/ratio valve
 

and gas control valv:. Aftur ignition is sensed by the flame 

detectors in the comhJUS tU'O , Lhe gas control valve opening is 

reduced to provide a low::FNOl flow for warmup. These fuel 

controls operate in s: op:In loop mode during these periods. 

i 

increased slowly by o,:,..; th.: gas control valve by the 

governor. The govo tn.:-nr :i t is increased to provide an 

When the warmup period n:-o,lu te, the fuel flow is
 

acceleration of 0.25 pr per second. The fuel
-nL: flow is
 

under closed loop coot:::i uo i the acceleration to 100
 

percent speed.
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During operation under Ion&, fuel flow is controlled by the 

governor to maintain . ,mpe,,. or load setting that is set by 

the operator. Fuel flow.I nnrmally limited by the 

temperature limiter whi :.} limits the gas temperature entering 

the turbine first sL p bueckets based on exhaust gas
 

temperature and come'rnsse discharge pressure.
 

If the load is removed Frow, the gas turbine suddenly 

(generator circuit brnL ,r opened or other action in the 

system), the fuel] fo :n rduced to a minimum fuel setting. 

This is a governor c.r: : \':Lve position that provides fuel 

flow lower than tht treqe :'d for operation at full speed, no 

load so that the gas 'rui,, produces a negative torque to 

prevent overspeedin, WEi maintaining sufficient fuel flow 

to maintain stable cc.' .. on. Typically minimum fuel flow is 

50 percent of that. ":. No a steady state operation at 100% 

speed.
 

During shutdown h. , :. is reduced to the minimum fuel 

flow by setting th. y:Y control valve at its minimum setting. 

The rotor decel :rte,. ekl y to 40 percent speed where fuel 

is shut off. Fuel flow control is in an open loop mode during 

the deceleration periud. 
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The fuel control sY. Loi teIILbles the gas turbine to 

accommodate a range in ful gas heating values. Change in 

heating value of the 1e-.Il change the governor droop so 

there will be a chung,(: Jr, the gas turbine interaction with 

other generation ecpui t. the,pzhn (ii utility system. Generally 

operation will he sh':'Lov if the gas properties are 

within the range for" .ahi i delivery to the combustors. 
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VI.4 	 EFFECT OF KEY FUEL GAS CHARACTERISTICS ON GAS TURBINE
 
OPERATION
 

4.1 	 Heating Valve,_Sej] fi-c. Gravi ty and Temperature 

Variation of fuel gas -Iipracte(ristics that affect the amount 

of fuel energy that rii.] pass through a fixed orifice 

influence the gas turbine operation primarily Ai.en it is in 

open loop fuel contro] Lr .:here the minimum nozzlr. pressure 

ratio may cause a re.Ns variation in energy input. The 

parameter that express . ; the relative fuel energy that will 

pass through a fixed ar'oni ozrifice at a constant pressure 

ratio across the or1i!2, si th Wobbe index, if the fuel is 

in the gaseous phas-. Th Wubbe index includes two gas 

characteristics lowor i, w value and specific gravity plus 

the gas temperature ups urenal of the orifice. The Wobbe index 

is defined by the folonwirw, equation: 

WI ].LIV 

(S(- X '1 .5 

WHERE:
 
WI = Wobbe INDEX
 
LHV = Lower heating value of the fuel (BTU/SCF) 
SG = Specifie guvi ty (air 1.0) 
T = Gas tenip er-turi' at the inlet to the 

ori fi -(e (OR). 
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Examples for illustrating the 
effect of Wobbe index variation are:
 

4 .1.1 t i on 

If fuel with Wobbe index lower than the design fuel
 

is used, less ernergy will pass through the fixed
 

position of the s fuel control valves and 

orifices. In the limiting case, ignition will not 

occur reliabl:y. Conversely, if the Wobbe index is 

higher than du,-iign, excessive energy will enter the 

gas turh)Jntl re ulting in excessive temperature 

rise which ru'uduc:es the life of hot-gas path parts. 

4.1.2 Warmup
 

If fuel with Vobbe index lower than the design fuel 

is used, l uenergy is available and at the limit 

would be insuficient for stable combustion. 

4.1.3 Minimum fuel at rated speed 

This is a most critical operating point regarding 

the variation in heat input from the fuel. Wobbe 

index lower than design reduces energy input and,
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in the imit, will cause loss of flame. Wobbe index 

increase over design causes increased energy input 

which at the limit results in (1) inability to 

control speed in event of loss of load, (2) rotor
 

will not decelerate or will decelerate slowly 

during the fired part of shutdown (3) the pressure 

drop across the fuel nozzles will be insufficient 

for stable fuel delivery to the combustors and (4) 

there can be ,i combination of slow deceleration and 

unstable fuel delivery to the combustors during the 

fired part of a;hutdown. The pressure fluctuations 

resulting from unstable fuel delivery can damage 

combustors or other parts of the gas turbine in a 

very short operation period. 

4.1.4 Operntion at low load 

When operating at low load, the fuel requirement 

for the gas turbine is low. Therefore, the pressure 

ratio across the fuel nozzles is the lowest that is
 

experienced in the load range. If the Wobbe index
 

is higher than the design value, the pressure ratio 

across the fuel nozzles will decrease. The limit is 
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increased Wobbe index that will decrease nozzle
 

pressure ratio t.o the point that fuel delivery
 

becomes unstable. 

When the gas turbine is operating at or near rated 

speed the minimum pressure ratio across the fuel 

nozzles is .?2 to 
enabl.e stable fuel flow control. 

At pressure raitios below this value, there is a 

potential for' a resonant oscillation in fuel gas 

flow that is excited by the nressure variation 

inside the combustors. The -essure fluctuations 

resulting from unstable fuel delivery can damage 

combustors or other parts of the gas turbine in a 

very short operating time period.
 

4.2 Liquid Hydrocarbons
 

Liquid hydrocarbon slugIs or mist influence the above 

considerations and several additional considerations. 

Hydrocarbon mist carries 
a very high heat content per unit of
 

system flow area so that 
excess energy can be supplied during
 

the open loop operation phases. Also, at low load, less fuel
 

gas in the gaseous phase is required resulting in a lower
 

nozzle pressure rativ ind potentially unstable fuel delivery.
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Liquid hydrocarbon mist has dynamic flow characteristics that
 

are different from fluid in the gaseous phase. Also, they do 

not burn at the same rate because they must be vaporized 

prior to burning. Therefore, they may not burn in the 

combustor reaction zone arid cause local high temperature
 

spots on the combustion liners, transition pieces or nozzles.
 

Liquid hydrocarbon slugs cause large quantities of energy to
 

be released in an uncontrolled manner. Liquid slugs can cause
 

hot spots on hot ga path parts, uncontrolled load increases 

and compressor surge in extreme cases.
 

.3 Inert Gases
 

Inert gases such as carbon dioxide (C02) and nitrogen (N2 ) in
 

high concentrations can cause combustion instability and high
 

pressure fluctuatinn in the combustion liners. These inert
 

components tend to make the fuel/air ratio more lean than the
 

design conditions in the combustor reaction zone, thus 

possibly causing high pressure fluctuation in the liners.
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4.4 Liquid Water (Moisture)
 

Liquid water droplets or mist entrained in the fuel 
can
 

affect combusLiun system operation. Water is an inert
 

compound and it has 
 a very high energy absorption
 

capacity because of its 
high latent heat of vaporization
 

(approximately 1000 13Lu/lb) and its high specific heat (1.0
 

Btu/lb for liquid phase and 0.47 Btu/lb as superheated
 

vapor). Water contamination can reduce combustion stability
 

and cause rapid combustion part wear.
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VI-5 GUDDU GAS TURBINE PROBLEMS
 

The MS-9001E gas turbines at WAPDA Guddu station have
 

experienced the following difficulties:
 

5.1 Operation on Unfiltered Sui Gas Prior to Modifications
 

Gas turbine problems discovered during operation in 1986
 

and 1986 and during inspections in 1986 and early 1987
 

included the following:
 

- High rotor vibration while operating at low load 

and deceleration during shutdown. 

- No. 2 bearing material wiping and cracking.
 

- Compressor discharge case strut cracks.
 

- Turbine casing cracks (non-structural).
 

- Fuel gas manifold cracks. 

- Compressor blade rubs. 

- CombUstor transition piece overheating and 

cracking. 

- Turbine gas path high temperature at bucket tips. 

- Turbine exhaust insulation pack ballooning.
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Combustion liner deterioration -


Discharge spring seal wear
 

Fuel nozzle collar (cap cowl) wear
 

Cross flame tube collar wear
 

Cracks
 

- Fuel nozzle swirl tip wear. 

- Cross flame tube wear. 

- Cross flame tube retainer wear.
 

- Flow sleeve interference with cross 
flame tube and
 

wear.
 

5.2 General Electric Evaluation of Problems
 

The General Electric evaluation of the problems indicated
 

that the primary reasons 
for the gas turbine parts
 

deterioration was combustion resonance during low load
 

operation and during rotor deceleration in the shutdown
 

sequence and possibly compressor surge. The combustion
 

resonance was evaluated to be caused by insufficient pressure 

drop across the 
fuel nozzles because the fuel nozzle flow
 

area was too large for 
the Sui gas. It was judged that
 

liquid mist in 
the fuel could aggravate this situation
 

136
 



The failure of the spring seals at the discharge of the
 

combustion liners allowed air to 
bypass the combustion liner
 

so the temperature of the gas leaving the liner was
 

increased. This distorted the gas path temperature from the
 

normal distribution entering the transition pieces and
 

turbine. This situation was judged to be further aggravated
 

by liquid mist 
 in the fuel gas which tends to distort the
 

gas temperature pattern.
 

The fuel gas manifold cracks were judged to be caused by the
 

vibration during combustion resonance while operating with
 

nozzle pressure drop too low for stable operation. These
 

cracks were discovered during operation and repaired during
 

f6rced outages.
 

The high vibration measured on the No. 2 bearing during the
 

periods of co:nbustion resonance were evaluated to be the
 

probab]e cause of the No. 2 bearing material wiping or
 

cracking. A second possible cause of this failure was
 

compressor surge resulting from a slug of liquid 
 in the 

fuel. The cracks in the compressor case struts, turbine 

casing cracks, compressor blade rubs and turbine exhaust 

insulation pack ballooning suggest that the machines were
 

subjected to violent operation as would occur during
 

compressor surge.
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5.3 Problems Persisting Following Modifications and Fuel Gas
 

Change
 

Subsequent operation and inspecLion indicates that many of
 

the problems have been corrected by the gas turbine
 

modifications (paragraph VI-6 below) and fuel gas change
 

(Paragraph VI-7 below). However, several of the problems
 

have persisted. These are:
 

Combustion liner deterioration -

Discharge spring seal wear
 

Fuel nozzle collar (cap cowl) wear
 

Cross flame tube collar wear
 

Cracks
 

- Fuel nozzle swirl tip wear. 

- Cross flame tube wear.
 

- Cross flame tube retainer wear.
 

- Flow sleeve interference with cross flame tube and
 

wea". 

The above problems are evaluated preliminarily by GE not to
 

be related to the fuel gas properties. Tests are scheduled
 

to be run in November, 1987 to confirm that the fuel gas
 

properties are not contributing to these problems.
 

Corrective action is being planned which includes the
 

following:
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Spring seals at discharge of combustion liners with
 

increased combustion liners with increased thickness
 

and spring constant. Twelve of these liners have been
 

installed in GT-1.
 

Increase in diameter of the cross fl- --...... LAI
 

the flow sleeve to provide additional clearance.
 

Thermal barrier coating on the internal surfaces of
 

transition pieces.
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VI-6 GAS TURBINE MODIFICATIONS
 

The following modifications have been incorporated into the
 

gas turbines to 
improve their ability to burn the range of
 

fuel gases at Guddu.
 

6.1 Gas fuel nozzle tips
 

The gas fuel nozzle tips have been replaced on all gas
 

turbines. The replacement nozzle tips have a reduced flow
 

area. This revision increases the pressure drop across the
 

fuel nozzles so that it will be in the stable range when Sui
 

gas (Wobbe index of 40-47 based on 
LHV in Btu/scf at 40-IOOF
 

gas temperature) is burned.
 

6.2 Compressor IGV Modulation Schedule
 

The compressor inlet guide (IGV)
vane schedule is being
 

modified so that the low flow setting is 
50.5 deg. compared
 

to 
the original 57. The IGV normally is set at the low flow
 

position at 
low loads and no load front approximately 95% to
 

100% speed. This reduces the pressure in the combustion
 

liners which increases the pressure drop across fuel gas
the 


nozzle tips so that it will be in 
the stable range when
 

burning Sui gas which has 
a high Wobbe 'index in the range of
 

40 to 47. This revision is accompanied by a change in the
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cooling and sealing air piping such that cooling and sealing
 

air is supplied from the eleventh stage of the compressor
 

rather than the fifth stage when the IGV's are 
in the low
 

flow position.
 

6.3 	 Compressor Bleed Valve Sequence
 

The compressor bleed valve sequence was modified such that
 

the bleed valves are open during operation at low load,
 

starting and shutdown. This reduces the air flow to the
 

combustion system which reduces the combustion chamber
 

pressure so that the pressure ratio across the gas fuel
 

nozzles is increased.
 

6.4 	 Compressor Surge Detector
 

A compressor surge detector has been installed 
to identify 

surge events resulting from hydrocarbon liquid slugs in the 

fuel gas. An evunts counter is included to log surge events. 

6.5 	 Automatic Shutdown From Prolongated High Liquid Level in Unit 

Gas Scrubbers 

The protective system originally sounded an alarm on high
 

liquid 	level in the unit gas scrubbers. This modification
 

will in addition, shutdown the gas turbine if the high liquid
 

level 	persists for ten minutes.
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6.6 Gas Chromatographl
 

A gas chromatograph is being installed to monitor the gas
 

composition of the following gas streams:
 

- Fuel Gas to the gas turbines downstream of the mixing 

station 

- Mari gas at inlet to mixing station 

- Sui gas at inlet to mixing station 

- Kandhlhot gas at inlet to mixing station 

The chromatograph moni tors the gas composition and includes a 

computer which calculates the heating value, specific grafity 

and Wobbe index. A digital readout is provided locally and 

the signals will le transmitted to the combined cycle control 

system for monitoring and logging in the central control 

room. The irnformation provided will indicate the range of 

properties relatid io stable combustion system operation and 

lhe potentlial for- condetnsiing addiLional liquids if the gas 

pressure or temperature are reduced. 
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VI-7 FUEL GAS CHANGE 

By agreement bet -,en WAPDA and GE the fuel gas was changed 

to exclude tile u: of Sul gas in the gas turbines, since it 

was believed !f, h- cortiributing to the gas turbine 

problems. Thi: :;,e was made ii April, 1987 and 

subsequent.ly ':-Itt or a mixtute of Mari and Kandhkot 

gas has been "!'his change was made generally 

concurrentily : li installation of gas turbine 

modificatioi. .L:oe have improved the operation. 

Procurement j; Ifnpirogress of a fuel gas heater to increase 

the gas teLperttn:-o to l20oF(49oC) or 20oF superheat. This 

will reduce: .ho iqhter liquid hydrocarbon liquids (pentane 

and lighter) z-nod :Iccrcase the Wobbe index range. The 

installatio r~f, tic, liquid scrubber system upstream of the 

fuel gas hetr.c.r i.-, :', commended in this report to remove the 

heavier h'd:o :.rJ i quids. 

When the reomce:: tj ons in this report have been 

implemented a fl) ,-. work in progress has been completed, 

the Sui gas :>.r..on 1' should be withdrawn. At that time 

all of ,APi:!. will be satisfactory for firingthe ." gases 


in the gas turbhji 0-0 at Guddu.
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VII SIGN-OFF S 

The GUDDU Uo;i,:: 
having c -the 
in the Ch -June 
their acc p t: i 
recommends ti 
to the FY : , 

,',te Power Plant Gas Fuel Study Team 
scope of work as delineated 
13, 1987 do hereby document 

their findings, conclusions and 
repmt by appending their signature3 

Lewis E. ! i::;a; i. WAPDA Consultant 

Fra Iin ! -. Independent Consultant 

Leroy 0. General Electric 

Lloyd W.11 , Gibbs & Hill, Inc. 
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APPENDIX 1
 

DOCUMENTS SUPF ! 'IP 
 REPOTS OF LIQUIDS IN GAS FUEL 

This appendix .n-- 'ollowin,i, correspondences pertaining to 
the subject: 

Telex P.W. [.,ir,, , S.i.lI. Reimers dated Feb. 6, 1986 

Telex P.W. l.,&zin.in t C. Blute dated Feb. 13, 1986
 

Telex P. W. Lenning , .J , Jimenez 

Letter W.W. Liphardtii. o If.C. Gerber dated Feb. 14, 1986 

Telex F.P. Rossit."- i:o W.W. Liphardt dated Feb. 14, 1986 
C. Blu 

Telex S.D.I R.ieiners to M.C. Moseley dated Feb. 17, 1986 

Telex A.E. Stacdetoi to Lal Gahni 
P.W. Len ing 

Telex C. Blue II.C. Gerber dated March 17, 1987 
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:'-,OF C L AFOR REtMOVlI.i THE REDUCINGMA Y BE :-QATING STATIO;J"O -. I:.A...E ;.£ .: fl~... :.. PROPERLY- :F . .. . ORD ADVISE US PROMPTLYOF T H E ST ATE L F P N ".: 

REGARDS 
ORIG 
 SDI 


._, U.I :5WIRE CC: ji j', PAKISTANZ7 'j. .- iLL.,., NY 
LAL CH,lUG G Er ; : :3 . .>i L ''A ',T t 
DASHjIi. 
RV L I

C BLUE ,

HC GERV .
 . , I , 

MCC: 
 FP ROSSI,. 
LI'/I NGSTON, HJ O'BRIEN 

PAUL W LEHIIIG : 

BLDG 5.r 

:'1 J AVAILABLE DOCUMLPJ 

/,// 
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3515 
1230 02/13 075,53 :LD2522.O:,S
 
-C BLUE D.CO, 0U22U 
 'KS
 

MSG S13291
 

REF: P'L-Gou--T,",' 
DATE: 13 FEBRUARY I. ,, 

RE: FUEL ,;AS

By OUR SITE . "T.EN ADVI""
 .
 
US Ai<E:PRiESEUTL.: -: . . .. . 

D A 

. -.
 ;'c.2.
 

HOURS THIS I 

TIlE FUEL ,AS AS 1 

f0.
 
. .. .E I..... 


NOTED THAT T05 .: .' - T I2N" "DIS POTR r/IfALL! ,-',,07 %i Al 7 : ,il f ;I,  ,C U II ,AOUIID
TILE LOT 10 GAS 2C.: b, , IS :" , 
 IVAH n4 &. WHE1.T TOTIE POIIIT TI"T It !C "',nEn "r7 nn; m T'E AREA. 

III An ATT... TO 2Z ?7n T :T 2''"' ';':, 
 kUR QiTE 0'O:LIIAIE COIISTRLIC;,3 & "n; 
,:Irru:h.l

SATUDAT1::r,. Tv;L. ,:Tr C r
 
THAT OF iIIS:0Q:7.' ., 4
 

IT IS THE OPIUI VF2 7a & n,. : 0 P:, 'IIS SITUATIO;:
I S POTE;ITI ALL/ ANCW3:3.SOIIEL. 
AS WEIA VS pM I 

'0 
2VS'. .,I GIT ATPAST TIE NCRUE S ,,D 1;- ;,: 077 TEyLIELY DESTROY
TUE TURRIE TAUTC nT OL  'TL. 
 , )LECTIOi


OF THE EFFLU 
NT , > . "i',2. CEROIIS 
TO PERSOI-L ''; 
 ' :0 V nJR OPI!IIO;

THAT THIS S 

C 1 TE PROPER 
PROVISION 
 ' , ll;, '- . . ' S FillUPSTREA:l C. TflC 

1 - : FUEL SXZTE:I
' . ,
PERZO7;ICL . ; .rES L II "rJ.,:. , r ' ::Qfi P,7: O:: ,, ,.....r I. .' - \I-IT IO'I, 

IS TIlE RESPL:I'IL-

IT IS OUR IIPZ , ,':T 
 ' '3;TO
RECO.NECT OUR L .. ' , 
 T:I FILTERI.GSTATIMN THAT 2xS:C -, TnE :7,, . '. ', ' RYOIE"10:I
IS NmE, TIL ,0 r".:; M L :C 117=0 ! ,"' E PRO'i'Cn
TIlE FILT.T7, r "I' I,- .C, I ..")Z 
FO OU' ,, 

: 
.TE E D0 0UUU14 EfOC)JT 



"DOMINIC--") E:':-&.> 	 . "LI.MIT,---D 

Siso0/11. 	 7 Zam Zama Strot., 
Delence 	 Housing Authority r. Phons 
Phaso-6. Krachl-6 
Phona 53 31 483 ;'.',::. , . Ollii: (071) 02030 

533293 (0731) 3163 / Local 1C1 
Talox : 26407 CC Pk GUC,U - - 0.. .. 

Gurat Houso (0731) 3153 /Local 25C 
La hore 

Tolex 	 : 7716 GEGUD 1'KPhone • 	30477a 304'752 

3047991 
DATE 14 F _bTolex 44753 GE DE PK 	 _5 

cc: 	P. Ro:itcer 
P). 1x hinL'i-1 

C. Blue 
Fl : 11.2 

Gibbs & Hill Inc . 
Sire Office, 

GUDDU. 

ACn 	 : Hr. I(.C. Curbe: 

Letter No. GII-233 

Sub 	: LOT IA AND III-ASC,:'"T, ,C,UI-bh~t 

bear 	 Sir, 

Because of Gas Scrubber h.,'un .. :',:"in filL 7.cion to manhole "5 " a tgas 
blowdown tank of 20" : ct &i-. bc .::a,.ud at Gas Turbine 

Unit 	 Q 2. 

Similar tanks uil 	 :s. 4 in tho near future. 

As previously discussedi,.'........ \PADA is iiade aware of this 
added tank and that ,'AX.. 

the blowdown liquids c-: " -
.. racd to :r:angements to empty-out 

.k 
Please convey to WPD\ 
extreme care must be ... 

disposal of tho icqui/L. 

in.. i CC 
C:ty-our 

:r :Z :: flauaable and 
i -.,.::.Lion and consu

that 
cluent 

Very truly yours,
 

W . LIPIIARDT 

5 2000 121EII 	 Al-3 i... ., /i.. , t ~~ t 
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7718 GEGUD P:K8
 

SCHEIIECTADY NY USA 2/:'./Y6
 

WILLI LIPIIARDFr/C. IL&-


GUODU SITE
 
PAK I STAN 

LOCAL COPIES TO: V.A. DLADO, .,. ?ARK.S, T.,. 7 <Q P, . RIIR,
 
..G. 2u031ELL, ... ,*,..i. LEHIIIG,
 

RAPIFAX COPY: U.P. %:INAN, 2 0H
 

FPR/OJ8
 

SUBJECT: 	 IA:,Z.0 PER ,"' n E F I:S
 

UNIT OPERA 'I ; - . A,
 

EXCE .. L....... .. .
 

TIllS TELEX IS TO WO,., ,Z1%0 ".:,'.IT POS1 C1:' RELATIVE TO
 
PARTICIPATIO:I IINTHE .7P-I, 1 .,: 0AS TURW;:,P. u ER TIlE PRESEINT
 
CONDITIONI OF WISHl LI:ni, : 'T7 FUEL CA.. THIS COIDITIO 11A
 

7 " o
RESULTED IN TIlE EXISTE: "AZA,?.' . . ..... i
 
E UIPIEtT AlrDI'.. ' 3n !On . .. : .: A SAFETY
' 0:;1,N:: 


STANDPOINliT.
 

ACCORDINGLY, ALL I :S2 TO ld;;hs'U R .,IN FRO!I AN!Y 
I.IVOLVEMEIlf AITH1THE >I.P7,,. T',!U:. ,, LONC AS THIS 

CONDITION R2A INS. 

YOU ARE ADDITIONALL/ "$.:;IT A f 7R TO C1717 - 0LL ANDO.API)A 
SITE MA:IAGEME!IT COLt-I:K:. TIHAT " 0 PERSONA:,L:. ' :1OT AUTHORI ED 

TO PARTICIPAT IN TY: i2.TO:I - -HL UNlIT OR :1. TNE HTIMMEDIATE 
E
AREA OF IIAZADI INTIL 1 M;. A ' .F CODITI '..1:0 0 . I WOULD 

ALSO SUGGEST YOU I".:... ITM WA, n E I irE::,T ,7 DIESEL FUEL TIO 
PERMIT CONTI:NUA;ICE OF UP :01.0 0II%SI& 7 ?:ZT.2. 4,',A 	 FIlC.
 

REGARDS,
 

F.P. ROSSITEQ
 

GETSCO/I A"ES
 

BEST AVAILABLE DOCUMENT 

AI-4

¢,,ECTZCN) SCI 



GE GASTURR SCH
 

02230725-m
 

44776 GHPAK PK
 
DATEt 	 FE!RuAR.' i7
 

ATTENTIONt 
 MR. M-.C. D S E. ;: EF 

OFFICE IF E , , 

USAID, ' LAM.A!. 

COPY: 	 MR. ,-- . VCT{ MAINAGER 

OFFICE x E ,: 

USAIJ, IS '",-A! 

TELEX COPY, 	 MR. LA. 
 'HA/ .. DIRECTOR
 

GUDEU "27 
mw :: A:oDU
 

TELEX COPYi 	 MR. J.,J,;j"F''F .
 F T OFFICR 

GUI, NU . 

TELEX COPY: 	 MR. H.9. , " ' BCTIOl'1 '
 

GIBRBS A, Wk uU
 

TELEX COPYI 	 MR. . .E." "ECT MANAG, 
GENERAL E VCTRK' "ANY 

SCHEEC .', NC',. 

TELEX COPYi 	 MR. C 
 iLUE,
DEC.,
 

GUDDU
 

HAIL COPIES:1. MR. A.;.HA;;, 13T DIRECTCR
 

45Q Y:P 
M

'. R. Nl' 	 Sip . CHIEF E:G1CE(( (THERMAL DEV.) 
WAPD A I"USE, : 

3. MR. KHOAJA U: SNERAL ANW'ER (THERMAL)
 
WAPDA '.E,
 

4. MR. P. i. -1 .',TIONAL EX.E07 VE
 

GENER. E ECT.' ' ANY, 
LDA PL;.!, LA
 

FROMi M1R.S.D.I.EIMER,'. 
 QCT MANAGER 
GNU, LAIIODE 

LOG NO: T-3572-2Pp 

•" AV",""
M.", I..,J]1MNT 



SUBJECT: GUDDU 515nT 7' 

LOT 	A/ln A. :, AMU ACCESSORY EQUIPMENT 

TEMPORARf :.: : UNJ1:0 

REFERENCES:l. TELEX 7-p :v DATED FE2;ARY 16, 1986
 
2. 	TE.E;; T-7 -- ' DAE) FrqPUARY 17, 1986 

3. 	WAFO\ T, K.,....- ;ATEDNO. ,. FEBRUARY 22,1986 

TIllS 	 IS A FURTHER RKC " ;TUATI; AT 0DDU SITE RELETIVE 
TO THE PRESENCEOF": . ": " : SUI GAS '%D ITS IMPACT UPON GAS 
TURBINE OPERATION A%! FOFETY. 

DURING A MEETING AT =n.: . FEI'R?,P :,, 1906 BETWEEN WAPDA, 
GNH AND G. E.REPRESE To'. AFTER N72 ERATED THEIR POSITION 
THATt 

1. 	F I At, A 4E " I IN THE GA-S AND CARRIED OVER 
FROM THE GAS :7. D T." a 70 GAS TURBINE 

COMBUSTION . : ,' ES. 

2. 	 A CONDIT1IN AHA,..... .. ERSONNK- EXISTS BECAUSE OF 
FLAlIABLE EF7 C .T AJGED INTO 70 GROUND FROM THE GAS 
SCRUnRRER3. 

GNH ADVISED THAT TEE .I , " , DAMAGE 77 THE TURBINES MUST BE
 
CONSIDERED NOT PRO,2% CAN BE 1:7-"TqATED THAT THE GAS
 
LI(UI D SCRUI ,'.7
4ERS • . - 'OND T'. ' .E_1 GN CAPABI LI TY 
G.E. 	 ADVISED THAT Q7 V . 11 SCR'.. ESIGN1D DATA TO HAND
 
BUT HIAD REQUESTED &.'. -' 
 '%G IN SCH E.TADY TO TELEX THIS 
INFORMATION TO PAK1 ;T,'. 

THE MEETING WAS REN'I:Z . O : I.l G a., 'ITH WASEEM CHOUDHRY 
OF USAI D ALSO ATTEND'-%S. ' OWIG WAS.. NC';FJ:.ATION PRESENTED
 
AT TIllS MEETIIMG,
 

A. 	 DURING AN EIGHT:E.'. 0111) EIDI:i IA LIER THAT DAY 
AN AMOUNT OF ,.I= - - '0T TO A 2: 5HARGE RATE OF 133 
GALLONJS PER DA: VS PER P7 A ,,,S DISCHARGED 
FROM THE GAS T0' ' ; '1'. I SIRL'U:'F ,. THE GAS 
TURBI NE WAS ,;. A21. AD4RITI A_4,. A DURING TIllS 
PER IOD.
 

B. 	 DATA RECEIVED Q272!' 'E' LEX FRO: "E UNITED STATES 
IN1DICATED A ,GA :,.1.P. -; GN LIOUI, U ,NCV.'ER CAPACITY 
OF 70o GALLONS PER 1. 

'i." "'1' tn 4 



C. 	 AN ANALYSI S OF THE SC .:< Y ADDA INDICATED -')-) 
PERCENT hYDROCARDOL3 .. : KAREH. 

0. 	 THESE IS LIUID i m., . . ,:L:) TO THE UNIT NO..
 

GAS SCRUBBER. ' :i, 
 ' IN THE :ANHOLE INDICATED THE 

PRESENCE OF F.AV" An. 

FROM 	 I TEt.IS A AN.D B A50 E i'r ".,: THE SCRUBBERS WERE
 
OPERATING AT A SMAL Filar' 
 !a ;.CACITY AMU THAT
 
LIQUID CARRYOVER '1 ;CH ro
,': .'i THE GAS TURBINE
 
COULD BE EXCLUDED. 1. 1 .
 T , 	 ,10 RCPER SCRUBBER
 
EFFLUENT CO.I ECTION '03M) .F 2322. '231OIDED. DISCHARGE
 
OF EFFLUENT THROU6H A &4V4 .
THE :1_HAD RESULTED IN A 

SITUATION PREJUDICI A -7 1;: ;!: " E . 

TIlE FOIA AGE E . .NG , ' 1 , O FEBRUARY 19: 

WOULD ,.G.E.PR... .. T MANHOLETO0 .O:; L? NO. 5 AND 
OTIIER AREAS WHEE F .'-i, ,P 430 COULD CREATE A 
SAFETY IIAZARD. 7T , "D T ,T., ,4 DA HAD DISPUTED
 
G.E'S POSITIOI >4 :I 
 :YJ,2Tiat EXISTS. HOWEVER
 
LATTER ADVI SED"
";:."'
i7 	 HAD I;NDI CATED THE 
PRESENCE OF '.'"'.; 
-	 J CONCENTRATIONS.
 

P. FOI.LOWING C,.. .
. ' .2E ,V: Y REASSUME ACTIVITIES 

I;NVO VI NG U' ' . '.. .,PEr'PF " 2S CLUTCH 

VIBRATION FE .' :; 

3. VIAPDA WOULD POV'IE 
 A EF ... , '0LLECTION TANK TO BE
 
PLACED AT A LICIT IN "m rPL ::AUBDERS. G AND H WOULD 

DETERMINE THE T4,, ..... . .2:,; WITH WAPDA. 
G.E. 	WOULD PIPE j. iTHL 
 : EFF..I> ' I SCHARGES TO THE 

COL.ECTION TAN:-K. 

GIBBS AND I 1T2"
HILL. GUDU 7.T......: '., CLEAN-UP ACTIVITIES 
BY GENERA' ELECTRIC ARE R".27E .. 7:'Y '. ,- .ND THAT THERE IS NO 
ACTIVITY BY G.E. ON UNIT 1:... If OF 10:0 	TELEX GE/DECO GUDDU
 
IS: 

1. 	 INSTRUCTED TO EXPE3'7" ' ,: -'-UP .,:T,/ITIES AND ADVISE BOTH 
WAPDA AND GI BBS AND 0. Q R(;;0 1D SCHEDULE FOR
 

COMPLETING SAID ACT!,0 T. . 

II. 	 ADVISE WAPDA AND 202'" .)F M 2, SEASONS FOR NOT
 
PERFORMING ANY W,'ORK2
W%' . -AT' LOCATIONS REMOTE
 

FROM 	 MAlHOLE NO. 5A. 

BEST AVILAR,.1 ; 



II1 ADVISE WAPDA AND G1 
FOR RESTART OF U7 ;:. 

W. THEIR OROJECTED SCHEDULE 
VJCH VIBRATION TESTING. 

A RETURN TELEX REPLY BY '", IS REQUESTED. 

MR. LAL GHANI OF 'PD,\ 
RESPONSIVE TO HIS TELE: 
ADVISED THAT G.E. PWf, S7 
FOR THE START OF THE :;r 
PROJECT COORDI NATION NE7!n 
TO AN ICO DATE FOR U1 ::., 
OUTCOME OF TIlE CLUCH V P7 
FOR THE INITIATION OF THE 

DO SO BY COPY OF THIS ] ., 

. 

R THE ABOVE AS 
: . GHAm IS ALSO 

FE:UARY 25, 1906 
' . TY RUN DURIN G OUR 

'. G.E. CANNOT COMMIT 
' DEPENDENT UPON THE 

.SHULD COMMIT A DATE 
W D HAVE BEEN ASKED TO 

. 

REGARDS 

S.D.I .REIMERS 
PROJECT MIANAGER 

!E GASTURB SCH 

0MM 

B3EST AVAILABLE DOCLIMENT
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GE GASTURB SCH
 

MSG TZ234
 

SDI REIMERS G1IB9S, .,
 

LAHORE PAKISTAN 

LUSH DELI VERY 

AAA. REFERENCE P.W. LE}-,: EX' '-L-GGU-T178 DATED 2/13/86 
ORIGINAL TO G AND H NY ,,'ARED OF POTENTI ALLY DANGEROUS 
SITUATION IN CONNECTIC>,.':: K -'JEL GAS 9EING SUPPLIED TO 
UNIT 1. 

BBB. 'E UNDERSTANTD T,,F ,,THE WARNINGS TO WA:DA
 
FROll GE, WAPDA HAS 
 DECI.. ...... ..... OERATION OF UNIT 1. 

WE BELIEVE A HAZARDOUS TS. DUE TO THE DISCHARGE
 
OF LICUID GAS F'E,.'T ". ",; GAS SCRUBBERS AND THE
 
RESULTING DISPERSE-E.:T : 
 .7 , :- LItDS AND EXPLOSIVE VAPORS. 

CCC. THESE UNITS ARE " TO BE OPERATED UNDER 

SUCH HAZARDOUS CO9NDITI,;.?.. ' '.TRUCTED ITS PERSONNEL
 
AND THOSE AFF.,: .....
OF ITS i:, CLEAR OF THE OPERATING 
UNITS UNTIL SUCH TI"S ,? 2 "",E BROUCHT TO A SHUT-DOWN, 
SAf-f_ CONDITIONS.
 

THE TEMPORARY ':IEAOURrm :' ,.2CTRUBBER UNITS TO COLLECT
 
THE LIQUIDS IS COT 222>1 .... FOR CONTINUOUS OPERATION 
AS THIS IS ONLY A TE",'2 . :.ilUIRING CONTINUOUS MONITORING 
rO ASSURE THE VESSEL . ...-DD: OR PRESSURI ZED. 

DDD. THEVNI-TS ARE 1T: .. J' TI L THE FUEL GAS SUPPLY 
TO THE GAS SCRUBBERS C.:: ';T SPECIFICATION, THE
 
VAPOR PROBLEM FRO,%, 01. .. 1 11 ATED, AND ADEQUATE 
PROVISIOON IS MADE TO A1:2.I . R IS NOT REINTRODUCED 
INTO THE MANHOLES. PR':7 2: THE LIQUID GASOLINE EFFLUENT 
IS ESSENTIAL TO MAINTAI>': , ITI CNS ONCE ESTABLISHED. 

AV.,I
A'/.1,..LE DOCUMENT 



EEE. • IN ADDITION TO TE??SONEL HAZARD, OVERLOADINGOF THE UNIT GAS SCRUE: : UNIT TO SERIOUS DAMAGEFROM LIQUID GASOLINE C FUEL SYSTEM. THIS CAN
CAUSE EXTENISIVE DA C-" 'HOT GAS PATH PARTS (COMBUSTIONCANS, TRANSITION PIECES, ., 
 TURBINE BUCKETS,
AND EXHAUST PARTS. O5E ,T. ' . "C- CONDITIONS OF LIQUID
 
GASOLINE CARRY-OVER 
 VO;. . .T WAPDA WILL BE SOLELYRESPONSIBLE FOR AN'r .... . .' ERSONALIDAJY 

OUT OF THE OPERATION CF YFLARI SING
SUCH CONDITIONS. 

REGARDS 

ORIG TO: LAL GH',,I WA. .
WIRE TO: 

, 
JJ JIMENEZ,.'' 1 YORK NY 
SDI REVt-E:S,,I . AHORE PAK ISTAN 
BASHI R 'A S 
RV LIJT ,N GE
 
C BLUE DEC D
 
HC GER:RER :' i STAN
 
NAZII SIDD ."I -' T.:' RMAL),. PAK ISTAN 
C MOSELEYC... "i AND E US AID ISLAMAHAD 

PAK I ST,AN 

MCC TO: 
 FO ROSSITER, . " LIVINGSTON, HJ O'BRIEN, 
JL STAFF:OR,

A.E. STAEfLI/PWL 
GENERAL ELECTRIC CD. 
TLX 145354 

GE GASTURB SCH
 

6"M' AVAIL.ABLE DOCUII-NT
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7713 GEGUD i 

DT: 17 .AR 86 

ATTFI: II.C. GERBER 

CC : C. MOSEL/ 

R.I. LJ1TOX 

LAL lAl lAN I 
F..J. ROSSIiOK 

A.X<. SIEDIQUC£ 

1i. S I DDI IU 

SUB : GAS CO;;Ei ,....-......._.. . . . POWER PLANT 

AA) Oil TY ':0221 TURBINES 1OS. 1, 2 AID 

3 WERE TRIP E . , K C:'. S.'%SUPPLY PROBLEM. AT 

APPROXIATEL/ IZ.. .. i. , .5 DItSCiARGING INTO TIlE AIR 

FRO U!;'IF 2 2"K. A . ..... I/EST!GATION SHOWED THAT 

THE , :::: HAD BEEN TAI1FEED 

wi A .' (CUL OT CLOSE. 

A. . ..R, ITO THEfTAIA TO THE 

POINT THE A , ALAS WAS ALLOWING 

300 POU T T,. . .T E TANK. AFTER STOPPIIIG 

THE FL, F HOSE HAD BEEI PUt ON TIFE 

BRAIN CF THET', - INTO THE 00 

APPROX IiATEL ITS ND 3 COFITROLLEiF 

WEREFOUNJ ::I- 3 TANK HAS ALSO FULL 

OF Li Ij. , " --N AC EPTED BY ,iAPUA 110 

CilAiGE ,'.,; :" SETT I NG I1AGE B OUR 

PELFSO,!,EL. 

D) IT. ' ,. AT A LARGE SLUG OF LIQUID 

• IRErTLY OR INI0PECTLY INVOLVEIJ 

IN THlETv 1. 1 
PASSED DC,' ": 

1::E ,APDA 'VASHAVING GAS 

PRESSURE OIT-'; ": S GROUP WAS ATTE:tPTIiIG 

TO RE:IOCi" ThE: . !•, CIE URE RATIER TIHAN 

PUTTI NG T;E I 

CC) sI O kF '- : :. " L; uL SDPROBLEH I CANONLY ASSUFE 

AN AFTENAT tOAS ... 2. THATT: A SLUG OF LIUUIU 

PAGSE6 DgO TH ' 

- WITi LIGUIL DISCIHARGE INTO 

THlEGROUND A.:2 THE AREA I FIND IT 

UFIBELIEVAELE TM, <.1.. . ,... 

DD) CONIOSEPit; 

'' A' IIONAL LIQUID IN T1IE AREA. 

SAFETY DUT IT IS1215, ,EEl WE H,,',E :I . .'. FOR 
" 

3....... BEINGFIRS;l Tii ,.,..IA NOT TAKEN SjouSlYOBVIOUS 

5/ANY JOB AND IF ANY FUTUREWE CO:IS; SER SFE - .. .... 

OR EQUIPMENT I VILL 

IAVE NOSCiI'IC S .. ....... ..... AU.EL FROM THlE JOB SITE. 
ACTIONS ARE T,15 .; .... mI:IEL 

REGARDS
 

CIARLES BLUE 

GUDDU PAKISTAN
 

BLST AVAiLA"Bl..E [POCU "NT /7 



PLEASE ENSURE ,APDA UiDE.RSTANDS T: D7""- INVUOLVED WIlTII CO,;TI;'JD 

OPERATION OF THE FUEL CAS S!JPt< i;:7w 73 PRESEHT COM I!. 

REGARDS
 

OR IC: JJ 'Vi 7: 1It : 

WIRE CC: SDI REI' .. S 1 011... I ' 
,R LAL G.IA lI W..,. , 

RASHIR PATLMl j' 

J IHRF mI /OK !NY 

RV LINTON'; " . .. : '
 

C .L2 7 


L.4C ''' . . '.t ' . . . . . :i ', _ 

PAX I ,TA! 

IUS AID 
I SLA... A" 

PAUL W LEHNIiG TiPi CEPERAL ELAS 0' 

BLDG .500 

6710505CECASTU!, 

7719 GECUD PK 

VIA WUI 0 

Al-12 

N OMAR! DOCUMEN,:,c. ;O7if:: ,,vi<. /fr':N 



AI'PNDIX 2 

DOCUMENTS SUPIO:wTENGi MARI GLYCOL LOSSES 

This Appendix contains t. i;!".jn, correspondence pertaining to
 

the subject.
 

Letter to The Project Dirctor - Kuddu, 

from The Residet, Eng.i..!, - Auhddu, dated September 5, 1987 

Letter to The Resident Eninr - (,uddu 

from Mr. Nasrullah, d:,l -iptember 22, 1987 

Letter to L. J. Munder from Lai 
Ghani, dated September 28, 1987
 

Letter to Lal Ghani from L. ,. under 
 dated October 1, 1987
 

Letter to Lal Ghani from L. J. 
lunder dated October 6, 1987
 

HERIA/IA!ffO N
 



!cT.r T!~z 

0P"[g /')"/1.W., 

., "c''r :2! -

L .;v ;g 

/A ,/c- ,lt 

',a . - .c) ;;1,io t t o 

pl:t1]'- < <¢~ :.bcs/t.7 t"2 . ttjP2:, , Ci. . Ci-c. : t'z'v r' ;,"i £Lt2.. li. 

n. .. ;.: .i.t'..-f 

-5. 

.... lity .;,;ttn ., ,:. J1J b'~DOCUMENT
 



Telephoncti 30OI i33.O~i~c. 
h 

Telegrams 1, '11aia1,.jjt~ ~ h2~j raj;:''1:,. 

C L, Idx 

to P41c zt a p'! to olii ico 

6aaxs not r,q'uic :,~ ounmLiloaz ±t L6- at advisiable 
to opo-.xti t CyIU:. '&; izd ai m.uh L.-uld Lo) kept izo. 

for Geneal M1ana~r (Thermal) 

1. o :",grT'wraj. !?s Winpda Cuu:due 

2. The Projoct:~Ic~ ~i;' Cyocia Pi'aject Gucldu. 

~AA?.A~.F OCUNT
 



c 

U. F. 36 

VVater And o,,r Development Authority 

Office 
of

The Project Director, 

Telegrnms I _ _ 
Power Project, Guddu. 

No, PD/CP/ 4CO/ 3 ' 5223 
D.o 28.9.1987 

The Gibbs k Hill !no_
 
Site Office,
 
Guddu.
 

At ten Mr. J.Mundo, 

S u b j c t : DE YD I " j .. 7 A T IAR . 

Copy of Dirucn:r C" :i. CThermal) WAPDA Lahore'sletter No. G T-Ch 
daed.: 22 .9. 1987 is enclosedhe rewi th. Accordi Y, -c 
 o nda u ions Mari gas dry anddehydration 1s thi .a.'''ci"ed. Glycol Contacting!Toweraccordingr to !I1 iu :: 1 !:,v stday . Will you please'commenton the rocommenidr-zii 

.. i rc Chemical WAPDA. 

Enc: As above. 

PROJECT 
 C
 

cc: C.E. ''hermal , In. 
cc: R.E. ',50 ,, CCP: 

: Director ChMNc:L. : :' A,00
G .A Th er : l . , 2 3 

the
 
A AIaLABL DOC
 

A- BEST AVAILB.E DOCUM ENT 



UR,VO ENGINEERING COMRA'r,.. .....i . .. , .. 	 ./&HILL, 
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',1(ldu
 

Attent: [on: .I:. l (hani, Pr , P A
 

Subjec:: QUdM 15,) W. - -- .
 5 ...... 

W:hy,'rati{on of: Mari:: KP:"
 

Reference: Your atrei: No. .,': , * - , 79-81 Jaed Sept. 28, 1987
forwa:rir cno,,,.. p ,,, .... V :ta.G ' i-Chm{Cem/]0/209r4-66
dat ,.te "22: llh*Sam 


A",=l Mr. .li Q;] :il 

'l', ,0:; , , I, i -.. " -. . • :. KQ ,'ne~ss (or l.ic ,fo 

On t:he one hand,un,d ,- " .. "o ;,, mejo': group requestilrvadditional, scriu ,!. c n . ,API)A - Op r-or.,,nain t:hat the ',,ir.:.. ... "-- '-;.2co!._
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tha Mari qa Frm:. Iy
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t'o inject a corrosion 
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We ,;ee cont:r ,: : : .enhtiojtoL if there was,joir'g to Ke III c:. n:mplotin-j tile dehydration
plant, which tor 

2. All1. p .. . , . . , ,rr!,t ent servirq Guddu passthrowgh soili_ :iv:: I n aLter passinn through"knock-nui" 

3. We am ;Ou. , :":'"L itcntIns to our Fuell.t,:l ''(: 	 ll~ 1:2l . :;;[I2"2 ,3. 

In the antine, cs :., r " 2 ,,e keep utilizingdehydration plant, ' n"i 	 the 
. ' .':ei Consultants. 

' 	 '." i l -7k," 	 " : 
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, "rM ./ ,/. J 
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APP EX 3 

FUEL GAS HEATEIR LQUID SCRUBBER QUOTATIONS 

This Appendix contains the holi.in4 quotations pertaining to the 

subjec t. 

Pprlos manurf curin Pomi n;, W et.,d October 16, 1987 

Perry Equipment ManufancnLu,.in, Corporation dated October 20, 1987 
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177 '- V)" DALLAS, HOAS 75220 

PEERLESS MPG. C0. 1 2A 
.E 

'a),.t: / LEX 07V,243
B211 WALIUT PILL LANE 

October 16, 1987 0 : I) Page 1 of 2 

Gibbs & Hill
 
11 Penn Plaza
 
New York, New York 10001-2059
 

Attention: Mr. Lloyd Winscr
 

Subject: Your lettor' dsta: ., 
 1987
 
Peerless )ry .r-

Guddu 150 ,' C:-: 

Cycle P:wer ?2. 
Water & Power v : Auhority 

Pakistan 

Your Ref: 
 G & H Job No. 3572-'$:
 

PMC New Ref: D/87-0881
 

PMC Old Ref: S/O 357611
 

G.E. P.O. fi: A87-SSB047618-D
 

A) Performance Guarantee:
 
Liquid Removal -

Particles 10 . icronn i:d l :, size - 100% efficiency. 

As per your letter, h :s':-':'_:K guarantee which Peerless alsowaVr-antj regarding i'-3: :.::::. '""tsfollows: The exit gas willcontain no more than : 
 ':-I/iquid per MMSCF of gas passed
through the .eparator. 

B) Gas Conditions (Operating): 
Pressure - S05 ?S-
Temperatwuie - 120 d? 
Flow - 10i,22l 0:':.#,00/Hr.Normal
 
Specifi. Gr. - 0.72 

1. Maximum Liquid Loadin 6 :- cw - 64 GPM (100%) 

2. Maximum Liquid Loading C - 70 GPM (80.9%) 

3. Maximum Liquid Lang ,cw- (58,UbU #/Hr.) - ' FMVM 

SPECIALISTS IN GAS / LIQUID S:2!..:::'© AND PULSATION DAMPENING 



* .~~- t ~ ± P Ei j LE~SS MFG. oU(: 0, U 

Page 2 of 2 
C) The liquid loading is dircated 

capacity to the gas capacity.increases, As the gasthe .qu.. loading decreases, therefore,quantity of liquid would the maximum . ::.i.:,"nu recommended flow,
 
All the above are cc 4d 
 *,.... -ay state ratesconsidered as and should notslugging c' be.. :,r:,.aneousif slug volumn is less volumn of liquid) evenloading.
 

D) Based o. sluggingcohd 
 .
 g providedremoval (minimum) would achieve a 90%of t .up % approximately200 GPH the performance 200 GPM. Above ,- reducing. 
The above is without 
 cthe liquid dump capability.


E) Flooding the cyclone 
 1;2 andmentioned abov, would occur during a slug.
thc As 
though 

would be reduced when occured, eventhere is uuffcl , . w the cyclones.
F) The dtLmp nstt.:i. .  ifferential pressure could flowapprox"Inateiy '5-M.
 

Peerless 
would !Ike.... 
designed separators fcr ugging conditions we havewin .I !: .c:ernals havingchamber similar to cur - an inlet knock-out- ,'srtical Gs Separators)handling excessive capable oflar-er 'iquids cr slugs. 

G) Internals:
The subject separators. .
 -.5" cyclcne tubes in each scrubber.
 
H) As mentioned above in a 
 - concerningPeerless would our recommendations,recomncend ,...
Slug/Catcher) Dry Scrubber per
attached sketch.
 

The cyclone tubes are recc3r' . ::un solids, liquids andthe contaminants, sludge arewhich cte--.*:..,cyclone design clm.na require a Filter/Separator. The: aneeprovides a perfor-mance , -
of filter change-out and - ':'et of the subject gas turbines. 

Based on the specifat.. ,...would be a . " your letter, the size60 i.D. X 141-",.. 2 L requiredat.hcr Dryprice (excluding accessor - Scrubber. Estimated . .:..B. Dallas, Texas ---- $35,000.00.
 
If you need any additional 
 . feel free to contact us. 

/' 
o "s, 

Vy Tr 

tY?Applicat* 
 er
 

vkl
 

9 F'Q7Ar., f 

http:35,000.00
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Perry Equipment Corportion QUOTATION 
P.O. Box 640
Mineral Wells, Texas 76067 
Telephone: (817) 325-2575 NUMBERQ9-87-15J 
Telefax: (8171 325-1622 
Telex: 75-8343 PAGE 1 OF_
TRT: 163127 

TO: Gibbs & Hill, Inc. 
S 11 Penn Plaza
 
* New York, NY 10001 
 DATE:October 20, 1987
 

YOUR REF:Guddu Power Plant, 
Pakistan 

ATTN: Mr. Lloyd Winsor 

COPIESTO: Pakistan Engineerinc S 
QUOTATION SUBJECT TO CONOIMIONS ON REVERSE SIDE OF THIS SHEET 

In accordance with your inquir we are pleased to present our
 
formal quotatioln for twe 2) iter separators designed to
 
cperate at the fol lowina : ro : 
 i 00n:
 

PPESSIRE 
 " S
 

TEMPERATURE 
 10--0 DEGREES F.
 

GAS FLOW RATE 1,000-190,000 SCFM
 

GAS MOLECULAR WEIGHT 18.771-2,).9,10 

GAS SPECIFIC GRAVITY 0.6,18-0.723
 

LIQUID LIQUID HYDROCARBONS, WATER, TEG
 

SPECIAL CONDITIONS THE VESSEL IS DESIGNED TO RFMOVE: 
1. SOLIDS, INCLUDING RUST, SCALE, 

SAND, AND CLAY. 
2. LIQUIDS, INCLUDING SLUGS.
 

MODEL:
 

Two (2) PECO 75H-74-372-54--100-wp horizontal filter separators as
 
shown generally in enclosed Pulletin No. 5 and special drawing.

This drawing is not to he used for piping purposes.
 

APPROXIMATE DIMENSIONS:
 

Shell: 54" I.D. x 1,12" Seam/Sea-ti
 

Liquid Sump: 20" O.D. x 142" Sair/Seam
 

Overall: 190" Length x 87" W,:idth % 130" Height
 

APPROXIMATE WEIGHT: 31:,000 Pounds each Net
 

BEST AVAILABLE COPY 
MKT 1073- 10/85 - IM7/P 0 



QUOTATION
 
NUMBEE 9- 07- 1517 

PAGE . o F1 . 

PERFORMANCE:
 

Vessel is designed to remove 92', of all solid particles and liquid
droplets -ne (1) micron and 1urger stream anfrom the gas with 
overall removal efficiency of 99.95. by weight, assuming normal 
distribution of particle si1, en operated within its rated
flow. Vessel is designed tc h maximum pressure loss with 
clean elements of 2.0 PS' 1..o flance. PECO recommends that 
the filter elements be re,!,-. :r," .,-hen the differential pressure 
across the dirty elements ,,,' If-1PSI. 

Vessel is designed with t ". c ,.:in non-standard features to 
satisfy the cust-mer's requi-o"'".t::-: :cr this application: 

1. 	PECO Model F7 2?fi2f.-ir t1 :h'ich double the filtration 
surface area ovor : ' ccel FG336 elements, tc 
lengthen the usefu] ,ic ,.:;z i::. 

2. 	 Oversized horizontal st2:: ,ith increased liquid holding 
capacity for handling sili; : liuid. 

3. 	 Oversized downcomers between each stage of vessel and its sump 
compartment for handlinCT slnq of liquid. 

4. 	 16" manway on vessel second stace to facilitate inspection and 
clean-out.
 

5. 	Full sump diameter 20" blind flanges on both sump compartments
 
to facilitate clean-out.
 

6. 	304 SS element risers and '.ane to 
resist internal corrosion.
 

7. 	 All instrument connection!, :ire flanged to facilitate removal 
of valves and control instrUNInts1 for inspection and service. 

8. 	Both liquid control valves nr'- isnlated and by-passed, so they 
can be removed and servic- :ithout shut-ing down the vessels. 

9. 	Both drains include block ',l':es. 

10. 	Block valves on vessel inlet,'outlet are included. 

11. 	 As an option, isolation '-,c'e:; are quoted for both liuid 
level controllers, both hic, level switches, both liquid level 
gauges, and the relief v,, so these instruments can be
 
removed and serviced without :-hutting down the vessels. 

12. 	As cii option, block valves are quoted for both vents. 

BEST AVAILABLE COPY 
KT 1074. 3/87 • HPI 5M 



QUOTATION
 
NUMBE~9 87 15 
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DESIGN:
 

Vessel to be constructed 
of carbon steel, desianed, fabricated,

and stamped in accordance with latest edition of ASME Section VIII

Division 1 pressure vessel ccde and NACE Standard MR-01-75 fcr 400

PSIG and 100 Degrees F. with 1/8" corrosion allowance. Vessel

also stamped with an ASIME Code Stamp on stainless steel nameplate. 

MATERIALS:
 

SHELL: SA516 Gr. 70
 

HEAD: SA516 Gr. 70N 2:1 Elliptical
 

SPMP: SA106 Gr. B
 

FLANGES: SA105N
 

FITTINGS: SA234 Gr. WPB
 

FORGINGS: SA105N
 

TUBESHEET: SA283 Gr. C
 

VANE BOXING: SA283 Gr. C
 

VANE: 304 SS
 

RISERS: 304 SS
 

SADDLES: SA28j Gr. C
 

BOLTS/NUTS: SA193 Gr. B7/SA194 Gr. 2H
 

O-RING: BUNA-N
 

GASKETS: FLEXITALLIC 'CG'
 

EXTERNALS:
 

Vessel has lifting lugs.
 

BEST AVAILABLE COPY 
T 1074 -3/87 •HPl 5M 
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INTERNALS:
 

Internals to consist of seventy-four (74) first stage PECO Model
 
FG372 high efficiency molded fiberglass filter coalescer elements
 
(4 1/2" O.D. x 72" Length), with a total filtration area of 523
 
Ft2, and a second stage PECO hicrh efficiency vane mist eliminator.
 

ELEMENT ACCESS:
 

Access to the first stage filter ccalescer elements to be by means
 
of a full vessel diameter PECO 54" ID 400 
 PSIG quick opening
 
clcsure, complete with a hing~e and a 
heavy duty safety device to
 
prevent opening while under rr-es:-ure. 

Access to the second stte ,'ane t:c h- by means of a 16" 300 ANSI 
RF blind flanqe manway, ccmiEt2 with a ninge.
 

Access to both sections of the horizontal sump to be by means of
 
two (2) 20" 300# ANSI RF blind flanqes, one (1) at each end,
 
complete with hinges.
 

BEST AVAILABLE COPY 
: T 1074 -3/87•HP/ M
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CONNECTIONS:
 

Inlet/Outlet: (2) 20' 300# ANSI RF Flanges
 

Sump Clean-Outs: (2) 20" 3004 ANSI RF Flanges with Blind Flanges
 
and Hinges
 

Manway: (1) 16" 300,f ANSI RF Flange with Blind Flange and Hinge
 

Relief Valve: (1) 8" 3004 ANSI RF Flange
 

Level Control Valves: (2) 2" 3)04 ANSI RF Flanges
 

Drains: (3) 2" 3004 ANSI PF Flanges
 

Hydro Drain: (L) 2" 360 ANCT "F Plknge
 

Level Controllers: (4) 1 1/2" 
3004 ANSI RF Flanges
 

Level Switches: (4) 1" 3004 ANSI RF Flanges
 

Vents: (2) 1" 300 ANSI RF Flanges
 

Pressure Gauges: (2) 1" 3004 ANSI 
RIF Flanges
 

Level Gauges: (4) 3/4" 3004 ANSI RF Flanges
 

DP Gauge: (2) 1/2" 3000 ANSI RI Flanges
 

Any change to the above connecticns schedule may result in a
 
change of quoted price.
 

TESTING:
 

Pricing includes full radiograph per RT-l, Brinnell hardness, and
 
hydrostatic testing at 600 PSIG.
 

PAINTING:
 

Pricing includes white 
metal sandblast per SSPC-SP-5-63 to exter
nal surfaces and one (1) coat Carbozinc 11 primer.
 

DOCUMENTATION:
 

Pricing includes three (3) copies of data/documentation/drawings.
 

BEST AVAILABLE COPY
 
iT 1074. 3187 •14PI 5M 
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COMMERCIAL:
 

PRICE EX-WORKS MINERAL WELLS, TEXAS $71,390.00 each
 

EXPORT SKIDDING AND WATERPROOF $ 1,140.00 each
 
PREPARATION
 

APPROXIMATE SHIPPING WEIGHT 
 37,000 Pounds each Gross
 

APPROXIMATE SHIPPING CUBAGE 
 1,498 Cubic Ft each
 

APPROXIMATE SHIPPING DIMENSIONS 
 196" L x 93" W x 142" H
 

REPLACEMENT PARTS: 

FG372 Elements 
 s 29.00 each
 

54" ID Buna-N O-Rings $ 74.00 each
 

PECO recommends one (1) set 
 of spare parts per vessel, including

74 elements and one (1) 
closure o-ring per set, for startup/com
missioning and two 
(2) sets of spare parts per vessel for each
 year of operation. Price does not 
 include Export Crating and
 
Freight.
 

PRICE EX-WORKS MINERAL WELLS, TEXAS 
 $2,220.00 each set
 

AUXILIARY CONTROL EQUIPMENT: 

Two (2) sets auxiliary control equipment as described in attached
Addendum A. 
 Pricing includes factory hookup and disassembly.
 

PRICE EX-WOPKS MINERAL WELLS, TEXAS 
 $ 47,365.00 each set
 

EXPORT CRATING 
 $ 810.00 each set
 

APPROXIMATE SHIPPING WEIGHT 
 6,895 Pounds each set Gross
 

APPROXIMATE SHIPPING CUBAGE 
 192 Cubic Ft each set
 

BEST AVAILABLE COPY 

T 1074 3/87 HPI 5M 

http:47,365.00
http:2,220.00
http:1,140.00
http:71,390.00


QUOTATION 
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OPTION:
 

At customer's option, PECO offers isolation 
valves for Liquid

Level Controllers, High Liquid Level Switches, Liquid Level
 
Gauges, and Relief Valve to facilitate removal of listed instru
ments for inspection and service. PECO 
 also offers block valves
 
on 
the Vents with this option.
 
Two (2) sets isolation and blcck valves as described in attached
 

Addendum B. 
 Pricing includes factory hookup and disassembly.
 

PRICE EX-WORKS MTNERAL WELLS, TEXAS $ 5,675.00 each set 

EXPnPT CRATING 
 $ 155.00 each set
 

APPROXIMATE SHIPPTNGC .EFIGHT 855 Pounds each set Gross 

APPROXIMATE SHIPPING CUBAGE 
 22 Cubic Ft each set
 

FREIGHT:
 

INLAND FREIGHT: FOB VESSEL, HOUSTON, TEXAS $ 2,910.00 total
 

TOTAL PRICE FOB HOUSTON, TEXAS $244,320.00
 

WTTd OPTION 
 $255,980.00
 

PAYMEHT TERMS: 

Payment terms to Gibbs & Hill 
 are net 30 days in U.S. Dollars for
 
the full amount of the order, payable upon shipment ex-works
 
Mineral Wells, Texas.
 

Payment terms to WAPDA are irrevocable letter of credit in U.S.
Dollars for the full amount of the order, payable at sight upon
delivery F.n.B. Port of Houston, Texas and presentation of docu
ments.
 

WARRANTY:
 

PECO warrants these products for twelve (12) months from date of
 
installation or eighteen (18) months from 
date of shipment,

whichever comes first.
 

T 1074 3/,7 .,,PI 5M BEST AVAILABLE COPY 

http:255,980.00
http:244,320.00
http:2,910.00
http:5,675.00


QUOTATION 
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DELIVERY SCHEDULE:
 

DRAWINGS ! Three 
(3) weeks ex-works after receipt of order.
 

EQUIPMEIT: 
 12-14 weeks ex-works after receipt of final 
approved fabrication drawings and resolution of all
 
customer changes to specificaticns.
 

VALIDITY:
 

Quotation is valid for three 
(3) months from this date, 
and prices
 
are firm for duration of contract.
 

Thank you for the cpFortunit, to qucte on this equipment and wehope to have the ploasure of servina you. Should you have
questions concerning an,-i>{,>i 

any 
cf this quotation, please contact
 

us.
 

Best regards,
 

Elwood Vogt
 
International Sales Manager
 

km
 

Fncq.
 

cc: R. Franklin Parker, P.E.
 
10 Coralvine Court
 
The Woodlands, TX 77380
 

BEST AVAILABLE COPY
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AUXILIARY CONTROL EQUIPMENT
 

ADDENDUM A
 

Qty. Description
 

2......... Fisher 2500-24'9D Liquid Level Controller with external
 
float cage, 3" x 14" long SS float, K-Monel torque
tube, 67AFR Low Pressure Regulator, 1 1/2" 300# ANSI 
PF Flancos, per NACE. 

2 ......... Fisher 126PT 1icuid 
 Level Control Valve diaphragm
type, with 2" 3ofl ANSI PF Flanges, per NACE. 

2 ......... Fisher 2901-279V High 
 Liquid Level Switch with Alarm,

1" 3004 ANSI RF -'lanqes, per NACE.
 

2......... Penberthy IRL6 Liquid Level Gauge Glass reflex type,

with (2) 330 Gauge 
 Valves, 3/4" 300# ANSI RF Flanges,

Illuminator, per NACE.
 

2 ......... Ashcroft 1379 Pressure Gauge with MF&S NV-FF-50 1/2"
 
NPT Needle Valve, per NACE.
 

I......... Midwest 120-SA-00-MA Differential Pressure Gauge with
 
Follower Pointer, Reed Switch, 1000TR Reed Switch
Power Relay, Hiey Panalarm Horn Alarm with Manual 
Reset Switch, (2) MFI&S NV-FF-25 1/4" NPT Needle 
Valves, per NACE. 

I......... Anderson Greenwood 27310888 
 Relief Valve with 8" 600#
 
ANSI RF Flange inlet, 
 (2) 8" 150# ANSI RF Flange
 
outlets, per NACE.
 

8 ......... Kitz K300SCT1BI 2" 300# ANSI RF Flange Ball Valve with
 
full bore, per NACE, to isolate and bypass Control
 
Valves and as 
Drain block valves.
 

2 ......... Kitz GK300SCTC 20" 
300" ANSI RF Flange Ball Valve with
 
reduced bore, per NACE, for Inlet/Outlet block valves.
 

CEST AVAILARLE COPY 
T 1074. 3/87 -HPI SM 
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AUXILIARY CONTROL EQUIPMENT
 

ADDENDUM B
 
OPTIONAL
 

Qty. Description
 

I......... Kitz K300SCTBM 8" 3004 ANSI RF Flange Ball Valve with
 
full bore, per NACE, to isolate Relief Valve.
 

4 ......... Kitz K300SCTBM 1 1/2" 3004 ANSI RF Flange Ball Valve
 
with full bore, per MACE, to isolate Level Control
lers.
 

6 ......... Kitz K300SCTPM 1" 3004 ANSI PF Flange Ball Valve with
 
full bore, per MACE, to isolate High Level Switches
 
and as Vent block valves.
 

4......... Kitz K300SCTBM 3/4" 300# ANSI RF Flange Ball Valve
 
with full bore, per MACE, to isolate Level Gauges.
 

BEST AVAILABLE COPY 

(T 1074-1/87.PI /5M/7 

http:1074-1/87.PI
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