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EXECUTIVE SUMMARY

Introduction

The objectIve of thIS FeaSIbIlIty Study IS to provIde fmancmg mstItutIOns wIth the technIcal and
econOmIC mformatIOn needed to assess the attractIveness of a new 50 MW plant m Hrazdan,
Armerna

ThIS proposed project, a coal fIred CIrculatmg flUId Bed (CFB) urnt, wIll have a nOmInal
capacIty of 50 MW The CFB bOIler WIll provIde steam to a new 50 MW steam turbme
desIgned to permIt extractIon of steam for dIstnct heatmg Electnc power productIon WIll be
reduced to 44 MW dunng penods of maxnnum dIstnct heatmg load The urnt WIll be
constructed on vacant land at the eXIstmg Hrazdan Power Plant The CFB wIll be desIgned to
fIre a low grade coal shale fuel avaIlable domestIcally, WIth sIgrnfIcant proven reserves

A Least Cost Power Investment Program mvestIgatIOn by Lahmeyer InternatIOnal IdentIfIed the
need for an addItIOnal 167 MW urnt to be constructed at Hrazdan by the year 2008, suggestmg
that the power be prOVIded by a gas fIred combmed cycle urnt Although the mvestIgatIon
recommended mcreased use of mdIgenous energy resources such as hydropower, geothermal
resources and wmd power, the Lahmeyer mvestIgatIon dId not consIder the use of Armerna' s
domestIC coal resources as a potentIal source of energy US AID, however, has recommended
that thIS potentIal applIcatIon of mdIgenous energy be mvestIgated

The urnt wIll be constructed m accordance WIth Government of Armerna envIronmental
standards and regulatIOns and WIll meet all enVIronmental requIrements of the World Bank
ThIS FeaSIbIlIty Study proVIdes a techmcal analySIS of the project, a cost estnnate and finanCIal
analySIS, the bId Package for Engmeermg, Procurement, and ConstructIon, and an
envIronmental assessment

5928 OIAIlExec Doc!9/.3/98 1



PrOject Background

Need for the Project

A Least Cost Power Investment Program mvestlgatlOn by Lahmeyer InternatIOnal (November
1996) IdentIfied the need for addItIOnal power generatIon to offset the loss m capacIty due to
the decommlsslOmng of the 440 MW Medzamor nuclear umt The Plan Identified the
reqUIrement for a 167 MW combmed cycle umt to be constructed at Hrazdan, to be m
operatIOn by the year 2008 Included m the plan was the assumptIOn that a new 300 MW umt,
Hrazdan 2-5, would be completed and would be m operatIOn by the year 1999 However,
constructIOn activIties on thIS urnt have ceased and no addItIOnal work IS plamled

US AID m revlewmg the Lahmeyer recommendatIOns noted that although there were
recommendatIons for the mcreased use of mdlgenous energy resources such as hydropower,
geothermal resources and wmd power, the mvestlgatlon dId not consIder the use of Armema I s
domestIc coal resources as a potentIal source of energy Smce studIes of Armerna I s coal
reserves were underway by the US GeologIcal Survey, It was recommended that the Survey
mformatlon be combmed WIth mformatlOn from the US Clean Coal Technology Program and
an estImate of the potential for constructmg a 50 MW Crrculatmg FlUId Bed power faclhty be
performed as a demonstratIOn of the feaslbIllty of applymg thIS technology to mdlgenous sohd
fuel reserves

Site Location

The 50 MW urnt WIll be located on vacant land m the Hrazdan CHP plant

Electnc power IS now produced at three plants m Armema - Yerevan, Vanadzor, and Hrazdan
The Yerevan SIte was not consIdered because another project IS bemg developed for that SIte
Vanadzor IS unacceptable because the plant has InsuffiCIent space and lacks well-developed
support mfrastructure AddItIOnally, the Vanadzor regIOn has no need for addItIOnal power or
heat due to msufficlent mdustnal demand

The Hrazdan SIte has eXlstmg mfrastructure that mcludes 2 x 50 MW and 2 x 100 MW
combmed heat and power (CHP) umts There IS sufficIent open space for the 50 MW umt
The SIte has rall and road lInks to coal deposIts that are wlthm 100 kllometers FIgure ES-l
shows the location of the Hrazdan CHP plant relatIve to the Armeman coal deposIts

Fuel Selection

ExploratIOn by the UntIed States GeologIcal Survey of Underground Resources Identified nme
locatIOns m Armema for potential coal, coal shale, or od shale exploratIOn For the Hrazdan
plant, three coal or coal shale deposIts were consIdered based on projected cost, proXImIty, and
estImate of reserves Dl1IJan coal shale was selected as the baselme fuel for the followmg
reasons the coal shale IS m deposIts near the surface, thereby mmImlZmg mmmg costs, the

•

•
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field IS only 75 kIlometers from the Hrazdan CHP WIth sUItable raIl connectIons, and the
estImated reserves are over 100 mIllIon tonnes

Technology SelectIOn

The steam for the 50 MW turbme WIll be of the circulatmg flUIdIZed bed (CFB) desIgn CFB
IS an accepted and proven desIgn that IS bemg used m the USA, Japan, Chma, IndIa and m
several other countrIes Manufacturers of CFB bOIlers mclude ABB/CE, Foster Wheeler,
Babcock & WIlcox, and Gotaverken CFB IS especIally well-sUIted for utIlIZatIOn of low grade
coals, such as those m ArmenIa TypIcal SIZes of CFB bOIlers are 25-150 MW

Proposed Project

EXIstmg FacIlIty

The Hrazdan Thermal Power Plant (TPP) IS located m the mdustrIaI zone of the town of
Hrazdan, 55 Ian north of Yerevan CIty The power plant IS of the combmed heat-and-power
(CHP) desIgn and consIsts of two sectIons The first sectIOn IS an mdustrial power plant that
conSIsts of 2x50 MW UnIts and 2xlOO MW UnIts whIch began operatIOn m 1966-1969 The
unItS m the first sectIOn are connected to a common header delIvermg steam to the turbmes as
well as supplymg process steam and dIstrICt heatmg to the CIty The UnIts m the second sectIOn
are stand-alone (block UnIts) connected to mdividual steam turbmes ConstructIOn was begun
on an addItIOnal UnIt, Hrazdan 2-5, WhICh was expected to begm operatIOn m 1999, but It IS
not expected that thIS project WIll be completed

All UnIts are of the conventIOnal steam type WIth coolmg towers and are eqUIpped for dual fuel
firmg (gas and mazut) Natural gas IS supplIed to the plant by pipeime whIle mazut IS
delIvered by raIl and stored on-SIte m fuel storage tanks Natural gas IS the fuel of choIce but
In penods of natural gas shortages, mazut IS fired In the bOIlers (10-15% of annual heat mput)
An eXIstmg unused coolIng tower IS avaIlable for rehabIlItatIOn

The facIlIty denves ItS process water from the MarmarIk RIver Wastewater IS collected and
dIscharged to the nver after pH adjustment The SIte IS servIced by raIl and It IS antICIpated
that coal and lImestone reqUIred for the operatIon of the proposed UnIt WIll be delIvered by that
means SuffiCIent land area IS avaIlable for the storage of coal

Plant DesIgn

The proposed new coal fired umt WIll have a nommal capaCIty of 50 MWe The umt wIll
conSIst of one CIrculatIng flUId bed bOller, producIng 200 tph steam The umt WIll be located
adjacent to SectIon 1 of the Hrazdan CHP plant and WIll proVIde steam for both power
generatIOn and for dIstnct heatIng

The CFB technology utIlIZes crushed coal as a fuel LImestone IS fed to the furnace, where
sulfur dIOXIde IS captured as a calcIUm sulfur salt Non-combustIbles, IncludIng ash and

59'8 DIAl/Exec Deel9l 3/98 3



desulfunzatIOn products will be recovered from the flue gases m a senes of steps mcludmg
both cyclone dust collectors and a fabnc filter (bag house) system A new steam turbme •
generator will be provided, producmg 50 MW of power when operatmg Without extractIOn and
44 MW at maXlIDum dlstnct heatmg demand

Coolmg water for the steam turbme surface condenser will be from a clrculatmg water coolmg
system Utlhzmg the rehablhtated Coolmg Tower No 5 Make-up water will be provided from
the eXlstmg plant make-up water system An eXlstmg water pretreatment system wIll provide
potable and service water for the faclhty An eXlstmg demmerahzer wIll proVide water of
acceptable quahty for makeup to the CFB

Fuel for the plant will be dehvered by rail and Will be stored on-site m an outside storage coal
pile adjacent to the mam boIler bUlldmg The area beneath the coal pIle and the coal storage
area runoff collectIOn pond wIll be hned to prevent mlgratlon of pollutants mto the ground
water LlIDestone reagent Will also be dehvered by rall and stored on-site Sohd waste
combustion products, prlIDarlly ash, wIll be transported to the adjacent concrete manufactunng
plant for use as a raw matenal

Wastewater produced durmg plant operatIOn Will be treated m an eXlstmg oll/water separatIOn
system and discharged to the nver along WIth the coohng water blowdown stream Samtary
waste wlll be treated m a packaged treatment system pnor to dIscharge

MaXlIDum utlhzation of serVIces and manpower Will be supphed from the eXlstmg CHP plant

EconOlDlC and FmancIaI Rates of Return

Two methodologies have been used to asses the econOIDlC and fmanclal attnbutes of the
proposed Hrazdan CFB plant The fIrst eXaIDInes the EconoIDlc Internal Rate of Return
(EIRR) assOCIated With the benefIts to Armema denved from the proposed Hrazdan CFB Plant
versus the "Without Project" scenario The second eXaIDInes electnc tanffs and therr lIDpact
on the project's FmancIaI Internal Rate of Return (FIRR)

The followmg baselme assumptIOns and modelmg data are common to both of the analySIS
methodologies

1 All costs are m 1998 dollars

2 The construction schedule for the Hrazdan CFB plant IS 30 months and the commerCial
operation date IS January 1, 2004

3 The total burner-tip cost of CFB fuel IS $5 88/Gcal, mc1udmg the costs of transportation
and hmestone

4 The total project cost IS the CFB Plant Turnkey Contract's cost and Owner's cost

•
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5 EstlTIlated Operatmg and Mamtenance costs consIst of fixed and vanable components of
$12 OO/kW-yr and $1 OO/Mwh, respectIvely

6 The CFB Plant wIll operate at an average annual capacIty factor of 80%

7 The tanffs used m the feasIbIlIty study are assumed to be the tanff at the Hrazdan plant
meters

8 No Value Added Tax (VAT) has been assumed for fuel purchase, electncity generated, etc

9 Plant capacIty and heat rate degradatIOn over tlTIle have not been consIdered

Econonnc AnalysIs - Cost/Benefit

An economIC assessment of costs and benefits assocIated wIth the proposed Hrazdan CFB Plant
was performed m order to quantIfy the EIRR The proposed project IS expected to yIeld a
number of benefits relatIve to the "WIthOut PrOject" scenarIO, mcludmg

a Fuel Savmgs - the cost of low cost Armeman coal wIll provIde sIgmficant savmgs m
prlTIlary fuel costs

b ReductIOn m Reparr and Mamtenance Costs - The poor condItIOn, desIgn, and age of
eXIstmg Hrazdan thermal plants WIll requrre sIgmficant capItal expendIture for mamtenance
and reparr The addItIOn of the CFB plant will enable Hrazdan to retrre older generatmg
plants and thereby forego otherWIse necessary mamtenance

The economIC evaluatIon of costs and benefits takes mto account only benefit "a" above
WhIle reductIon of reparr and mamtenance costs represent real benefits, quantIficatIOn m
economIC terms IS subject to conSIderable uncertamty

The econOmIC cost/benefit analySIS IS based on the followmg methodology and Base Case
assumptIOns

1 Project cost IS taken to be the total base project cost mclUSIve of the CFB Turnkey
Contract's cost and Owner t s costs

2 The fuel benefit IS the dIfference between the fuel costs aSSOCIated WIth operatIOn of the
CFB plant at an 80% capaCIty factor and the fuel cost WhICh otherWIse would be Illcurred
III the "WIthout Project" at a 65 % capaCIty factor, WIth gas/mazut fuel

3 The project lIfe IS assumed to be 35 years

59_8 0 IA I!Exec DocI9 23198 5



Summary of Results

The Base Case shows an EIRR of 1 8% Sensitivity analysIs to vanatlons m project cost and
fuel pnce result m the EIRR rangmg from 0 1% to 4 4% These results are not attractive
However, when one considers the additIOnal benefits associated with reductIOn m repaIr and
mamtenance costs of the eXlstmg plants, these results may still be acceptable

Fmanclal AnalysIs - Tariff Assessment

The finanCial AnalysIs exammes tanffs and theIr effect on project cash flow The tanffs used
m the analysIs are assumed to be the tanff for the new CFB plant at the plant meters

The FmancIaI Internal Rate of Return (FIRR) IS an mdlcatlOn of how attractive the Project's
cash flow stream will be to potential mvestors and lendmg mstltutlons The threshold FIRR
value for a project to be attractive IS dependent upon many variables that are difficult to
determme Smce World Bank Fmancmg IS envIsioned for the project, FIRR values as low as
6-7 % may be considered acceptable The Debt Service Coverage (DSC) ratIO IS an mdlcatlon
of the project's abilIty to repay the loan As a general rule, the DSC ratIO should not fall
below 1 3-1 4 m any given year However, lower DSC values are often encountered m one or
two years dunng a project's lIfetIme

Key assumptIOns made m the analysIs of FIRR and DSC are

1 The project IS 100% debt fmanced

2 The World Bank financed loan repayment assumes a 4% annual mterest rate, a 35-year
term, no prmclpal repayment durmg constructIOn, a lO-year grace penod (startmg from the
commercial operation date) on prmclpal repayment, and umform payments dunng the
balance of the 35-year loan penod

3 Straight Ime depreCiatIOn over a 35-year plant lIfe

4 An mcome tax rate of 25% on net profit WIth a 2-year grace penod on mcome tax (the first
two years of operatIOn) ThIS IS permItted by the Armeman tax codes

5 LevelIzed tariff durmg the plant operatmg lIfe

Summary of Results

The product tanff of $0 0450/kWh results m a project FIRR of 8 9%, WhICh IS acceptable
However, the DSC ratIO falls to 1 2 dunng year 11

SenSItivity analyses show the FIRR IS still at 8 0 % for a product tariff of $0 0425IkWh, but the
DSC ratios are too low Therefore, the tanff rate must be at least $0 0450/kWh for fundmg to
be pOSSible

•

•
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A decrease In the tax rate to 10% Increases the FIRR only 0 6 %, to 9 5 % Increases In fuel
cost or capItal cost reduces the FIRR to 8 1-8 2% but the DSC ratIO falls to 1 2 dunng the
years 11 and 12 In both cases Decreases of 10% In eIther fuel cost of capItal cost Increases
the FIRR to 97-99%
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• 1

SUBTASK A - TECHNICAL ANALYSIS

SUMMARY INSTALLATION OF ACFBBOILERANDA50MWSTEAM
TURBINE GENERATOR

•

11 GENERAL

TIns sectlOn summanzes the results ofthe development of a new 50 MW urut consIstmg ofone 50
MW crrculatmg flUIdIzed bed (CFB) boIler With auxIhary eqUIpment, a 50 MW extractlOn steam
turbme generator and necessary balance ofplant eqUIpment TIns new urut IS m SectIOn I ofthe
Hrazdan CHP plant and augments the eXIstmg 2-50 MW and 2-100 MW uruts m that SectIOn

TIns new power statIon WIll be fired by Armeman coal from the nearby DIh]an field A sectIOn of
the eXIstmg raIlroad sIdmg wIll be re-routed to dehver the coal and lImestone to the CFB urut
Coolmg Tower No 5 Will be rehabIhtated for dedicated sefVlce to tills urut and a circulatmg water
system WIll be mstalled between the coolmg tower and the new urut Three step-up transformers
Will be mstalled and tIed mto the eXIstIng 11 OV sWItchyard

1 2 NEW PLANT EQillPMENT

The followmg lIsted eqUIpment and systems Will be InStalled as a mmnnum

Coal Handlmg, Crusillng, Feed System

LImestone Handlmg System

BOller and BOller Accessones

Turbme Generator

Mechamcal Systems and Eqmpment

Electncal System and Eqmpment

I&C Systems and Eqmpment

FoundatIOns and structures WIll be InStalled as necessary to support all new eqmpment

The new fuel handlmg eqmpment (conveyors, dIscharge tnppers and hoppers) wIll be mstalled to
servIce the new CFB bOIlers Also a new ash system wIll be mstalled for the removal ofall CFB
ash

Coolmg water for coolmg the turbme condenser Will be proVIded VIa a closed system from the
rehabIlItated Coolmg Tower No 5 The new pumphouse Will contam pumps With a combmed
circulatmg capaCIty of 8,000 m3/hr Make-up water Will come from a tIe-m to the eXIstmg make-up
water system Waste water dIscharge wIll go to a tIe-m to the eXIstmg waste water treatment• 5928-01Al/Sumrn Doc/9/23/98 A-I
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system DemmeralIzed water for the CFB feed water system wIll come from a tIe-m to the eXlstmg
demmeralIzer system •

1 2 1 Structural Systems

New foundatIOns are requIred for the bOller, turbme and ancIllary systems The turbme reqUires a
new Turbme Hall and the bOIler reqUires an enclosure

The coal conveyor, SWitchgear room, battery room, and control room for the CFB plant requIre new
structures The new stack requIres a foundatIOn

1 2 2 DemolItIOn ReqUIrements

The eXlstmg raIlroad sIdmgs WIll be re-positIoned south of theIr current locatIOn to make room for
the CFB boIler and turbme, and for the storage coal pIle, which WIll be adjacent to the boIler

1 3 RECOMMENDED EQUIPMENT

1 3 1 CFB BOller

One full-capacIty CFB boIler Will be utilIzed The boIler IS a smgle drum, natural cIrCUlatIOn urnt
of the two stage solId collection deSIgn, WIth one forced draft fan and one mduced draft fan The
two stage collectIOn system mcludes an unpact-type separator conslstmg ofan array of suspended
V-beams located at the mlet and outlet of the furnace gas eXit The second stage IS a multIcyclone •
dust collector located after the convectIOn pass

Coal transferred from the coal pIle IS conveyed to a new hammer mIll crusher, and then conveyed
agaIn to a feed SIlo It IS then fed through volumetnc feeders to screw feeders for dlschargmg mto
the furnace

Lunestone IS conveyed through a rotary dryer to an mplant storage bm From the bm the lunestone
IS fed mto vertIcal spmdle roller screen mIlls where It IS crushed to ItS final feed SIze, conveyed to a
feed SIlo for dlschargmg mto the furnace

A fabnc filter system wIll control particulate emISSIOns conslstmg ofash, sulfated lImestone, excess
lIme and a lImIted amount ofunburned carbon

132 Turbme

A new 50 MW extractIOn turbme generator Will be proVIded The new turbme conSIsts ofa high
pressure (HP) sectIOn and a double flow low pressure (LP) sectIOn There are three extractIOn
pomts on the HP section and three on the LP section The turbme WIll prOVIde steam for dIStnCt
heatmg, as needed All aUXIlIary eqUipment for the turbme IS proVIded

1 3 3 Turbme Balance of Plant

A complete new set ofturbme balance ofplant eqUipment and plpmg SUitable for the 50 MW •5928 01 AlSumm Doc/9/23/98 A-2



• turbme wIll be provIded

New cIrculatmg water system eqUIpment and pIpmg wIll supply coolmg water to the new
condenser from Coolmg Tower No 5, wInch wIll be refurbIshed for dedIcated servIce to tIns plant

1 3 4 ElectrIcal Systems and EqUIpment

The entrre umt electncal system, mcludmg all eqUIpment and cablIng, WIll be supplIed The
electncal system WIll have three transformers - step-up, aUXIlIary and standby - tIed mto the
eXIstmg sWItchyard

1 3 5 InstrumentatIOn and Controls Systems and EqUIpment

All mstrumentatIOn and controls systems and eqUIpment WIll be supplIed The new eqUIpment WIll
mc1ude a state-of-the-art dIstnbuted type control system

1 4 SUMMARY OF PERFORMANCE

•

Turbme gross output, MW

Turbme gross heat rate, Kcal/kWh

Urut net output, MW

Urut net heat rate, Kcal/kWh

PartIculate emISSIOnS, mg/Nm3

802 emISSIOnS, mg! Nm3

NOx emISSIOnS, mg! Nm3

Total coal fired, tonnelhr

Total lImestone consumptIOn, tonnelhr

*At 6% oxygen m flue gas

51

2276

448

3442

150*

506*

120*

1190

175

• 5928 OINSumrn Doc/9/23/98 A-3



1 5 SUMMARY OF CAPITAL COST

The total project cost expressed m 1998 U S Dollars for the new CFB Technology WIth a new 50
MW Turbme IS [$LATER] and IS broken down as follows •

1 6 DESCRIPTION OF CHP PLANT

Armeruan labor, eqUIpment manufacturers and matenal supphers represent $20,669,380 or 35% of
the total project costs shown above

ClVIl/Structural/DemohtIOn Work

CFB BOller Cost

Turbme and Balance ofPlant EqUIpment

Instruments and Controls

EnVIronmental Systems

Electncal EqUIpment

SIte ConstructIOn ServIces and Engmeermg

Project Indrrects

TOTAL

$2,760,000

$13,358,000

$16,867,910

$834,480

$2,530,750

$5,757,535

$8,650,000

$8,352,000

$59,110,675

•
1 6 1 CFB Systems DeSCrIptIons

The bOIler IS a smgle-drum natural cIrculatIOn urnt Plan and elevatIon draWings of the CFB are m
SectIOn C 2 The bOIler furnace enclosure IS top-supported and constructed ofgas-tIght membrane
walls The cross-sectIOn area ofthe lower furnace IS reduced to enhance matenals mIxmg and
sohds entraInment The lower furnace tube walls are covered WIth wear-reSIstant refractory

Fuel IS fed from a coal feed bunker With two volumetnc feeders to two bI-directIOnal screw feeders
and dIscharged to the furnace through the furnace front wall usmg four graVIty feed chutes
LImestone IS supplIed pneumatIcally through the front and rear walls The pneumatIc system
mcludes two blowers and eIght mJectmg pomts (four pomts at each wall)

CombustIOn air IS supplIed from one FD fan Pnmary arr IS mtroduced mto the bed through the
furnace floor VIa a bubble cap arr dIstnbutor Secondary arr enters the lower portIon of the furnace
through dIfferent SIze nozzles on the front and rear walls The bOIler IS eqUIpped WIth one ill fan

For start-up the boIler IS prOVIded WIth m-duct and overbed burners

The pnmary solIds collector IS an Impact-type separator consIstmg ofa staggered array ofU-shaped
elements (V-beams) hung from the roofofthe bOIler The U-beams form a labynnth ofpassages •
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for gas and solIds Two rows ofU-beams are mstalled mSIde the furnace across the gas eXIt plane
A second set ofU-beams IS mstalled nnmedmtely downstream of the furnace eXIt SolIds collected
by the m-furnace U-beams dIscharge dIrectly mto the furnace along the rear wall SolIds collected
by the second set ofU-beams (external U-beams) are dIscharged by gravIty from the particle
transfer hopper to the upper furnace through ports on the rear wall All solIds collected by the U
beams fall freely to the bottom of the furnace along the rear wall resultmg m all-mternal recycle of
pnmary-collected solIds

SolIds passmg through the pnmary collector are cooled through the convectIOn pass and enter a
multIcyclone dust collector SolIds collected by the multlcyclone are stored m the hopper located
under the multlcyclone and recycled to the lower furnace at a controllable rate determmed by the
reqUIrements of the furnace mventory/temperature control The solIds are recycled Via an aIr
assIsted graVIty recycle system and illscharged mto the bed through eIght return pomts at the rear
wall

Fmal solIds collectIon from the gases leavmg the urnt IS to be carned out by a baghouse

Bed ash IS purged from the furnace to control bed solIds mventory and remove oversIzed rnatenal
that enters WIth the fuel Three water-cooled screws are used to cool the matenal and control the
rate of the bed dram A flUIdIZed bed bottom ash cooler/clasSIfier may be consIdered as an optIOn
dependmg on the anthraCIte test burn results After coohng, the bed ash IS mechamcally conveyed
to the eXIstmg ash slUIce system

The convectIOn heatmg surfaces, located downstream of the U-beams, mclude superheater banks,
econOmIzer banks and a recuperatlve aIr heater Upper convection pass enclosure walls are steam
cooled

1 6 2 CFB BOIler Performance

PredIcted boIler performance data for full load are as follows

CFB Boller PredIcted Performance Data

Steam Flow, t/hr 210

Steam Temperature, °C 550

Steam Pressure, bar 1258

Feedwater Temperature, °C 211

Coal Flow, tIhr 1189

CafS Molar RatIO 25

LImestone Flow, t/hr 175

Total SolIds Flow from BOller, t/hr 1071
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Fly AshfBottom Ash SplIt 005/05

Dry TheoretIcal AIr Flow, Kg/Kg fuel 275 •Excess AIr, % 20

Turndown, % 40-100

Flue Gas Flow rate, t/hr 356

Average Bed Temperature, °C 864

BOller EXIt Gas Temperature, °C 140

Sulfur RetentIOn, % 90

BOller Output, Kcallhr 118x106

BOller EfficIency, % 78

163 CFB OperatIons and Mamtenance

CFB bOIlers have umque consIderatIons regardIng operatIOns and mamtenance (O&M) The
dIstmctIve features ofthe two stage CFB system O&M are descnbed below The sectIon on
mamtenance gIves an update on procedures whIch reflect latest operatIng expenence

A BOller OperatIon

Start-Up

The sequence of a cold start-up operatIOn IS as follows

I Start the multIcyclone dust collector recycle system

2 Start ill fan followed by the start ofFD fan and establIsh the ImtIal atr flow

3 Introduce bed matenal (preferably spent bed solIds) to the furnace and buIld a mImmum
reqUIred mventory

4 Start m-duct start-up burners and heat-up the bed to 700-800°F whIle gradually addmg
the bed matenal

5 Start over-bed burners and heat-up the bed to about 1450°F, contmumg to add the bed
matenal

6 Start the coal feed when the bed temperature reaches 1450°F and gradually mcrease fuel
flow, atr flow and bOIler load bnngmg the bed temperature to 1600°F

7 Start lImestone feed after a stable bed temperature mcrease IS observed after the
begmmng ofcoal feed, mamtaImng the target S02 value m the stack gas
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8 Dunng the boIler start-up, mamtam the steam pressure, flue gas temperature and steam
temperature accordmg to the operatmg requIrements

9 Transfer solIds from the multIcyclone storage hopper to the furnace to mamtam the
target furnace pressure dIfferentIal accordmg to operatmg requIrements

10 Stop start-up burners after the bed temperature of about 1550°F IS reached

11 Gradually mcrease boIler load by mcreasmg fuel flow, adJustmg arr flow (pnmary and
secondary) and controllmg the bed pressure dIfferentIal accordmg to the operatmg
reqUirements

The duratIOn of the cold start-up IS 6-8 hours The hot start-up (when the Irutlal bed temperature IS
above the coal IgrutIOn pomt) can be done m about 1 hour

Load Can:ymg

A Steady State OperatIOn

1 Fuel flow IS adjusted to mamtam the boIler steam output to meet the load demand

2 Total aIr flow IS adjusted proportIonal to the boIler heat mput and corrected to mamtam
the target O2 concentratIOn m the flue gas

3 Pnmary-to-secondary aIr splIt IS mamtamed as a functIOn of the boIler load

4 The furnace temperature IS controlled by adjustIng the upper furnace (shaft) pressure
dIfferentIal and the pnmary arr ratIo and excess arr (at partIal loads only) The shaft
pressure dIfferentIal IS controlled pnmanly by the vanable solIds reCIrculatIon rate from
the multIcyclone partIcle storage hopper and addItIonally by changmg the pnmary air
ratIo

5 The sohds mventory m the lower furnace (pnmary zone) IS controlled by the bed dram
rate In the case of exceSSIve loss of the cIrculatmg bed matenal together WIth the
coarse partIcles removed by the bed dram, bed dram clasSIficatIon and recIrCUlatIOn of
the fine partIcles to the furnace are to be adjusted m order to mamtam a proper
combustor pressure dIfferentIal profile

6 The solIds mventory m the partlc1e storage hopper IS controlled by the purge (when the
upper level lImIt IS reached) or by the solIds recIrCUlatIOn rate (when the lower level
hmIt IS reached)

7 The solIds transfer hopper IS operated With free solIds flow through dIscharge operungs
and WIthout solIds accumulatIon
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8 lfthe solIds mventory m the furnace and distributIOn requITed for the furnace
temperature control cannot be aclueved wlthm the establIshed operatIOnal constrams, •
the SIze dIstributIOn of fuel and/or lImestone IS adjusted to meet the performance
requrrements In certam cases, additlon of an mert bed matenal (usually sand) IS
needed

9 The lImestone feed IS adjusted proportIOnal to the fuel mput WIth a feed-back correctIOn
from the measurement of the S02 concentratlon m flue gases

B Load Change

I Fuel flow and total aIr flow are adjusted as reqUITed by the load demand WIth the cross
lImltmg preventmg from fuel-nch condltlons

2 The excess air and pnmary-to-secondary arr ratIo are changed as a functlon ofbOller
load

3 The solIds reCIrculatIOn rate from the multlcyclone storage hopper IS adjusted to control
the furnace temperature On the load decrease, the recrrculatlon rate IS reduced to
reduce the shaft pressure dlfferentlal On the load mcrease, the recITCUlatlon rate IS
mcreased resultmg m a transfer of the crrculatIng bed matenal from the hopper to the
furnace as reqUIred for the proper furnace heat absorptIOn and temperature control Tlus
method ofcontrol enhances responsIVeness of the load control

4 The pnmary air ratlo and excess air are tnmmed as requrred for the furnace temperature
control

5 The lImestone feed rate follows the fuel feed rate WIth an adjustment based on the S02
concentratIOn measurement

The expected maxImum rate ofload change IS 5-8% mm m the load range of70-100% and 4-5%
mm m the load range of40-70%

ShutDown

I Dunng normal shut-down the boIler load IS decreased by the rate establIshed by the
turbme reqUIrements to the mmlmum turbme load pomt Tlus IS done by reducmg fuel
and air flows, WIth arr followmg fuel

2 After the turbme trip the fuel feed and lImestone are stopped

•

4 The FD fan and the ID fan are shut-down when the bed IS cooled below 500°F and

3 The aIr flow IS mamtatned at the predetermmed level to prOVIde burnout of carbon
partIcles m the pnmary zone Start-up burner can be fired-up to maIntam the bed
temperature durmg the carbon burnout to prevent formatlon ofexcessIve CO emIssIons
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solIds mventory m the furnace IS adjusted to the level reqUIred for the shutdown

5 Dependmg on the purpose of the bOIler shut-down, the bed matenal may be removed or
left m the bOIler The bed matenal removal through the bed dram requITes bed
flUIdIzatIOn by the pnmary arr flow

6 When the boIler IS shut-down for a subsequent qUIck restart the fuel feed IS stopped
followed by the shutdown of the FD and ill fans to prevent the bed temperature
decrease below the coal Igmuon pomt

B BOller Mamtenance

The mamtenance reqUIrements are evaluated based on a) the 4 5 years operatmg expenence ofa
50 MWe two stage CFB bOIler uuIIzmg lngh ash (40-45%) medIUm sulfur coal waste producmg
erOSIve bed matenal, and b) Improvements made m the currently offered two stage CFB boller
deSIgn

The boIler IS operated WIth two 10-day planned outages a year, WIth the average forced outage rate
of25%

Mamtenance-Free Areas

Pnmmy Swarator - Due to the low gas veloclues and umform flow mstnbutIOn no V-beam erOSIOn
IS expenenced and no mamtenance/repm was reqUITed

Refractory - No mamtenance was needed for refractory m the furnace and L-valves (solIds return
legs from the V-beams)

Furnace Heatmg Surfaces - No tube wear was observed on the furnace heatmg surfaces mcludmg
tube walls, dIVISIon walls and WIng walls, except of the tube wall-refractory mterface m the lower
furnace (see below)

The uruform gas velOCIty dIstnbuhon m the furnace due to the full-WIdth low gas velOCIty eXIt to
the V-beams prevents local eroSIOn

Superheater- No mamtenance was needed for unslnelded pendant superheater tubes

MaIntenance Areas

These are areas requmng regular maIntenance dunng scheduled outages The mamtenance
addresses wear caused by the erOSIve nature of the bed matenal and fuel ash

Fuel Feed

Due to the abrasIve nature of fuel ash problems were expenenced WIth pluggmg and wear of the
• fuel mJectIOn screws The pluggmg problem was solved by shortenmg the screws, and the wear
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was solved by findmg a sUItable weld overlay matenal

In new desIgns, WIth graVIty arr-asslsted fuel feed chutes, pluggmg IS not expected Mlmmum
mamtenance dunng planned outages may be requrred for wear areas m the chutes that shall be
locally protected by the wear-resIstant weld overlay

Bed Dram Coolers

The severe wear or the screw-cooler troughs and flIghtS was prevented by the hard weld overlay
and mstallatIOn of replaceable trough mlet sections WIth these modIficatIOns only mmor touch up
repaIrs dunng planned shutdowns are needed Further desIgn refinement may preclude the need for
screw coolers by utlhzmg flUId bed ash coolers

Tube-Refractory Interface m Furnace

The only area m the furnace expenencmg tube wear IS the refractory mterface at the top of the
tapered lower furnace sectIOn ThIs area IS protected by a metahzmg spray coatmg Penodlcal
respraymg IS needed dunng planned outages once a year

MultIcyclone Dust Collector

•

The wear of the multicyclone dust collector elements IS mmnTIlzed to the acceptable rate by usmg
wear-resIstant matenals The most wear IS expenenced on the outlet tubes The tubes made of a
cast matenal With 500 Bnnell hardness have a wear rate correspondmg to at least 4 years hfe tune •
Other parts, such as spm vanes and mlet tubes have a lower wear rate The dust collector IS
desIgned for easy access for mspectIOn and replacements

Dust Collector RecIrculatIOn

The pneumatic dust collector recrrculatIon system requrres routme mamtenance to prevent leakmg
at pIpe couplmgs In the new desIgn, a gravIty arr~asslsted recIrculation system reduces
consIderably the mamtenance reqUIrements

Honzontal ConvectIOn Surfaces

The convection heatmg surfaces WIth honzontal m-Ime tube arrangement (superheater and
economIzer) reqUIre careful tube ahgnment and mstallatIon of tube slnelds and erOSIOn barrelers
preventmg gas lanmg and local erosIOn Proper selectIOn ofgas velocItIes and tube bank depth
proVIdes for mlmmal tube erOSIOn The tube ahgnment and condItions of the protectIve slnelds and
bamers are mspected dunng the outages and corrected as needed

A1rHeater

Wear has been expenenced at the mlet parts of the aIr heater tubes havmg flue gas flow mSIde the
tubes In the new desIgn, the ror heater has ror mSIde and gas outsIde the tubes WIth tlns desIgn,
the ror heater condItIOns are sImIlar to other honzontal convectIOn surfaces
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• 1 64 CFB Support System EqUipment

The fuel and lImestone preparatIon systems, and the fabnc filter are the mam support systems
requITed by a CFB bOIler facIlIty Each system IS configured as dIscussed m the followmg
descnptIOn

Fuel and Limestone PreparatIOn Systems

Fuel for the plant IS stored m a large long outSIde storage pIle whIch IS adjacent to the mam bOIler
bUlldmg Coal IS removed from the pIle by bucket cranes whIch depOSIt the coal mto a receIvmg
hopper whIch m turn delIvers the coal mto one ofthe two coal pIle conveyor belts whIch run
parallel to the mam pIle Before reachIng the end of the pIle the belts are mclmed and enter the top
ofa transfer tower The coal IS then transferred to one of the two redundant gallery feed conveyors
whIch run perpendIcular to the preVIOUS conveyors and convey the coal to the gallery conveyors
whIch bnng the coal to the surge bunkers of the CFB

•

For thIs project, It IS planned to utIlIze one of the two coal pIle conveyors to feed two (2) redundant
reversIble hammer mIll crushers located adjacent to the transfer tower The mIlls are each full
capaCIty and redundant m order to accommodate frequent routme hammer replacement and
adjustment Under the bottom dIscharge ofeach mIll are hoppers whIch transfer the coal to
mdIvIdual redundant conveyors whIch run parallel to the eXlstmg gallery feed conveyors These
conveyors WIll bnng the coal to the gallery conveyors whIch servIce the Phase 1 bOIler house

The hammer rmlls selected have been used on other CFB projects and are capable ofreducmg the
fuel from the 2" x 0 as receIved SIze to a SIZe acceptable for dIrect feed mto the CFB furnace ThIs
arrangement elunmates the complexIty oftwo stage crushIng and ehmmates the need for
perforrmng any crushIng WIthIn the boIler bUlldmg

The lImestone preparatIon system antICIpates the receIpt of 1-1/2" X 0 top SIze lImestone The
lImestone IS deposIted by a truck mto an undergrade enclosed hopper adjacent to the CFB boIler
bUlldmg end wall The depOSIted lImestone IS conveyed underground by a VIbratIng feeder to a
bucket elevatmg conveyor whIch m turn feeds a rotary dryer After drymg the lImestone IS
conveyed to another bucket whIch depOSIts It mto a 24 hour storage bm configured WIth two bottom
outlet hoppers Each hopper outlet IS connected to a VIbratIng feeder whIch m turn passes the
lImestone mto vertIcal spmdle roller screen mIlls These rmlls whIch have also been successfully
used to crush lImestone for other CFB projects to reduce the matenal to ItS final feed SIZe The
crushed lImestone IS then pneumancally pressure conveyed to the mam lImestone storage SIlo

FabriC FIlter

A fabnc filter system WIll be mstalled to control partlculate ermssIOns The partIculates WIll COnsISt
pnmanly of ash, sulfated lImestone, excess lIme and a IIrmted amount of unburned carbon

Incommg flue gas enters the fabnc filter through a smgle pomt marufold connectIon where It IS then
• dlstnbuted to the mdlvIdual modules of the fabnc filter At each module, the gas WIll pass through
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an mlet IsolatIon valve and wIll enter the hopper of that module Flue gas WIll pass through the bag
fabnc from the outsIde of the tubular bag to the mSIde Collected partIculate IS retamed on the outer •
surface of the bag and cleaned flue gas eXIts the InsIde of the bag at the top through the tubesheet
and proceeds to the mduced draft fans and stack

PartIculates are removed by Isolatmg each module and back pulsmg compressed aIr from the mSIde
of the bags ThIs causes the bUIlt-up partIculates to dIslodge from the bags and fall mto the
collector hoppers below

The total fly ash flow rate IS expected to be 9 7 tIhr

1 6 5 EmISSIons

The proposed two stage CFB bOIlers represent a dramatIC Improvement over the performance of the
eXlstmg bOIlers at the SIte The mam elements of enVironmental performance bemg evaluated are
S02, NOx and partIculate dIscharge The base case deSIgn calls for a 90% S02 removal effiCIency
The predIcted performances are lIsted below

PredIcted Parameter

Sulfur Removal % 90

Ca/S RatIo 25

*S02 (mgINM3) 506 •
*NOx (mgINM3) 120

*Particulate (mgINM3) 150

Sorbent Feed Rate (tIhr) 175

Fuel Feed Rate (tIhr) 119

BOller EffiCIency 78

*Based on 6% oxygen m flue gas

166 Turbme Performance

The 50 MW turbme proposed for the CFB boIler system was deSIgned and WIll be manufactured by
TMZ (RUSSia) It IS model PT-50/60-130/7, whIch IS slffillar to turbmes bUIlt for Hrazdan CHP m
1965 and 1967 Its nommal output IS 50 MW as mdicated by ItS deSIgnatIOn The techrncal
charactenstics of the new replacement turbme are shown m Table Al-l The turbme IS also
supplymg steam for dlStnCtS heatmg as needed However, all the performance data calculated here
are based on pure condensmg mode of operatIOn •
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The turbrne marn steam flow at the 50 MW turbrne output IS 210 t/h At thIs nomrnalload the
turbrne gross heat rate IS 2276 kcal/kWh

167 Net Umt Performance

Net power output and net urnt heat rates were also detennmed CalculatIOns were done for 100%
loads An auxIlIary load of6100 kW was estImated ThIs IS hIgher than IS usually requITed for a 50
MW plant because the low heat value of the desIgn coal necessItates large flows ofcoal, lImestone,
and ash BOller effiCIency figures were also provIded by CFB vendors, and an effiCIency of78%
was used for the 100% load pornt

Based on the above figures, the full load net urnt output IS 44 9 MW, and the resultrng net urnt heat
rate IS 3442 kcallkWh ThIs corresponds to a net urnt efficIency of26 0%

1 7 CONCEPTUAL DESIGN

A conceptual desIgn has been developed for the mstallatIon ofthe CFB bOller, WIth a new turbrne
The conceptual desIgn essentIally mvolves a complete new 50 MW urnt ThIs sectIon descnbes the
new 50 MW turbme-generator Major eqUIpment are lIsted m Table Al-2

The steam flows for the 50 MW urnt are shown m Drawmg C 22m SectIon C 2 The urnt COnsISts
of an HP sectIon and a double flow LP sectIon There are four extractIon pomts on the HP sectIOn
The first three prOVIdes extractIon steam for the hIgh pressure regeneratIve feedwater heaters and
the deaerator, and the fourth IS taken from the exhaust end ofthe HP cylInder for the low pressure
heater number 3 ExtractIOn steam for the remammg three LP heaters IS prOVIded from the LP
sectIOn When the turbme supplIes steam for dIStnCt heatIng, a maxImum of76 tonnes per hour of
steam are extracted For thIs SItuatIon, the gross power output IS 44 MW The overall dl1llenSIOn
for the turbme IS 22,200 mm long x 6,000 mm WIde
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Table Al-l

TECHNICAL CHARACTERISTICS OF THE 50 MW TURBOGENERATOR •
Manufacturer

Model

Nommal Output

Maxunum Turbme Output Capablhty

Nommal Mam Steam Flow

Maxunum Steam Flow CapabIlIty

Steam Inlet Pressure

Steam Inlet Temperature

Reheat Steam Temperature

Turbme Heat Rate

Number ofRegeneratlVe ExtractIOns

ConfiguratIon ofturbme

TMZ Turbme Works

PT-50/60-130/7

50MW

60MW

210 t/h

300 t/h

125 ata

2276 kcal/kWh

7

Tandem-compound
•

The turbme wIll be furnIshed as a package mcludmg the condenser, feedwater preheaters, mam
steam stop valves, control valves, controls lube 011 tanks and coolers, extractIOn check valves,
safety deVIces, ejectors and turbme turnmg gear WIth electnc motor, and spare parts

Vanous other turbme hall mecharucal eqUIpment are descnbed m SectIOn 1 8

1 8 MECHANICAL SYSTEMS AND EQUIPMENT

AddItIon of the CFB unIt WIll requITe mstallatIOn ofnew Balance ofPlant (BOP) eqUIpment
reqUIred to support the steam cycle assocIated With the new PT-50/60-130/7 turbme urnt

The followmg IS a descnptIon of the conceptual deSIgn of the major mecharucal flUId systems and
eqUIpment reqUIred for the new 50 MWe urnt These Items, along WIth theIr assocIated costs, are
summanzed m Table C 2 Refer to drawmg C 2 2, "Steam Turbme Heat Balance" for an overvIew
of the cycle concept For layout ofthe eqUIpment, refer to draWing No SCI00 These drawmgs
are m SectIOn C2
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Mam and ExtractIon Steam

The Mam Steam System WIll convey lugh pressure, lugh temperature steam from the CFB bOIler to
the Turbme mam stop valve The system wIll also mclude a mam steam dump hne to the
condenser Mam Steam plpmg Will be deSIgned WIth adequate dramage to prevent water from
entenng the turbme A dram wIll be mstalled at each low pomt m the Mam Steam pIpmg and
branch Imes, from the bOIler outlet to the turbme generator stop valves Each branch Ime to the
turbme stop valves Will also be provIded with a dram]ust before the stop valve The power
operated dram valves Will open automancally on turbme tnp and wIll also be remotely operated
from the control room Dunng normal operatIOn the Mam Steam System WIll operate at varymg
loads dIctated by the turbme generator demand The steam flow WIll be controlled by mamtmmng a
constant steam chest pressure when m the constant throttle pressure mode A change m the turbme
generator demand WIll result m a change m the poslnon ofthe turbme generator control valves The
resultmg change m flow WIll alter the steam chest pressure wluch IS compensated for by a change m
the boIler steam generatIOn rate

The ExtractIOn Steam System WIll supply steam to three stages oflow pressure feedwater heatmg,
one deaeranng feedwater heater, and three stages oflugh pressure feedwater heatmg The steam
used for feedwater heatmg IS extracted from progressIvely lower pressure stages of the mam turbme
casmgs

The ExtractIOn Steam System Will operate over a range of turbme generator loads, from the lowest
acceptable to the turbme generator system, to the maxImum loadmg condItIons at turbme valves
WIde open (VWO) plus 5% overpressure All heaters must be m servIce to obtam the umt's
capabIlIty at deSIgned effiCiency The ExtractIon Steam System IS deSIgned to permIt operatIon
With selected heaters out ofservIce

Smce the ExtractIon Steam System IS a major path ofpotentIal turbme water mductIOn, the system
wIll mclude eqUIpment for prevennon ofwater damage to the steam turbme TypIcal causes for
excess water accumulatIOn are (a) LeakIng feed water heater tube(s) (b) FaIlure or madequacy of
heater condensate level controls (c) Water accumulanon m extractIon Imes A motor-operated
IsolatIOn valve followed by one or more reverse current valves Will be InStalled m each extractIOn
lme These valves Will be mstalled as close to the turbme as pOSSIble, and they WIll close when
lugh-lugh water level IS expenenced m the heater The valve closmg speed wIll depend on the
excess water flow to the heater and the volume between lugh-lugh level and the shut offvalve

ExtractIOn lme drams WIll be used durmg system warm-up to prevent thermal shock and mmumze
stress The dram hnes WIll be eqUIpped With arr-operated valves and WIll be sItuated at the low
pomts between the turbme and the extractIon motor-operated IsolatIOn valve and at low pomts
between the reverse current valve and the heater The aIr-operated dram valves wIll open
automatIcally upon closure of the motor-operated extractIOn steam lme IsolatIOn valve upon heater
hIgh-hIgh level All extractIon lme drams Will be routed separately to the condenser

Feedwater System

The Feedwater System WIll proVIde feedwater In the quantIty, qualIty, pressure, and temperature• 5928-DINSumrn Doc/9/23/98 A-IS



requITed by the bOIlers at vanous operatmg loads The system wIll draw deaerated condensate from
the Deaerator Storage Tank and delIver It to the boIler Durmg tills process the feedwater wIll be •
heated m a stnng of three (3) HIgh Pressure Feedwater Heaters to Improve cycle efficIency

The Feedwater Pumps WIll be 2 x 100% capacIty, electnc motor dnven, mUltlsta~ebarrel type
urnts, WIth vanable speed control Pump capacIty WIll be 211 m3/hr at 140 kg/cm head Flow
vanatIOn WIll be controlled by the feedwater flow control system automatlcally regulatmg the pump
speed to respond to the steam-feedwater flow demand Feedwater pump mimmum flow protectIon
IS provIded by flow controlled recIrculatIon back to the deaerator based upon pump suctlon flow
metenng

The HIgh Pressure Feedwater Heaters wIll be vertIcal shell-and-tube heat exchangers Feedwater
flows through the tubes and IS heated by illgh-pressure turbme extraction steam whtch condenses m
the shell sIde ofthe feedwater heaters The heaters WIll be provIded WIth mdividual by-passes WIth
manual operated gate valves The heaters WIll have, dependmg on the specIfic heat duty
charactenstIcs, mtegral dram cooler and desuperheatmg sectIOns, as applIcable The water
temperature leavmg the heaters WIll be as follows

• HP-5 heater 296°C (564 SOP)

• HP-6 heater 346°C (654 SOP)

• HP-7 heater 395°C (743OP)

The Feedwater System wIll mclude all pIpmg, valves and specIalties between the Deaerator Storage
Tank and the CFB boIler econonuzer mlets The matenal for the feedwater system pIpmg WIll be
carbon steel eqmvalent to the ASTM specIficatIOns A 106 Or B and A 335 P22

Condensate System

The Condensate System WIll proVIde condensate m quantity, qualIty, pressure, and temperature
reqmred to supply the Feedwater System and other nuscellaneous systems at vanous urnt operatmg
loads The system WIll draw condensate from the condenser hotwell and delIver It to the feedwater
system Durmg tills process the condensate WIll be heated, deaerated, chenucally treated, and If
requITed, cleansed of trnpuntles Condensate heatIng WIlltrnprove the plant cycle efficIency The
condensate IS heated by turbme extraction steam m a stnng of three Low Pressure Feedwater
Heaters and a Deaeratmg Feedwater Heater Deaeration ofthe condensate WIll remove oxygen and
other noncondensible gases to rntmffilZe corrOSIon and gas accumulatIOn m eqmpment Condensate
deaeratIOn occurs m both the condenser and the deaerator The condensate system WIll also be the
source ofwater for other nuscellaneous systems requrrmg illgh punty water Condensate losses WIll
be replerushed wIth make-up water from the Demmerahzed Water System m the Water Treatment
Plant

•

The Condenser WIll be a two sectIon, shell-and-tube heat exchanger desIgned to condense the
turbme exhaust steam The steam WIll condense InsIde the condenser shell as It IS cooled by
cITculatmg coolmg tower water flowmg through the tubes The condensate collects m a hotwell at •
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the bottom ofthe condenser, from wInch It WIll be WIthdrawn by the mam condensate pumps The
condenser operates under a vacuum wInch IS a functIOn ofthe cIrculatmg water temperature To
mamtam vacuum, noncondensIble gases and arr leakage mto the condenser are wIthdrawn by the
Condenser AIr EvacuatIon System The Condenser wIll be located below the new PI-50/60-130/7
turbme

Condensate pumpmg WIll be accomplIshed by use ofmam and booster condensate pumps The
Mam Condensate Pumps WIll be smgle stage, vertIcal centnfugal pumps WIth constant speed
electnc motor dnves TheIr capaCIty WIll be 120 m3/hr at a head of61 meters (w c ) The pumps
WIll dIscharge through the Gland Steam and Steam Jet AIr Ejector Condensers from wInch the
Booster Condensate Pump takes suctIon The Gland Steam System condenser condenses steam
exhausted from turbme shaft seals and stop valve stem packIng The condenser shell WIll be
mamtamed at a slIght vacuum by a blower wInch exhausts arr and non-condensables to the
atmosphere

The Condensate Booster Pumps WIll be vertIcal, centnfugal pumps WIth constant speed electnc
motor dnves The booster pumps WIll dIscharge through the three stages ofLow Pressure Heaters
The heaters WIll be proVIded WIth mdIvIdual, manually operated by-passes

The Low Pressure Feedwater Heaters WIll be speCIfied to handle extractIon steam flows conSIstent
WIth the by-pass arrangement and the turbme generator capabIlIty to operate WIth the heaters out of
servIce The heaters WIll have, dependmg on the speCIfic heat duty charactenstIcs, mtegral dram
cooler and desuperheatmg sectIons, as applIcable Motor-operated valves, whIch are automatIcally
actuated by Ingh water level SWItches m the dram reservOIrS, WIll be prOVIded to assure that a means
IS avaIlable to prevent water from bemg mduced mto the turbme m the event of tube fmlure The
water temperature leavrng the feedwater heaters, at 100% load, WIll be as follows

• Heater LP- 1 794°C (175 Op)

• Heater LP- 2 983°C (209 Op)

• Heater LP- 3 137°C (278 6 Op)

After leavmg heater LP-l, the condensate flow WIll pass to the Deaerator The Deaerator umt WIll
conSIst ofa deaeratmg heater sectIOn mounted on top ofa deaerator storage tank The deaeratmg
heater WIll be an open type, drrect contact, heat exchanger m wInch condensate IS mIxed WIth
turbme extractIOn steam causmg the steam to condense as It loses heat to the condensate The
condensate WIll be heated to the saturatIOn temperature correspondmg to the steam pressure In the
process ofheatmg the condensate oxygen and other noncondensible gases WIll be released from the
condensate and vented to atmosphere The resultmg feedwater temperature leavmg the Deaerator
WIll be 16SoC (329Op)

The Condensate System WIll mclude all pIpmg, valves and speCIaltIes between the condenser
hotwell outlet and the Deaerator The matenal for the Condensate System pIpmg WIll be carbon
steel, eqUIvalent to the ASTM A 106 Gr B or seamless A 53 Gr B speCIficatIon• 5928-Q1NSumrn Doc/9/23/98 A-17



CIrculatmg Water System

The CIrculatmg Water System wIll provIde a contmuous supply of coolmg water, on a once
through basIS, to the new mam condenser provIdmg the heat smk for the turbme over ItS full range
of ItS operatmg loads The source ofCIrculatmg Water to the CFB urnt wIll be rehabIhtated
Coolmg Tower No 5 The amount ofcIrculatmg water requITed by the new condenser for the 50
MWe turbme cycle IS 7,000 m3/hr New water cIrculatmg lmes and a dedIcated pumphouse wIll be
mstalled between Coolmg Tower No 5 and the CFB urnt

Heater Drams And Vents System

The Heater Drams and Vents System (HDVS) wIll conSIst of all eqUIpment, pIpmg, valves,
mstruments, and control components requITed to perform the followmg major functIons

• Dram and recover condensed extractIOn steam from feedwater heaters and mIscellaneous
heat exchangers

• Vent noncondensIble gases from the same

• Recover dram heat content by cascadmg drams from hIgher pressure to lower pressure
heaters

•

• ProVIde protectIon agamst water mductIOn mto the turbme through the heater extractIon •
steam lmes m case ofmadequate heater dramage or heater tube rupture

The HDVS WIll servIce all feedwater heaters and mIscellaneous steam condensmg heaters To
recover heat, the drams from hIgh pressure heaters WIll be cascaded to lower pressure heaters Each
heater WIll be provIded WIth two drams A normal (cascadmg) dram and an alternate dram to the
condenser Control valves WIll be provIded m these drams lmes to mamtam level m the heaters
The deaerator IS the termmal receIver ofdrams cascadmg from the htgh pressure heaters, and the
condenser IS the termmal receIver ofdrams cascadmg from the low pressure heaters A low
pressure heater dram pump WIll be mstalled for pumpmg forward the drams from the L P Heater
No 2

The HDVS system WIll operate through all ranges ofturbme generator load, mcludmg plant
tranSIents, and when one or more heaters are out of servIce Durmg normal operatIon heaters WIll
dram through theIr pnmary drams Under abnormal condItIons, when the capacIty of the pnmary
drams IS exceeded, the excess flow WIll be dramed to the condenser through the alternate drams
whIch WIll be actuated by hIgh water level m the heater shells When a heater IS out of servIce, the
heater drams whtch normally cascade to thIs heater WIll dram through ItS alternate dram to the
condenser The alternate dram WIll also used whenever the normal dram IS not avaIlable for servIce

As apphcable, closed feedwater heaters WIll be prOVIded WIth an mternal dram subcoolmg zone In
thIs zone the extractIOn steam condensate WIll be subcooled close to the saturatIon temperature of
the heater mto whIch It IS draImng Subcoohng WIll prevent flashmg m the draIn pIpmg upstream of •
the control valve, reduce flashIng downstream ofthe control valve, and Improve cycle thermal
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efficIency

Smce gases trapped m heat exchangers wIll degrade heat transfer, cause corrOSIOn, eventually
block the steam flow to the heater, each feedwater heater WIll be provIded wIth two types ofvents
for removal ofnoncondensIble gases, start-up vents and contInuous vents Start-up vents wIll be
used dunng start-up to vent the heater fast and dunng mamtenance to purge the heater Contmuous
vents WIll contmuously remove noncondensible gases durmg normal operatIOn Contmuous vents
from the hIgh pressure heaters dIscharge to the Deaerator ContInuous vents from the low pressure
heaters wIll dIscharge to the condenser Start-up vents from the hIgh pressure heaters wIll
dIscharge to the atmosphere Start-up vents from the low pressure heaters wIll dIscharge to the
condenser Each contmuous vent IS eqUIpped WIth an IsolatIOn valve and a restrIctIon onfice
Deaerator contmuous and start-up vents WIll dIscharge to atmosphere through a common header

The heater drams pump from L P Heater No 2 WIll be 2 x 100% capaCIty centrIfugal, constant
speed, electnc motor dnven, pumps Each pump WIll be prOVIded WIth a temporary suctIOn stramer
to be used durmg InItIal pump operatIon to prevent constructIon debns from damagmg the pump
The stramer element may be removed after InItIal system flush or retamed for added protectIon

Instrument and Plant AIr Systems

An Instrument AIr System WIll be added to the urnt to prOVIde hIgh punty, OIl-free, dry compressed
aIr m suffiCIent quantIty and adequate pressure for the new InStrumentatIOn and pneumatIc control
deVIces bemg added to the urnt The Plant AIr system WIll be proVIded to supply compressed arr m
suffiCIent quantIty, quahty, and pressure for vanous eqUIpment, pneumatIc tools and systems m the
plant

The aIr receIver WIll be eqUIpped WIth a safety valve to protect It from overpressunzatIOn The mlet
and dIscharge pIpmg to the receIver WIll be at OppOSIte ends to assure flow through the receIver
volume MOIsture drops carned-over from the mOIsture-separator WIll be collected at the bottom of
the receIver and trapped to a dram The dram plpmg WIll be pIped to an open floor dram

The Instrument and Plant AIr systems WIll contam the followmg major eqUIpment

• Two rotary compressors WIth mlet filter/sIlencer

• Compressor aftercooler/mOIsture separator

• Two arr receIvers

• AIr Dryer WIth pre-filter and after-filter
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A 2 SCREENING ANALYSIS

21 Fuel SelectIOn •
Armeman coals, coal shales, and shale OIls were evaluated based on projected cost, estImated SIze
ofreserves, and cost of transportatIOn to the Hrazdan CHP The three leadmg candIdates were
DlhJan coal shale, Shamut coal, and Antaramut coal TheIr analyses are shown m Table A 2 I
DlhJan coal shale was selected as the baselme fuel for deSIgn of the plant because of ItS large
potentIal reserves AddItIonally, Its cost WIll be slgmficantly lower becuase It IS surface mmed,
willIe the other two are deep mmed The DlhJan field IS 75 lalometers north of the Hrazdan CHP
WIth a dIrect raIl cOlmectIOn

The DlhJan coal shale has the lowest HIgher Heatmg Value (HHV) of the three candIdate fuels,
pnmanly because of ItS illgh mmeral matter content However, the CFB boIler IS capable ofusmg
tills low grade coal The large waste ash that WIll be generated may be used by a nearby cement
plant, provldmg addItIonal revenue

221 Back-Up Fuel SelectIon

The back-up fuel Will be Ukra1ll1an Donetsky coal, willch IS used extensIvely for power generatIOn
and can be dehvered to the plant by raIl Donestsky coal has the followmg analySIS

WeIght %

Carbon 522 •Hydrogen 10
Oxygen 1 5
NItrogen 05
Sulfur 1 5
Water 85
Ash 348

HHV,Kcal!K.g 4355
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• •
Table A 21

COMPARATIVE ANALYSIS OF ARMENIAN COALS

•
C H 0 N S Water Ash HHV Potential

Kcal/Kg Reserves
tonnes

DI1lJan 1489 203 328 041 160 348 7441 1400 100,000,000

Shamut 1649 1 16 982 059 011 2292 4890 2369 15000000

Antaramut 3376 493 1851 123 411 606 3140 4735 2000000
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23 CFB TECHNOLOGIES EVALUATED •The CFB TechnologIes evaluated are those proposed by Babcock and WIlcox and Foster Wheeler
Both proposed systems are capable ofmeetmg the performance cntena (both envIronmental and
steam productIOn) as set forth for tills project and as stipulated m later sectIOns of tills report

WIth regard to specIfic process desIgn approach, the Foster Wheeler system mcorporates cyclone
and loop seal systems for ash recIrCUlatIOn The Foster Wheeler system IS umque among the
cyclone/loop seal CFB processes as the cyclone vessel IS steam cooled, thereby ehmmatmg the
need for tillck refractory hnmgs The B&W offenng IS a two stage system willch utIhzes
suspended V-beams and a mult1cyclone collector as the pnmary elements m the ash reCIrculatIOn
process

The balance ofplant systems (1 e , external sohds handlmg, air and gas handlmg, steam generatIOn)
are all, WIth mmor vanatIOns, basIcally SImIlar It should be noted that at tills stage of conceptual
deSIgn further refinement to actual systems configuratIOn IS likely and could result m changes to the
currently offered arrangements Without sIgmficant Impact on the comparatIve proposed costs or
overall system performances

2 3 1 Selected CFB Technology

From the aforementIOned CFB technolOgies the two stage system was selected Tills selectIOn was
based on the followmg cntena

• Acceptable Cost

• System acceptabIhty of low quahty Armernan coal

• Vendor famihanty WIth the Armernan Power Industry thereby enhancmg potential to
maxlmlze local content m supply ofcomponents

• Acceptable expenence as demonstrated by a Ukrarnan waste fuel cogeneratIOn facIhty
of SImIlar SIze

• Acceptable deSIgn

WIth regard to the above hsted factors, deSIgn IS a cntena willch gIves the two stage system a
umque advantage as descnbed below

• General - Tills process utIhzes a two-stage sohds separatIOn system Tills mcludes an
Impact type pnmary sohds separator (V-beams) mtegral WIth the bOIler enclosure
mstalled at the furnace eXIt and a multI-cyclone secondary separator located m the lower
temperature region downstream ofbOIler convectIOn surfaces Tills CFB technology
has evolved from field expenence leadmg to the development of the two stage mternal
reCIrculatIOn deSIgn offered for tills project

•
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• Compactness - The bOIler volume IS considerably reduced (20-30% versus the cyclone
type CFBs) because the U-beams are compact and located wlthm the boIler enclosure
The Foster Wheeler technology would reqUIre a larger bUIldmg

• SimplIcity - The two stage deSign reduces the compleXity (and cost) of the CFB system
ThIs deSign aVOIds the use ofcyclone separators and external recycle deVices such as
loop seals and L-valves

• High RelIabilIty and Low Mamtenance

- ThIck refractory elements are not reqUIred The two stage system bOIler has
about one-fifth of the total refractory mass ofan uncooled cyclone-type CFB
ThIs IS partIcularly Important for developmg countrIes lackmg qualIty refractory
and refractory mamtenance servIces

- UruformIty of flow and low gas velOCIty (26 ft/s) m the V-beam separator result
m low levels oferoSIOn at the upper furnace or the U-beams ThIs compares
favorably WIth the cyclone-type CFB's whIch frequently expenence eroSIOn at
the cyclone entrance (gas velOCIty of65-85 ft/s), vortex finder and upper
furnace

- The V-beam solId separators have exlnbited supenor durabIlIty and longeVIty m
companson to cyclone vortex finders

- ThIs deSIgn aVOIds hIgh temperature expanSIOn Jomts whIch are a mamtenance
element of the cyclone-type CFBs

• High SolIds CollectIOn EffiCIency - The two-stage solIds separator system prOVIdes
hIgher overall effiCIency (995 - 997%) as compared WIth the cyclone-type CFB due to
the hIgh effiCiency ofthe secondary multi-cyclone separator typically compnsed of lO
mch ill elements as compared With large hot cyclones With dIameters of20-30 ft The
hIgh collectIon effiCIency proVIdes better retamment of fine circulatmg particles
enhancmg carbon burnout, sorbent utilIzation and furnace heater transfer

• Enhanced OperabilIty - ThIs mcludes a turndown ratio of2 5 1 for DIlI]an coal,
responSIve load control and short startup time achIeved due to

- Higher CFB furnace gas velOCIty and solIds cIrCUlatIOn rate

- Furnace mventory control through the transfer ofsolIds between the furnace and
the particle storage under the secondary collector achIeved by means of
controllable secondary recycle rate

• 5991-01A11Lug :J Doc/9/23/98 2-23



- Low refractory mass

- Proper selectIOn of the lower furnace geometry, overfire aIr system and pnmary
mr dIstnbutor nozzles

• Low ConvectIOn Pass Foulmg - The scounng effect ofcoarse particles (up to 300
mIcrons) escapmg through U-beams prevents foulmg of the convection tube banks
wIthout the use ofsootblowers, whIle tube erosIOn IS prevented by a proper selectIOn of
the flue gas velOCIty The coarse partIcles are collected by the multI-cyclone and
recIrculated to the furnace

The bOIler deSIgn proposed for thIs project wIll be sUItable for burnmg Armeman DilIJan coal WIth
lImestone mJected as a sorbent The antICIpated qualIties of fuel and sorbent are lIsted below

CharacteristIcs of DIlIJan Coal Shale and Limestone

•
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DI1IJan UltImate AnalYSIS, Wt%

C 1489

H 203

S 160 •° 328

N 041

Ash 7431

H2O 348

HHV, Btu/lb 2520
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• Lnnestone AnalYSIs, Wt%

474

•
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A 3 Project Cost EstllDate

3 1 Capital and Owner's Cost EstllDate

The capItal cost estlffiate was developed based on Burns and Roe provIdmg conventIOnal
ArchItect/Engmeenng and constructIon Management ServIce

EqUIpment and Matenal Costs were developed from a number of sources Labor rates, cost of
rehabIlItatmg Coolmg Tower No 5 and cost of the steam turbme were obtamed from
Armeman or RUSSIan vendors The CFB boIler pncmg were provIded by Babcock and
WIlcox Other matenal and/or eqUIpment cost components were developed from Burns and
Roe m-house data from projects SImIlar m nature or SIZe to the 50 MW CFB umt

Labor costs were generated by usmg U S Gulf Coast manhour estlffiates for the work to be
performed and applymg a productIVIty factor The productIVIty factor was developed based on
Burns and Roe's observatIOns at the SIte and ItS preVIous studIes performed m the NIS
countnes Average hourly rates were denved from wage rates provIded dunng SIte VISItS m
1998 Based on these SIte VISItS, we expect the sktlled labor requIred to complete the project to
be avaIlable locally to the project and wIthm Armema

•

Incorporated m the cost of constructIOn Support FaCIlItIes are office traIler space and staffing
for ConstructIOn Engmeermg and InspectIon, Project Management, matenal and eqUIpment •
storage, and subcontractor temporary facIlItIes (1 e change trucks etc)

It IS assumed that constructIOn utIlIty water and power are avaIlable at the SIte at no cost to the
project

ConstructIon EqUIpment of the type, quantIty and SIZe reqUIred for the project appear to be
avaIlable wIthm Armema from dISCUSSIons WIth the Plant Management Personnel

Import DutIes of 20 % have been mcluded for any eqUIpment that IS not manufactured or
supplIed by Armema Also mcluded IS a small amount of freIght costs for those Items
manufactured wIthm Armema

Owner's costs are based on m-house data from projects of SImIlar nature or SIZe

•
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•
PROJECT HRAZDAN CIRC FLUID BED POWER STA
DESCRIPTION 50 MW CFB BOILER PLANT
LOCATION HRAZDAN, ARMENIA
CLIENT ARMENERGRO
W 0 # 0592801

•
TABLE A3 1

BUDGET ESTIMATE

BURNS & ROE ENTERPRISES, INC

ESTIMATE SUMMARY

BY
DATE
FILE

•
PJF
9/3/98

HRAZDAN

CATEGORY COSTS
DESCRIPTION QTY UNIT LABOR LABOR MAT/LIEQUIP SIC CONSTR ESC TOTAL

MNHRS $ $ EQUIP $ $ COSTS

Site Demohtlon 1 lot 5000 $1500 $40,800 $48300
Excavation & Backfill 1 lot 48,000 $72,000 $32,250 $104,250
Concrete & Structural Steel 1 lot 196,000 $294000 $897,000 $1 191,000
New Turbine Bldg 1 lot 4400 $6600 $450000 $456600
New Railroad SIdmg Track 1 lot 3,600 $5,400 $275,000 $280400
New Stack, Lmer & Ductwork 1 lot 28000 $42,000 $39900 $81900
New CIrculatmg Water Pumphouse 1 lot 4500 $6,750 $175000 $181,750
TOTAL CIVIL/STRUCTURAL 398,300 $597,450 $2,162,550 $0 $0 $0 $2,760,000
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PROJECT HRAZDAN CIRe FLUID BED POWER STA
DESCRIPTION 50 MW CFB BOILER PLANT
LOCATION HRAZDAN ARMENIA
CLIENT ARMENERGRO
W 0 # 0592801

TABLE A3 1
BUDGET ESTIMATE

BURNS & ROE ENTERPRISES INC

ESTIMATE SUMMARY

BY
DATE
FILE

PJF
9/3/98

HRAZDAN

CATEGORY COSTS
DESCRIPTION QTY UNIT LABOR LABOR MATILIEQUIP SIC CONSTR ESC TOTAL

MNHRS $ $ EQUIP $ $ COSTS

CFB BOILER &
MECHANICAL EQUIPMENT

CFB Botler Sys Include Structural 1 lot $458000 $12900,000 $13358000
Suooorts
SA, PA & F D Blowers 1 lot 3470 $26,025 $1 160000 $1 186025
Ash Conveyor SIlo & Coolers 1 lot 3,575 $26813 $420000 $446813
Coal Feedmg EQUloment 1 lot 4,260 $31950 $1 200 000 $1 23101859
New coal Conveyors 1 lot 2,775 $20813 $549000 $569813
New coal Crusher SyS 1 lot 2,500 $18750 $214300 $2333050
New Coal Into bOIler Sys 1 lot 4000 $30000 $305000 $335000
Lime Preparation Storage & 1 lot 5575 $41 813 $1 650000 $1,691 813
Handltng Sys
Boder Feed Pumps 1 lot 1066 $7955 $600 000 $607995
50 MW Turbme Generator 1 lot 5040 $37800 $2956000 $2993800
Surface Condenser 1 lot 4,210 $31,575 $' 600,000 $1 631 575
Condenser Cleamng SyS 1 lot 1,700 $12,750 $400,000 $312750
New CIfC Water Pumos & Plt>lng 1 lot 12000 $90 000 $545000 $635000
New Instrument & ServIce Air 1 lot 1280 $9600 $140000 $149600
Compressors
LP Feedwater Heaters 1 LOT 2,830 $21,225 $210,000 $231225
HP Feedwater Heaters 1 lot 2,900 $21,750 $300 000 $321 750
Condensate Pumps 1 lot 1,170 $8,775 $150000 $158,775
Condensate Booster Pumps 1 lot 800 $6,000 $180000 $186000
Closed Cooltng Water Heat I lot 8960 $67,200 $130000 $297200
Exchangers
Demm Water Transfer Pumps I lot 300 $2250 $85000 $87250
Demm Water h~Jectlon Pumo I lot 200 $1,500 $40000 $41500
Closed Cooltn.ll Water Pumos 1 lot 1,200 $9,000 $150000 $159000
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•
PROJECT HRAZDAN CIRC FLUID BED POWER STA
DESCRIPTION 50 MW CFB BOILER PLANT
LOCATION HRAZDAN ARMENIA
CLIENT ARMENERGRO
W 0 # 0592801

•
TABLE A3 I

BUDGET ESTIMATE

BURNS & ROE ENTERPRISES INC

ESTIMATE SUMMARY

BY
DATE
FILE

•
PJF
9/3/98

HRAZDAN

CATEGORY COSTS
DESCRIPTION QTY UNIT LABOR LABOR MATILIEQUIP SIC CONSTR ESC TOTAL

MNHRS $ $ EQUIP $ $ COSTS

CFB BOILER &
MECHANICAL EQUIPMENT
(CONT'D

Fuel 011 Transfer Pump 1 lot 280 $2,100 $50000 $52,100
Fuel 011 Tank 1 lot 2,400 $18000 $1300 000 $1 318000
RefurbIsh Coohng Tower #5 1 Is w/mat I $0 $800 000 $800 000
Bldg Sump all/Water Separator 1 ea 500 $3750 $100 000 $103750
PIPmg & Valves 1 lot 8960 $67200 $750,000 $817200
Heater Dram Pumps 1 lot 267 $2,003 $30000 $32003
Deaerator & Blowdown EQUipment 1 lot 690 $5,175 $155,000 $160,175
Chemical Feed Sys 1 lot 2240 $16,800 $60,000 $78,800
SUBTOTAL CFB BOILER &
MECHANICAL EQUIPMENT $1,096,610 $29,129,300 $0 $0 $0 $30,255,910
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PROJECT HRAZDAN CIRC FLUID BED POWER STA
DESCRIPTION 50 MW CFB BOILER PLANT
LOCATION HRAZDAN ARMENIA
CLIENT ARMENERGRO
W 0 # 0592801

TABLE A3 I
BUDGET ESTIMATE

BURNS & ROE ENTERPRISES INC

ESTIMATE SUMMARY

BY
DATE
FILE

PJF
9/3/98

HRAZDAN

CATEGORY COSTS
DESCRIPTION QTY UNIT LABOR LABOR MAT/LIEQUIP SIC CONSTR ESC TOTAL

MNHRS $ $ EQUIP $ $ COSTS

INSTRUMENT & CONTROLS

DCS System I LOT 1920 $7680 $456000 $463680

Instruments & Controls 1 lot 5000 $20,000 $350,800 $370888

SUBTOTAL I & C 6,920 $27,680 $806,800 $0 $0 $0 $834,480

ENVIRONMENTAL SYSTEMS

Baghouse Sys 1 lot 6500 $48,750 $2,280000 $2328750

Contmuous EmISSIOns Momtormg 1 lot 3600 $27000 $175000 $202000
Sys
SUBTOTAL
ENVIRONMENTAL SYS $10,100 $75,750 $2,455,000 $0 $0 $0 $2,530,750

ELECTRICAL WORK

110 kV SWltchvard EQUIpment 1 LOT 4320 $25920 $540,000 $565,920
Mam & AuxdJary Transformers & 1 lot 1600 $9600 $1 375,135 $1 384735
ASSOCIated EqUIP
SWItchgear & bus 1 lot 400 $2400 $871,200 $873600
Generator CIrcuIt Breaker 1 lot 480 $2880 $324000 $326000
Generator to Transformer Non 1 lot 200 $12200 $359400 $369600
Segmented Bus
Motor Control Centers 1 lot 1000 $6000 $165000 $171 000
Battenes & Char)~ers 1 lot 480 $2880 $42900 $45780
Protective Relays 1 lot 300 $1800 $99,000 $100 800
UPS system 1 lot 230 $720 $26400 $27120
Mam & AUXIliary Panels 1 lot 240 $1440 $225000 $226440

•



•
PROJECT HRAZDAN CIRC FLUID BED POWER STA
DESCRIPTION 50 MW CFB BOILER PLANT
LOCATION HRAZDAN ARMENIA
CLIENT ARMENERGRO
W 0 # 0592801

•
TABLE A3 1

BUDGET ESTIMATE

BURNS & ROE ENTERPRISES INC

ESTIMATE SUMMARY

BY
DATE
FILE

•
PJF
9/3/98

HRAZDAN

CATEGORY COSTS
DESCRIPTION QTY UNIT LABOR LABOR MAT/LiEQUIP SIC CONSTR ESC TOTAL

MNHRS $ $ EQUIP $ $ COSTS

ELECTRICAL WORK
(CONT'D)

Duct Bank I lot 2400 $14400 $150600 $165000
EqUipment InstallatIOn 1 lot 6,400 $38400 n1a $38,400
Power/Control/Instrument Wmn2 1 lot 12,200 $73200 $457,200 $530400
Bldg L1j~htlOg/Panels/Receptacles 1 lot 4,000 $24000 $213600 $237600
ConduIt & Cable Tray 1 lot 12800 $76800 $407,340 $484 140
GroundlOg Sys 1 lot 1600 $9,600 $125700 $135300
CathodIc ProtectIOn I lot 720 $4,320 $13500 $17820
Plant CommUOIcatlOns/Flre Alarm 1 lot 1440 $8640 $57360 $66000
Svs

SUBTOTAL ELECTRICAL 50,700 $304,200 $5,453,335 $0 $0 $0 $5,757,535
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PROJECT HRAZDAN CIRC FLUID BED POWER STA
DESCRIPTION 50 MW CFB BOILER PLANT
LOCATION HRAZDAN ARMENIA
CLIENT ARMENERGRO
W 0 # 0592801

TABLE A3 1
BUDGET ESTIMATE

BURNS & ROE ENTERPRISES INC

ESTIMATE SUMMARY

BY
DATE
FILE

PJF
9/3/98

HRAZDAN

CATEGORY COSTS
DESCRIPTION QTY UNIT LABOR LABOR MAT/LlEQU SIC CONSTR ESC TOTAL

MNHRS IP $ EQUIP $ $ COSTS
$

PROJECT INDIRECTS

Support Labor & FIeld IndIrect 1 lot $1700 000 $1 700 000
Costs
ConstructIOn EqUlp/Tools/ 1 lot $1677 000 $1677000
Consumables
ConstructIOn FaClhtles & Other 1 lot $300 000 $300 000
Indlrects
FreIght 1 lot $2300 000 $2300 000
Import Duties/Taxes 1 lot $2000000 $2000000
Vendor Reps/TraIDJDl!:/Manuals 1 lot $375000 $375000

SUBTOTAL INDIRECTS $8,352,000 $8,352,000

CONSTRUCTION MGMT &
ENGINEERING SERVICES

A/E DesIgn ServIces 1 lot $5400 000 $5400 000
Construction Management 1 lot $2350000 $2350000
Start Up Testmg & TraJDJDg 1 lot $900 000 $900 000
SUBTOTAL CONSTR MGMG

& ENG 8,650,000 $8,650,000

TOTAL ESTIMATED
PROJECT COSTS $59,110,675

TOTAL COSTS ITEMS SHOWN IN ITALICS ARE ARMENIAN FURNISHED
THESE ITEMS TOTAL $20699,379 OR 35% OF THE TOTAL ESTIMATED PROJECT COSTS

eA3 DocI9/23/98 •
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TABLE A 3 2

OWNER'S COSTS

USD 1998

CATEGORY COST (X $1000)
FOREIGN DOMESTIC TOTAL

1 Inventory of Spare Parts 880 200 1,080
2 Workmg CapItal/ImtIal Inventory 520 100 620
3 Owner's Insurance 200 0 200
4 Owner's Engmeer 1,200 100 1,300
5 Owner's Staffing(l) __0 -l! __0

2,800 400 3,200

(l)Staffing WIll come from current personnel at CHP plant

Owner t s Cost by Year
Cost (x $1.000)

•

1
2
3

Total

5928 0 ICIA3 DocI9I23/98

400
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2,200
3,200

A-33



3 2 ANNUAL OPERATING AND MAINTENANCE COST ESTIMATE

CapItal Cost EstImate

Mechamcal EqUIpment Cost

FIxed Operatmg and Mamtenance (O&M) Cost

$59,110,675

$29,129,300

•
Based on accepted TechnIcal GUIdelmes, the fixed O&M cost for a CFB plant that uses low

grade coal or hgmte IS 2% of eqUIpment cost

$29,129,300, x 0 02 =

$582,000/51,000 kW =

$582,000/year

$11 42/kW-year

A fixed O&M cost of $12 OO/kW-year was used for fmancial calculatIOns

VarIable O&M costs

The fixed O&M cost WIll be assumed to be $1 OO/MWh-year

3 3 DISBURSEMENT CASH FLOW SCHEDULE

The capItal cost of $55,100,675 w111 be expended over the 3D-month project hfe by the Cash
Flow Schedule depIcted graphIcally m Table A 3 3 •

•
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A 4a Project ImplementatIon

4 1 Project Development •
The project WIll be Implemented m three succeSSIve phases Project Development, Project
ConstructIon and COmmISSIOmng, and Project OperatIOn and Mamtenance The prImary
actIVltleS assocIated WIth each of these phases are shown m the figure and summarIZed m the
text that follows

Project ImplementatIOn Phases and ActIVItIes

Busmess Development Project and OperatIons
and ConstructIon and

Prolect finance Management Mamtenance
Phase I • Obtams • ProVIdes conceptual • ProVides O&M
Project Development envIronmental desIgn reqUIrements and

permits • Provides costs

• Negotiates construction cost • conducts operabIlIty
contracts and estImates and reVIews
agreements performance data

• Secures
construction
fmancm2

Phase II • Secures long-term • Manages deSIgn, • PrOVIdes personnel
ConstructIon and fmancmg engmeermg, and for start up
CormmsslOnmg constructIOn of the • Trams operators

facility

• Manages start up
actiVIties

• Oversees
acceptance testIn2

Phase III • Develops expansIOn • Supports major • Manages Busmess
Operation and projects overhauls and • Operates facility
Mamtenance modernIZatIon • Manages

programs mamtenance
actiVities

PrOject Development - Project Development actIVItIes are all those that lead to fmanclal
closmg These actIVItIes mclude

• IdentIfymg key partners and structurmg partnershIp agreements
• Acqumng property nghts
• Arrangmg for fuel supply and transportatIon
• Negotlatmg power purchase agreement
• Applymg for local permIts
• NegotIatmg WIth vanous governmental agenCIes and local planmng and zomng boards

•

•
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• Preparmg a ngorous technIcal defimtion of the project
• Estlmatmg capItal reqUIrements and constructIOn schedules
• NegotIatmg turnkey Engmeermg, Procurement and ConstructIOn (EPC) contracts
• Directmg the analysIs of fmancml performance under diffenng assumptIOns
• Arrangmg constructIon and permanent fmancmg (financIal closmg)

PrOject ConstructIOn and commzssIOnmg - Project ConstructIon and COITITIllSSIOnmg actIVItIes
are splIt mto two pnmary areas, project engmeermg and project control The goal of these
actIVItIes IS the commercIal operatIOn of the project

Project Engmeermg IS responsIble for all technIcal coordmatIOn and mterface WIth
contractors, consultants, engmeers, vendors, sIte engmeenng, and other departments The
pnmary ObjectIve of PrOject Engmeenng IS to ensure that deSIgn reqUIrements for the project
are met relatIve to deSIgn/specIficatIOn for constructIOn as well as procurement of matenal,
eqUIpment, and serVIces The followmg functIons are performed by the project engmeers and
techmcal speCIalIsts

• Prepare proJect techmcal speCIficatIons
• Prepare techmcal mput mto project estImates and budget
• Evaluate contractors I quotatIons
• ReVIew field problems/requests and approve recommended actIOn
• ReVIew and comment on contractor and vendor documents
• Prepare reports on progress, schedulmg, estlTIlates as needed
• DIstnbute documents/correspondence prepared by the consultants and contractors
• ReVIew and approve drawmgs prepared by the EPC contractor
• Control SUbmISSIOn to and response from the consultants, and others
• Momtor operatIOns of the consultant and contractors
• ExpedIte flow of mformation between the consultants, vendors, contractors, sIte, and

operatIOns
• Control SUbmISSIOn of and response to field change notIces and other field requests
• Assure consultants' and contractors I complIance WIth the project schedule

Project Control IS responsIble for cost control, estImatmg, planmng and schedulmg,
data processmg, and management reportmg systems The overall ObjectIve of thIS group IS to
proVIde an mtegrated control system WhICh wIll furmsh management WIth up-to-date project
cost and schedule mformation so that they can effectIvely momtor the constructIon and start-up
of the plant An outlme of the group I s mvolvement m these two key areas follows

Project control develops and mamtams a cost control program WhICh accurately
momtors budget performance, establIshes cash flow forecasts, and records and reports actual
cost agamst estImated cost m a tImely manner FunctIOns mclude

• EstablIsh a project budget based upon revIewed and approved estImates
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• RevIew contractors I monthly pro forma mVOIces for accuracy and recommend actIOn to the •
Project Manager

• Coordmate and assIst m the preparatIOn of cash flow forecasts for Project Management
• RevIew all extra work and/or scope chdnge claImS and advIse Project Management of theIr

valIdIty from a cost standpomt
• Study constructIOn cost trends and vanances and report fmdmgs to Project Management
• OrganIZe and prepare SIte hlstoncal cost data and reports
• Prepare any reports as may be reqUIred by the Project Manager

Project Control coordmates the varIOUS schedulmg actIvItIes to meet target mIlestone
dates and to ensure tImely completIOn of the project FunctIOns mclude

• Mamtam current workmg knowledge of project MIlestone Schedule and Contract Schedule
cOmmItments, advIse Project Management of any major vanances, and Issues monthly
status reports

• EstablIsh and mamtam the Master Target Schedule and coordmate the varIOUS schedulmg
actIvItIes m order to meet thIS schedule

• ASSISt contractors WIth the mterpretatIOn of the Master Target Schedule and m the
preparatIOn of therr own workmg schedules

• Mamtam owner's officIal SIte progress record and hlstoncal data
• Analyze excusable delays and advIse Project Management of schedule Impact
• ProvIde schedulmg mformatIOn and assIstance of the OperatIons Group for proper plannmg •

of therr mobIlIZatIOn and start-up aCtIVItIes
• ProvIde mput to the Project Manager for penodIc project progress reports as requrred

Project Operatzon and Site Mamtenance - The Owner or hIS Contractor provIde OperatIons
and Mamtenance serVIces on the proposed project The Owner wIll employ a phIlosophy
WhICh fosters hIgh expectatIOns for an ongomg, mtegrated O&M program that reflects total
corporate commItment to qUalIty, relIabIlIty, and mtegnty Drrect operatIon of facIlItIes
enables the Owner to use ItS operatIng expenence and extensIve resource base to analyze,
access and manage busmess nsks It also allows the Owner to effectIvely resolve any
operatmg or technologIcal dIfficultIes, to efficIently and expedItIously address regulatory
Issues, and to work toward balancmg near-term profit ObjectIves WIth peak system
performance, envIronmental complIance, and asset preservatIOn

O&M managers work closely WIth busmess developers, finanCIal experts, engmeers,
constructIOn superVIsors, and others as a project evolves so that O&M becomes an mtegral part
of full project development, mcludmg desIgn, constructIOn, and commIssIomng OperatIon
and Mamtenance actIVItIes WIll mclude

• Staffing the plant WIth qualIfied personnel for three-shIft operatIOn seven days a week
• Operatmg and provIdmg mamtenance serVIces on a day-to-day basIs
• Managmg fuel purchases, fuel supply, and fuel delIvery contracts
• Managmg fuel storage capaCIty •
5928 01 A1IA4 Doc/9/23/98 A-38
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•

• Manage the spare parts mventory and purchase of spare parts
• Mamtam operatmg logs for all major pIeces of eqUIpment
• Carry out performance calculatIons for major pIeces of eqUIpment
• Evaluate operatmg data collected to determme problem areas
• ProvIde operatmg and mamtenance reports to the plant manager
• NegotIate local contracts, as reqUIred
• Meter the electrICIty sold for blllmg purposes,
• Conduct all busmess actIvItIes relatmg to accountmg, taxes, personnel admmlstratlOn, etc,

and
• Mamtam worker's quarters
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A 4 2 ConstructlOn Staffmg Plan

I ORGANIZATION

The executIon plan proposed for thIS project IS based on one home office center
of actIvIty for contract executlOn dunng the course of engmeermg, manufacture,
and constructlOn of the project A smgle project management team duectmg,
managmg, and coordmatmg the consortIUm IS essential to the successful
executIon of a large turnkey project OrgamzatlOn charts are structured to
support thIS phIlosophy

• Dunng the constructlOn phase of the proJect, offices at the project sIte WIll
be set up for use by all contractors ThIS office wIll perform field
engmeermg, procurement and project control functlOns as the headquarters
of constructIOn actIvIties

• A consortIUm project manager WIll be appomted, and the project
management team (PMT) WIll be nommated The project management team
WIll act as the consortIUm technIcal leader and WIll mterface WIth other
consortIUm members Each consortIUm member has a project team WhICh
wIll be controlled by the project management team

The project management team wIll be supported by a turnkey Contractor
Company to do the followmg

• CoordmatlOn, engmeermg, and desIgn work

- Overall plant engmeermg,

- Supply of basIc speCIfic data, mcludmg CIvIl, mechamcal, and electrIcal
deSIgn data,

- DefimtIOn of common eqUIpment,

- Common numbermg of eqUIpment,

- Common form and IdentIfication of drawmgs and documents,

- BUIldmg up of baSIC schedule for drawmgs, documents, and mutual
mformatIon

- Checkmg for conformIty between technIcal documents Issued by the
partles

•

•

•
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• EstablIsh constructIon labor staffmg reqUIrements

• CoordmatlOn of the plant erection, cOmmIsslOnmg, and mamtenance

• Planmng and schedule for the consortIUm

• General engmeermg studIes, definItIOn of mam charactenstlcs of the plant,
general lay-out drawmgs Each party, however, shall perform all studIes,
deSIgn and lay-out of the eqUIpment belongmg to ItS scope of the works
wlthm the baSIC deSIgn performance determmed by the project management
team

• Overall progress control and report

• RepresentatIOn of the consortIUm m front of any other relevant organIZatIOn

• Informmg the consortIUm members of all lIDportant events and to mVlte them
to partIcIpate m all negotIatIons mvolvmg theIr mutual mterests

• Supplymg the consortIUm members WIth a copy of correspondence whIch
effects the mutual mterests of consortIUm members

• General coordmatlon of the Contract lIDplementatlOn mcludmg buI1dmg-up
of the detailed constructIon schedule and of monthly progress reports

• CoordmatlOn of InstructIOns from any other authorIty

• AdmmIstratlve tasks for the consortIUm's common mterest

• Conveymg and presldmg at all consortIUm meetmgs and any other servIce

2 RESPONSIBILITIES OF KEY PERSONNEL

Outlmed below are the responsIbIlIties of consortIUm project manager, engmeenng
manager, procurement manager and qualIty assurance manager

a) ConsortIUm Project Manager

The consortIUm project manager, as the representatIve of the consortIUm, IS
responsIble for any and all aspects of the project that mclude but are not lImIted
to the followmg

• Mamtams contact WIth and acts together WIth any representatives
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b)

• Establlshes overall pollcy for executIOn of the work

• Mamtams a workmg knowledge of the consortIUm I s contractual obllgatlons
and ensures that all partIes work wlthm these reqUIrements

• RevIews reports covenng costs, budgets, forecasts, plamllng, and schedulmg
m order to mamtam control of the project

• Prepares and presents a report to the project company on a scheduled baSIS
WhICh defines the progress of the Project

• Travels, as reqUIred m order to fulfill the reqUIrements of the project
mcludmg relocatIon to the Armema project Jobslte for the construction phase
of the project

• Delegates dutIes and responsIbIlItIes to other members of the project
management team as necessary

• Consults WIth the consortIUm executIve comnuttee, as necessary, to resolve
any problem requrrmg hIgher management mvolvement

Engmeermg Manager

• The engmeermg manager IS responsIble for all functIons relatmg to project
engmeermg and reports to the consortIUm project manager The
responsIbIlIty of the engmeermg manager WIll generally cover the followmg
areas

DetaIled engmeermg
- BaSIC deSIgn

DetaIled deSIgn and draftmg

• It IS the responsIbIlIty of the engmeermg manager to superVIse the
preparation of

- BaSIC engmeermg deSIgn data
- Project specIficatIons
- Standard drawmgs and detaIls
- Standard reqUISItion forms
- DeSIgn methods and procedures

•

•

•
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• The engmeermg manager WIll morutor the engmeenng and desIgn efforts
of all partlclpatmg engmeenng offices

• Ensures that the schedule of engmeermg work IS mamtamed and IS
compatIble WIth procurement and constructlOn aCtIVItIes and contractual
oblIgatlOns

• Prepares penodlc reports, as requrred, for the project or as dIrected by
the consortIUm project manager

c) Procurement Manager

The dutIes and responsIbIlItIes of the procurement manager wIll mc1ude the
followmg

• Drrectmg and coordmatmg all procurement and matenals control personnel
aSSIgned to the project

• Recommendmg to the consortIUm project manager establIshment of pnontIes
where needed between confllctmg requrrements m the matenals area

• Ensurmg that mformatlOn from the estImate and all deSIgn offices IS
properly mput to the matenal control system on a regular baSIS

• Ensurmg that all requlSltlOned matenals versus budgeted quantItIes are
receIved and ensurmg that data on developmg trend IS dlstnbuted

• Ensurmg contmuous control of matenal from deSIgn through constructIon

d) QualIty Assurance Engmeer

QUalIty assurance WIll be under the guIdance of the QualIty Assurance Engmeer
who wIll report drrectly to the consortIUm project manager A hIghly qualIfied
mspection group WIll be under the drrectlOn of the qUalIty assurance engmeer,
by whom the full range of requrred mspectlOn WIll be made

3 CONTRACT AND SUBCONTRACT ADMINISTRATION

Overall procurement dIrectIon WIll be controlled from the PMT

ExpedItmg, mspectIOn, and traffic responsIbIlIty WIll be allocated on the nearest
geographIcal baSIS The project wIll be executed usmg a dedIcated work force of
qualIfied and expenenced personnel m each locatIOn The proposed consortIUm
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members are accustomed to handlmg delIvery of eqUIpment and materIals to the project
of thIS magmtude and complexIty •

The consortIUm wIll purchase materIals for thIs project from sources of supply m
vanous countrIes on a preferentIal baSIS whenever qualIty, relIabIlIty, and pnce are
competItIve For Items fmanced from ECA' s through the PrIvate Sector Energy
Development Fund, IBRD rules for mternatlOnal competitive blddmg wIll be used

4 PLANT CONSTRUCTION

a) ConstructIon Management and Admunstratlve Plan

Reportmg to the consortIUm project manager, the constructIOn manager IS
responsIble for the overall management of the constructIon actIvItIes The
construction manager wIll be appomted early m the engmeerIng phase and
expected to famIlIarIZe hImself m the project management team before bemg
relocated to the field constructIOn office HIS prImary dutIes and responSIbIlItIes
mclude the followmg

• ReVIew project data and coordmate WIth staff servIces to develop detaIled
constructIOn plans and schedules

• Develop equIpment and tool reqUIrements and schedules m conjunctIOn WIth •
the engmeermg manager

• AuthorIZe start-up of field activItIes and approve the selectIOn of craft
foremen

• AdmmIster labor relatIons m accordance wIth corporate polIcy and dIrective
of the consortIUm project manager

• Conduct perIodIC progress revIew meetmgs to coordmate the work of
varIous crafts and to Issue the avaIlabIlIty of eqUIpment, matenals, and
manpower

• Coordmate WIth subcontractor representatIve to ensure that constructIon
plans are properly mtegrated

• ReVIew and approve construction cost and progress reports

5928 OIAl/M Drn.l9123/98

Another key posItion m the organIZatIon IS the construction coordmator The
constructIon coordmator's prImary responsIbIlItIes mclude the followmg

• PartIcIpation m the development of the constructIOn schedule
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• RevIew of all project specIficatIons

• PartIcIpatIOn m all estnnatmg actIvItIes relatIve to dIrect and mdirect
constructIOn labor and matenals and the establIshment of related budgets

• Ensure the reVIew of all heavy erectIon lIfts

• RevIew the project tool and eqUIpment lIst

• InItIate the constructIOn stagmg plan, mc1udmg all office faCIlItIes, storage
yards, warehousmg, labor change facIlItIes, temporary roads, dramage, etc

• RevIew constructIOn management staffmg and make recommendatIOns to the
project manager

• Indoctrmate the constructIOn general manager and hIS staff on the project
requIrements

• RevIew and approve all subcontracts for constructIOn matenal and/or labor
pnor to award

• AdVIse the project manager of nnpendmg schedule slIppage or budget
overruns and InltIate correctIve actIOn

• Coordmate WIth the clIent's field representatIve on matters pertammg to
constructIOn progress, cost or qualIty m conjUnctIon WIth the project
manager

• Coordmate completIOn and testmg WIth the project startup schedule

• PrOVIde for adequate safeguards over eqUIpment, tools and matenals
Arrange for release of eqUIpment and dIsposal of surplus matenals

b) ConstructIOn Labor

Armeman craftsmen and labor WIll be employed as much as pOSSIble m all
phases of constructIon SkIlled expatrIate labor WIll compnse the remamder

Local labor wIll be prOVIded WIth the followmg trammg before commencement
of works by admInIstratIOn staff or supervIsors

• Secunty mstructlOn
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• ErectlOn procedure mstructlOn
• Welder trammg and quahficatlOn

c) Temporary ConstructlOn Infrastructure

The mltIal sIte work WIll consIst of estabhshmg the necessary facl1ltIes to start
the mam constructlOn actIvItIes The temporary facl1ltIes w111 mclude laydown
areas, offices for constructlOn contractors, fencmg and secunty system,
eqUipment mamtenance area, and other faclhtIes To support these faclhtles, the
mfrastructure utlhtIes w111 be estabhshed The utlhtIes w111 mclude the water
supply (for water to be used m constructIon as well as portable water), dIesel
generators WIth constructlOn power gnd work, and to supply power to the craft
shops, samtary faclhtIes WIth septIc system, telephone hnes, other
commumcatlOn hnks, etc

d) Plant COmmlSSlomng

Plant commlsslomng COnsIsts of all tests and checkouts reqmred to demonstrate
plant rehablhty and capablhty These actIvItIes w111 take place upon ImtIal
synchromzatlOn of each umt and w111 last for a penod of three months for each
umt Upon completlOn of COmmlSSlOnmg, the umts WIll be certIfied for
commercIal operatIon and provlslOnally accepted by the power company

Durmg the commlsslomng penod, the umts w111 be operated at variable power
levels m order to complete all cahbratlons and final checkouts Dunng thIS
penod, a rehablhty run w111 also be conducted on each umt AddltlOnally, each
umt WIll also undergo an mspectlOn of the turbme bearmgs

Plant guarantee tests w111 be conducted followmg commerCial operatIon pnor to
the final acceptance of the umts

•

•

•
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• A 5 - Procurement Plan
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InvitatIOn for PrequahficatlOn

1 The (later) Jomt Stock Company of the RepublIc of Armema, through Its Consultant,
Burns and Roe Enterpnses, Inc, mtends to prequalIfy Contractors for the followmg
works under thIS project

1 The Contract shall consIst of desIgmng, furmshmg, constructmg, mstallmg,
checkmg out of systems, startmg up and testmg of a complete operable cIrculatmg
flUIdIZed power plant to be bUIlt at the Hrazdan CHP Plant sIte

2 The Project wIll consIst of a nOmInal 50 MW cIrculatmg flUIdIZed bed type power
plant as descnbed m the BId Package The mam fuel IS Armeman DilIjan coal WIth
Ukralman coal back up fuel The plant wIll be located on wlthm the Hrazdan CHP
Power Plant complex The steam exhaust from the steam turbme wIll be condensed
m a cIrculatmg water cooled condenser The coal wIll be unloaded at a raIl sIdmg
that wIll be relocated close to the plant The eXlstmg water treatment plant wIll
process well water SUItable for bOIler makeup Coolmg water wIll be recIrculated to
an eXlstmg coolmg tower, WhICh wIll be rehabIlItated for thIS plant The new step
up transformers wIll be connected to the eXlstmg 110 kV SubstatIOn wlthm the
power plant complex The plant wIll be complete WIth all the normal support
faCIlIties mcludmg control room, offices, conference room, men's faCIlItIes, male
and female locker rooms, toIlets and showers, chemIcal laboratory, mamtenance
shop and warehouse

3 It IS expected that InVItatIOn to BId wIll be Issued (later)

4 PrequalIficatIOn IS open to fums and voluntarIly formed jomt ventures from elIgIble
source countnes as defmed m the Loan Agreement between the Government of
Armema and the [later]

5 ElIgIble applIcants may obtam the prequalIfication documents by callmg, wntmg, or
faxmg

(later)

6 The request must clearly state "Request for PrequalIfication Documents" for the
Hrazdan CIrculatmg FlUIdIZed Bed Power Plant Project The documents are
avaIlable for a non refundable fee of 250 USD for a set by transferrmg thIS amount
to (later) at InternatIOnal Bank of the Armeman RepublIc Burns and Roe
Enterpnses, Inc, wIll promptly dIspatch the documents by regIstered aIr mall, but

•

•

•
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•

•

•

under no CIrcumstances wIll It be held responsIble for late delIvery or loss of the
documents so maIled

7 SubIDlssIOns of ApplIcatIons for PrequalIficatlon must be receIved ill sealed
envelopes, WhICh must be eIther delIvered by hand or by regIstered mall, to the
address mentIOned m Item 5, and be clearly marked "ApplIcatIon to PrequalIfy for
the Hrazdan Crrculatmg FlUidIZed Bed Power Plant ProJect" One copy m the
EnglIsh language shall also be proVIded to

Mr Carl Morrow
Burns and Roe EnterprIses, Inc
800 Kmderkamack Road
Oradell, NJ, USA 07649

8 Jomt-Stock Company (later) reserves the rIght to accept or reject late applIcatIOns

9 Only fIrms and Jomt ventures prequalIfIed under thIs procedure will be mVIted to
bId ApplIcants WIll be adVIsed, m due course, of the results of therr applIcatIOns
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InstructIOns to Apphcants
•

Name of the Project
Name of the Employer
Name of the Borrower

1 General

Hrazdan Crrculatmg flUIdIZed Power Plant
(later)
(later)

1 1 Prequahfication IS open to fums and voluntarIly formed Jomt ventures from ehgible
source countnes as defmed m the Loan Agreement Domestic contractors may apply
for quahficatIon mdependently or m Jomt venture WIth foreIgn contractors

12 General mformation on the chmate, hydrology, topography, access to SIte,
transportatlOn, plant layout, expected constructIon penod, facIlItIes, and serVIces
proVIded by the Employer, and detaIls of the works under thIS Contract are gIven m the
Engmeermg, Procurement and ConstructlOn BId Package The Contract WIll be a
"Turnkey Contract" The Turnkey Contractor WIll be obhgated to guarantee the tIme
of completion and the performance of the plant •

2 QuabficatlOn Criteria

2 1 Prequahfication WIll be based on meetmg all the mmImum pass/fall cntena regardmg
the Apphcant's general and partIcular expenence, personnel and eqUIpment capabIhtIes,
and finanCIal POSItIon, as demonstrated by the Apphcant's responses m the forms
attached to the Letter of ApphcatlOn (speCIfic requrrements for Jomt ventures are gIven
under paras, 4 1 and 42 below) The Employer reserves the nght to waIve mInor
deViatIons, If they do not matenally affect the capabIhty of an apphcant to perform the
contract Subcontractors' expenence and resources shall not be taken mto account m
determmmg the apphcant's comphance WIth the quahfymg cntena

22 Apphcant shall be an mternatlOnally reputable Contractor, Jomt Venture or a reputable
manufacturer of clfculatmg flUIdIZed bed bOIlers who meets the quahficatlOn
reqUIrements stIpulated hereunder Manufacturers of crrculatmg flUIdIZed bed bOIlers
means any firm, partnershIp or company WhICh has developed, deSIgned and
manufactured clfculatmg flUIdIZed bed bOIlers of ItS own technology and regularly
owns, operates and mamtams a factory or estabhshment that produces the eqUIpment,
matenals and supphes requrred for the Project

•
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•
2 3 The ApplIcant's total value of engmeenng, procurement and constructIon contracts

associated WIth coal fired cIrculatmg flUIdIZed bed power plants over the last five years
must be more than 500 mIllIon USD

24 Any Jomt Venture may partIcIpate m a Tender, provIded that they have sufficIent
expenence and personnel capable of fulfillmg the proposed functIon and role requrred
for the Works and shall exclusIvely assocIate WIth the qualIfied manufacturer of
cIrculatmg flUIdIZed bed bOIlers The manufacturers of crrculatmg flUIdIZed bed bOIlers
m aSSOCiatIon WIth the tradmg frrm are requrred to be qualIfied m accordance WIth the
procedures specIfied hereunder The tradmg firm shall provIde the cOmmItment letter
from the manufacturers of crrculatmg flUIdIZed bed bOIlers for such exclusIve
agreement

25 ApplIcant and/or the crrculatmg flUIdIZed bed boIler manufacturer exclusIvely
assocIated wIth tradmg frrm or Jomt Venture must have completed crrculatmg flUIdIZed
bed power plants on a turnkey basIs havmg generatmg Output more than 50 MW at
generator termmal outsIde ItS dOmICIle country

• 26 Any firm applymg more than once mdIvIdually and/or m other consortIUm or other
formatIOns WIll be dIsqualIfied

•

2 7 Each ApplIcant shall IdentIfy the manufacturer from whom they mtend to procure the
steam turbme, crrculatmg flUIdIZed bed boller, electnc generator, and power
transformer The manufacturer for the above major eqUIpment shall have at least five
(5) years expenence m the desIgn and manufacture of slmIlar SIZe eqUIpment to be
supplIed for the PrOject The manufacturer for the crrculatmg flUIdIZed bed boIler shall
have at least three (3) years expenence m the desIgn of thIS eqUIpment and shall have
supplIed crrculatmg flUIdIZed bed boIlers for large mternatIOnal projects of slmIlar SIZe

2 8 Crrculatmg flUIdIZed bed bOIlers offered by the ApplIcant shall satIsfy the requrrements
descnbed below

The ApplIcant shall mc1ude m hIS ApplIcatIOn Form the commerCIal operatIOn record of
the referenced plant(s) duly certIfied by the owner of the plant and the proposed
cIrculatmg flUIdIZed bed boiler shall be of a snmlar model, of WhICh at least one
machme has been put mto commerCIal operatIon and thIS machme has at least 7500
actual full-load operatmg hours of successful commerCIal operatIOn at the
PrequalIficatIon c10smg date The ApplIcant shall proVIde wntten confrrmatIon, by the
Owners, of satIsfactory operatIOn of the gas turbmes
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"The smular model" shall mean the one whIch satIsfies all of the followmg

(a) As for combustor same configuratIOn

(b) As for combustor same type, same numbers of stages and rotatmg speed

(c) The turbme hot gas path metal temperature shall not be greater than that of umts
m operatIon usmg the same blade coolIng system

2 9 ApplIcant shall submIt the followmg document

• Expenence and performance on slffillar or larger sIZed projects

• Supportmg letter(s) from the plant owner(s) regardmg the hours of operatIOn and
operatmg hIstory

• Supportmg letter(s) from the plant owner(s) whIch confirms complIance WIth the
reqUIrements of 2 5 above

• Expenence and performance of the Manufacturers to be engaged for supplymg the
major eqUIpment such as combustIOn turbme, heat recovery steam generator, steam
turbme, electrIc generator and power transformer

• COmmItment letter from gas turbme manufacturer m case of a tenderer other than a
gas turbme manufacturer as requIred m 2 4 above

• AudIted annual report for the last five years

2 10 The Employer reserves the nght to cancel the pre-qualIficatIon process and to reject any
applIcatIon WIthOUt mformmg the applIcant of the reason why the pre-qualIficatIon
process has been canceled or the Tenderer has been rejected Only firms pre-qualIfied
under thIS procedure shall be mVlted to bId

•

•

•
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•
211 The ApplIcant must have sUItably qualIfied personnel to fill the followmg posItIOns

The ApplIcant WIll supply InfOrmatIon on a prIme candIdate and on alternate for each of
the follOWIng pOSItions, both of whom should meet the expenence reqUIrements
specIfied below

Total Expenence In SImIlar Works As Manager of SImllar
(Years) (Years) Works (Years)

Prolect Manager 25 20 10
Prolect Engmeenng Manager 25 20 10
SIte Manager 25 20 10
Manager, Procurement 25 20 10
Lead Mechamcal EngIneer 20 15 10
Lead Electncal EngIneer 20 15 10
Lead I&C EngIneer 20 15 10
Lead CIvIl/Structural Engmeer 20 15 10

•

•

3 Supportmg Data

The ApplIcant shall annex to the ApplIcatIon forms the follOWIng supportIng
documents

(a) A photocopy of the bUSIness regIstratIon certIficate by a competent NatIOnal
Authonty statmg the full name of the ApplIcant, the person or persons or entIty
authorIZed to represent the ApplIcant, and the date and place of regIstratIon as a
Contractor (If the ApplIcant IS a company or a JOInt venture company, such
certIficate must state the scope, the paId-up capItal, the duratIOn and the date of
mcorporation of the company and the names of all dIrectors of the board Further,
In case of a JOInt company, the share holdmg structure of the company shall be
stated ),

(b) CertIficates by publIc accountants to the ApplIcant's finanCIal statements, and

(c) PhotocopIes of completIOn certIficates Issued by the relevant owners or engIneers of
the projects as lIsted m the partIcular expenence record (ApplIcation Form (3» to
mdicate that such projects were satisfactonly completed by the Apphcant mcludmg
each member company of a Jomt venture and each such contractor
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4 Jomt Venture or ConsortIUm

4 1 Jomt ventures or consortmms must comply wIth the followmg reqUIrements

(a) As mmInmm qualIficatIon requIrements

1 The lead partner shall meet 100 percent of all the qualIfymg cntena gIven m
paragraphs 2 3 and 2 5 above

11 The other partners shall also have expenence of not less than 50 percent of all
the qualIfymg cntena gIven In paragraph above

(b) The formatIOn of a Jomt venture after prequalIficatlon, and any change m a
prequahfied Jomt venture, WIll be subject to the wntten approval of the Employer
pnor to the deadlme for SUbmISSIOn of bIds Such approval may be defiled If (1)
partners wIthdraw from a Jomt venture and the remammg partners do not meet the
qualIfymg requIrements, (11) the new partners to a Jomt venture are not qualIfied,
mdlvldually or as another Jomt venture, or (m) m the 0pllllon of the Employer, a
SubstantIal reductIon m competItIOn may result

(c) Any bId shall be sIgned so as to legally bmd all partners, Jomtly and severally, and
any bId shall be submItted WIth a copy of the Jomt venture agreement provldmg the
Jomt and several lIabIlIty WIth respect to the Contract

4 2 The prequalificatIOn of a Jomt venture does not necessarl1y prequallfy any of Its
partners mdlvldually or as a partner m any other Jomt venture or aSSOCIatIon In case of
dIssolution of a Jomt venture, each one of the constItuent firms may prequalIfy If they
meet all the prequahficatIOn requIrements, subject to the wntten approval of the
Employer

5 ConflIct of Interest

5 1 The ApplIcant (mcludmg all members of a Jomt venture) must not be affilIated (1 e ,
SUbSIdIary, parent or partner), nor have been affilIated (1 e , SubsIdIary, parent or
partner) m the past, WIth the consultant or any other entIty that has prepared the deSIgn,
speCIficatIOns, and other prequahfication and bIddmg documents for the Hrazdan
CIrculatmg FlUIdIZed Bed Power Project, or that was proposed as Engmeer for the
Contract, over the last five years Any such aSSOCiatIOn may result m the
dIsqualIfication of the ApplIcant

•

•

•
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•

•

6 Updatmg PrequahficatIOn InformatIOn

6 1 BIdders shall be reqUIred to update the fmanClal mformatIOn used for prequalIficatlon at
the tIme of subIll1ttmg theIr bIds, to confirm theIr contmued complIance WIth the
qualIficatIon cntena and venficatlon of the mformatlon proVIded A bId shall be
rejected If the ApplIcant's qualIficatIon thresholds are no longer met at the tIme of
blddmg

7 BldProcessmg

7 1 Only firms and jomt ventures or consortIUms that have been prequalIfied under thIS
procedure wIll be mVlted to bId A qualIfied fIrm or a member of a qualIfied jomt
venture may partICIpate m only one bId for the contract If a firm subIll1ts more than
one bId, smgly or m jomt venture, all bIds mcludmg that party WIll be rejected ThIS
rule wIll not apply m respect of bIds whIch mclude specIalIst subcontractors who are
used by more than one bIdder

7 2 BIdders wIll be requIred to proVIde bId secunty m the form of a bond, banker's
guarantee, or other secunty acceptable to the Employer for an amount equal to
$30/kW, the successful bIdder wIll also be requIred to proVIde performance secunty
Examples of acceptable forms wIll be supplIed WIth the blddmg documents BId
securIty shall be from a reputable bank located m any ElIgIble Country, and bank
guarantee for the performance secunty must be endorsed by a Bank m the "RepublIc of
Armema"

BId secunty WIll be returned to each unsuccessful BIdder 90 days after award to the
successful BIdder

7 3 The Employer reserves the nght to

(a) amend the scope and value of any contract to be bId, m WhICh event the contract
wIll only be bId among those prequalIfied bIdders who meet the reqUIrements of the
contract as amended,

(b) reject or accept any apphcatlOn, and

(c) cancel the prequahficatlon process and reject all apphcatlOllS

The Employer shall neIther be lIable for any such actIons nor be under any oblIgatIOn to
mform the ApplIcant of the grounds for them
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7 4 Apphcants wIll be advIsed m wntmg by facslImle or telex, wIthm 90 days of the date
for SubmIssIon of ApphcatIOns (para 2 1 above), of the result of theIr apphcatIOn, and
the names of the prequahfied apphcants, wIthout assIgmng any reason for the
Employer's deCISIon No negotIatIOns wIll be permItted after successful award

•

•

•
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LefferojApphcahon

Letter of Application
[letterhead paper of the Apphcant, or partner responsIble for a
Jomt venture, mcludmg full postal address telephone no , fax
no , telex no , and cable address]

Date

•
To

SITS,

(name of Employer)

1 BeIng duly authorIZed to represent and act on behalf of

(hereInafter "the Apphcant"), and haVIng revIewed and fully understood all the
prequahfication InfOrmatIOn provIded, the undersIgned hereby apply to be prequahfied
by yourselves as bIdder for the folloWIng contract under (name of Prolect)

Contract number
No

Contract Name
(Insert name of Contract) •

2 Attached to thIS letter are copIes of ongInal documents defmmg 1

(a) the Apphcant's legal status,

(b) the prIncIpal place of bUSIness, and

(C) the place of regIstratIOn and the natIOnahty of the Owners (for apphcants who are
partnershIps or IndIVIdually-owned firms)

3 Your Agency and ItS authorIZed representatives are hereby authorIZed to conduct any
Inqumes or InveStigatIOns to venfy the statements, documents, and InfOrmatIOn submItted
In connection WIth thIS apphcatIOn, and to seek clanficatlon from our bankers and chents
regardIng any financial and techmcal aspects ThIS Letter of Apphcatlon WIll also serve
as authorIZatIon to any IndIVIdual or authorIZed representatIve of any InstItution referred
to In the supportIng InfOrmatIOn, to provIde such InfOrmatIon deemed necessary and

For applzcatIOns byJomt ventures all the InformatIOn requested m the prequalificatIOn documents IS to be
proVIdedfor theJomt venture if It already eXIsts andfor each party to theJomt venture separately The •
lead partner should be clearly Identified Each partner m theJomt venture shall SIgn the letter
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•

•

4

5

6

requested by yourselves to venfy statements and mformatIon provIded m thIS apphcatIOn,
or WIth regard to the resources, experIence, and competence of the ApplIcant

Your Agency and ItS authorIZed representatIves may contact the followmg persons for
further mformatlOn 2

General and managenal mQumes
Contact I I Telephone I
Contact 2 I Telephone 2

PersonnelmQumes
Contact I I Telephone I
Contact 2 J Telephone 2

TechrucalmQumes
Contact 1 I Telephone I
Contact 2 I Telephone 2

Fmancial maumes
Contact 1 I Telephone I
Contact 2 I Telephone 2

ThIS apphcatlOn IS made m the full understandmg that

(a) bIds by prequahfied apphcants WIll be subject to venficatlOn of all mformatlOn
submttted for prequahficatlon at the tlffie of blddmg,

(b) your Agency reserves the nght to

• amend the scope and value of any contracts bId under thIS proJect, m such
event, bIds wIll only be called from prequahfied bIdders who meet the revIsed
requIrements, and

• reject or accept any apphcatlon, cancel the prequalificatton process, and reject
all applIcatlOns, and

(c) your Agency shall not be hable for any such actIOns and shall be under no
oblIgatlOn to mform the ApplIcant of the grounds for them

Appended to thIs appltcatIOn, we gIve details of the partICIpatIOn of each party, mcludmg
capItal contnbution and profit/loss agreements, to the Jomt venture or aSSOCIatIon We
also speCIfy the fmancIaI comrmtment m terms of the percentage of the value of the
contract, and the responsibIlttIes for executIOn of the contract

ApplzcatlOns byJomt venture should provlde on a separate sheet equzvalent mformatlOn for each party to
the applzcatlOn
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7 We confrrm that m the event that we bId, that bId as well as any resultmg contract wIll
be

(a) sIgned so as to legally bmd all partners, Jomtly and severally, and

(b) submItted WIth a Jomt venture agreement provIdmg the Jomt and several lIabIlIty of
all partners m the event the contract IS awarded to us

•
8 The undersIgned declare that the statements made and the mformatlon provIded m the

duly completed applIcatIon are complete, true, and correct m every detaIl

SIgned SIgned

Name Name

For and on behalf of (name of ApplIcant or lead For and on behalf of (name ofpartner)
partner of a Jomt venture)

SIgned SIgned

Name Name

For and on behalf of (name ofpartner) For and on behalf of (name of partner)

Signed Signed

Name Name

For and on behalf of (name ofpartner) For and on behalf of (name of partner)

•

•
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APPLICATION FORM (1)

General Information

General InformatIon

Page of Pages •
All10dlvldual firms and each partner of a Jo1Ot venture apply10g for prequallficatlon are requested to
complete the mformatlOn 10 this form NatIOnality mformatlon to be provided for all owners or applicants
who are partnerships or mdlvldually-owned firms

Where the Applicant proposes to use named subcontractors for critIcal components of the works, or for work
contents m excess of 25 percent of the value of the whole works, the followmg 1Oformatlon should also be
supplied for the specIalist subcontractor(s)

1 Name of firm

2 Head office address

3 Telephone Contract

4 Fax Telex

5 Place of IDcorporatlOn / regIstratIon Year of lDcorporatIon / regIstratIOn

Nationality of owners/1

Name Nationality

1

2

3

4

5

1 To be completed by all owners ofpartnershIps or mdlVldually-ownedfirms

•

•
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• APPLICATION FORM (2)

General Experience Record

Name of Apphcant or partner of a JOInt venture

General Experience Record

Page of Pages

•

•

All Individual firms and all partners of a venture are requested to complete the mformatlOn In thiS form The
InformatIOn supplied should be the annual turnover of the Applicant (or each member of a JOInt venture), In
terms of the amounts billed to chents for each year for work In progress or completed, converted to U S
dollars at the rate of exchange at the end of the period reported

Use a separate sheet for each partner of a JOInt venture

Annual turnover data (construction only)

Year Turnover US$ eqUivalent

1

2

3

4

5
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APPLICATION FORM (2A)

JOint Venture or ConsortIum Summary
Page of Pages •

Joint Venture or Consortium Summary

Names of all partners of a ]Omt venture or consortIUm
1 Lead partner

2 Partner

3 Partner

4 Partner

5 Partner

Total value of annual construction turnover, III terms of work bIlled to chents, III US$ eqUivalent, covered at
the rate of exchange at the end of the perIod reported

Annual turnover data (construction onlv, US$ eQUivalent)
Form 2 Year 1 Year 2 Year 3 Year 4 Year 5

Partner pae:e no

1 Lead
Partner

2 Partner

3 Partner

4 Partner

5 Partner

6 Partner

Totals

•

•
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•
Particular Experience Record

APPLICATION FORM (3)

PartIcular Expenence Record

Name of Applicant

Page of Pages

•

•

To prequahfy, the Applicant shall be reqUIred to pass the specified reqUIrements apphcable to this form, as
set out In the "PrequallficatlOn InstructIOns to Applicants"

On a separate page, usmg the format of Form (3A), each applicant or partner of a Jomt venture IS requested
to list all contracts of a value eqUIvalent to 250 MIllion USD, of a simIlar nature and complexity to the
contract for which the Applicant wishes to quahfy, undertaken dUrIng the last 5 years The value should be
based on the currencies of the contracts converted Into US dollars, at the date of substantial completIOn or for
current contracts at the time of award The InformatIOn IS to be summarIZed USIng Form (3A), for each
contract completed or under executIOn by the Apphcant or by each partner of a Jomt venture

Where the Applicant proposes to use named subcontractors for crItical components of the works, or for work
contents In excess of 25 percent of the value of the whole works, the InformatIOn In the follOWIng forms should
also be supphed for each speCialist subcontractor
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APPLICATION FORM (3A)

DetaIls ofContracts ofSImIlar Nature and ComplexIty

Page of Pages •
Details of Contracts of Similar Nature
and Complexity
Name of ApplIcant or partner of a Jomt venture

Use a separate sheet for each contract

1 Number of contract

Name of contract

Country

2 Name of employer

3 Employer address

4 Nature of works and specIal features relevant to the contract for WhICh the Apphcant wishes to
prequahfy

5 Contract role (check one)
D Sole contractor c===J Subcontractor c===J Partner 10 a Jomt venture

6 Value of the total contract (10 speCIfied currencies at completion, or at date of award for current
contracts)

Currencv Currencv Currency

7 EQUIvalent value USS

8 Date of award

9 Date of completion

10 Contract duratIOn (years and months)

vears months

11 SpeCIfied reqUIrements 11

1 Insert any specific criteria requiredfor partIcular operatIons, such as annual volume ofearthmovmg,
underground excavatIOn, or placmg concrete

•

•
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• Summary Sheet Current Contract Commitments I Works in Progress

APPLICATION FORM (4) Page of Pages

•

•

Summary Sheet: Current Contract Commitments / Works
in Progress

Name of Applicant or partner of a Jomt venture

ApplIcants and each partner to an applIcation should provide mformatlOn on their current commitments on
all contracts that have been awarded, or for which a letter of mtent or acceptance has been receIVed, or for
contracts approachmg completion, but for which an unqualified, full completion certificate has yet to be
Issued

Name of contract Value of outstandmg work Estimated completIOn date
(current US$ eqUivalent)

1

2

3

4

5

6
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Clrculatmg Fluidized Bed Plant Data

APPLICATION FORM (5) •PagesPage ofCIRCULATING FLUIDIZED BED
(CFB) BOILERIName of Appb<aot

The Apphcant shall provide adequate mformatIon to demonstrate clearly that It meets the reqUirements
lIsted m 3 8 of InstructIOn to Apphcants A separate Form (5) shall be prepared for each combmed cycle
plant

CIRCULATING FLUIDIZED BED POWER PLANT DATA
Name of Employer

Location of InstallatIOn

Country of InstallatIOn

Plant ConfiguratIOn

Plant Capacity

Date of CommerCial Operation

Steam Turbme Suppher

Country of Manufacture

Steam Turbme Capacity at Design MW
Backpressure
Steam Turbme Configuration Type

lIP Turbme Inlet Steam Pressure Bar

lIP Turbme Inlet Steam Temperature °c

•

•
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• APPLICATION FORM (5)

CIRCULATING FLUIDIZED BED
(CFB) BOILER

Clrculatmg Fluidized Bed Plant Data

Page _ _ _ of _ _ _ Pages

•

•

CIRCULATING FLUIDIZED BED POWER PLANT Dl\.TA
HP Turbme Rotatmg Speed RPM

CFB SupplIer

Country of Manufacture

Fuel

Turndown %

CFB HP Sht Steam Outlet Pressure Bar

CFB HP Sht Steam Outlet ·C
Temperature
Plant RelIabIlIty

AvaIlable Hours Per Annum

Operatmg Hours Per Annum

Scheduled Mamtenance Hours Per Annum

Forced Outage Hours Per Annum
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APPLICATION FORM (6)

Financial Capability

Name of ApplIcant or partner of a jo1Ot venture

Page

Fmanclal Capability

of Pages •

ApplIcants, mcludmg each partner of a jomt venture, should provide financial mformabon to demonstrate
that they meet the reqUIrements stated 10 the InstructIOns to ApplIcants Each applicant or partner of a jomt
venture must fiU10 this form If necessary, use separate sheets to provide complete banker mformatlOn A
copy of the audited balance sheets should be attached

Banker Narne of banker

Address of banker

Telephone Contact name and btle

Fax Telex

Summanze actual assets and llabillties m US dollar equivalent (at the rates of exchange current at the end of
each year) for the prevIOus five years Based upon known commitments, summanze projected assets and
llabillties m US dollar equivalent for the next two years

Fmanclal Actual Projected
mformatlOn 10 preVIous five years next two years
US$ eqUivalent

1 2 3 4 5 6 7
1 Total assets

2 Current assets

3 Total liabIlities

4 Current lIabIllbes

5 Profit before taxes

6 Profit after taxes

•

•
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•

Fmanclal Capability

Specify proposed source of financmg to meet the cash flow demands of the ProJect, net of current
comIIlltments (InstructIOns to ApplIcants, para 3 5)

Source of financmg Amount (US$ equivalent)

1

2

3

4

Attach audited financIal statements for the (number) years (for the mdlVldual applIcant or each partner of a
Jomt venture)

Firms owned by mdlvlduals, and partnerships, may submit their balance sheets certified by a registered
accountant, and supported by copies of tax returns, If audits are not reqUIred by laws of their countrIes of
orIgm
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LItIgatIOn HIstory

APPLICATION FORM (7)

Litigation History

Name of Apphcant or partner of a Jomt venture

Apphcant, mcludmg each of the partners of a Jomt venture, should provide mformatlOn on any history of
htIgatIon or arbitration resultmg from contracts executed m the last 10 years or currently under execution
A separate sheet should be used for each partner of a Jomt venture

Year Award FOR or Narne of chent, cause of htIgatlOn, Disputed amount (current value, US$
AGAINST and matter ill dispute eqUIvalent)
Apphcant

•

•

•
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•
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APPENDIX B

EVALUATION CRITERIA (PASS/FAIL)

PREQUALIFICATION FOR INTERNATIONAL COMPETITIVE BIDDING OF
CONSTRUCTION OF NOMINAL 50 MW COAL-FIRED CIRCULATING FLUIDIZED BED POWER PLANT FOR

HRAZDAN COAL-FIRED CIRCULATING FLUIDIZED BED POWER PLANT PROJECT

REFERENCE REQUIREMENTS PASS FAIL REMARKS

• All documents have been notanzed and
certIfied by the relevant entIty of the
Government of the Employer

23 • Total amount of EPC contracts wlthm the last
five years more than US $500 mIllIOn

24 • ExclUSIve agreement between the CFB boIler
manufacturer and the ApplIcant

25 • ApplIcant and/or the CFB boIler manufacturer
completed at least one combmed cycle power
plant WIth output larger than 400 MW outSIde
ItS domIcIle county

26 • ApplIcant has only one applIcatIOn

GT Gas Turbme
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• • •
REFERENCE REQUIREMENTS PASS FAIL REMARKS
27 • Manufacturers Identified for

- Clrculatmg flUidized Bed Boder
- Steam Turbme
- Electnc generator

\

- Power transformer

• The manufacturer has five years expenence m
the manufacture of the above eQUipment

28 • The gas turbme has 7500 hours of actual
operatmg expenence

• The offered model IS "sImdar" to the machme
with 7500 hours of commercial operatmg
expenence

• Wntten confirmatIon of satisfactory operation
prOVided bv the Owners
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REFERENCE REQUIREMENTS PASS FAIL REMARKS
~

29 • Apphcant submItted the followmg documents
- Expenence and performance on

sImIlar SIze projects
- Supportmg letter(s) from Owners
- Expenence and performance of

manufacturers to be engaged for
supplyIng the major equtpment

- commItment letter from gas turbIne
manufacturer

- AudIted annual report
211 • The Apphcant has quahfied personnel as

- Project Manager
- Project Engmeer Manager
- SIte Manager
- Manager, Procurement
- Lead Mechamcal Engmeer
- Lead Electncal EngIneer
- Lead Controls EngIneer
- Lead CIVIl/Structural Engmeer

3(a) • A photocopy of busmess regIstratIOn
certIficate submItted

3(b) • Certificates by pubhc accountants to the
Apphcant's finanCial statements submitted

3(c) • CompletIon certIficates submitted
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• • •
REFERENCE REQUIREMENTS PASS FAIL REMARKS
4 l(a)1 • The lead partner of the JOInt Venture or

consortIUm meets 100% of the qualIfymg
cntena

4 1(2)11 • The other partners of the Jomt Venture or
consortIUm meet 50% of the qualIfymg
cntena

5 1 • The ApplIcant does not have any conflIct of
mterest
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A 6 Project Implementation Schedule

Schedules for the engmeermg and constructIOn activities are shown m the followmg figure of
"Project ConstructIOn Schedule" This schedule is based on an EPC type contract Work on
all umts is assumed to be concurrent •

•

•
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TASK B - FINANCIAL, ECONOMIC, AND
RISK ANALYSIS VOLUME

B 1 Fmancmg Plan

A Fmancmg Plan wIll be establIshed at the approprIate tune when thIS PrOject IS proceedmg
toward frUItIOn

In order for thIS Plan to be nnplemented, the Owner's orgaruzatlon must be establIshed
Owners wdl be credItworthy mdlvlduals or compames who WIll collectIvely estabhsh a Project
Company by executmg an agreement known as, varlOusly, a PartnershIp Agreement, Jomt
Venture Agreement or ConsortIUm Agreement ThIS Agreement WIll defme the nghts and
responslbdltles (mcludmg commItment of eqUIty fundmg) of the mdividual and collectIve
partICIpants

Upon thIS Agreement bemg executed and approved by the relevant MllliStry as a partIally
foreIgn-owned venture, the Owners need to retam legal representatIon and tax accountants

A major mdestone m the development of the Project IS retammg a fmanclal consultant m order
to estabhsh avaIlable loan sources, and retammg a professlOnal mtematlOnal consultmg
engmeermg company m order to closely defme the conceptual deSIgn and prepare a hIghly
accurate capItal cost estunate The partlclpatlOn of these entItles WIll result m the creatIon of a
finanCIal model utlhzmg the mputs as lIsted
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Input to Fmanclal Model

($US 1998 basIs)

Capital Costs

• EPC CapItal Cost EstImate
• Workmg CapItal
• Imtial Spare Parts
• PrOject ImplementatIOn Schedule, from NTP untIl COD
• DIsbursement Schedule durmg ConstructIOn
• Owner's Contmgency

Owner's Development Costs

• FmancIaI AdvIser Fee
• Success Fee
• Attorneys and Tax Accountants' Fees
• Land AcquIsItIon Costs
• Owner's Insurance Costs
• InterconnectIOn Charges
• Government PermIts

Fmancml: Costs

• ECA Interest Rates (US EXIM, World Bank OPIC, others)
• CommercIal Base Interest Rates
• Tenor DuratIon for Repayment of constructIon Loan
• Debt/EqUIty RatIo
• Currency Exchange Rate
• EscalatIOn/InflatIon Rate

• Tax HolIday for New Investments
• Property Tax
• Gross Profits Tax

•

•

•
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•

Operatme; Costs

• O&M Cost Estnnate

- Employee SalarIes
- Statutory Employee Benefits
- Fuel Costs
- MIscellaneous Costs (lIfe cycle mamtenance, etc)

- Chenucal Costs

ElaboratIOn of Fmancmg Plan concepts IS gIven m the attached sectIOn entItled "Attnbutes of
Fmanceable Independent Power Projects, prepared by KeIth W Knebel of OrrIck, HerrIngton
and LitClIff LLP, copynght 1997, all rIghts reserved It IS reprmted by permISSIOn
Supplementary observatIOns have been mcluded
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ATTRIBUTES OF FINANCEABLE
INDEPENDENT POWER PROJECTS

The followmg IS a brIef outlme of the attrIbutes that an mdependent power project, whether
domestic or mternatlOnal, typically must possess to support debt mcurred on a "project
finance" basIs The outlme sets forth the general prmclples applIcable to project financmg,
and contams descrIptIons of the prImary elements of major project contracts project finance
lenders will examme to evalute the ongomg VIabilIty of a project for which non-recourse (or
llIDlted recourse) fmancmg IS bemg sought

I PRINCIPLES OF PROJECT FINANCE

A General Concepts
B Assemblmg the BasIc Deal
C Retammg a Fmanclal Advisor

II FlNANCEABLE POWER PURCHASE AGREEMENTS

•

III

A Power Purchaser
B ElectrIcity Pncmg
C Certam Non-PrIce ProvIsions

FUEL SUPPLY AND TRANSPORTATION AGREEMENTS

A QuantIty of Fuel
B Frrm Supply
C Performance by Fuel SupplIer/Transporter
D Fuel QualIty
E Fuel Reserves
F Revenue Sufficiency
G Other Lender Risk Assessment Issues

•

IV OPERATIONS AND MAINTENANCE AGREEMENT

A CharacterIstIcs of Operator
B Operation and Mamtenance OblIgations
C Operatmg Costs
D Project contracts
E Other Lender Risk Assessment Issues
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v OTHER STRUCTURAL ISSUES

A Change In Law
B Expropnation
C ConvertIbIlIty and Exchange Rates
D DIspute ResolutIon, ChOIce of Law and Forum
E Government Guarantee, WaIver of SovereIgn Immumty
F Commercial Law Issues
G RelatIOnshIps Between the PartIes
H DesIgn and ConstructIon Contract
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I PRINCIPLES OF PROJECT FINANCE

"Project fmance" generally IS consIdered to be debt financmg that IS provIded on the strength
of the antICIpated net cash flow of a project entIty establIshed for the sole purpose of
developmg, constructmg, owmng (or leasmg) and operatmg a stand-alone busmess enterpnse,
such as an electnc generatmg facIlIty Because lenders wIll not be lookmg to the balance sheet
of an establIshed, credItworthy entIty as secunty for repayment of the loan, the commercIal
and contractual arrangements that compnse the project (mcludmg the IdentIty and
creditworthmess of counterparties to key contracts) WIll serve as the real bases for the
extenSIOn of credIt In thIS narratIve, the project entIty WIll be called "the Owner"

A General Concepts •

Non-recourse loans typIcally WIll be made only If a project's commercIal and contractual
arrangements can be expected to generate revenues predIctably and relIably across a range of
antIcIpated operatmg scenanos that WIll represent a multIple (usually an average of at least 1 5
to 1 00, and preferably much hIgher) of scheduled debt serVIce, after deductmg all operatIOn
and mamtenance expenses (mcludmg fundmg of reasonable reserves) Such arrangements
necessanly must be m place for at least the scheduled term of the debt, and most lenders WIll
mSIst upon a "tall", that extends for at least two to three addItIOnal years m case unexpected
problems delay debt repayment beyond the scheduled term

In order to benefit from a project's commercIal and contractual arrangements followmg a
borrower default, project finance lenders (or purchasers m foreclosure) must be able to step •
mto the borrower's shoes WIth respect to all of Its varIOUS nghts and oblIgatIons relatmg to the
project, mcludmg real and personal property mterests, permIts and other governmental
approvals, and contracts Thus, m addItIon to bemg satIsfied WIth the commercIal basIs of a
deal, lenders must be assured of havmg enforceable secunty mterests m everythmg necessary
for the project to generate the reqUIred revenues

B Assemblmg the BaSIC Deal

Project finance transactIons are premIsed upon the creatIon of a stand-alone busmess that WIll,
under all reasonably antICIpated CIrcumstances, always be able to generate net revenues
suffiCIent to repay project debt and earn a satIsfactory return for the Owner The baSIC
components of such a busmess are contamed m what are usually referred to as "project
documents", (as dIstmgUlshed from the documents pursuant to WhICh fmancmg IS prOVIded)
Project documents typIcally mc1ude

1 Real estate documents documents WhICh prOVIde the project Owner WIth all mterests m
real property that may be necessary to buIld, own and operate the project Real property
may eIther be owned m fee, or be leased or proVIded under an easement Regardless of the
form m WhICh mterests m real estate are held, the relevant documents must prOVIde that the
Owner cannot be dIspossessed from the real property It occupIes absent extraordmary
CIrcumstances (such as condeffillatIOn, so long as adequate compensatIOn IS paId) In
additIon, the Owner's real property mterests must be susceptIble to enforceable secunty •
mterests (such as a mortgage or deed of trust) m favor of the lender
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2 PermIts and governmental approvals authorIzatIOns needed from applIcable governmental
entItIes m order to own and operate the project, mcludmg envIronmental permIts,
constructIOn permtts, and zonmg/land use authorIzatIons

3 ConstructIon contract contract pursuant to whIch the project and Its components WIll be
desIgned, engmeered, procured, constructed, commIssIOned and tested (often on a
"turnkey" basIs) such that, upon assummg control of the project, the Owner wIll be able to
fulfill ItS oblIgatIOns to ItS off take customers

4 Offtake (power purchase) agreement contract pursuant to whIch electnclty (whether
capacIty, energy or both) IS sold to a utIlIty or other power purchaser ThIS contract IS the
pnmary (often the only) source of revenue for the project and as such IS deemed the
cornerstone for the project as a whole In cogeneratIon projects there frequently IS another
off take contract pursuant to WhICh the thermal output of the project IS sold The elements
of financeable power purchase agreements are descnbed m Part II of thIS SectIon

5 Fuel supply and transportatIon contracts contracts pursuant to WhICh fuel to be consumed
m the project IS procured and delIvered to the project sIte Because fuel costs generally
constItute the largest operatmg expense for power projects, the delIvered cost of fuel and
the pnce receIved for generated electncIty must be synchrornzed to ensure that net
revenues remam suffiCIent to cover debt serVIces The elements of fmanceable fuel
contracts are descnbed m Part ill of thIS SectIon

6 OperatIons and mamtenance contract contract pursuant to WhICh a thIrd party operates the
project on behalf of the Owner O&M contracts are bnefly descnbed m Part IV of thIS
SectIOn

7 UtIlIty servIces and consumables contracts or other arrangements provIdmg for the
ongomg avaIlabIlIty to the project on commerCIally reasonable terms of requrred utIlIty
serVIces, such as process water, potable water, frre water, back-up electrIcIty, and sewer
serVIces

8 Insurance polIcIes contracts protectmg the Owner's and lenders' mvestment m the project
agamst losses durmg constructIOn and operatIon, covermg general lIabIlIty, provIdmg
revenues m the case of busmess mterruptlon Insurance requrrements generally are
determmed based on speCIfic attrIbutes and nsks of the project

In evaluatmg project documents, lenders look for assurances that all reasonably antiCIpated
rIsks have been contemplated and addressed m a way that allows the project to remam
economIcally VIable for at least the full term of the debt Project documents must complement
each other and should not contam contradIctory prOVISIons or prOVISIOns that put an Owner f s
or lender's mvestment at fisk unnecessarIly or Imprudently SpeCIfic concerns are addressed
below m the descnptlon of power purchase agreements, fuel supply and transportatIon
agreements, and O&M agreements
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C Retammg a FmancIaI AdvISer

At the development phase of a proJect, the lead developer IS charged wIth the responslblhty of •
retammg a financIal advIser ThIS organIZatIOn may be sohclted on a competItIVe mquuy baSIS
from the wIde array of mternatIOnal commercIal banks, pnvate placement organIZatIOns, or the
hke SelectIon of the advIsor wIll then be based upon the expenence level, sUltablhty of fee
structures, success fee requuement and the hke The advIsor ultImately becomes responsIble
for creatmg and promotmg the Debt Placement Memorandum WIth WhIch the developer w111
obtam project financmg support from ECA I Sand other credIt supphers The advIsor IS usually
not permItted to be a fundmg partIcIpant

•

•
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II FINANCEABLE POWER PURCHASE AGREEMENTS

As noted prevIously, the power purchase agreement or "PPA", IS often consIdered to be the
smgle most unportant project document because It IS the sole or prunary source of revenue that
wIll be applIed to servIce debt, pay operatmg expenses, and provIde a return to the Owner
Although the provIsIons of a PPA often wIll shape the terms of the other project documents
(for example, the varIable component of the pnce of electncity should dnve pnce adjustments
under a project's fuel supply agreement), an Owner negotIatmg a PPA can enhance the
financeabIlIty of a project, and s1lllplIfy ancIllary contracts, by ensurmg that the PPA meets
certam cntena

A Power Purchaser

Ideally, the power purchaser under a PPA WIll be an establIshed, well-known, credItworthy
entIty that has a need for power, a strong customer base, supportIve regulators, and a hIstory
of honormg contracts WIth mdependent power producers Power purchasers lackmg any of
such traIts create concerns for lenders, and although such concerns are not necessanly
msurmountable, they WIll make fmancmg more dIfficult and costly

B ElectriCity Pncmg

The prototypIcal pncmg structure contamed m PPAs supportmg project financmgs consIsts of
two components (1) a capacIty (or demand) charge payable by the power purchaser for each
kIlowatt of capacIty that IS avaIlable to generate electrIcIty when and as requIred, and (11) a
varIable (or energy) charge paId on the baSIS of kilowatt-hours delIvered m a bI1lmg penod

1 Capacity payments

CapacIty charges often are payable on a per-kIlowatt-of-capaclty baSIS (regardless of
actual output m a blllmg penod) and are calculated to be suffiCIent to pay all of the
Owner's fixed costs mcurred to fmance and mamtam the project, mcludmg debt
serVIce, other ongomg fmancmg expenses (such as letter of credIt fees), and fixed
operatIOn and mamtenance expenses (such as demand charges payable WIth respect
to fuel supply and transportatIOn), as well as a profit element The Owner does not
want ItS return to be dependent upon actual project operatIOn to the extent the power
purchaser, rather than the Owner, determmes whether the project WIll operate or
not

The Owner, of course, WIll want the capacIty charge to be as hIgh as possIble to
maxlIDlZe ItS return Lenders, however, WIll want to ensure that the capacIty charge
IS reasonable and appropnate m companson to the power purchaser's other sources
of generatmg capaCIty, lenders WIll be concerned that hIgh pnces wIll promote
breaches by the power purchaser, a concern that IS compounded, especIally m
InternatIonal deals, where the purchaser IS a governmental entIty that can pomt to
the natIOnal welfare as JustIficatIOn for breachmg the contract

CapacIty payments usually are made so long as the generatIng umt meets certaIn
performance and/or avaIlabIlIty standards These standards, of course, are heavIly
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negotIated, WIth the power purchaser seekmg to unpose stnngent reqUIrements that
result m reductIOns m capacIty payments (or m penaltIes payable by the Owner) for
the proJect's faIlmg to meet hIgh capacIty factors m short tune frames, WIth only
llffi1ted relIef for force majeure, plant or machmery breakdowns, lack of fuel, and
the lIke The Owner and the lenders, on the other hand, WIll want performance
measured over a longer penod, WIth substantIal relIef for force majeure or other
faIlures not wlthm the Owner's reasonable control

Somettrnes a capacIty component IS factored mto an overall pnce per kIlowatt-hour
of electnclty delIvered, an arrangement that often IS satIsfactory for must-run, base
load urnts not subject to econOffilC dIspatch To the extent, however, that the abIlIty
of a project to operate IS dependent on factors beyond the contractual control of the
Owner, then a combmed capacIty/energy payment would be fmanceable only If the
project IS deemed to be operatmg at an acceptable level regardless of actual
operations If the faIlure to operate IS outsIde of the Owner's control In any event, a
separately stated and separately payable capacIty charge IS almost always preferable
to a combmed payment

2 Variable (energy) payments

•

Whereas a capacIty payment should be deSIgned to cover all of a project's fixed
costs (plus profit), varIable or energy payments should be suffiCIent to pay the
mcremental costs of actually operatmg the project to generate and delIver a gIven
kIlowatt-hour of electnclty Energy payments usually are calculated to cover the •
vanable cost of fuel consumed when the project IS operatmg, as well as other
varIable operatmg expenses, such as water treatment expenses and costs of
consumables

Vanable payments often are tIed to the power purchaser's own varIable costs of
generatIOn (If an appropnate analogue eXIsts wlthm the power purchaser's system),
or to an mdex that reasonably reflects changes 10 operatmg costs Smce the largest
component of varIable operatmg costs IS fuel, the mdex by whIch varIable payments
under the PPA are adjusted should be heavIly weIghted to the same mdex used to
adjust the pnce of fuel under the proJect's fuel supply agreements

Vanable payments assume partIcular trnportance If a project IS dlspatchable or
peakIng, smce the operatmg charactenstlcs of the generatmg eqUIpment can change
slgrnficantly If operated 10 a dlspatchable or short duratIOn, rather than base load,
mode Heat rates, for example, can detenorate durmg low-load condItions,
resultmg 10 mcreased fuel costs and more frequent mamtenance Costs of start-up
and shut-down also should be addressed

Fmally, the PPA 1 S pncmg proVIsIOns also should provIde for an adjustment
suffiCIent to cover new or hIgher taxes unposed on the Owner, eIther through sales
or consumptIOn taxes borne by Owner, or through mcome, wlthholdmg, or sunIlar •
taxes that would have a confiscatory trnpact on the Owner or the lenders
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C Certam Non-PrIce PrOVISIOns

•

•

•
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Contract term

The term of the PPA should be for the full scheduled tenor of the longest debt
Instrument used to finance the project, plus at least two years To the extent the
generatIng eqUipment has a useful lIfe In excess of the base term, but cannot be
easl1y and econonucally removed, the Owner should seek the nght to renew the
contract at pre-agreed (or determmable) prIces that provIde a contmued
InCentIve to operate the plant AlternatIvely, the Owner could seek the nght to
put the eqUipment to the power purchaser or Its deSIgnee at a faIr market pnce

Performance standards

Performance standards should be reasonable gIven the type of eqUipment utIlIZed
and the degree of control the Owner has In arrangIng supportIng contracts
Ideally, InCentIve payments should be made If performance standards are
exceeded, and penaltIes should be calculated to reflect the power purchaser's
actual costs In replaCIng capaCIty or energy not prOVIded by the Owner In
deternumng performance standards, the Owner should be entItled to perform
regularly scheduled maIntenance and major overhauls WIthout adversely
affectIng capaCIty or availabIlIty factors The Owner also should ensure that
events of force majeure or power purchaser-caused outages do not adversely
affect capaCIty or availabIlIty factors

To the extent the Owner IS reqUIred to post securIty to support Its performance
oblIgatIOns, the CIrcumstances under which such secunty may be drawn must be
clearly delIneated, IncludIng, Ideally, requIrIng a fInal Judgment In an arbItratIOn
or other dIspute-resolutIOn mechamsm The Owner should not be reqUIred to
replemsh secunty to the extent of any draws, the Inltial amount of secunty
should cap the Owner's up-front exposure (recognIZIng, of course, that
addItIOnal amounts may be payable as damages If a court or arbItral tnbunal so
deternunes)

The Owner, In tum, transfers the performance oblIgation to the Construction
Contractor by USIng the lIqUIdated damage clauses as his recourse

Force majeure

Force majeure proVISIOns should mclude all CIrcumstances outSIde of the control
of the party suffermg the force majeure, mcludmg, m the case of the Owner, the
faIlure by any supplIer affilIated WIth the power purchaser (such as a state
owned 011 company) to perform as and when reqUIred to allow the Owner to
meet ItS reqUIrements under the PPA Lenders also typIcally would want labor
dIsputes to constItute force majeure, as well as changes m law or mabIhty to
renew pernuts In mternatIOnal projects, It IS essentIal that changes m law not be
pernutted to affect the power purchaser's oblIgation to make contract payments,
even If the change Impedes the Owner's abIlIty to operate the project ThIS nsk
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IS dIscussed 10 somewhat more detaIl 10 Part V A supra

Default and termmatlon

Events of default and theIr consequences should be carefully defined and
cIrcumscnbed The Owner should seek reasonable penods to cure defaults and
thereby forestall PPA contract term1OatlOn The lenders, 10 any event, wIll
reqUIre appropnate cure nghts exercIsable follow1Og the removal of the Owner
as operator of the plant The Owner also should seek the optIon to pay
hqUIdated damages 10 heu of termmatIon, the Owner thus would be able to make
an economIC evaluatIOn of the ongo1Og value of the contract 10 companson to
current damage payments

•

5 Other provISions

ForeIgn power projects present a number of nsks that project finance lenders
10SISt be addressed 10 the PPA Frequently, an omOlbus "trnpiementatlon
agreement" must be executed wIth the host government These nsks 10clude
expropnatIon, repatnatIon of funds, foreIgn exchange avaIlabIhty, and the
structure of commercIal laws (such as those govermng secunty 1Oterests)
Certam of these nsks are dIscussed hereafter 10 Part V

•

•
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•
ill FUEL SUPPLY AND TRANSPORTATION AGREEMENTS

A project I s fuel supply and transportatIon agreements should be structured to ensure that the
project wIll have fuel when and as needed to produce electrIcIty as requrred under the PPA To
be fmanceable, fuel arrangements should adequately satIsfy the crIterIa set forth below

A Quantity of Fuel

The amount of fuel to be supplIed to the project must match the amount of fuel the project wIll
need m order to meet the output reqUIrements set forth m the PPA For example, If the PPA
reqUIres 600 hours/month avaIlabIlIty, the lenders wIll analyze how much fuel IS requIred to
achIeve such levels and reqUIre the fuel arrangements to be structured to supply fuel m the
amounts and at the tImes reqUIred to meet that avaIlabIlIty oblIgatIon As well, startup fuel
must be purchased (and stored, If possIble), thIS IS categorIZed m the plant commIssIomng cost
as "workIng capItal"

B. FIrm Supply

In addItIOn to confrrmmg that the quantIty of fuel contracted for IS suffiCIent, there must be
some party to the fuel arrangements that has an absolute oblIgatIOn to ensure that such fuel m
fact IS supplIed and delIvered at least through the term of the project's debt A "fuel manager"
IS frequently retamed to support thIS oblIgatIOn

Lenders wIll requITe that partIes supplymg and transportmg fuel must be capable of
performmg, and be lIkely to perform, therr contract oblIgatIOns Therefore, fuel supplIers and
transporters should have demonstrated expertIse and technology to perform therr oblIgatIOns,
as well as suffiCIent resources to support those oblIgatIOns In addItIOn, the fuel arrangements
should contam approprIate econOmIC mcentIves For example, a lender to a natural gas-fired
project would analyze whether the supplIer owned demonstrated gas reserves are suffiCIent to
supply the amounts It had contracted to proVIde throughout the term of the fuel supply
agreement, whether It had a demonstrated capaCIty to extract gas from such reserves, and,
whether It was suffiCIently credItworthy to pay lIqUIdated damages for faIlure to meet such
oblIgatIOns (1 e , would such damages truly be an mcentIve to perform?) SImIlarly, a coal
supplIer would need to authentIcate proven reserves and a feaSIble mInIng plan

• c Performance by Fuel Suppher/Transporter

•

Where the fuel supplIer or transporter IS a government-owned or -controlled entIty, and project
sponsors cannot contract for back-up supplIes WIth other proven, credItworthy pnvate fuel
supplIers and transporters, the fuel arrangements can nevertheless be conSIdered financeable so
long as the faIlure of the government-owned or - controlled entIty to supply fuel under the fuel
arrangements would not result m a loss of revenue under the PPA Under such crrcumstances,
alternate or replacement fuel supply contracts (or multIple contracts) should be executed

It IS advantageous to contract both the supply and transportatIon of a lIqUId or solId fuel to a
smgle entIty, such that the fuel IS shIpped on a elF baSIS and bIllmg only occurs upon receIpt
at the Owner's storage faCIlItIes TransportatIon losses are therefore the oblIgatIon of the
SupplIer
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D Fuel QualIty

The calonfic content, grade, and other chemIcal and heatIng propertIes of the fuel contracted
for must match the CapaCItIeS of the bOIlers or turbme/generators and other eqUIpment to be
used m the proJect, and a fuel supply agreement should specIfically state the qualIty parameters
withm WhICh all fuel supplIed should fall EconomIc and other mcentives are often
mcorporated mto a fuel supply agreement (such as lIqUIdated damages) for faIlure to supply
fuel wIthIn such ranges, partIcularly where the project has no secondary source of back-up
supplIes, and the fuel purchaser WIll have the nght to refuse receIpt of fuel not meetIng the
qualIty specIficatIOns set forth m the agreement A fuel supply agreement WIll typIcally proVIde
for testmg of fuel samples to make sure fuel met the applIcable qualIty standards

E Fuel Reserves

•

To the extent that certam types of dIsruptIOns are foreseeable (for example, If a serVIce
proVIder needed to suspend operatIOns on a penodic baSIS for major mamtenance and repaIrs),
and as a matter of prudence m any event, project fmance lenders would expect that the fuel
arrangements would contam terms for provIdmg, mamtammg and operatmg adequate storage
faCIlItIes at those pomts m the route from pomt of supply to mtake at the project lIkely to
expenence such dIsruptIon (for example, at the project SIte) contammg suffiCIent amounts of
fuel adequate to supply the project dunng the expected penod of dIsruptIon

The revenues receIved by a project should be suffiCIent to cover the fuel costs for operatmg
such project, whIle leavmg amounts suffiCIent to pay all other project costs, mcludmg debt
serVIce To the extent that fuel costs are not fully passed through under the applIcable PPA,
there should be an appropnate allocatIOn of fuel-cost nsk among the fuel supplIers and
transporters and the project AddItIOnally, transportatIOn costs and the nsk of pnce mcreases
and fluctuatIons should be mmImIZed or at least tIed to the same pnce adjustment mechanIsms
that are used m the PPA It IS unlIkely that lenders would approve fuel arrangements m WhICh
costs are based on potentIally nsky fuel or operatmg strategIes, such as relymg on unhedged
market-pnce fuel supply contracts, or on supply arrangements usmg fuel that IS located at a
great dIstance from the project (WhICh tends to mcrease both fuel costs as well as the nsk of
fuel supply dIsruptIOns) where transportatIon systems are eIther not readIly avaIlable or do not
eXIst Even m SItuatIOns where the PPA for a project proVIdes for a pass-through of fuel costs,
lenders presume that such costs wIll be subject to scrutmy and WIll want to ensure that the
pnces for fuel, transportatIon and processmg are reasonably related to the serVIces proVIded
and not egregIOusly mflated m such a manner as to JeopardIZe therr pass-through under the
PPA

F Revenue Sufficiency •

•
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•
G Other Lender RIsk Assessment Issues

In additIon to addressmg the pnmary concerns set forth above, fuel arrangements will typically
also need to address, and m some cases provide lender's nghts WIth respect to, certam other
Issues

1 Term of agreement

Excludmg the start-up and testmg penods of a proJect, the term of each of the
fuel agreements should be co-extensive With that of the PPA for such project,
commencmg from the date of commercial operatIOn of the project and extendmg
for the same term as the PPA, and subject to extensIOn to reflect any extensIOn
m the PPA

2 RIsk of loss/tItle, IndemmtIes

•

•

3

4
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Title to, and nsk of loss of, fuel supplIed and transported should vest With the
party With the most effective control of the fuel at each pomt There should be
adequate mdemmficatlOn provlSlons WIth respect to supply and transportatIOn of
the fuel, lenders often reqUIre that they also be mdemmfied With respect to fuel
related actIons

Defaults

A fuel supply or transportatIOn agreement generally should contam customary
default and remedy provIsIons, mcludmg nghts of partIes temporarIly to cease
performance m the event of certam defaults by other partIes, and the nght, If
such default occurs for an extended penod or recurs a specIfied number of
tImes, to termInate the agreement Lenders Will generally want to ensure that, to
the extent defaults are capable of cure by the lenders, such remedies and
termmatlOn nghts are subject to lender nghts to cure the underlymg defaults,
and that the lenders (or therr designee) can enter mto a new contract If the one
With the borrower IS termmated

Insurance

The lenders wIll want to ensure that lIabIlIty and casualty Insurance WIth respect
to any mfrastructure or eqUIpment necessary to fulfill, and dedIcated to the
purposes of, the fuel arrangements (and partIcularly where the cost of such
mfrastructure 1 e , a dedIcated pipeime bUllt to supply the project IS mcluded m
the fuel costs) IS prOVIded m amounts and WIth coverages consIstent WIth
prudent commerCial standards and may requrre that certam types of polICies
name such lenders as addItIOnal msureds The transportatIOn cost component of
any fuel pncmg should mclude for 110% of the value of the fuel replacement
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5 Force majeure

The lenders wIll want to ensure that force majeure provIsIons do not
unnecessanly relIeve a party from performmg ItS oblIgatIons and that the
possIbIlIty for mterruptIOn of fuel supply IS llffilted The Owner should ensure
that force majeure under the fuel contract also constItutes force majeure under
the PPA

6 AsSIgnments and transfers

Because the project fmance analysIs of the fuel arrangements for a power project
depends so heavIly on an agreement of the partIes to the arrangements, the
lenders WIll want to ensure that the nghts and oblIgatIons of the partIes under
the fuel arrangements would not be able to be transferred or assIgned to any
other person or entIty WIthOut the pnor wntten consent of the other party
Llffilted recourse lenders may addItIOnally reqUIre that theIr consent be obtamed
pnor to any such assIgnment or transfer

•

•

•
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•

IV OPERATIONS AND MAINTENANCE AGREEMENT

The operatIons and marntenance ("O&M") agreement should be structured so that the power
plant and other eqUIpment are properly operated to satIsfy PPA performance requIrements In
the ordmary course O&M costs for a project are typIcally paId pnor to payments to lenders,
therefore, frnanceable O&M arrangements are those that proVIde a suffiCIent level of
confidence that O&M WIll be properly performed, whIle not allowmg O&M costs to grow to
levels at WhICh repayment of debt WIll be JeopardIZed Such financeable O&M arrangements
for a power project would be those that adequately satIsfy the cntena set forth below

A Characteristics of Operator

O&M practIces can determrne whether a project achIeves projected performance levels even m
plants WIth sound desIgn and constructIon Therefore, plant operators, whether the project
sponsors themselves or thIrd-party operators, should have proven abIlIty to use the eqUIpment
and technology contemplated for the project Because determrnrng such abIlIty may be
dIfficult, lenders WIll generally assess whether the operator has employees WIth extensIve
relevant expenence and a favorable performance record at comparable facllities or WIth
eqUIvalent eqUIpment

Frnanceable O&M arrangements wlll also aVOId gIvrng the operator an rncentive to maXlInIZe
short-term econOmIC gams at the expense of long-term plant performance, by provIdrng
appropnate economIC rncentives to meet certam guaranteed operatmg targets For example, the
O&M arrangements could prOVIde for payment of a base fee to the operator, WhICh would be
adjusted through deductIOn of certarn amounts for fallure by the operator to cause the plant to
meet a range of speCIfied operatrng targets (such as guaranteed heat rate or avaIlabIlIty levels),
and by the awardrng of bonuses for exceedmg (1 e , lTIlprovrng) speCIfied operatrng targets, or
for keeprng costs below a speCIfied percentage level of budgeted amounts durmg a gIven
operatrng penod

B OperatIOn and Mamtenance Obhgatlons

Lenders wlll want assurances that the power plant wlll be operated and marntarned so that
operatmg levels (heat rate, electrICIty output, capaCIty avaIlabIlIty) speCIfied rn the PPA are
met Fmanceable O&M arrangements wlll contarn a schedule of routme and major marntenance
that wlll enable the plant to meet such PPA-specified operatmg levels In addItIOn, the O&M
arrangements should set forth a descnption of the scope of work for whIch the operator WIll
responSIble that IS comprehensIvely detaIled to ensure that the operator wIll meet such targets

C Operatmg Costs

The revenues receIved by a project must be suffiCIent to cover the costs for operatrng such
proJect, whIle leavmg amounts suffiCIent to pay all other project costs, mcludrng the prrncipal
and mterest on the proJect's debt O&M arrangements should therefore seek to llTIlit O&M
costs through an appropnate allocatIon of O&M-cost nsk between the operator and the project,
as well as controls to lImIt the mcrease of O&M costs from those levels proVIded for m the
economIC models for the project Generally, O&M budgets, as well as certarn levels and
categones of changes rn costs, would be subject to outSIde reVIew and approval eIther by an
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mdependent engmeer, or Jomtly by the lenders and the project sponsors

The O&M arrangements should provIde for the performance by the operator of all oblIgations
under other project contracts, mcludmg the PPA and fuel arrangements, that are necessary to
operate the project They also should requIre the operator to perform other operatIOnal dutIes,
such as the responsIbIlIty under debt mstruments to prOVIde penodlc reports concernmg the
operatIOnal status of the project

D PrOject Contracts •
E Other Lender RIsk Assessment Issues

As wIth the fuel arrangements, O&M arrangements WIll typIcally also need to prOVIde that the
default and remedy provIsIons mclude appropnate lender cure nghts, that the operator IS
reqUIred to prOVIde adequate lIabIlIty and casualty msurance nammg the lenders as addItIOnal
msureds, and, that any force majeure provlSlons do not unnecessarIly relIeve the operator of
performmg ItS oblIgatIOns If an unrelated party IS the operator, the term of the O&M
agreement generally need not correspond to the term of the PPA, If, however, the operator IS a
related entIty (and therefore recelvmg a lower fee than would be paId to a thIrd party), lenders
WIll seek to ensure that such lower fees are avaIlable for at least the term of the debt

•

•
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•

V OTHER STRUCTURAL ISSUES

Lenders to overseas Independent power projects wIll seek to ensure that certaIn other nsks,
IncludIng those IdentIfied below, have been addressed satIsfactonly, often through dIrect
arrangements wIth the government of the host country As IndIcated preVIOusly, many of these
Issues may be addressed through an ImplementatIOn agreement dIrectly negotIated between the
project sponsors and the government of the host country In whIch the project IS to be located
CertaIn nsks (such as expropnatton and currency convertIbIlIty nsks) also can be addressed
through a polItIcal fIsk Insurance proVIded by OPIC, IFC, and SImIlar entItles

A Change ill Law

Lenders WIll want assurances that changes In the laws of the host country that cause the project
to be unable to fulfill ItS oblIgatIOns under the PPA or other project contracts WIll not result In
penaltIes or loss of Income under the PPA Change In law Issues can be addressed through the
payment of damages by the government or another credItworthy entIty backIng up the project
contract counterparty, andlor through the suspensIOn of the proJect's oblIgatIOns under affected
project contracts Where changes In law are of such a nature that completIOn or contInUatIon of
the project IS no longer feasIble, the project should be allowed to termmate ItS agreements and
receIve lIqUIdated damages Lenders wIll generally requIre that such lIqUIdated damages
amounts are at least suffiCIent to repay the costs of the non-recourse debt

B ExpropriatIOn

Lenders WIll want to ensure that the consequences to the lenders of expropnation are
adequately lImIted through payment of lIqUIdated damages In the event that a government entIty
expropnates the OwnershIp or control of the speCIal purpose project entIty that owns or runs
the project, or any assets relatIng to or delIvered from the project, the Owner, any of the
lenders or any contractor to the project CertaIn types of expropnatlons that may be
charactenzed as government defaults (1 e , expropnatlons by the central government), as
opposed to as "polItIcal events" (1 e , expropnatIOns by a local government that may not be
under the control of the central government), would usually result In hIgher damages beIng
paId by the central government

C Convertibility and Exchange Rates

Where payments under the PPA are not denommated In the same currency In whIch the lenders
have proVIded project debt, lenders WIll requIre that there be a party (often the utIlIty to WhICh
power IS to be sold under the PPA) contractually oblIgated to equalIZe the valuatIOn local
currency amounts so as to ensure that fluctuatIOns m exchange rates do not result m the
project IS receIvmg amounts of local currency that are msufficient to meet debt repayment
oblIgations In addItiOn, the lenders WIll want government assurances that the project WIll be
able to exchange local currency for other currenCIes when and as needed to make reqUIred
payments to lenders and other project vendors or contractors

FallIng the abIlIty to proVIde these assurances, the Owner may be oblIgated to purchase hedges
agaInst local currency revaluatIOns In order to meet the lenders requIrements
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D DISpute ResolutIOn, Choice of Law and Forum

In countrIes where court adjudIcatiOn typIcally may be subject to lengthy delays and procedural
dIfficultIes, major project agreements should provIde for arbItratIOn or other alternative dIspute
resolution through an mternatIOnally accepted, neutral forum In addItIOn, the law and forum
chosen for adjudICatiOn of dIsputes under the PPA and other major project contracts should not
prOVIde an undue advantage to the host government or parastatal project contract
counterpartles Generally, lenders WIll approve a chmce of law and forum that results m the
apphcatIon of a body of law to such dIsputes that they conSIder commercially reasonable and
neutral, such as the law of England or of New York, and a locatIOn for dIspute resolutIOn
where adjudIcators are famlhar WIth the law that w111 be apphed and that IS convement to the
parties WIthout advantagmg anyone party

E Government Guarantee, Waiver of Sovereign Immumty

Where the partIes to the PPA and other major project contracts WIll be government-owned or 
controlled entItles or other parastatals, lenders w111 generally reqUire that the host government
proVIde a dIrect guarantee of such contract counterparty I s obhgatIOns under such agreements
In addItIon, where government-owned or -controlled companIes or other parastatal entItles are
partIes to the PPA and other major project contracts, or where the host government otherWIse
acts m a commerCial capacIty, lenders w111 usually requITe that the parastatal entItles and the
host country government waIve sovereIgn nnmumty agamst laWSUits WIth respect to such
agreements and actIons

It must be reahzed that thIS arrangement IS nearly always reSIsted by a governmental entIty

F Commercial Law Issues

In addItIon to the other, sovereIgnty-related nsks IdentIfied above, lenders WIll also analyze the
rIsks assocIated WIth the eXlstmg commercial law system m the host country SpecIfically,
lenders WIll assess whether and to what extent there are restrIctIOns on foreIgn mvestment and
lendmg, and If there are any speCIfic restrIctIOns WIth respect to power projects The eXIstence
of unport restrIctIons and hunts on the mamtenance of off-shore bank accounts or foreIgn
currency reserves WIll also be of partIcular concern m analyzmg the vlablhty of the project and
ItS ablhty to repay non-recourse debt Lenders may also reqUire addItIOnal guarantees or other
compensatmg structures to the extent that the host country's commerCIal law does not proVIde
for clear enforceablhty of contracts, or for the creatIOn and enforcement of hens on real
property and other assets of the project

G RelationshIps Between the Parties

As a general rule, the dIverse partIes' relatIOnshIps are arms-length, WIth no party bemg an
agent, partner or conflIct of mterest entIty to another In certam countnes these relatIOnshIps
become so mtertwmed as to blur the lmes of demarcatIOn ASIan ECA' s are accustomed to
dealmg on thIS basIs, lenders generally dIscourage mtunatIOns of pOSSIble mSIde deahng

•

•

•
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H DesIgn and ConstructIon Contract

The deSIgn and constructIOn contract IS mitiated durmg the development phase of the project
It IS the Owner's mtent to provIde a Scope of Work WIth suffiCIent technIcal detaIl so that
contractors skIlled In the art of desIgnmg and constructIng power plants can offer competItIve
bIds The contract terms are usually lump sum, turnkey, performance warranteed, lIqUIdated
damages, date certaIn The contract Includes deSIgn, engIneerIng, procurement, constructIOn,
startup and commlsslonmg, and IS usually referred to as an "EPC" contract The Contractor
must demonstrate financial stabIlIty, a hIstory of successful performance WIth no defaults and a
wIllIngness to take some rIsks In order to share In the project I s successful completion

EstablIshment of the project capItal cost and selectIOn of the Contractor constItutes the most
tIme-consummg portIon of the development phase of any Project
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B 2 Econonuc and Fmanclal Rates of Return

Two methodologIes have been utl1lZed to assess the econOffilC and financIal attnbutes of the
proposed Hrazdan CFB Plant The first methodology eXaffilnes the EconomIC Internal Rate of
Return (EIRR) associated wIth the benefits to Armema denved from the proposed Hrazdan
CFB Plant versus the "WIthout ProJect" scenarlO The second methodology exammes electrIc
tarIffs and therr mpact on the project's FmancIaI Internal Rate of Return (FIRR)

The followmg baselme assumptlOns and modelmg data are common to both of the analySIS
methodologIes Other assumptIons WhIch are umque to the assessment methodologIes are
descnbed later

Common Base lme Economic/FmancIaI AnalySIS Input Data and AssumptlOns

(l) All costs are m constant 1998$

(2) The constructIon schedule for the Hrazdan CFB Plant IS 30 months and the commerCial
operatlOn date IS January 1, 2004

•

(3) The total burner-tIp cost of CFB fuel IS 5 88$/Gcal ThIS cost IS mclusive of
transportatIon and lmestone costs Table B 2-1 provIdes the calculatIon of the burner
tlp fuel cost For comparatIVe purposes, the as-frred pnce of natural gas IS 8 81$/Gcal
and the as-frred pnce of mazut IS 13 11$/Gcal These pnces were provIded to Burns
and Roe by correspondence from the Armeman office dated August 5, 1998 •

(4) The total project cost IS the CFB Plant Turnkey Contract's cost and Owner's costs
CapItal costs for the purpose of the econOffilC and fmancial analyses are taken from the
CapItal Cost EstImate Summary (See SectIon A 3) EscalatlOn has not been conSIdered
as thIS IS a constant 1998$ analySIS

(6) Estmated Operatmg and Mamtenance Costs for the Hrazdan CFB Plant consIst of fixed
and varIable components of 12 00 $/kW/yr and 1 00 $/MWh, respectIvely The baSIS
for the O&M estmate IS detaIled m SectlOn A 3

(7) The Hrazdan CFB Plant WIll operate at an average annual capaCIty factor of 80 %

(8) TranSffilSSIon lme losses have not been taken mto account and the tarIffs used m the
feaSIbIlIty study are assumed to be the tarIff for the new Hrazdan CPB Plant at the plant
meters

(9) No Value Added Tax (VAT) has been assumed for fuel purchases, electrICIty
generated, etc

(10) Plant capaCIty and heat rate degradatIon over tme have not been conSIdered m thIS
analySIS, as theIr effects on overall project fmancial proJectlOns WIll be neglIgIble •
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•

In addItIOn to base case analyses, varIOUS sensItIVIty analyses have been performed to examme
the affects of varymg key parameters on the econmnIc/fmancIaI results SpecIfic sensItIVIty
analyses performed are dIscussed heremafter

B 2 1 Econonnc Analysis-Cost/Benefits

An econolll1c assessment of costs and benefits associated WIth the proposed Hrazdan CFB Plant
was performed m order to quantIfy the EIRR The proposed project IS expected to yIeld a
number of benefits relatIve to the "WIthout PrOject" scenarIO, mcludmg

(a) Fuel Savmgs - The hIgh efficIency of the proposed Hrazdan CFB Plant relatIve to the
poor performance of the eXIst109 thermal generatmg umts 10 Armema wIll provIde
sIgmficant savmgs m prnnary fuel costs

(b) ReductIon 10 RepaIr and Mamtenance Cost - The poor condItIon, desIgn and age of
eXlstmg Hrazdan thermal plants will requIre sIgmficant capItal expendIture for plant
mamtenance and reparr The additIOn of the new Hrazdan CFB Plant will enable
Hrazdan to retIre older generatmg plants and thereby forego otherwIse necessary
mamtenance

The econOIDlC evaluatIOn of costs and benefits performed herem takes mto account only benefit
(a) above WhIle reducmg repaIr and mamtenance costs represent real benefits, quantIfication
10 econOIDlC terms IS subject to consIderable uncertamty Also, recogmzmg that the CFB Plant
will produce consIderably hIgher CO2and S02 emISSIOnS than the eXIstmg gas/mazut frred
plants, valuatIOn factors for envIronmental emISSIOnS have not been consIdered 10 thIS analysIs

The economIC cost/benefit analysIs IS based on the followmg methodology and Base Case
assumptIOn

1 ProJect Cost - Project Cost IS taken to be the total base project cost mclusive of the CFB
Turnkey Contract's cost and Owner's costs

2 Fuel Benefit - The fuel benefit IS taken as the dIfference between the fuel costs aSSOCiated
WIth operatIOn of the Hrazdan CFB Plant at an 80% capacIty factor, and the fuel cost WhICh
would otherwIse be mcurred 10 the "WIthOUt Project" scenarIo That IS, the amount of fuel
calculated m each scenarIO IS the fuel requIred for an eqUIvalent number of kWhrs
generated The "WIthOut ProJect" scenarIo assumes that the eXIstmg Hrazdan Plant would
operate at 50 MW WIth a 65 % capacIty factor and, that the balance of productIon dIsplaced
by the Hrazdan CFB Plant IS denved from other thermal plants 10 the gnd system WIth heat
rates SImIlar to the eXIst10g Hrazdan Plant It IS assumed that the eXIst10g plants wIll fire
gas/mazut whereas the Hrazdan CFB Plant wIll fIre coal / oll shale Startup fuel costs (1 e
lIqUId fuel for startup of the CFB boIler) has not been consIdered 10 the analysIs

3 Project LIfe - The project lIfe has been assumed at 35 Years
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B211 Summary of Results •The results of the Base Case analysIs, WhICh are presented on Table B 2-2, mdlcate an EIRR of
1 8% The results of sensItIvIty analysIs to vanatIOns m Project Cost and fuel pnces are
presented m Tables B 2-3 to B 2-9 and summarIZed m Table B 2-10 As can be seen from
Table B 2-10, EIRR's are found to range from 0 1 % to 44 % These results are not
partIculary attractIve EIRR's However, when one consIders the addItIonal benefits assocIated
WIth reductIons m repaIr and mamtenance costs of the eXlstmg plants, these results may stIll be
conSIdered attractIve

B 2 2 FmancIaI AnalySIS - Tariff Assessment

The FmancIaI AnalysIs exammes tarIffs and theIr affect on project cash flow The tarIffs used
m the analysIs are assumed to be the tarIff for the new Hrazdan CFB Plant at the plant meters

Referrmg to Table B 2-11, the project cash flow IS defmed as annual revenues from electnclty
sales mmus capItal expenses (EPC costs and Owner's costs) mInUS operatmg expenses mInUS
mcome taxes The mterest and prmclpal payments shown are for purposes of calculatmg
mcome taxes The FmancIaI Internal Rate of Return (FIRR) IS an mdlcatIOn of how attractIve
the Project's cash flow stream WIll be to potentIal mvestors as well as potentlallendmg
mstItutIOns Determmmg the threshold FIRR value for a project to be attractIve IS dependent
upon many varIables that are dIfficult to determme Smce World Bank Fmancmg IS enVISIOned •
for the proJect, FIRR values as low as 6 or 7 % may be conSIdered acceptable

Referrmg to Table B 2-11, the Debt SerVIce Coverage (DSC) ratIO IS defined as annual
revenues from electnclty sales mmus operatmg expenses dIVIded by the loan's prIncIpal and
mterest payments The DSC ratIO IS an mdlcatlon of the project's abIlIty to repay the loan As
a general rule, the DSC ratIO should not fall below a value of 1 3 to 14m any gIven year
However, values below 1 3 are often encountered m one or two years dunng the proJect's
lIfetIme The acceptabIlIty of thIS SItuatIon IS subject to negotIatIons WIth the fmancmg partIes
In no case should a proJect's DSC ratIo be below 10m any year

Key assumptIons made m thIs analySIS, m addItIOn to those prevIOusly stated, mclude

1 The project IS 100 % debt fmanced

2 The World Bank Fmanced loan repayment assumes a 4 % annual mterest rate, a 35-year
term, no prIncIpal repayment durmg constructIon, a lO-year grace penod (startmg from the
commerCIal operatIon date) on prmclpal repayment and umform pnnclpal payments dUrIng
the balance of the 35-year loan penod

3 StraIght lIne depreCIatIon over a 35 year plant lIfe

•
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•

4 An mcome tax rate of 25 % on net profits wIth a 2 year grace penod on mcome taxes (the
first two years of operatlOn) ThIS IS permltted by the Armeman tax codes

5 Levehzed tarIff durmg the plant operatmg hfe

B.2 2 1 Summary of Results

Table B 2-11 presents the results of the financial analysIs based on revenues from the output of
the Hrazdan CFB Plant at a project tarIff of $0 045/kWh As can be seen from thIS table, thIS
tarIff results m a project FIRR of 8 9% WhICh IS an acceptable result The resultmg DSC ratIOs
of 1 3 to 2 6 are also acceptable

Table B 2-23 IS the summary of the vanous sensItIvIty cases As can be seen, decreasmg the
tarIff to $0 0425/kWh yIelds an acceptable FIRR of 8 0 %, but the DSC ratIos are too low
Further decreases yIeld even worse DSC ratIos Therefore, based on thIS analysIs, the
concluslOn drawn IS that the tarIff rate for thIS project would need to be m the $0 045/kWh
range for fundmg to possIble

SensItIVIty to reductlOn m tax rates was revIewed and the results are presented m tables B 2-16
& B 2-17 As can be seen, reducmg the tax rate from 25 % to 10% results m an FIRR of 9 5%
(only a 06% mcrease from the base case)

SenSItiVIty of the Base Case to fuel cost, heat rate and capItal cost are presented m Tables B 2
18 through B 2-22, and summarIZed m Table B 2-23 As can be seen, 10 % hIgher fuel costs
and 10 % hIgher capItal costs WIll result m FIRR's of 8 1 % and 8 2% respectIvely, WhICh are
acceptable However, DSC ratIos m both cases fall to 1 2 durmg years 11 and 12 of operatIOn
WhICh may be problematIc for lendmg mstItutIOllS ReductIOns of 10% m fuel cost, heat rate
and capItal cost result m essentially equallmprovements to the financIal analySIS results These
results are an FIRR of 9 7 % to 9 9% and acceptable DSC ratIos of 1 5 to 2 9
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HRAZDAN CFB PLANT - ECONOMIC ANALYSIS TABLE 822 8ASECASE
INPUT DATA AND ASSUMPTIONS 9116/9B 1524
Hrazdan Capital Cosl militon SUS 623 Net Plant Heat Rales KcallKwh KcallKwh BlulKwh

Hraldan CFB Plant 3442 13650
capital Cosl Expendllure Schedule / /yr Existing Hrazdan Plant 3005 11917

Year 1 000 Existing MazullGas Fired Plants 3005 11917
Year 2 1011
Year 3 6742 EXisting / age of FIring on Mazul 12
Year 4 2247 Existing / age of FIring on Gas BB

Commercial OperatIon Dale Jan 2004 Capacity Factors. I
Planl life years 35 Hraldan CFB Plant BO

Exlsllng Hraldan Plant 65

FuelPn~ S02 NOX gl~ Pari
Natural Gas SIGcal B Bl RatIo
Mazul SIGcal 1311 14BB/ EmIssion Values ($/ton) 400 250 7 100
CoallOl1 Shale SIGcal 5 BB CNOTE Emissions Values not considered In lhls analYSis)

Nel Plant Capaclly MW Emission Rales fkglhr)
Hrazdan CFB Plant 44 B Hraldan CFB Plant 35B 3333 625 61B75 g 16667
Existing Hraldan Plant 50 Existing Hraldan Plant 44 120 35B65 7

CAPITAL FUEL COST $ MILLIONS BENEFITS $ MILLIONS NET
COST "WITH PROJECT" "WITHOUT PROJECT" DIFFERENTIAL BENEFITS

YEAR $ MILLIONS YEREVANCC OLD HRA2DAN OTHER GAS/MAZUT FIRED UNITS TOTAL FUEL COST TOTAL ~

2000 00 00 00
2001 63 00 63
2002 420 00 -420
2003 140 00 140
2004 64 BO OB BB 24 24 24
2005 64 BO OB BB 24 24 24
2006 B4 BO OB BB 24 24 24
2007 64 BO OB BB 24 24 24
200B 64 BO OB BB 24 24 24
2009 64 BO OB BB 24 24 24
2010 64 BO OB BB 24 24 24
2011 B4 BO OB BB 24 24 24
2012 64 BO OB BB 24 24 24
2013 B4 BO OB BB 24 24 24
2014 64 BO OB BB 24 24 24
2015 B4 BO OB BB 24 24 24
201B 64 BO OB BB 24 24 24
2017 64 BO OB BB 24 24 24
201B 64 BO OB BB 24 24 24
2019 B4 BO OB BB 24 24 24
2020 B4 BO OB BB 24 24 24
2021 B4 BO OB BB 24 24 24
2022 64 BO OB BB 24 24 24
2023 64 BO OB BB 24 24 24
2024 64 BO OB BB 24 24 24
2025 64 BO OB BB 24 24 24
2026 64 BO OB BB 24 24 24
2027 64 BO OB BB 24 24 24
202B 64 BO OB BB 24 24 24
2029 64 BO OB BB 24 24 24
2030 64 BO OB BB 24 24 24
2031 64 BO OB BB 24 24 24
2032 64 BO OB BB 24 24 24
2033 64 BO OB BB 24 24 24
2034 64 BO OB BB 24 24 24
2035 64 BO OB BB 24 24 24
2036 64 BO OB BB 24 24 24
2037 64 BO OB BB 24 24 24
203B 64 BO OB BB 24 24 24

H \Etd\Caro~Goodman\HraldanCFB\CFBECOCB4WB xis EIRR(k)= 1Sek
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HRAZDAN CFB PLANT ECONOMIC ANALYSIS TABLE B 2-3 FUEL COST +10%

Capltat Cost Expendllure Schedule //yr
Year 1 000
Year2 1011
Year 3 6742
Year 4 2247

INPUT DATA AND ASSUMPTIONS
Hrazdan Capital Cost million SUS

Commercial Operation Date
Plant Life years

Fuel Pnces
Natural Gas $/Gcal
MalOt $/Gcal
Coal/Oil Shale $/Gcal

Jan 2004
35

881
1311
647

623

Rallo
1486/

Net Plant Heat Rates Kcal/Kwh KcallKwh BtulKwh
Hrazdan CFB Plant 3442 13650
Existing Hrazdan Plant 3005 11917
Exlsllng MazuUGas Fired Plants 3005 11917

Exlsllng / age of Fmng on Mazut 12
Exlsllng / age of Flnng on Gas 88

Capaclly Factors /
Hrazdan CFB Plant 80
Exlsllng Hrazdan Plant 65

S02 NOX CO2 Part

Emission Values ($lton) 400 250 7 100
(NOTE Emissions Values not considered In this analysis)

9/16/96 15 25

Net Plant Capaclly,MW
Hrazdan CFB Plant
EXisting Hrazdan Plant

448
50

Emission Rates (kglhrl
Hrazdan CFB Plant
Exlsllng Hrazdan Plant

3583333 625
44 120

61875 916667
35865 7

H \EldlCaro~Goodman\HrazdanCFB\CFBECOCB4WB xis

"WITHOUT PROJECT'"
FUEL COST $ MILLIONS

OLD HRAZDAN OTHER GASIMAZUT FIRED UNITS TOTAL

BENEFITS $ MILLIONS NET
DIFFERENTIAL BENEFITS

FUEL COST TOTAL $ MILLIONS

00 00
00 63
00 420
00 140

18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18
18 18 18

EIRR (0/)" 01/

88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88

08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

"WITH PROJECT
YEREVANCC

00
63
420
140

CAPITAL
COST

$ MILLIONS

2000
2001
2002
2003
2004
2005
2008
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038



HRAZDAN CFB PLANT ECONOMIC ANALYSIS TABLE B 2-4 FUEL COST 10%
INPUT DATA AND ASSUMPTIONS 9/16/961526
Hrazdan Capllal Cost million SUS 623 Net Plant Heat Rales, KcallKwh KcallKwh BtulKwh

Hrazdan CFB Plant 3442 13650
Gapltal CoSI Expenditure Schedule I/yr existing Hrazdan Plant 3005 11917

Year 1 000 existing MazuUGas Fired Planls 3005 11917
Year2 1011
Year 3 6742 existing I age of Flnng on Mazut 12
Year 4 2247 Existing I age of Flnng on Gas 86

Commercial Operation Date Jan 2004 Capaclly Factors, I
Plant Ltfe years 35 Hrazdan CFB Plant 80

Existing Hrazdan Plant 65

Fuel Pnces 502 NOX CO2 Pari
Natural Gas $/Gcal 861 Ratio
Mazut $/Gcat 1311 14661 Emission Values 1$/ton) 400 250 7 100
CoaUOil Shale $/Gcal 529 (NOTE Emissions Values not considered In this analvsls)

Net Plant Capacity MW Emission Rates Ikglhrl
Hrazdan CFB Plant 446 Hrazdan CFB Plant 3563333 625 61675 916667
EXIstln9 Hrazdan Plant 50 existing Hrazdan Plant 44 120 35665 7

CAPITAL FUEL COST $ MILLIONS BENEFITS $ MILLIONS NET
COST "WITH PROJECT" "WITHOUT PROJECT" DIFFERENTIAL BENEFITS

YEAR $ MILLIONS YEREVANCC OLD HRAZDAN OTHER GASIMA2UT FIRED UNITS TOTAL FUEL COST TOTAL $ MILLIONS

2000 00 00 00
2001 63 00 63
2002 420 00 420
2003 140 00 140
2004 57 60 06 88 31 31 31
2005 57 80 06 88 31 31 31
2006 57 80 06 86 31 31 31
2007 57 60 08 88 31 31 31
2008 57 80 08 88 31 31 31
2009 57 80 08 66 31 31 31
2010 57 80 08 88 31 31 31
2011 57 80 08 88 31 31 31
2012 57 80 08 88 31 31 31
2013 57 80 08 88 31 31 31
2014 57 80 08 88 31 31 31
2015 57 80 08 88 31 31 31
2016 57 80 08 88 31 31 31
2017 57 80 08 68 31 31 31
2016 57 80 06 68 31 31 31
2019 57 60 08 66 31 31 31
2020 57 60 08 88 31 31 31
2021 57 60 08 66 31 31 31
2022 57 60 08 86 31 31 31
2023 57 80 08 88 31 31 31
2024 57 60 08 88 31 31 31
2025 57 80 08 88 31 31 31
2026 57 80 08 88 31 31 31
2027 57 80 08 88 31 31 31
2028 57 80 08 88 31 31 31
2029 57 80 08 88 31 31 31
2030 57 80 08 88 31 31 31
2031 57 80 08 68 31 31 31
2032 57 80 06 88 31 31 31
2033 57 60 08 86 31 31 31
2034 57 80 08 86 31 31 31
2035 57 80 08 88 31 31 31
2036 57 80 08 88 31 31 31
2037 57 80 08 88 31 31 31
2038 57 60 06 88 31 31 31

H \EldlCaro~Goodman\HrazdanCFB\CFBECOCB4WB xis EIRR (%1 = 32/
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•
HRAZDAN CFB PLANT ECONOMIC ANALYSIS

•
TABLE B 2 5 HEAT RATE -10%

•
INPUT DATA AND ASSUMPTIONS
Hrazdan Capital Cost million SUS 62 3

Capltat Cost Expenditure Schedule /Iyr
Year 1 000
Year 2 1011
Year 3 6742
Year 4 2247

Commercial Operalion Date
Plant Life years

F!lglf'--Dces
Natural Gas $/Gcal
Mazut $/Gcal
Coal/Oil Shale $/Gcal

Jan 2004
35

881
1311
588

Rallo
1488/

9/16/981627
Net Plant Heat Rales KcallKwh Kcal/Kwh BtulKwh
Hrazdan CFB Plant 3098 12285
Exlsllng Hrazdan Plant 3005 11917
Exlsllng MazuUGas Fired Plants 3005 11917

Existing / age of Firing on Mazul 12
Extsllng / age of Firing on Gas 66

Gapaclty Factors /
Hrazdan CFB Plant 60
Extsllng Hrazdan Plant 65

S02 NOX CO2 Part

Emission Values ($!lon) 400 250 7 100
(NOTE Emissions Values not considered In this analysis)

CAPITAL _=TU=='M'"" ;..F=UE=L:,;C~O;;,;S~T~$~M'i'IL;;;L:;;;IO~N~S.".-------
COST "WITH PROJECT "WITHOUT PROJECT"

$ MILLIONS YEREVAN CC OLD HRAZDAN OTHER GASIMAZUT FIRED UNITS TOTAL

00
63
420
140

H \EtdlCaro~Goodman\HrazdanCFB\CFBECOCB4WB xis

Net Plant GapacltY,MW
Hrazdan CFB Plant
EXisting Hrazdan Plant

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2026
2029
2030
2031
2032
2033
2034
2035
2036
2037
203B

57
67
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57

448
50

60
60
60
60
BO
BO
BO
BO
60
60
60
60
60
60
BO
BO
BO
BO
BO
BO
60
60
60
60
60
80
60
60
BO
60
BO
60
60
60
60

Emission Rales (kglhr>
Hrazdan CFB Plant
Exlsllng Hrazdan Plant

06
06
06
06
08
06
06
06
06
06
06
06
06
DB
06
06
DB
08
06
06
06
06
08
08
06
06
06
06
06
06
06
06
06
06
06

3563333 625
44 120

66
66
66
BB
B6
68
88
68
66
66
66
66
6B
66
68
68
68
88
88
88
68
68
68
68
68
68
88
68
68
88
88
BB
66
66
66

61675 916667
35665 7

BENEFITS $ MILLIONS NET
DIFFERENTIAL BENEFITS

FUEL COST TOTAL $ MILLIONS

00 00
00 63
00 -420
00 140

31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31
31 31 31

EIRR (I)" 32/



HRAZOAN CFB PLANT ECONOMIC ANALYSIS TABLE B2-6 CAPITAL COST +10%
INPUT DATA AND ASSUMPTIONS 9/16/981527
Hrazdan capital Cost million $US 685 Net Plant Heat Rates KcallKwh KcallKwh BtulKwh

Hrazdan CFB Plant 3442 13650
Capital Cost Expend,ture Schedule / /yr Existing Hrazdan Plant 3005 11917

Year 1 000 Existing MazuUGas Fired Plants 3005 11917
Year 2 1011
Year 3 6742 Existing / age of Flnng on Mazut 12
Year 4 2247 Existing / age of Flnng on Gas 88

Commercial Opera"on Date Jan 2004 capacity Factors A,

Plant Life years 35 Hrazdan CFB Plant 80
Exlsllng Hrazdan Plant 65

E!!el Pnces 502 NOX CO2 Pan
Natural Gas $/Gcal 881 Ratio
Mazul $/Gcal 1311 1488/ Emission Values ($/lon) 400 250 7 100
CoaUOIl Shale $/Gcal 588 (NOTE Emissions Values nol considered In this analYSIS)

Net Plant Capaclly MW Emission Rales (kglhr)
Hrazdan CFB Plant 448 Hrazdan CFB Plant 3583333 625 61875 916667
Existing Hrazdan Plant 50 Existing Hrazdan Planl 44 120 35865 7

CAPITAL FUEL COST $ MILLIONS BENEFITS $ MILLIONS NET
COST "WITH PROJECT" "WITHOUT PROJECT" DIFFERENTIAL BENEFITS

YEAR $ MILLIONS YEREVANCC OLD HRAZDAN OTHER GAS/MA2UT FIRED UNITS TOTAL FUEL COST TOTAL $ MILLIONS

2000 00 00 00
2001 69 00 69
2002 462 00 462
2003 154 00 154
2004 64 80 08 88 24 24 24
2005 64 80 08 88 24 24 24
2006 64 80 08 88 24 24 24
2007 64 80 08 88 24 24 24
2008 64 80 08 88 24 24 24
2009 64 80 08 88 24 24 24
2010 64 80 08 88 24 24 24
2011 64 80 08 88 24 24 24
2012 64 60 06 88 24 24 24
2013 84 80 08 88 24 24 24
2014 64 80 08 88 24 24 24
2015 64 80 08 88 24 24 24
2016 64 80 08 88 24 24 24
2017 64 80 08 88 24 24 24
2018 64 60 06 86 24 24 24
2019 64 80 06 88 24 24 24
2020 64 80 06 88 24 24 24
2021 64 80 06 88 24 24 24
2022 64 80 08 88 24 24 24
2023 64 80 08 86 24 24 24
2024 64 80 06 88 24 24 24
2025 64 80 08 88 24 24 24
2026 64 60 08 88 24 24 24
2027 64 80 08 88 24 24 24
2028 64 80 08 88 24 24 24
2029 64 80 08 88 24 24 24
2030 64 80 08 88 24 24 24
2031 64 80 08 88 24 24 24
2032 84 80 08 88 24 24 24
2033 64 80 08 88 24 24 24
2034 64 80 08 88 24 24 24
2035 64 80 08 88 24 24 24
2036 64 80 08 88 24 24 24
2037 64 80 08 88 24 24 24
2038 64 80 08 88 24 24 24

H IEtdlCaronGoodmanlHrazdanCFBICFBECOCB4WB xis EIRR(/)= 12"1•
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•
HRAZDAN CFB PLANT ECONOMIC ANALYSIS

•
TABLE B 2 7 CAPITAL COST 10%

•
INPUT DATA AND ASSUMPTIONS
Hrazdan Capital Cost million SUS

Capllal Cost Expenditure Schedule I/yr
Year 1
Year 2
Year 3
Year4

561

000
1011
6742
2247

Net Plant Heat Rates KcallKwh
Hrazdan CFB Plant
Existing Hrazdan Plant
Existing MazuUGas Fired Plants

Existing I age of FIring on Mazut
Existing I age of FIring on Gas

KcallKwh
3442
3005
3005

12
66

BtulKwh
13650
11917
11917

9/16/961526

Commercial Operation Date
Plant Life years

Jan 2004
35

Capacity Factors I
Hrazdan CFB Planl
Existing Hrazdan PlanI

60
65

!'!Jel Prices
Natural Gas S/Gcal
Mazut S/Gcal
Coal/Oil Shale S/Gcal

881
1311
588

8m!Q
14881 Emission Values (S/Ion) 400 250 7 100

(NOTE Emissions Values not conSidered In this analysis)

Net Plant Capaclty,MW
Hrazdan CF6 Plant
Existing Hrazdan Plant

448
50

Emission Rales (kg/hrl
Hrazdan CFB Planl
Existing Hrazdan Planl

3583333 625
44 120

61B75 9 16667
35865 7

CAPITAL _===== :....FU"'E::;L:..:C"'O;;;S"'T;,,:::S""M""IL"'L:;;IO"'N"'S""" _
COST "WITH PROJECr "WITHOUT PROJECT"

i.M!!JJ.Qllii YEREVAN CC OLD HRAZDAN OTHER GASIMA2UT FIRED UNITS TOTAL

H \Eld\Caro~Goodman\HrazdanCFB\CFBECOCB4WB xis

-
~

2000
2001
2002
2003
2004
2005
2006
2007
200B
2009
2010
2011
2012
2013
2014
2015
2016
2017
2016
2019
2020
2021
2022
2023
2024
2025
2026
2027
202B
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038

00
57
376
126

64
64
64
64
64
64
84
64
64
64
84
64
64
64
84
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64

80
80
80
80
80
80
80
80
80
80
80
80
60
80
80
80
80
80
80
80
80
80
80
80
80
60
60
60
60
60
60
60
60
60
60

06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06

66
66
66
66
66
66
66
66
6B
BB
BB
BB
BB
B6
66
6B
BB
BB
BB
BB
BB
BB
BB
B6
BB
BB
BB
BB
BB
BB
BB
BB
BB
BB
6B

BENEFITS $ MILLIONS NET
DIFFERENTIAL BENEFITS

FUEL COST TOTAL S MILLIONS

00 00
00 57
00 376
00 126

24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24
24 24 24

EIRR (%1 = 24/0



HRAZDAN CFB PLANT ECONOMIC ANALYSIS TABLE B2-8 FUEL & CAPITAL COST 10%
INPUT DATA AND ASSUMPTIONS 9116198 15 29
Hrazdan capital Cost million SUS 561 Net Plant Heat Rales KcallKwh KcallKwh BtulKwh

Hrazdan CFB Plant 3442 13650
Gapltal Cost Expend,ture Schedule /Iyr Exlsllng Hrazdan Plant 3005 11917

Year 1 000 Existing MazuVGas Fired Plants 3005 11917
Year2 1011
Year 3 6742 Existing / age of Firing on Mazul 12
Year 4 2247 Existing / age of Firing on Gas 88

CommerCial Operation Date Jan 2004 capaclly Factors k
Plant life years 35 Hrazdan CFB Plant 80

Exlsllng Hrazdan Plant 65

Fuel Prices 502 NOX CO2 Part
Natural Gas $/Gcal 881 Bl!!!!l
Mazut $IGcal 1311 1488/ Emission Values ($Iton) 400 250 7 100
CoaVOIi Shale $/Gcal 529 (NOTE Emissions Values not considered In Ihls analysis)

Net Plant capaclty,MW Emission Rates O<gfhrl
Hrazdan CFB Plant 448 Hrazdan CFB Plant 3583333 625 61875 916667
Existing Hrazdan Plant 50 Exlsllng Hrazdan Planl 44 120 35865 7

CAPITAL FUEL COST $ MILLIONS BENEFITS $ MILLIONS NET
COST "WITH PROJECT" "WITHOUT PROJECT" DIFFERENTIAL BENEFITS

W-B ~ YEREVANCC OLD HRAZDAN OTHER GASIMAZUT FIRED UNITS TOTAL FUEL COST TOTAL $ MILLIONS

2000 00 00 00
2001 57 00 57
2002 378 00 378
2003 126 00 126
2004 57 80 08 88 31 31 31
2005 57 80 08 88 31 31 31
2006 57 80 08 88 31 31 31
2007 57 80 08 88 31 31 31
2008 57 80 08 88 31 31 31
2009 57 80 08 88 31 31 31
2010 57 80 08 88 31 31 31
2011 57 80 08 88 31 31 31
2012 57 80 08 88 31 31 31
2013 57 80 08 88 31 31 31
2014 57 80 08 88 31 31 31
2015 57 80 08 88 31 31 31
2016 57 80 08 88 31 31 31
2017 57 80 08 88 31 31 31
2018 57 80 08 88 31 31 31
2019 57 80 08 88 31 31 31
2020 57 80 08 88 31 31 31
2021 57 80 08 88 31 31 31
2022 57 80 08 88 31 31 31
2023 57 80 08 88 31 31 31
2024 57 80 08 88 31 31 31
2025 57 80 08 88 31 31 31
2026 57 80 08 88 31 31 31
2027 57 80 08 88 31 31 31
2028 57 80 08 88 31 31 31
2029 57 80 06 86 31 31 31
2030 57 80 06 88 31 31 31
2031 57 80 08 88 31 31 31
2032 57 60 08 88 31 31 31
2033 57 80 08 88 31 31 31
2034 57 80 08 88 31 31 31
2035 57 80 08 88 31 31 31
2036 57 80 08 88 31 31 31
2037 57 80 08 68 31 31 31
2038 57 80 08 86 31 31 31

- H IEtdlcaronGoodmanIHrazdanCFBICFBECOCB4WB xis EIRR(%)= 39/

~...r, • • •



• • •HRAZDAN CFB PLANT - ECONOMIC ANALYSIS TABLE B 29 HEAT RATE & FUEL COST -10%
INPUT DATA AND ASSUMPTIONS
Hrazdan Gapllal Cost million $US

Capllal Cost Expendllure Schedule I/yr
Year 1
Year 2
Year 3
Year 4

623

000
1011
6742
2247

Net Plant Heat Rales KcallKwh
Hrazdan CFB Plant
Exlsllng Hrazdan Plant
Exlsllng MazutlGas Fired Plants

Existing I age of Fmng on Mazut
Exlsllng I age of Firing on Gas

KcallKwh
3098
3005
3005

12
88

BtulKwh
12285
11917
11917

9/16/98 15 30

Commercial Operation Dale
Plant Life years

Jan 2004
35

Gapaclly Factors I
Hrazdan CFB Plant
Exlsllng Hrazdan Plant

80
65

I:-uel Prices
Nalural Gas $/Gcal
MalOt $/Gcal
Coal/Oil Shale $/Gcal

881
1311
529

RatiO
14881 Emission Values ($/lon) 400 250 7 100

(NOTE Emissions Values not considered In this analysis)

Net Plant Capaclly MW
Hrazdan CFB Plant
Exlsllng Hrazdan Plant

448
50

Emission Rates (kglhr)
Hrazdan CFB Plant
existing Hrazdan Plant

3583333 625
44 120

61875 9 16667
35865 7

H \EtdlGaro~Goodman\HrazdanCFB\CFBECOCB4WB xis

'WITHOUT PROJECT
FUEL COST $ MILLIONS

OLD HRA2DAN OTHER GAS/MAZUT FIRED UNITS TOTAL

BENEFITS $ MILLIONS NET
DIFFERENTIAL BENEFITS
FUEL COST TOTAL $ MILLIONS

00 00
00 63
00 420
00 140

37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37
37 37 37

EIRR(%)= 44/.

88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88

08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

00
63
420
140

CAPITAL
COST 'WITH PROJECT"
~ YEREVANCC

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038



Table B 2 -10

Sensitivity Cases

Economic Cost I Benefit AnalysIs

Parameter EIRR (%) Table

Base Case
- Fuel Cost = $5 881 Gcal
- Heat Rate =3442 Kcai/KWh
- Capital Cost = $62 3 MM
- EXisting Hrazdan Plant Capacity Factor =65%

1 8 B 2-2

•

Fuel Cost

Heat Rate

Capital Cost

Fuel Cost & Capital Cost

Fuel Cost &Heat Rate

+10%
-10%

-10%

+10%
-10%

-10%

-10%

•

01
32

32

1 2
24

39

44

B 2-3
B 2-4

B 2-5

B 2-6
B 2-7

B 2-8

B 2-9

•



• • •
9/16/98 14 59 TABLE B 211 Sheet 1 of 2

HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF = $00451 KWH

constant 1998 dollars

Net plant output (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480
Capacity factor (/ ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlstr loss factor (I) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Tanl! rate ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cost ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588
Loan Interest rate ( / ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cost ($/kWly) 000 000 000 000 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200
Vanable O&M cost ($/MWhI 000 000 000 000 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Annual depreCiation (/ ) 000 000 000 000 286 286 286 286 286 286 286 286 286 286 266 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500
Heat Rate (Kcal/KWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2006 2009 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net plant production (GWh) 00 00 00 00 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140
(1) Annual revenues ($M) 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC contraclors cost ($M) 59 414 118

(3) Other capital costs ($M) 00 00 00
(4) Owne(s cost ($M) 04 06 22
(5) Interest Dunng Construction 01 11 23

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64
Foxed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05
Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03
(6) Subtotal expenses ($M) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Interest payment ($M) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 26 25 24 23
Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 26 26 26 26
(7) Subtotal ($M) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 52 51 50 49

DEPRECIATION ($M) 00 00 00 00 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS ($M) 00 01 11 23 24 24 24 24 24 24 24 24 24 24 25 26 27 28

(6) TAXES ($M) 00 00 00 00 00 00 06 06 06 06 06 06 06 06 06 06 07 07

AFTER TAX PROFITS ($M) 00 01 11 23 24 24 18 18 18 18 18 18 18 18 19 19 20 21

DEBT SERVICE COVERAGE RATIO =((1)-(6))/(7) 26 26 26 26 26 26 26 26 26 26 13 14 14 14

PROJECT CASH FLOW =(IH2H3H4H6)-(B) 63 -420 140 69 69 63 63 63 63 63 63 63 63 63 63 63 62

FIRR 89/

""~



TABLE B 211 Sheet2of2

HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF = $0 0451 KWH

constant 1998 dollars

Net plant oulput (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capaclly factor ( I ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & d,str loss faclor ( I ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rale ($fMWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cosl ($fGCAL) 588 588 588 588 588 588 588 588 588 588 588 586 588 588 588 588 586 588 588 588 588

Loan mlerest rate ( I ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

F,xed O&M cost ($IkW/y) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cosl ($/MWh) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreclalion ( I ) 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rate (KcaI/KWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

REVENUES

Net plant production (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenueS ($M) 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M)

(3) Other capital costs ($M)

(4) Owne(s cost ($M)

(5) Interest Duling Construction

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Fixed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtotal expenses ($M) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Interest payment ($M) 22 21 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01

PnnClpal payment ($M) 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

(7) Subtotal ($M) 48 47 46 45 44 43 42 40 39 38 37 36 35 34 33 32 31 30 29 26 27

DEPRECIATION ($M) 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS ($M) 29 30 31 32 33 34 35 36 37 38 39 40 42 43 44 45 46 47 48 49 50

(8) TAXES ($M) 07 07 08 08 08 09 09 09 09 10 10 10 10 11 11 11 11 12 12 12 12

AFTER TAX PROFITS ($M) 22 22 23 24 25 26 26 27 28 29 30 30 31 32 33 33 34 35 36 37 37

DEBT SERVICE COVERAGE RATIO = ((1)-{6))/(7) 14 15 15 15 16 16 17 1 7 18 18 1 9 1 9 20 20 21 22 22 23 24 25 26

PROJECT CASH FLOW c (1)-{2)-{3)-{4)-{6)-{8) 62 62 61 61 61 61 60 60 60 60 59 59 59 59 56 58 58 56 57 57 57-~ • • •



• • •
9/16/961450 TABLE B 212 Sheet 1 of 2

HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF =$0 041 KWH

constant 1996 dollars

Net plant output (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capacity faclor ( I ) 8000 8000 8000 8000 8000 8000 8000 8000 6000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlslr loss faclor ( I ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanft rale ($/MWh) 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400

Fuel cost ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 586 588 588 588 588 588 586

Loan Inlerest rale ( I ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M Cosi ($IkW/y) 000 000 000 000 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cosl ($/MWh) 000 000 000 000 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreclallon ( I) 000 000 000 000 286 266 286 286 286 266 286 286 286 266 286 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rate (Kcal/KWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 200B 2009 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net plant production (GWh) 00 00 00 00 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual ,evenues ($M) 126 126 126 126 126 126 126 126 126 126 126 126 126 126

CAPITAL EXPENDITURES

(2) EPC contraclor,; cost ($M) 59 414 118

(3) Other capllal COSIS ($M) 00 00 00
(4) Ownefs cost ($M) 04 06 22
(5) Interest Dunng Construcllon 01 11 23

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64
Fixed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05
Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03
(6) Subtolalexpenses ($M) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Inlerest payment ($M) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 26 25 24 23
Pnnclpat payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 26 26 26 26
(7) Subtotal ($M) 00 01 II 23 26 26 26 26 26 26 26 26 26 26 52 51 50 49

DEPRECIATION ($M) 00 00 00 00 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS ($M) 00 -01 11 23 06 08 08 08 08 08 08 08 08 08 09 10 11 12

(B) TAXES ($M) 00 00 00 00 00 00 02 02 02 02 02 02 02 02 02 03 03 03

AFTER TAX PROFITS ($M) 00 01 11 23 08 08 06 06 06 06 06 06 06 06 07 08 08 09

DEBT SERVICE COVERAGE RATIO =«1)-(6))/(7) 20 20 20 20 20 20 20 20 20 20 10 10 11 11

PROJECT CASH FLOW. (IH2)-{3H4)-(6)-(B) -63 -420 140 54 54 51 51 51 51 51 51 51 51 51 51 51 50

FIRR 691

..-

~



TABLE B 212 Sheet 2of2

HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF =$0 041 KWH

constant 1998 dollars

Net plant output (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capacity factor ( I) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlstr loss factor (I) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($/MWh) 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400 00400

Fuel cost ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan Interest rate ( I ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

FIxed O&M cost ($/kW/y) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cost ($/MWh) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreCiation (I) 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rate (Kcal/KWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2018 2018 2020 2021 2022 2023 2024 2025 2026 2027 2028 2028 2030 2031 2032 2033 2034 2035 2036 2037 2038

REVENUES

Net plant production (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annua' revenues (SM) 126 126 128 126 126 126 126 126 126 126 126 126 126 126 126 126 126 126 126 126 126

CAPITAL EXPENDITURES

(2) EPC contractors cosl ($M)

(3) Other capital costs ($M)

(4) Owne(s cost ($M)

(5) Interest Dunng Construction

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Fixed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtotal expenses ISM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Interest payment ($M) 22 21 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01

Pnnclpal payment ($M) 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

(7) Subtotal (SM) 48 47 46 45 44 43 42 40 39 38 37 36 35 34 33 32 31 30 29 28 27

DEPRECIATION (SM) 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 t9 19 19 19 19 19

PRETAX PROFITS (SM) 13 14 15 16 17 18 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

(8) TAXES (SM) 03 04 04 04 04 05 05 05 05 06 06 06 06 07 07 07 06 08 08 08 09

AFTER TAX PROFITS (SM) 10 11 11 12 13 14 15 15 16 17 18 19 19 20 21 22 23 23 24 25 26

DEBT SERVICE COVERAGE RATIO =((1)-(6)V(7) 11 1 1 12 12 12 13 13 13 14 14 14 1 5 15 1 6 16 1 7 17 18 19 19 20

PROJECT CASH FLOW =(1)-(2)-(3)-(4)-(6)-(8) 50 50 50 49 49 49 49 48 48 48 48 47 47 47 47 46 46 46 45 45 45

v;.l •• •
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9/16/98 14 50 TABLE B 213 Sheet 1 of 2

HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF = $0 04251 KWH

conslant 1998 dollars

Net planl outpul (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capacity faclor ( / ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlstr loss factor (I) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanft rate ($/MWh) 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425

Fuel cost ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan Interest rate (/ ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 4 00 400 400 400

Fixed O&M cosl ($/kW/y) 000 000 000 000 1200 1200 1200 12 00 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cosl ($/MWh) 000 000 000 000 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreciation ( / ) 000 000 000 000 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (/) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rate (KcaIlKWl1r) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2006 2009 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net plant production (GWh) 00 00 00 00 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenue. (SM) 133 133 133 133 133 133 133 133 133 133 133 133 133 133

CAPITAL EXPENDITURES

(2) EPC contraclors cost ($M) 59 414 118

(3) Olher capital costs ($M) 00 00 00

(4) Owne(s cost ($M) 04 06 22

(5) Interest Dunng Construchon 01 11 23

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Fixed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtotal e.p.n••• (SM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Inlerest paymenl ($M) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 26 25 24 23

Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 26 26 26 26

(7) Subtotal (SM) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 52 51 50 49

DEPRECIATION (SM) 00 00 00 00 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 00 -01 11 23 16 16 16 16 16 16 16 16 16 16 17 18 19 20

(8) TAXES (SM) 00 00 00 00 00 00 04 04 04 04 04 04 04 04 04 04 05 05

AFTER TAX PROFITS (SM) 00 01 11 23 16 16 12 12 12 12 12 12 12 12 13 13 14 15

DEBT SERVICE COVERAGE RATIO = ((1)-(6))/(7) 23 23 23 23 23 23 23 23 23 23 12 12 12 13

PROJECT CASH FLOW =(1)-(2)-(3)-(4)-(6)-(6) 63 -420 140 61 61 57 57 57 57 57 57 57 57 57 57 57 56

FIRR 80/
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF = $004251 KWH

conslanl1998 dollars

Nel plant outpul (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capaclly faclor ( I ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000
Trans & d,slr loss faclor (I) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Tanff rale ($/MWh) 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425 00425
Fuel cosl ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588
Loan ,"Ieresl rale (I) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

F,xed O&M cosl ($/kW/y) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cosl ($/MWh) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual deprec'al'on (I) 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes(/) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rale (Kcal/KWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2028 2027 2028 2029 2030 2031 2032 2033 2034 2035 2038 2037 2038

REVENUES

Net planl praduc"on (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & d'sl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenues (SM) 133 133 133 133 133 133 133 133 133 133 133 133 133 133 133 133 133 133 133 133 133

CAPITAL EXPENDITURES

(2) EPC conlraclors cost ($M)

(3) Other cap,tal costs ($M)

(4) Owne(s cost($M)

(5) Interest Dunng Construc"on

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Fixed O&M Cosl ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03
(6) SUbtotal expenses (SM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Interest payment ($M) 22 21 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01

Pnnclpal payment ($M) 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

(7) SUbtotal (SM) 48 47 46 45 44 43 42 40 39 38 37 36 35 34 33 32 31 30 29 28 27

DEPRECIATION (SM) 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 21 22 23 24 25 26 27 28 29 31 32 33 34 35 36 37 38 39 40 41 42

(8) TAXES (SM) 05 06 08 08 06 07 07 07 07 08 08 08 08 09 09 09 09 10 10 10 11

AFTER TAX PROFITS (SM) 16 17 17 18 19 20 21 21 22 23 24 24 25 26 27 28 28 29 30 31 32

DEBT SERVICE COVERAGE RATIO" «1)-(8))1(7) 13 13 13 14 14 14 15 15 16 18 16 17 17 18 19 19 20 20 21 22 23

PROJECT CASH FLOW .. (1)-(2)-(3)-(4)-{8)-(8) 58 56 56 55 55 55 55 54 54 54 53 53 53 53 52 52 52 52 51 51 51

~ • • •~
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF = $0 04751 KWH

conslant 1998 dollars

Net plant output (MW) 4480 4480 4480 4480 4480 4480 44BO 44BO 44BO 44BO 44 BO 44 BO 4480 4480 44 BO 4480 4480 44 BO

Capacity factor (/ ) 8000 BOOO BOOO BOOO BOOO BOOO BOOO BOOO BOOO BO 00 BOOO BO 00 BOOO 8000 8000 BOOO BO 00 BOOO

Trans & d'str loss faclor (/ ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanl! rate ($/MWh) 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475

Fuel cost ($/GCAL) 5 BB 5BB 588 58B 5BB 58B 5BB 5BB 5BB 5BB 5BB 5BB 588 588 5 BB 58B 5 BB 5BB

Loan ,nleresl rate ( / ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

F,xed O&M cost ($fkW/y) 000 000 000 000 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 12 00 1200 1200 1200

Vanable O&M cost ($/MWh) 000 000 000 000 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreciation ( / ) 000 000 000 000 2 BB 2B6 2BB 2B6 286 286 286 286 2B6 286 286 286 286 2B6

Taxes (/) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rate (KcaIlKWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net plant product,on (GWh) 00 00 00 00 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Ener9Y sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenues (SM) 149 149 149 149 149 149 149 149 149 149 149 149 149 149

CAPITAL EXPENDITURES

(2) EPC contraclors cosl ($M) 59 414 118

(3) Other capital eosls ($M) 00 00 00

(4) Owne(s cost($M) 04 06 22

(5) Interest During Conslruellon 01 11 23

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Fixed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Variable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtotal expenses (SM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Inlerest payment ($M) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 26 25 24 23
Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 26 26 26 26

(7) Subtotal (SM) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 52 51 50 49

DEPRECIATION (SM) 00 00 00 00 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 00 -01 11 23 32 32 32 32 32 32 32 32 32 32 33 34 35 36

(8) TAXES (SM) 00 00 00 00 00 00 08 08 08 08 DB 08 08 DB OB OB 09 09

AFTER TAX PROFITS (SM) 00 -01 11 23 32 32 24 24 24 24 24 24 24 24 24 25 26 27

DEBT SERVICE COVERAGE RATIO =«1)-(6))/(7) 29 29 29 29 29 29 29 29 29 29 15 15 15 16

PROJECT CASH FLOW =(1H2) (3)-(4)-(8)-(8) 63 -420 140 77 77 69 69 69 69 69 69 69 69 69 69 6B 6B

FtRR 99,.
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF =$0 04751 KWH

conSlant1998 dollars

Net planl oulpul (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capacity factor ( I ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & d,str loss faclor ( I ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rale ($/MWh) 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475 00475

Fuel cost ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan Inlerest rale ( I ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Foxed O&M cost ($/kW/y) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cost ($IMWh) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreclallon ( I ) 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes(/) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rate (KcaIlKWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

REVENUES

Net plant productoon (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & d,st losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenues (SM) 149 149 149 149 149 149 149 149 149 149 149 149 149 149 149 149 149 149 149 149 149

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M)

(3) Other capllal costs ($M)

(4) Owne(s cos\($M)

(5) Interest Dunng Conslructoon

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Fixed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtolal expenses (SM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Interest payment ($M) 22 21 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01

Pnnclpal payment ($M) 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

(7) Subtotal (SM) 48 47 46 45 44 43 42 40 39 38 37 36 35 34 33 32 31 30 29 28 27

DEPRECIATION (SM) 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 53 54 55 56 57 58

(8) TAXES (SM) 09 09 10 10 10 10 11 11 11 12 12 12 12 13 13 13 13 14 14 14 14

AFTER TAX PROFITS (SM) 28 28 29 30 31 31 32 33 34 35 35 36 37 38 39 39 40 41 42 43 43

DEBT SERVICE COVERAGE RATIO =«1)-(6))/(7) 16 16 17 17 18 18 19 19 20 20 21 21 22 23 23 24 25 26 27 28 29

PROJECT CASH FLOW =(1)-(2)-(3)-(4)-(6)-(8) 68 68 67 67 67 67 66 66 66 66 65 65 65 64 64 64 64 63 63 63 63-
~ • • •
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HRAZOAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF = $0 051 KWH

constant 1998 dollars

Net planl oulpul (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 11480

Capaclly faclor ( / ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlstr loss faclor ( / ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rale ($/MWh) 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500

Fuel cost ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan Inleresl rale ( / ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cosl ($/kW/y) 000 000 000 000 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cost ($/MWh) 000 000 000 000 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreClalion (/ ) 000 000 000 000 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rale (KcaIlKWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2006 2009 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net planl production (GWh) 00 00 00 00 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans &dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenue' (SM) 157 157 157 157 157 157 157 157 157 157 157 157 157 157

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 59 414 118

(3) Other capital cosls ($M) 00 00 00

(4) Ownefs cosl ($M) 04 06 22

(5) Interest Dunng Construction 01 11 23

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Fixed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cosl ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Sublota' expense. (SM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

tnlerest payment ($M) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 26 25 24 23

Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 26 26 26 26

(7) Subtotal (SM) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 52 51 50 49

DEPRECIATION (SM) 00 00 00 00 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 00 -01 11 23 40 40 40 40 40 40 40 40 40 40 40 41 42 44

(8) TAXES (SM) 00 00 00 00 00 00 10 10 10 10 10 10 10 10 10 10 11 11

AFTER TAX PROFITS ISM) 00 -01 11 23 40 40 30 30 30 30 30 30 30 30 30 31 32 33

DEBT SERVICE COVERAGE RATIO = ((1 )-(6))/(7) 32 32 32 32 32 32 32 32 32 32 16 17 17 17

PROJECT CASH FLOW = (1 )-(2)-(3)-(4)-(6)-(6) -63 -420 140 85 85 75 75 75 75 75 75 75 75 75 75 74 74

FIRR 109/
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF = $0 051 KWH

constant 1998 dollars

Net plant oulpul (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capaclly faclor ( / ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlslr loss faclor (/) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rale ($/MWh) 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500 00500

Fuel cosl ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan Inleresl rale ( / ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cosl ($/kW/y) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cost ($/MWh) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreclallon (/ ) 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes(/) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rate (KcallKWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2018 2018 2020 2021 2022 2023 2024 2025 2028 2027 2028 2028 2030 2031 2032 2033 2034 2035 2038 2037 2038

REVENUES

Net plant producllon (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlsl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenues (SM) 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157 157

CAPITAL EXPENDITURES

(2) EPC conlractors cost ($M)

(3) Other capital costs ($M)

(4) Owne~s cost ($M)

(5) Interest Ounng Construction

OPERATING EXPENSES

Fuel cosl ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Fixed O&M cosl ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(8) Subtotal expense. (SM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Interest paymenl ($M) 22 21 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01

Pnnclpal payment ($M) 26 26 26 26 26 28 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

(7) Subtotal (SM) 48 47 46 45 44 43 42 40 39 38 37 36 35 34 33 32 31 30 29 28 27

DEPRECIATION (SM) 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 64 65 66

(8) TAXES (SM) 11 11 12 12 12 12 13 13 13 14 14 14 14 15 15 15 15 16 16 16 16

AFTER TAX PROFITS (SM) 33 34 35 36 37 37 38 39 40 41 41 42 43 44 44 45 46 47 48 48 49

DEBT SERVICE COVERAGE RATIO =«1) (8))1(7) 18 18 19 19 19 20 20 21 22 22 23 23 24 25 26 26 27 28 29 30 32

PROJECT CASH FLOW =(1)-{2)-{3)-{4) (8)-{8) 74 74 73 73 73 72 72 72 72 71 71 71 71 70 70 70 70 69 69 69 69

\jJ • •---\
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·BASE CASE TARIFF &TAX RATE REDUCED TO 18%

constant 1998 dollars

Nel plant oulpul (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capacity factor ( / ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlstr loss faclor ( I) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Ta,,1f rate ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cosl ($/GCALI 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan ,"Ierest rate ( / I 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cosl ($/kW/y) 000 000 000 000 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cost ($/MWh) 000 000 000 000 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreciation (/ ) 000 000 000 000 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (/) 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800

Heat Rate (KcaIlKWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2006 2009 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net planl production (GWh) 00 00 00 00 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & d,sl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annua. revenues (SM) 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC contractors cosl ($M) 59 414 118

(3) Other capital costs ($M) 00 00 00

(4) Owne~s cosl($M) 04 06 22

(5) Inleresl Dunng Conslruchon 01 11 23

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Fixed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtotal o.pon.o. (SM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Inlerest paymenl ($M) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 26 25 24 23

Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 26 26 26 26

(7) Subtotal (SM) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 52 51 50 49

DEPRECIATION (SM) 00 00 00 00 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 00 -01 11 23 24 24 24 24 24 24 24 24 24 24 25 26 27 28

(8) TAXES (SM) 00 00 00 00 00 00 04 04 04 04 04 04 04 04 04 05 05 05

AFTER TAX PROFITS (SM) 00 -01 11 23 24 24 20 20 20 20 20 20 20 20 20 21 22 23

DEBT SERVICE COVERAGE RATIO s «1)-{6))/(7) 26 26 26 26 26 26 26 26 26 26 1 3 14 1 4 14

PROJECT CASH FLOW =(1)-{2)-{3)-{4)-{6)-(8) 63 -420 140 69 69 65 65 65 65 65 65 65 65 65 65 64 64

'-.,)J
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TABLE B 216 Sheet 2 012

HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF &TAX RATE REDUCED TO 18%

constant 1998 dollars

Net plant OUlput (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capaclly factor ( I ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlstr loss factor (I) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanft rale ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cost ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan IOlerest rate ( I ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cosl ($IkW/y) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cost ($/MWh) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual deprec,atron ( I ) 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (I) 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800

Heal Rate (KcaIlKWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2028 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2036

REVENUES

Nel planl product,on (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & d,sl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenu•• (SM) 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC conlraclors cosl ($M)

(3) Olher cap,tal costs ($M)

(4) Owne(s cost (SM)

(5) Inlerest Dunng Conslruct,on

OPERATING EXPENSES

Fuel cosl ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Fixed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cosl ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtotal exp.n••• (SM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Inleresl payment ($M) 22 21 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01

Pnnc.pal payment ($M) 26 26 26 26 26 26 26 26 28 26 26 26 26 26 26 26 26 26 26 26 26

(7) Subtotal (SM) 48 47 46 45 44 43 42 40 39 38 37 36 35 34 33 32 3' 30 29 28 27

DEPRECIATION (SM) '9 '9 19 19 19 19 19 19 19 19 19 '9 19 19 19 19 19 19 19 19 19

PRETAX PROmS (SM) 29 30 31 32 33 34 35 36 37 38 39 40 42 43 44 45 46 47 48 49 50

(8) TAXES (SM) 05 05 06 06 06 06 06 07 07 07 07 07 07 08 08 08 08 08 09 09 09

AFTER TAX PROFITS (SM) 24 25 25 26 27 28 29 30 3' 31 32 33 34 35 36 37 37 38 39 40 41

DEBT SERVICE COVERAGE RATIO =((1)-{6)V(7) 14 15 15 15 16 16 1 7 1 7 18 18 1 9 1 9 20 20 21 22 22 23 24 25 26

PROJECT CASH FLOW =(1)-{2)-{3)-{4)-{6)-{8) 64 64 64 63 63 63 63 63 63 62 62 62 62 62 61 61 61 61 61 60 60
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF & TAX RATE REDUCED TO 10%

constant 1998 dollars

Nel planl output (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480
Capacity faclor ( / ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlstr loss factor (/) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Tanlf rate ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450
Fuel COSI ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan Interest rate ( / ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400
Fixed O&M cost ($/kW/y) 000 000 000 000 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cosl ($/MWh) 000 000 000 000 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreciation ( / ) 000 000 000 000 286 286 286 288 288 286 286 286 286 286 286 286 286 286

Taxes (I) 1000 10 00 1000 1000 1000 1000 1000 1000 1000 1000 10 00 10 00 10 00 10 00 1000 1000 10 00 1000

Heal Rate (KcaI/KWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net plant production (GWh) 00 00 00 00 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Energy sates (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140
(1) Annual revenues (SM) 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 59 414 118
(3) Other capital costs ($M) 00 00 00

(4) Owne(s cost ($M) 04 06 22
(5) Interest Dunng Construcllon 01 11 23

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 84 64 64 64 64 64 64 64 64 64 64
Fixed O&M cosl ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05
Variable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03
(6) Subtotalexpen••• (SM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Interest payment ($M) 00 01 11 23 26 26 26 26 26 26 28 26 26 26 26 25 24 23
Principal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 28 26 26 26
(7) Subtotal (SM) 00 01 11 23 26 26 26 28 26 26 26 26 26 26 52 51 50 49

DEPRECIATION (SM) 00 00 00 00 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 00 01 11 23 24 24 24 24 24 24 24 24 24 24 25 26 27 28

(6) TAXES (SM) 00 00 00 00 00 00 02 02 02 02 02 02 02 02 02 03 03 03

AFTER TAX PROFITS (SM) 00 -01 11 23 24 24 22 22 22 22 22 22 22 22 22 23 24 25

DEBT SERVICE COVERAGE RATIO =«1)-(6))/(7) 28 26 26 26 26 26 26 26 26 26 13 14 14 14

PROJECT CASH FLOW =(1) (2) (3)-(4) (6)-(6) 63 -420 140 69 69 67 67 67 67 67 67 67 67 67 67 67 66
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TABLE B 217 Sheet20f 2

HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF &TAX RATE REDUCED TO 10%

constant 1998 dollars

Net plant OUlput (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

CapacIty faclor ( / ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & d,str loss faclor (I) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate 1$/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cosl ($/GCAL) 588 588 588 568 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan Interest rate 1/) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M Cosl ($/kW/y) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M Cosl ($/MWh) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreCiation ( / ) 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (/) 10 00 10 00 1000 1000 1000 1000 1000 1000 1000 10 00 10 00 10 00 10 00 10 00 1000 10 00 1000 1000 1000 10 00 1000

Heal Rate (KcaIlKWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2026 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

REVENUES

Net plant production (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & drsl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenues (SM) 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENOITURES

(2) EPC cantraclors cost ($M)

(3) Other capital costs ($M)

(4) Owne~scast($M)

(5) Interest Dunng Construction

OPERATING EXPENSES

Fuet cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Foxed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtotal expen.e. (SM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Interest paymenl I$M) 22 21 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01

Pnnclpal payment ($M) 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

(7) Subtotal (SM) 48 47 46 45 44 43 42 40 39 38 37 36 35 34 33 32 31 30 29 28 27

DEPRECIATION (SM) 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 29 30 31 32 33 34 35 36 37 38 39 40 42 43 44 45 46 47 48 49 50

(8) TAXES ISM) 03 03 03 03 03 03 04 04 04 04 04 04 04 04 04 04 05 05 05 05 05

AFTER TAX PROFITS (SM) 26 27 28 29 30 31 32 33 34 35 35 36 37 38 39 40 41 42 43 44 45

DEBT SERVICE COVERAGE RATIO =((1) (8))1(7) 14 15 15 15 16 16 17 17 18 18 19 19 20 20 21 22 22 23 24 25 26

PROJECT CASH FLOW = (1}-{2H3}-{4}-{6}-{8) 68 66 66 66 66 66 66 66 65 65 65 65 65 65 65 65 65 65 64 64 64

..- • • •~
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF & FUEL COST +10%

constanl 1998 dollars

Nel planl oulpul (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capacity faclor ( I ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans &dlS\r loss factor ( I ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cosl ($/GCAL) 647 647 647 647 647 647 647 647 647 647 647 647 647 647 647 647 647 647

Loan Inleresl rale ( I ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

FIXed O&M cosl ($/kW/y) 000 000 000 000 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cosl ($/MWh) 000 000 000 000 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreclallon ( I ) 000 000 000 000 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heal Rale (KcaIlKWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2006 2009 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Nel planl producllon (GWh) 00 00 00 00 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & d,sl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual rovonuOS ($M) 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC conlraclors cosl ($M) 59 414 118

(3) Olher capital cosls ($M) 00 00 00

(4) Owne(s cosl ($M) 04 08 22

(5) Inlerest Dunng ConstructIOn 01 11 23

OPERATING EXPENSES

Fuel cosl ($M) 70 70 70 70 70 70 70 70 70 70 70 70 70 70

FIXed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtolaloxponsos ($M) 00 00 00 00 78 78 78 78 78 78 78 78 78 78 78 78 78 78

FINANCIAL

Interest payment ($M) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 26 25 24 23

Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 26 26 26 26

(7) Sublolal (SM) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 52 51 50 49

DEPRECIATION (SM) 00 00 00 00 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS ($M) 00 -01 11 23 18 18 18 18 18 18 18 18 18 18 18 19 20 21

(8) TAXES ISM) 00 00 00 00 00 00 04 04 04 04 04 04 04 04 05 05 05 05

AFTER TAX PROFITS ($M) 00 01 11 23 18 18 13 13 13 13 13 13 13 13 14 15 15 16

DEBT SERVICE COVERAGE RATIO = ((1)-{6»/(7) 24 24 24 24 24 24 24 24 24 24 12 12 13 13

PROJECT CASH FLOW =(1)-{2)-{3) (4)-{8)-{8) 63 -420 140 63 63 58 58 58 58 58 58 58 58 5B 58 58 57

FIRR 81k,-
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TABLE B 218 Sheet 2 of 2

HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF & FUEL COST +10%

constant 1998 dollars

Net plant output (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capacity factor ( 1 ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlstr loss factor (I ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cost ($/GCAL) 647 647 647 647 647 647 647 647 647 647 647 647 647 647 647 647 647 647 647 647 647

Loan Inlerest rate ( 1 ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cost ($IkW/y) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cost ($/MWh) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreciation ( 1 ) 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rate (KcaIlKWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2036

REVENUES

Net plant production (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual rovonuo. (SM) 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC contractors cosl ($M)

(3) Other capital costs ($M)

(4) Owne~s cost ($M)

(5) Interest Dunng Construction

OPERATING EXPENSES

Fuel cost ($M) 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70

F,xed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtotal oxponso. (SM) 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78

FINANCIAL

Interesl paymenl ($M) 22 21 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01

Pnnclpal payment ($M) 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

(7) Subtotal (SM) 48 47 46 45 44 43 42 40 39 38 37 36 35 34 33 32 31 30 29 28 27

DEPRECIATION (SM) 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 43 44

(8) TAXES (SM) 06 06 06 06 07 07 07 07 08 08 08 09 09 09 09 10 10 10 10 11 11

AFTER TAX PROFITS (SM) 17 18 18 19 20 21 22 22 23 24 25 26 26 27 28 29 30 30 31 32 33

DEBT SERVICE COVERAGE RATIO =((1)-{6))/(7) 1 3 1 3 14 14 14 1 5 15 16 16 16 1 7 17 18 18 19 20 20 21 22 23 23

PROJECT CASH FLOW =(1)-{2)-{3)-{4)-{6)-{8) 57 57 57 56 56 56 56 55 55 55 55 54 54 54 54 53 53 53 53 52 52

-+:- • •'1;'"'
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF & FUEL COST -10%

constant 1998 dollars

Nel planl oUlput (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capaclly faclor ( / ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlstr loss faclor (/) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanft rate ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cost ($/GCAL) 529 529 529 529 529 529 529 529 529 529 529 529 529 529 529 529 529 529

Loan mteresl rale ( / ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M COSI ($/kW/y) 000 000 000 000 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M Cosl ($/MWh) 000 000 000 000 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreclahan ( / ) 000 000 000 000 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heal Rale (KcallKWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011 2012 2013 2014 2015 2018 2017

REVENUES

Nel plant producllon (GWh) 00 00 00 00 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annu.1 revenues (SM) 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC contractors cosl ($M) 59 414 118

(3) Olher capital costs ($M) 00 00 00

(4) Owne(s cosl ($M) 04 06 22

(5) Inlerest Dunng Construcllon 01 11 23

OPERATING EXPENSES

Fuel cost ($M) 57 57 57 57 57 57 57 57 57 57 57 57 57 57

Fixed O&M COSI ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtotale.penses (SM) 00 00 00 00 66 66 66 66 66 66 66 66 66 66 66 66 66 66

FINANCIAL

Interesl payment ($M) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 26 25 24 23

Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 26 26 26 26

(7) Subtotal (SM) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 52 51 50 49

DEPRECIATION (SM) 00 00 00 00 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 00 -01 11 23 31 31 31 31 31 31 31 31 31 31 31 32 33 34

(8) TAXES ($M) 00 00 00 00 00 00 08 08 08 08 08 08 08 08 08 08 08 09

AFTER TAX PROFITS (SM) 00 -01 11 23 31 31 23 23 23 23 23 23 23 23 23 24 25 26

DEBT SERVICE COVERAGE RATIO = ((1)-(6))/(7) 29 29 29 29 29 29 29 29 29 29 15 15 15 15

PROJECT CASH FLOW =(lH2H3)-(4)-(8)-(8) 63 -420 140 76 76 68 68 68 68 68 68 68 68 68 68 67 67

FIRR 97/
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·BASE CASE TARIFF & FUEL COST ·10%

constant 1998 dollars

Net plant oulput (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capacity factor ( / ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans 8. dlstr loss faclor (/) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rale ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cosl ($/GCAL) 529 529 529 529 529 529 529 529 529 529 529 529 529 529 529 529 529 529 529 529 529

Loan Interest rate ( / ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed 08.M Cosl ($!I<W/y) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable 08.M cost ($/MWh) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreclaliOn ( / ) 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (/) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rate (Kcal/KWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2026 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

REVENUES

Net plant production (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans 8. dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenues (SM) 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC conlraclors cost ($M)

(3) Olher capital cosls ($M)

(4) Owne~s cosl ($M)

(5) Inleresl Dunng Construcllon

OPERATING EXPENSES

Fuel cost ($M) 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57

Fixed 08.M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Sublotal exponsos (SM) 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66

FINANCIAL

Interest payment ($M) 22 21 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01

Pnnclpal paymenl ($M) 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

(7) Sublolal (SM) 48 47 46 45 44 43 42 40 39 38 37 36 35 34 33 32 31 30 29 28 27

DEPRECIATION (SM) 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 35 36 37 38 39 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56

(8) TAXES (SM) 09 09 09 10 10 10 10 11 11 11 11 12 12 12 12 13 13 13 14 14 14

AFTER TAX PROFITS (SM) 26 27 28 29 30 30 31 32 33 34 34 35 36 37 37 38 39 40 41 41 42

DEBT SERVICE COVERAGE RATIO =«1)-{6))/(7) 16 16 17 17 1 7 18 18 1 9 1 9 20 20 21 21 22 23 24 24 25 26 27 28

PROJECT CASH FLOW =(1)-{2)-{3)-{4)-{6)-{6) 67 67 66 66 66 65 65 65 65 64 64 64 64 63 63 63 63 62 62 62 62

.,--

~ • •
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·BASE CASE TARIFF & HEAT RATE -10%

constant 199B dollars

Net planI outpul (MW) 44 BO 44 BO 44BO 44BO 44 BO 44BO 44BO 44BO 44BO 44 BO 4480 4480 44 BO 44BO 4480 4480 44 BO 44BO

Capacity faclor (/ ) 8000 8000 BOOO BOOO BOOO BOOO BOOO 8000 BO 00 BOOO BOOO BOOO BOOO 8000 80 00 80 00 BO 00 8000

Trans & dlstr loss factor ( / ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanl! rate ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cost ($/GCAl) 5 BB 5 BB 5 BB 5BB 58B 588 5BB 5BB 5BB 5BB 5B8 58B 5 B8 58B 588 5BB 5 BB 5BB

Loan ,"Ierest rate (/ ) 400 400 400 400 400 400 400 400 400 4 00 400 400 400 400 4 00 400 400 4 00

Fixed O&M cosl ($IkW/y) 000 000 000 000 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 12 00 12 00 1200 1200

Vanable O&M cost ($/MWh) 000 000 000 000 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreclahon ( / ) 000 000 000 000 2 B6 2BB 286 286 2 B6 286 286 2 B6 2B6 2BB 28B 286 286 286

Taxes (/) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 25 00 25 00 25 00 2500 2500 2500 2500 2500

Heat Rate (KcaIlKWhr) 309B 309B 309B 309B 309B 3098 309B 309B 309B 309B 309B 309B 309B 309B 3098 3098 3098 3098

YEARS 2000 2001 2002 2003 2004 2005 200B 2007 200B 2009 2010 2011 2012 2013 2014 2015 201B 2017

REVENUES

Net planl production (GWh) 00 00 00 00 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 314 a 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sates (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenues (SM) 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC contractors cosl ($M) 59 414 118

(3) Other capital costs ($M) 00 00 00

(4) Owne(s cost ($M) 04 06 22

(5) Interesl Dunng Constrochon 01 11 23

OPERATING EXPENSES

Fuel cost ($M) 57 57 57 57 57 57 57 57 57 57 57 57 57 57

F.xed O&M cosl ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(B) Subtotal expenses (SM) 00 00 00 00 66 66 66 66 66 66 66 66 66 66 66 66 66 66

FINANCIAL

Interest paymenl ($M) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 26 25 24 23

Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 26 26 26 26

(7) Subtotal (SM) 00 01 11 23 26 26 26 26 26 26 26 26 26 26 52 51 50 49

DEPRECIATtON (SM) 00 00 00 00 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 00 01 11 23 31 31 31 31 31 31 31 31 31 31 31 32 33 34

(B) TAXES (SM) 00 00 00 00 00 00 08 08 06 OB 08 08 DB 08 DB 08 08 09

AFTER TAX PROFITS (SM) 00 01 11 23 31 31 23 23 23 23 23 23 23 23 23 24 25 26

DEBT SERVtCE COVERAGE RATIO 3 ((1)-(B))/(7) 29 29 29 29 29 29 29 29 29 29 1 5 15 1 5 15

PROJECT CASH FLOW =(1)-(2)-(3) (4)-(B)-(B) 63 -420 140 76 76 6B 68 6B 68 6B 68 68 6B 68 68 67 67

FIRR 97/-..-(-
~
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·BASE CASE TARIFF &HEAT RATE ·10%

conslant 1998 dollars

Net plant output (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capacity faclor ( / ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & d,slr loss faclor ( / ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cosl ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan Interest rate ( / ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cost ($IkW/y) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cost ($/MWh) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreCiation ( / ) 288 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rate (KcaIlKWhr) 3098 3098 3098 3098 3098 3098 3098 3098 3098 3098 3098 3098 3098 3098 3098 3098 3098 3098 3098 3098 3098

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2036

REVENUES

Net plant production (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & d,sl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(11 Annual revenues (SMI 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(21 EPC contractors cosl ($M)

(31 Olher capllal costs ($M)

(41 Owne(s cost ($M)

(51 Interest Dunng Construction

OPERATING EXPENSES

Fuel cost ($M) 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57

Fixed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(61 Subtotal expenses (SMI 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66

FINANCIAL

Interest payment ($M) 22 21 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01

Pnnclpal payment ($M) 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

(7) Subtotal (SM) 48 47 46 45 44 43 42 40 39 38 37 36 35 34 33 32 31 30 29 28 27

DEPRECIATION (SM) 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

PRETAX PROFITS (SM) 35 36 37 38 39 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56

(81 TAXES (SMI 09 09 09 10 10 10 10 11 11 11 11 12 12 12 12 13 13 13 14 14 14

AFTER TAX PROFITS (SM) 26 27 28 29 30 30 31 32 33 34 34 35 36 37 37 38 39 40 41 41 42

DEBT SERVICE COVERAGE RATIO =«1)-(61)/(7) 16 16 17 17 17 18 18 19 19 20 20 21 21 22 23 24 24 25 26 27 28

PROJECT CASH FLOW =(1)-(2)-(3)-(4)-(6)-(8) 67 67 66 66 66 65 65 65 65 64 64 64 64 63 63 63 63 62 62 62 62

.--
..c
~ • •
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF &CAPITAL COST +10%

constant 1098 dollars

Net plant oulpul (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capacity faclor ( I ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & d,str loss faclor (!) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($IMWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cosl ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan Inlerest rate (I) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cosl ($IkW/y) 000 000 000 000 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable 08M cost ($/MWh) 000 000 000 000 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreclallon (I) 000 000 000 000 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rale (KcaIIKWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2006 2009 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net plant producllon (GWh) 00 00 00 00 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenue, ISM) 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC conlraclors cosl ($M) 65 455 130

(3) Other capital Cosis ($M) 00 00 00

(4) Owne(s cost ($M) 04 07 24

(5) Interest Durlng Construcllon 01 12 25

OPERATING EXPENSES

Fuel cosl ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Fixed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05
Vanable 08M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03
(6) SUbtotalexpen,e, ISM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Inlerest payment ($M) 00 01 12 25 20 29 29 29 29 29 29 29 29 29 28 27 26 25
Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 29 29 29 29
(7) Subtotal ISM) 00 01 12 25 29 29 20 29 29 29 29 29 29 20 57 56 55 54

DEPRECIATION (SM) 00 00 00 00 21 21 21 21 21 21 21 21 21 21 21 21 21 21

PRETAX PROmS (SM) 00 .01 12 25 20 20 20 20 20 20 20 20 20 20 20 21 23 24

(8) TAXES (SM) 00 00 00 00 00 00 05 05 05 05 05 05 05 05 05 05 06 06

AFTER TAX PROFITS (SM) 00 01 12 25 20 20 15 15 15 15 15 15 15 15 15 16 17 18

DEBT SERVICE COVERAGE RATIO =«1H6»/(7) 24 24 24 24 24 24 24 24 24 24 12 12 13 1 3

PROJECT CASH FLOW· (1)-(2)-(3H4H6H8) 69 462 154 69 69 64 64 64 64 64 64 64 64 64 64 64 63

FIRR 82,1,-.4
~
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·BASE CASE TARIFF &CAPITAL COST +10%

constant 1998 dollars

Net plant output (MW) 4480 4480 4480 4480 44 80 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capacity factor ( ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlslr loss faclor ( I) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuet cost ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan mterest rate ( ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cost ($IkW/y) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cost ($/MWh) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreClallon ( I ) 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rate (Kcal/KWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2028 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

REVENUES

Net plant producllon (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 314 0 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(i) Annual revenues (SM) 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M)

(3) Other capital costs ($M)

(4) Owne~s cosl ($M)

(5) Interest Dunng Construction

OPERATING EXPENSES

Fuet cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64

F,xed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtotal expenses (SM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Interest payment ($M) 24 23 21 20 19 18 17 16 14 13 12 11 10 09 08 06 05 04 03 02 01

PnnClpal payment ($M) 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29

(7) Subtotal (SM) 53 51 50 49 48 47 46 45 43 42 41 40 39 38 36 35 34 33 32 31 29

DEPRECIATION (SM) 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21

PRETAX PROFITS (SM) 25 26 27 28 29 31 32 33 34 35 36 38 39 40 41 42 43 45 46 47 48

(8) TAXES (SM) 06 07 07 07 07 08 08 08 09 09 09 09 10 10 10 11 11 11 11 12 12

AFTER TAX PROFITS (SM) 19 20 20 21 22 23 24 25 26 26 27 28 29 30 31 32 33 33 34 35 36

DEBT SERVICE COVERAGE RATIO =((1) (6»/(7) 13 13 14 14 14 15 15 16 16 16 17 17 18 18 19 20 20 21 22 23 23

PROJECT CASH FLOW c (1 )-(2)-(3)-(4)-(6)-(8) 63 63 62 62 62 62 61 61 61 60 60 60 60 59 59 59 58 58 58 58 57-.-J:;..
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·BASE CASE TARIFF & CAPITAL COST -10%

constant 1998 dollars

Net plant output (MW) 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480 4480

Capaclly ractor (/) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlstr loss faclor (0/ ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cost ($/GCAL) 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588 588

Loan Interesl rate ( / ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cost ($/kW/y) 000 000 000 000 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cosl ($/MWh) 000 000 000 000 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreciation (/ I 000 000 000 000 286 266 266 286 286 286 286 286 286 286 286 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heal Rate (KcaI/KWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2018 2017

REVENUES

Net plant production (GWh) 00 00 00 00 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenues (SM) 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC contraclors cost ($M) 53 373 108

(3) Other capital costs ($M) 00 00 00

(4) Owne(s cosl($M) 04 05 20

(5) Interest Dunng Conslructlon 01 10 20

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64

F.xed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Variable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtotal expenses (SM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Inleresl payment ($M) 00 01 10 20 24 24 24 24 24 24 24 24 24 24 23 22 21 20

Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 24 24 24 24

(7) Subtotal (SM) 00 01 10 20 24 24 24 24 24 24 24 24 24 24 47 46 45 44

DEPRECIATION (SM) 00 00 00 00 17 17 17 17 17 17 17 17 17 17 17 17 17 17

PRETAX PROFITS (SM) 00 -01 10 20 29 29 29 29 29 29 29 29 29 29 29 30 31 32

(6) TAXES (SM) 00 00 00 00 00 00 07 07 07 07 07 07 07 07 07 08 DB DB

AFTER TAX PROFITS (SM) 00 01 10 20 29 29 22 22 22 22 22 22 22 22 22 23 23 24

DEBT SERVICE COVERAGE RATIO a ((1)-(6»/(7) 29 29 29 29 29 29 29 29 29 29 15 15 15 16

PROJECT CASH FLOW a (1);2);3);4)-(6)-(8) 57 378 126 69 69 62 62 62 62 62 62 62 62 62 62 61 61

FIRR 99/
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HRAZDAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF &CAPITAL COST -10%

conslant199B dollars

Net plant output (MW) 44BO 44BO 44BO 4480 44BO 44BO 4480 4480 4480 44BO 44 BO 44BO 44 BO 4480 44BO 4480 4480 44BO 44BO 44BO 44BO

Capacity factor ( / ) BO 00 8000 8000 8000 BO 00 8000 BODO BODO BO 00 BO 00 BODO 8000 8000 8000 BODO 8000 BODO 8000 BODO BO 00 BODO

Trans & dlstr loss factor ('/ ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($/MWh) 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450 00450

Fuel cost ($/GCAL) 588 5 BB 5 BB 5 BB 5 BB 58B 5B8 588 588 5BB 5BB 5 BB 5B8 58B 5BB 5BB 5 BB 58B 58B 5 BB 5 BB

Loan Interest rate ( / ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cost ($/kW/y) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Vanable O&M cost ($/MWh) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Annual depreCiation ( / ) 286 2BB 2 B6 286 286 2B6 2B6 2B6 2B6 2B6 2B6 2B6 2B6 2B6 2B6 2B6 2B6 2 B6 286 2 B6 2 B6

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

Heat Rate (KcaIlKWhr) 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442 3442

YEARS 2018 2018 2020 2021 2022 2023 2024 2025 2028 2027 2028 2028 2030 2031 2032 2033 2034 2035 2038 2037 2038

REVENUES

Net plant production (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140 3140

(1) Annual revenues (SM) 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141 141

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M)

(3) Olher capital costs ($M)

(4) Owne~s cost ($M)

(5) Interest Dunng Construction

OPERATING EXPENSES

Fuel cost ($M) 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Fixed O&M cost ($M) 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05

Vanable O&M cost ($M) 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03

(6) Subtotal expenses (SM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

FINANCIAL

Interest payment ($M) 19 1 B 1 B 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

Pnnclpat payment ($M) 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24

(7) Subtotal (SM) 43 42 41 40 39 38 37 36 35 35 34 33 32 31 30 29 2B 27 26 25 24

DEPRECIATION (SM) 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17

PRETAX PROFITS (SM) 33 34 35 36 37 38 39 40 40 41 42 43 44 45 46 47 48 49 50 51 52

(8) TAXES (SM) 08 DB 09 09 09 09 10 10 10 10 11 11 11 11 12 12 12 12 12 13 13

AFTER TAX PROFITS (SM) 25 25 26 27 28 28 29 30 30 31 32 33 33 34 35 35 36 37 37 38 39

DEBT SERVICE COVERAGE RATIO =((1)-(6»/(7) 16 16 17 17 18 1 B 19 19 20 20 21 21 22 23 23 24 25 26 27 2B 29

PROJECT CASH FLOW =(1)-(2)-(3)-(4)-(6)-(8) 61 61 61 60 60 60 60 59 59 59 59 58 58 58 58 57 57 57 57 56 56

.- • •""'''"
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Table B 2 -23

SensItivity Cases

Financial AnalysIs

Parameter Value FIRR (%) DSC Table

Base Case 89 1 3 - 26 B 2-11
- Tanff =$0 045/kWhr
- Taxes =25% (with grace penod of 2 years)
- Fuel Cost =5 88 / Gcal
- Heat rate =3442 Keal/KWh
- Capital Cost =$62 3 MM

Tanff $0 0400 /kWhr 69 1 0 - 2 0 B 2-12
$0 0425 /kWhr 80 12 - 23 B 2-13
$00475 /kWhr 99 1 5 - 29 B 2-14
$0 0500 /kWhr 109 1 6 - 32 B 2-15

Tax Rate Reduced To 18% 92 1 3 - 2 6 B 2-16
10% 95 1 3 - 26 B 2-17

Fuel Cost +10% 81 1 2 - 2 4 B 2-18
-10% 97 1 5 - 29 B 2-19

Heat Rate -10% 97 1 5 - 29 B 2-20

Capital Cost +10% 82 1 2 - 2 4 B 2-21
-10% 99 1 5 - 29 B 2-22

•



B 3 RIsk AnalysIs

Project nsk can be separated mto three categones

• PhysIcal and teclmIcal
• EconolTIlc and fmancIaI
• PolItICal

RIsk lTIltIgation strategIes and actIOns assocIated wIth the development of the new Circulatmg
FlUIdIZed Bed (CFB) project can be Implemented m accordance wIth vanous protocols, agreed
m advance between the Owner and the relevant GovernmentallTIlll1stnes

A PhysIcal and TeclmIcal RIsk

The Project sIte IS withm the eXIstmg Hrazdan CHP plant area The area of prImary
phYSICal nsk IS the seIsmIc ratmg correspondmg to the hIghest degree of actIvIty on the
RIchter scale or MercallI scale Consequently all new foundatIOns and structures must
be deSIgned accordmgly

•

Adjacent structures to the Project sIte, mcludmg the eXlstmg outdoor sWltchyard, must
be evaluated for resIstance to SelSlTIlC stress and remforced where necessary Remote
structures whose mtegnty Impacts dIrectly on the CFB plant operatIon (such as the
coolmg tower and ItS appurtenances), sllTIllarly must be assessed An evaluatIOn must •
be prepared to deteflTIllle the nature and extent, and consequent cost ImplIcatIOns of
these remforcements

TeclmIcal nsk analysIs relates entIrely to the certamty of performance of the CFB plant
ThIs technology IS m advanced stages of relIabIlIty as IS eVIdenced by lIterally hundreds
of mstallations worldwIde CFB boller technology has been applIed WIth great success
to the use of hIgh ash coals and other solIds of relatIvely low heatmg value, sImIlar to
Armeman coals and coal shales Plant avallabllItles customarlly approach 95 % for
well-mamtamed mstallatIons

PhysIcal and teclmIcal nsks are lTIltIgated by selectIOn of hIghly relIable eqUIpment
mstalled m an area whIch has been constructed for maXImum SelSlTIlC load resIstance

B EconolTIlc and Fmanclal RIsk
(ThIS sectIon IS extracted from World Bank Report No 17018-AM, dated Oct 28,
1997)

Compared WIth countnes WIth a less volatlle recent hIstory and a longer track record of
mdependence and reforms, the nsk lTIltigatlon Instruments avallable to Armema are
qUIte lImited Therefore, It IS most lIkely that specIfic transactIOns could only be

•
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• fmanced by combmmg the available mstruments m a creatIve manner The mam
available mstruments, and the scope of theIr applIcatIOn IS dIscussed below

• Export CredIt Guarantees andlor Fmancmg

Fmancmg provIded or guaranteed by bIlateral Export CredIt AgencIes (ECAs) IS
most commonly used m transactIons mvolvmg the Import of large amounts of
capItal goods ThIs fmancmg IS provIded from the exportmg country to support
exports The guaranteed financmg usually covers up to 85 percent of the cost of the
capItal goods exported from the home country of the ECA Unfortunately, due to
the sItuatIon m the regIOn, all ECAs are presently closed for busmess m Armema
While they are lIkely to start openmg for short-term busmess m the near future, thIS
may not be the case for medIUm and long-term fmancmg WhICh would be reqUIred
for most transactIons m the power sector Nevertheless, If a specIfic transactIon
were to mvolve a slgmficant amount of exports from one country, It would be
worthwhile to explore the avaIlabIlIty of bIlateral ECA coverage from that country
on a case-by-case basIs

•

•

•

•

PolItIcal RIsk Insurance

Off-the-shelf polItIcal rIsk msurance for foreIgn dIrect mvestment IS available from
the MultIlateral Investment Guarantee Agency (MIGA), a member of the World
Bank Group In addItIOn, a lImIted number of countrIes have a bilateral agency
offermg the same product, the largest of whIch IS the Overseas PrIvate Investment
CorporatIOn (OPIC), aU S agency ThIs type of msurance covers eqUIty
mvestments and loans whIch are made m cOnjunctIon WIth eqUIty mvestment
Coverage IS lImIted to "claSSIC" polItICal nsks mconvertIbllIty and mabllIty to
transfer, expropnatIon, war and cIvil dIsturbance, and for some agenCIes also
breach of contract Both MIGA and OPIC are open for busmess m Armema

Loan Guarantees

Apart from straIghtforward Government guarantees - whIch are unlIkely to proVIde
suffiCIent comfort at thIS tIme - there are two mam types of loan guarantees WhICh
could be used (I) "B-loans", WhICh are commercIal loans benefitmg from the
mvolvement of a multIlateral mstltute (a so-called "A-loan" from IFC or EBRD),
WhICh mvolvement creates a perceIved "umbrella" as commerCIal fmanclers
generally expect that loans mvolvmg these mstItutIons will not be defaulted on, and
(11) Government guarantees whIch are enhanced by a full finanCIal guarantee of the
World Bank GIven Armema's Ilffilted credIt worthIness, the scope for an A
10anlB-loan structure may be lImIted Nevertheless, It could proVIde part of the
fmancmg for a transactIOn If mvestors were comfortable WIth the mformal
"umbrella" coverage The scope for governmentlWorld Bank guarantees IS also
constramed by credIt worthmess conSIderatIOns, but more Importantly by ItS
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potentIal cost to the Government Therefore, thIS mstrument should be apphed only
as a last resort m order to llffilt Government (and World Bank) exposure •

• Fuel Supply

In the case of a thermal power plant, the first nsk mvestors would worry about IS
the rehabIhty of fuel supply The lack of fuel durmg the heIght of the blockade has
been wIdely pubhclZed, and the frequent payment arrears for gas dehvered by
Turkmemstan exacerbate the perceptIOn of nsk Imtml feedback from mvestors
mdicates that they are unlikely to be mterested m any deal wIthout a guarantee
agamst thIS nsk

However, rather than a straIghtforward guarantee of fuel supply - WhICh would
leave contractmg responsIbIhty, and all the assocIated nsks, wIth the Government 
It mlght be possIble to create a structure where the mvestor would enter mto a drrect
contract WIth a foreIgn gas suppher whl1e the Government would guarantee only
agamst the nsk of contract frustratIOn as a consequence of carefully defmed pohtical
crrcumstances ThIS would hmit the Government's exposure, whIle gIvmg the
mvestor the benefit of bemg able to do therr own contractmg, possIbly at more
favorable terms than the Government

• Domestic Electnc Power Sales

For domestIC sales, the fact that Armenergo may operate as a state-owned smgle
buyer and seller of power w111 mcrease the perceIved nsk on the part of the
mvestor ThIS nsk could easl1y be mItigated by means of a Government/World
Bank guaranteed long-term PPA ThIS IS a potentIally expenSIve structure A
preferable optIon would be to rely on a structure of back-to-back purchase and sale
contracts so that the generator would receIve drrectly hIs/her share of the proceeds
of a sale by Armenergo to a dIstrIbutIOn company In thIS case, the smgle buyer
assumes no market nsks and payments under PPAs WIth pnvate generators are
guaranteed by revenues from sale contracts WIth selected dIstnbutIOn companIes
The smgle buyer IS m fact procurmg power on behalf of the dIstrIbutIOn compames
It would be essentIal to ensure that Armenergo would be a fmancially healthy
company WIth strong management at arm's length from the government Even WIth
all these elements m place, however, It IS qUite likely that mvestors would want to
see a guarantee of Armenergo I s performance under ItS contractual obhgatIOns It
should be noted that generators could contract drrectly wIth the dIstnbutIOn
company, subject to approval by the Energy COIIlIlllSSIOn As the cntena for
approval are not yet clear, thIS option w111 not yet provIde effectIve comfort to
mvestors ThIS may change If clear cntena are spelled out m secondary legIslation
As these obhgatIOns would be SImply those of a tranSmlSSIOn company (rather than
a long term PPA), thIS guarantee would result m sIgmficantly less Government
exposure than a guarantee of Armenergo' s obhgatIOns under a long term PPA

•

•
59'8 OlAIIB3 DocJ9/23/98 B-28



•

•

•

c

In a competitIve power pool WIth a market adnumstrator controlled by the state,
pnvate generators WIll perceIve hIgher market nsks assocIated wIth volatIle spot
pnces and deficIenCIes m the applIcatIon of transparent and stable rules for the
operatIOn of the power pool These market nsks can be mItigated by bIlateral
power contracts WIth dlstnbutlon companIes or large consumers, a good track
record m the applIcatIOn of clear and stable market rules and good governance
mechamsms of the power pool

Another element of perceIved nsk for domestIc sales IS the nsk assocIated WIth the
collectIon performance of the dlstnbutIOn compames The structure of back-to-back
contracts outlmed above does not proVIde suffiCIent comfort If the dIstnbutIOn
company IS not capable - or not allowed - to collect effectIvely and at an economIC
pnce The same IS true m the case of dIrect contractmg between a generatIOn
company and the dIstnbutIon company The nsk IS really at the heart of the
problems m the power sector WhIle It IS theoretIcally pOSSIble to mItIgate thIS nsk
by means of a guarantee, thIS would be hIghly undeSIrable If the problem were not
solved m substance The guarantee would snnply get called, WIth hIgh nnmedlate
costs to the Government

The better optIon would be to contmue on the present track allow dlstnbutlon
compames to Improve collectIOns, raIse pnces to econOmIC levels, and buIld a track
record of solId fmancIal performance In addItIon, as soon as pOSSIble allow
mvestors m generatIOn to contract dIrectly WIth dIstrIbutIon compames, so that they
can select those compames WhICh they perceIve as the strongest ThIS WIll m tum
proVIde mcentlves for the other dIstnbutIon compames to nnprove theIr
performance

PolItIcal RIsk

For electnc power exports, mvestors WIll defimtely want to enter mto dIrect contracts
WIth theIr buyers The Energy Law permIts thIs, but stIpulates that export transactIOns
requIre a lIcense from the Energy COmmISSIOn ThIs allows the COmmISSIOn to prevent
export m case there are msufficlent capaCIty to meet domestIC demand ThIS lIcensmg
reqUIrement may create a perceIved nsk on the part of the mvestor as a consequence of
the fear that the regulator mIght use It to prevent export transactIons for other reasons
Thus, the mvestor may requIre a guarantee agaInst the nsk of the Energy COmmISSIOn
unreasonably wIthholdmg or wIthdrawmg an export lIcense In addItIon, the mvestor
may requIre a guarantee of Armenergo I s performance m transmIttmg the power to the
border (slffillar to the case of domestIC sales dIscussed above) The transmISSIOn nsk
on the other SIde of the border would usually be the Buyer's fIsk

Investors WIll worry about claSSIC polItIcal rIsk GIven the cross-border elements of
power generatIOn transactIons m Armema, these nsks wIll be of even greater concern to
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mvestors m generation RIsk Illltigation could be done through a combmatlon of off-
the-shelf pohtlcal nsk msurance and Government/World Bank Guarantees •

The nsks are mconvertIbilIty or mablhty to transfer currency, expropnatlOn (In thIS
case maInly associated wIth possIble Interference WIth repatnatlOn of profits), and war
and cIvIl dIsturbance Under present CIrcumstances In Armema, It seems unlIkely that
Investors In the power sector would be prepared to take these nsks WIthOut acceptable
IllltIgatlon through guarantees

Based upon Input from a few potential mvestors, the documents should state that the
Government - supported by the World Bank - IS prepared to offer guarantees for certam
non-commercIal nsks BIdders should be mVIted to mdicate In theIr proposals WhICh
nsks they would want to have guaranteed The document should say that precIse nsk
coverage would be developed dunng negotiations between the wmmng bIdder, the
Government and the World Bank BIdders could be mVIted to contact the Government
and/or the World Bank for questlOns on the potential scope of the guarantees

It may, however, be possIble to IllltIgate these nsks by bUyIng "off-the shelf" polItical
nsk Insurance from MIGA or m some cases from a bIlateral Insurance agency WhIle
most bIlateral agencIes are not yet open for busmess m Armema, It may be possIble to
obtam Insurance for a transactlOn mvolvIng a reputable mvestor WIth very strong
expenence In the power sector The U S agency OPIC has already IndIcated Its
mterest m supportmg such a transactlOn, and others Illlght follow Off-the-shelf •
Insurance would be a good solutlOn, as thIs may be readIly avaIlable and does not
reqUIre a Government guarantee

•
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Annex 1 MItIgatmg RIsks Through More Effective ArbItration Procedures

lOne essential element m nsk nntIgatIOn for foreIgn mvestors IS the need for effectIve
arbItratIOn provIsIons ForeIgn mvestors are generally not prepared to rely on the local
courts to arbItrate m a conflIct they mIght have WIth theIr local contract partner, especIally
If thIS partner IS a publIc entIty ThIS can be solved effectIvely by agreemg m the
transactIOn contract (lIcense and/or sale contract or conceSSIon agreement) to bmdmg
mternatIOnal arbItratIon m a "neutral" country, and submIttmg the contract to the exclUSIve
JunsdictIOn of the courts of that (or sometImes another "neutral") country It IS very
Important for mvestor confidence that these arrangements be explICItly allowed m the laws
of the country where the mvestment takes place

2 It appears that ArmenIan law presently does not allow arbItratIOn provlSlons as outlIned
above m case the ArmenIan party to the transactIOn IS a publIc entIty (e g , the Energy
comnnSSIOn, state-owned transnnSSIon company) ThIS apparent prohIbItIOn IS expected to
be removed m 1998 m the context of the reVISIon of the CIvIl code However, m any case,
ArmenIan law allows this type of arbItratIon proVISIons only by default, 1 e , because they
are not explICItly prohIbIted In order to remforce mvestor confidence, It would be
Important to amend the Law on ForeIgn Investment to mclude explICIt proVISIOns on the
legalIty of foreIgn arbItratIOn and the JunsdictIOn of foreIgn courts over transactIons
mvolvmg ArmenIan partIes

3 The Energy Law stIpulates "The legal acts of the Energy comnnSSIon, except the
deCISIOns WIth regard to the tarIffs, can be appealed to the court" (ArtIcle 29) It IS
unclear whether thIS effectIvely prohIbIts an mtematIOnal arbItratIOn proVISIon to protect
the nghts of foreIgn mvestors under the lIcense If thIS were mdeed the case, It would be
Important to fmd a legal way to address thIS problem, gIven the paramount Importance of
credIble arbItratIon for mvestors I nghts and for the credIbIlIty of pOSSIble guarantees In
many cases, a calion the guarantee would not lead to a straIghtforward adnnssIOn of
lIabIlIty by the relevant authonty, but to a dIspute WhICh often ends up bemg solved m
arbItratIon Hence, the arbItratIOn proVISIon has a dIrect Impact on the credIbIlIty of the
guarantee

4 The best SolutIon to thIS problem would be to mclude a speCIfic proVISIOn m the foreIgn
Investment Law allowmg a covenant on mtematIOnal arbItratIon between a foreIgn mvestor
and the regulator Another way of addressmg the problem mlght be to mclude solId
arbitratIOn proVISIons m the contract of sale (or conceSSIOn contract), WhICh prOVISIOns
would extend to contract frustratIOn by the regulator A thIrd solutIOn would be to rely on
a bIlateral Investment ProtectIon Agreement (lPA) - WhICh takes precedence over the
Energy Law - to mclude m the lIcense arbItratIon proVISIOns accordmg to the relevant IPA
ArmenIa has concluded 26 bIlateral foreIgn Investment ProtectIOn agreements, most of
WhICh mclude proVISIOns on arbItratIon These agreements have the status of mternatIOnal
treatIes, and as such supersede Armeman law Nevertheless, It would be preferable to
extend the same level of protectIOn to all foreIgn mvestors by mcludmg the appropnate
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prOVISIons ill the foreIgn Investment Law ObVIously, thIS would work only ill those cases
where the illvestor' s home country had an IPA WIth Armema •

•

•
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1 1

SECTION 1 0 - GENERAL INFORMATION

PrOJect DescrIptIon •
1 1 1 General

Armenergo, heremafter referred to as the "Owner" (or alternatIvely 'Employer '),
mtends to mstall a coal-fired circulatmg flmdized bed power plant at the eXIstmg
Hrazdan CRP plant statIon The locatIon of the power plant facllltV IS as shown on
BRE Drawmg SC-lOO, Prehmmary Site Plan There shall be mIlllmal mterfacmg to the
eXIstmg CHP plant

The SIte IS approxunately [later] hectares of levelland, of WhICh the new CIrculatIng
flmdized bed mstallatIOn wlll occupy approxnnately [Later] hectare The SIte IS
accessIble by rall and highway The hIghway connections are to Yerevan and
Vanadzor Rall connectIons are to the major coal fields m northern Armellla

The Project Concept deSCrIbed hereIn IS for a nommal 50 MW CIrculatIng flmdIZed bed
power plant The plant IS to COnsISt of one (1) clfculatmg flmdIZed bed boller, one (1)
steam turbme and one (1) surface condenser, one (1) generator, one (1) step up
transformer

Plant arrangement shall be optlITIlZed by Contractor The techlllcal specificatIOns •
attached hereto proVIde the defmmon of the systems and facI11tIes WhICh constItute the
combmed cycle power plant mcludmg demohtion and/or refurbIshment of eXlstmg
faclhtIes/eqUIpment

The clrculatmg flUIdIZed bed power plant IS depicted on SIte Plan Drawmg SC-IOO and
ElevatIOn/Plan Drawmg m Section C 2

Project completIon date for commercIal operatIon shall be approxunately 30 months
after notice of Award of Contract

1 1 2 Fuel

PrImary fuel for the circulatmg flmdIZed bed boIler Will be DIhjan (Armeman) coal
The back-up fuel for the combustIon turbme WIll be Donetsky coal (Ukrame)

1 2 Work to be PrOVIded Under ThiS Contract

The Contract shall conSIst of deslgnmg, furmshmg, constructmg, mstallmg, checkmg
out of systems, startmg up and testmg of a complete operable combmed cycle power
plant ThIS Contract shall mclude, but IS not hmited to, the followmg work Items

•
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I 2 I The Work shall mclude furmshmg a complete power plant mcludmg desIgn, equipment,
matenals, transportation, erection, constructIOn, and serVices as speCified herem
Whenever m these speCIficatIOns the terms "provIde," "furmsh," "supply," "furnIsh
and/or mstall," etc, are used, It IS mtended that the Contractor shall mstall the
equIpment and systems unless speCIfic notatIon IS made that the eqUIpment, device, or
system IS to be mstalled by others Contractor shall be responsIble for the care,
custody and control for all matenals dehvered to the JobsIte, no matter from which
source, and mcludmg freIght forwardIng and customs clearance

1 2 2 The power plant umt system shall Include all Work m place from mltIal sIte
constructIon to start-up and testIng as reqUIred for a complete operable umt, mcludmg
electncal power for constructIon actIVItIes

1 2 3 The Work shall Include Contractor's and Contractor's Vendors serVIces of techmcal
dIrectIOn as reqUIred for placIng the power plant Into successful operatIOn, and for
trammg Employer's plant personnel In operatIOn and maIntenance of the power plant

1 2 4 Contractor shall coordmate checkout, start-up and perform mltlal operatIOn of plant
eqUIpment and systems In coordmatIOn WIth Employer's plant operatIon staff
Employer's plant operatIng staff wIll be supervIsed by Contractor Contractor shall
work WIth Employer to develop a plan for smooth tranSItIOn from constructIOn and
start-up to operatIon of the plant

1 2 5 The power plant shall be complete WIth all components speCIfied herem, and Work as
reqUIred by BId Documents, mcludmg, but not lmuted to, preparatIon of the followmg
deSIgn documents astensk (*) denotes submIttal to Employer for approval All other
documents/drawIngs shall be submItted to Employer at tune of Issue

*( 1) DeSIgn Cntena Document for Systems and FaCIlItIes
*(2) Mass and Energy Balance and Water Balance
*(3) SIte Plan
*(4) Power Block and FaCIlIty General Arrangement Drawmgs, BUIldIng DraWIngs
*(5) System P&ID's
*(6) Overall Plant Control Block DIagram
*(7) Major EqUIpment and BId SpeCIficatIOns

- Coal Crusher
- CIrculatmg FlUIdIzed Bed BOller
- Steam Turbme Generator
- Condenser
- BOller Feed Pumps CIrculatmg Water Pumps Condensate Pumps
- RepaIr and Upgrade of EXIStmg CoolIng Tower EqUIpment
- Generator
- Large Transformers (Step-Up, AUXIlIary)
- HV Metal Clad SwItchgear and Motor Control Centers
- DeS

~Q X01 \ Hrazdan Do Q 1 98

1-2



(8) ElectrIcal Smgle LIDe Diagrams
(9) Fma! Procurement Specifications
(10) Design Studies and Evaluations
(11) Detail DesIgn DrawIngs
(12) LOgIC DIagrams
(13) Schematic DIagrams
(14) Wmng DIagrams
(15) System DescnptIons
(16) OperatIon Manuals
(17) PreventIve MaIntenance Manuals
(18) EqUIpment Instruction Books
(19) Installation Manuals
(20) As BUIlt DrawIngs

1 2 6 The Work shall Include the follOWIng serVIces

(1) Project management, mcludmg project admInIstratIOn, schedulIng, cost control, and
qualIty assurance

•

(2) EngIneenng serVIces, mcludIng, but not lImIted to, the follOWIng

1

2

3
4
5
6
7

DetaIled desIgn of the followmg
- CIVIl and Structural Systems
- ArchItectural Systems
- Mechamcal Systems
- ChemIcal Systems
- Electncal Systems
- Control and InstrumentatIon Systems
- SWItchyard Systems
- Fault and Load Flow Study for Electncal Systems
Complete all desIgn documentatIOn, ConstructIon Drawmgs, Erection Manuals,
OperatIon & Mamtenance Manuals, Start-up and CommISSIOnIng Procedure
ResIdent engmeermg
Startup superVISIon
"Conformed to ConstructIOn Records" drawmgs and documents
PartICIpatIon In meetIngs
Performance Testmg

•

(3) Procurement, mcludmg expedItIng and qualIty mspectlon, for all eqUIpment matenals,
serVIces, and erectlon of eqUIpment and facIl1tIes for a complete and operatIonal
combIned cycle power plant faCIlIty Includmg, but not lImIted to, the follOWIng

Clrculatlng FlUIdIzed Bed BOller, steam turbIne generator and auxilIanes surface
condenser •
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(4)

2 ST/Generator/bUIldmg enclosure mcludmg structural steel, sIdmg, roofing
wmdows, doors, louvers, crane and hOIsts

3 Coal receIvmg system, storage and crusher
4 SodIUm Hypochlonte System (tIe-m to eXIstmg faCIlItIes)
5 Water Treatment and Pretreatment System (ue-m to eXIstmg faCIlItIes)
6 NeutralIzatIon System and Waste Water dIsposal (tle-m to eXIstmg facIlmes)
7 FIre Detectlon and ProtectIon System (tIe-m to eXlstmg faCIlItIes)
8 Hydrogen Generator system (tle-m to eXlstmg facIlItIes)
9 Water Storage Tanks (Condensate Storage Tank and ServIce Water Storage Tank)

(ne-m to eXIstmg facIlItIes)
10 CathodIC ProtectIon System
11 CIrculatmg Water System
12 VentIlatIon and aIr condItIODlng
13 SIte and bUIldmg IIghtmg
14 Yard utilIty trenches/covers
15 Roads wIthm new power plant
16 SIte dramage/SIte sanItary (tIe-m to eXIstmg facIlItIes)
17 PIlmg and foundatIons
18 Temporary constructIOn facIlItIes
19 Plumbmg (tOIlets and showers) potable water facIlItIeS (tIe-m to eXlstmg faCIlIties)
20 PIpmg
21 Electncal eqUIpment and matenals
22 Control and InstrumentatIon eqUIpment and matenals, DCS and auxilIanes
23 SWItchyard (extend eXIstmg facIlIty)
24 ArchItectural materIals
25 FIDlSh pamtmg of eqUIpment and matenals
26 RehabIlItatIOn of Coolmg Tower No 5
27 SIte preparatIon, clear and level
28 Instrument AIr and Plant Au (tIe-m to eXIstmg facIlItIes)
29 SOdIum HypochlOrIte and Hydrogen GeneratIon (ue-m to eXIstmg faCIlIties)
30 Water Treatment (tIe-m to eXIstmg facIlItIes)

ConstruCtion serVIces and startup/commIssIOnmg, mcludmg, but not lrnuted to, the
followmg

1 ConstructIon management
2 Schedulmg
3 ConstructIon labor superVISIon and tools
4 ConstructIon eqUIpment
5 Safety and loss control program
6 QualIty assurance program
7 Procurement expedItmg
8 Manufacturer's field serVIce
9 EqUipment and matenals recelvmg (mcludmg custom clearance) handlmg and

storage
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10 PreoperatIonal checkout testmg and startup
11 Performance testmg •
12 ConstructIon closeout and slte fimshmg
13 ConstructIon of storage area
14 FIrst aId and secunty dunng constructIon
15 PartICIpate m coordmatIon conferences and other meetmgs as the Employer may

request

(5) Consumables for startup, testmg, and three months of mitIal operatIon, excludmg
make-up water, fuel 011, and fuel gas, but mcludmg chemIcals reqUIred by all water
systems

(6) Lubncatlon 011 for system 011 flushmg and mltlal fill-up

(7) Trammg of the Employer's operatIon and mamtenance personnel WIth duratIons as
stated m SectIon 14 0 Contractor must employ the serVIces of a translator smce
trammg IS to be conducted m the ArmenIan language

(8) Coordmatmg startup and InItIal operatIOn of plant eqUIpment and systems with the
Employer and Employer's Consultant

(9) Developmg detaIled testmg procedures and schedule

(10) ConstructIOn power, water, fire protectIon, IIghtmg, compressed aIr, telephone, and
sanItary faCIlItIes (It IS expected that Contractor WIll buy power from the utIlIty and
provIde a constructIon power transformer )

(11) All requIred tools and test eqUIpment

(12) ComrmssIOnmg and startup spare parts

(13) Pnced Spare Parts LISt for 2 years operatIon (not mcluded m Contractor I s pnce)

(14) Techmcal Support for Owner's Perrmttmg aCtIVItIes

1 2 7 Furmshmg of all office, kItchen and laboratory furmture eqUIpment, mcludmg desks,
chaIrs, fax machmes, copy machmes, VCRlTV for trammg, refngerator, mIcrowave
oven, etc

1 2 8 Furmshmg of a pIck-up truck, 1500 kg mmImum capacIty

1 2 9 ProvIde faCIlItIes (traIler) for trammg of Employer's personnel

1 2 10 Obtammg and securmg all reqUIred local, state, and government permlts (constructIon
permlts, etc ) for constructmg the new power plant
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• 1 3 Work by Owner and/or by Others

The followmg work associated with the plant will be provIded by Owner and/or
Owner's Consultant

1 Fuel gas, fuel 011 and make-up nver water for use dunng start-up and
acceptance testmg

2 EnvIronmental Impact Assessment (EIA)

3 All necessary envIronmental pemuts for constructIOn and operatIon of the plant
(Contractor shall proVIde all necessary mformatlon regardmg the plant

eqUIpment and serVIces m hIS supply to assist Employer and/or others m
obtammg reqUIred envIronmental permIts)

4 Topography mappmg/surveymg

5 SIte GeotechnIcal InvestIgatlOn/Bonngs/FoundatIon DeSIgn RecommendatIOns

•
6 ProvIdmg operators and mamtenance personnel for SIte-specIfic hands-on

trammg by Contractor and for Plant startup, lIl1tIal operatIOn, and performance
testmg under Contractor's technIcal dIrectIon m accordance WIth mutually
agreeable schedule of actlVItles, takmg mto account the other oblIgatIOns of such
personnel

•

7 Electnc power after backfeed for start-up and commIssIomng from 110 kV
transmISSIon Ime

1 4 Techmcal SpeCIficatIon Documents

The TechnIcal ReqUIrements establIsh the baselme for the cIrculatmg flUIdIzed bed
power plant and shall be followed m the Contractor's deSIgn of systems and eqUIpment

Techmcal BId Data Forms request mformatlOn to be supplIed by the Contractor dunng
the BId Phase The supplIed data WIll be used to evaluate the Contractor's bId
Incomplete data submIttal may be cause for bId rejectIon Upon award and upon
Contractor/Employer agreement, the submItted data WIll become a part of the Contract
Documents

Conceptual plot plan and general arrangement drawmgs IdentIfied as Drawmgs C-101
and M-201 have been proVided to show the conceptual layout of the circulatmg
flUIdIzed bed power plant wIthm the lavout of the eXIstmg power plant These
drawmgs are prOVIded for mformatlon only Contractor may use other layouts, as
deemed appropnate, m the optimIZatiOn of the plant layout
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1 5 Contractor-SupplIed EquIpment and Matenals •I 5 I General

All materIals and eqUIpment shall be the latest proven deSIgn, new and the first qualIty
standard product of manufacturers or fabrIcators regularly engaged In the productIon of
such materIals and eqUIpment

When two or more umts of the same class of eqUIpment are reqUIred, they shall be the
products of a SIngle manufacturer

1 5 2 Arrangement

OnentatIon of eqUIpment shall be as requIred to mmUTIlze objectIonable nOIse, and to
produce the most SUItable access for mamtenance and operatIOns

Arrangement of accessones and appurtenances shall be coordInated WIth facIlItieS as
requIred to provIde an optimum layout and economIcal sIte use

1 5 3 Product SubstItutIons

Throughout the Contract Documents, products may have been or wIll be, specIfied by •
reference standards, manufacturers, trade names, catalog numbers, and other lIke
defimtIons SubstItutIon for those may be made when the Contract Documents allow
the optIon of selectmg equIvalent products by statmg "or equal" or "or approved equal"
followmg the IdentIficatIon of the product accordmg to the above, and provIdmg the
substitutIon IS approved by Employer

1 5 4 Factory Tests and Reports

The Contractor shall arrange for the performance for all the manufacturer I s standard
factory tests

The Contractor shall perform all factory tests reqUIred by the applIcable codes and by
these speCIfications All rotatIng machInery shall be statIcally and dynamIcally
balanced

Employer and/or Employer's Consultant WIll wItness, as a mInImUm, factory testmg of
the follOWIng eqUIpment

Steam TurbIne
Generators
Step Up Transformers
DCS
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ProtectIve Relay Panels
BOller Feed Pumps
CIrculatmg Water Pumps
Generator CIfCUIt Breakers

I 5 5 Manufacture and Assembly

The Contractor shall protect all mIll fimshes of Iron and steel matenals and eqUIpment
by a pnmer pamt coatmg m accordance wIth appropnate mdustry standard

The Contractor shall ShIp eqUIpment as completely assembled as possIble consIstent
WIth shIppmg faCIlItIes and constructIon reqUIrements at the plant sIte ExtenSIve match
markmg IS to be utIlIzed as necessary

The Contractor shall factory pIpe and tube all panel deVIces to bulkhead fittmgs ready
for external connectIOn

The Contractor shall factory fabncate and completely assemble electncal control panels
at the Contractor's manufactunng locatIon

The Contractor shall not dIsconnect factory wIrmg or tubmg except where reqUIred to
correct errors

For slad-mounted eqUIpment the Contractor shall supply completely assemble umts
WIth WIre, tube, pIpe, pamt, and test at the factory

1 6 Engmeenng SerVIces

The Contractor shall proVIde for the detaIl deSIgn engmeermg and constructIon balson
serVIces for the Project The Engmeer/Constructor proposed by the Contractor shall
have expenence m the deSIgn and constructIon of sundar power plant umts and shall
meet the followmg expenence and qualIficatIons cntena

•

•

•

Must have detaIl deSIgn engmeenng expenence for at least three cIrculatmg
flUIdIZed bed power plant umts of a mmunum of 50 MW SIze over the past five
years

Must have constructed one or more circulatmg flUIdIZed bed power plant umts
of 50 MW SIze or larger WhICh have been m successful operatIon for one or
more years HIstOrIcal operatmg and aVaIlabIlIty records shall be provIded
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1 7 Plant Manual ReqUIrements

Contractor shall furnIsh detaIled reference manuals and documentatIon for the
eqUIpment and plant furmshed under thIS specIficatIon All manuals shall have
numbered loose leaf pages WIth SectIon dIVIders FIfteen (15) manuals shall be
proVIded Manuals shall be pnnted In Russian language

1 7 1 InstructIon manuals, IncludIng InstallatIOn procedures, shall be prepared by the
Contractor for all eqUIpment The manuals shall Include the follOWIng

a Data sheets shOWIng model numbers and senal numbers of eqUIpment and
addItIonal data as requIred to IdentIfy applIcable portIons of standard sectIons of
the InstructIon books

b InstructIons for InstallatIon, start-up, operatIon, InspectIon, and maIntenance

c DIagrams of any CIrCUIt board cards used In eqUIpment

d Parts lIsts and recommended spare parts

•

e Address of nearest manufacturer-authorIZed serVIce facIhty

f Data In the InStruCtiOn book shall Include

1 EqUIpment data
2 EqUIpment flow dIagrams
3 PIpIng and Instrument dIagrams
4 ElectrIcal schematIcs and control dIagrams
5 EqUIpment trIp and lOgIC dIagrams
6 EqUIpment hsts
7 InstallatIon manuals shall mclude the InfOrmatIOn concermng shIpment,

storage, unpackIng, InStallatIon, check-out and start-up WhICh IS reqUIred
to morutor the InstallatIOn to Insure that the eqUIpment IS Installed
properly

•

1 7 2 OperatIons Manuals shall be prepared by the Contractor WhICh Include detaIled
operatIng procedures for all plant systems and eqUIpment furnIshed by the Contractor
The OperatIOns Manuals generally shall Include the follOWIng WIthIn the procedures

a DetaIled operatIng InstructIons for start-up, shut-down, normal operatIon, and
emergency shut-down

b Operator alarm responses for all annunCiator alarms

5'1 Mill ~ Hr:lZl!:lIl 0", q 1 9M
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• c PIpmg and mstrument dIagrams whIch provIde proper valve alIgnment for
eqUIpment for normal operatIon

d CompOSIte drawmgs or color reproductIons of computer CRT graphIc dIsplays
showmg type of control board or computer-accessed and dIsplayed operatmg
statIons for valves and major eqUIpment

e Normal process operatmg ranges and set pomts for all plant eqUIpment

f The OperatIons Manual shall be wntten utIlIzmg the followmg format

I Purpose - Shall set forth a bnef summary of the purpose of each plant
system or procedure

II PrerequlSltes - Shall address Items such as valve lme-up, electncal
power, controls, fuel, and other eqUIpment or systems reqUIred

III PrecautIons - Shall enumerate sIgmficant Items WhIch must be
acknowledged m order to protect personnel and eqUIpment

•
IV Procedure -

A Systems and EqUIpment - Shall mclude detaIled operatmg
mstructlons for start-up, shut-down, normal operatIon, and
emergency shut-down

B Integrated Procedures and Check LIsts - Shall mclude plant-WIde
hIgher level mtegrated procedures and check lIsts as follows
1 Steam turbme mspectIon check lIst
2 Umt start-up procedure and sequence
3 Urnt cold start and hot start procedures
4 Generator synchromzmg procedure
5 Electncal and substatIon sWItchmg procedures

OperatIon Manuals shall be wntten m RUSSIan

I 7 3 Plant Manuals shall descnbe deSIgn features, capabl1mes, lImItatIons, and general
functIonal operatIon of the systems compnsmg the project

a The Plant Manuals shall mclude the followmg mformatlOn

•
1 0

"'l} lo, 01 0\ .tr:J..7dJ..' D k. <) "1 %

INTRODUCTION TO PLANT MANUAL
1 1 Purpose of Plant Manual
1 2 LIst of Plant Manual Books
1 3 Plant Manual Format
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2 0 SYSTEM DESIGN AND EQUIPMENT INFORMATION
2 1 Systems concept
2 2 System Descnptlon
2 3 Flow DIagrams
2 4 Loop DIagrams
2 5 LOgIC DIagrams
2 6 Data Sheets
2 7 FIgures
28 DrawIngs

3 0 LISTS AND DEVICE TAGGING
3 1 Instrument LIst
3 2 EqUipment List
3 3 Valve LIst
3 4 specIalty LIst

4 0 PLANT GENERAL FEATURES
4 1 Plant LocatIon
4 2 Plant type
4 3 Plant CapacIty
4 4 Site Arrangement
4 5 EquIpment Arrangement and BasIc OperatIon
4 6 General Design Features
4 7 Equipment Performance Cntena

APPENDICES
1 Plant LocatIon and Surroundmg Area InformatIon
2 Site Plans, General Arrangement DraWIngs and Structures List
3 Plant Performance
4 Plant Water Balance
5 Legends
6 Systems Llstmg
7 Contract Llstmg

Plant Manuals shall be WrItten In RUSSIan

b System descnptIons shall be prepared WhICh utIlIze the follOWIng general
format

I 0 SYSTEM FUNCTION
20 SCOPE
3 0 DESCRIPTION OF OPERATIONAL MODES

3 1 ExplanatIon of P&ID, One Lme or other Drawmgs
3 2 Process control
3 3 Motor Comrol

10 8 01 ~ 1Ir:",,],n Do <) 9~

1-11

•

•

•



• 40
3 4 System Interface
ATTACHMENTS
4 1 Flow DIagrams
4 2 EqUipment Data Sheets
4 3 FIgures
4 4 LOgIC DIagrams
4 5 Loop DIagrams
4 6 ElectrIcal SchematIcs
4 7 EqUipment LIsts

1 7 4 A PreventIve MaIntenance Manual shall be provIded by the Contractor whIch delIneates
preventIve maIntenance of sIgmficant Items of plant eqUipment and related matters
The PreventIve MaIntenance Manual shall be a compIlatIon of and a cross-reference to
InformatIon contaIned In eqUipment manufacturer and vendor InstructIOn manuals The
general mtent of the PreventIve Mamtenance Manual shall be to develop a foundatIon
and data base WhICh WIll permIt unplementmg a personal computer-based plant-WIde
MaIntenance Manual System after commercial operatIon

1 8 Plant Life ReqUIrements

• 1 9

The plant shall be deSIgned for a mmunum servIce lIfe of 25 years

Codes and Standards

The Codes and Standards speCIfied withm the technIcal sectIons herem are U S Codes
and Standards EqUivalent Japanese and Western European Codes and Standards WIll
be accepted prOVIded that Contractor certIfies m the proposal that the proposed
alternatIve codes and standards meet or exceed requIrements of the US codes and
standards Performance testmg, however, shall be to ASME test codes WithOUt
exceptIon

The latest reVISIon of applIcable Codes and Standards stated herem are those m
eXIstence at tIme of bId due date

•

1 10 Umts of Measure

SI umts are to be used m descrIbmg the parameters for the plant and eqUIpment
Pressure shall be stated In Pascals and thermal energy shall be stated In JouIes
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SECTION 2 0 - PROJECT MANAGEMENT AND PROJECT CONTROL REQUIREMENTS

2 1 ProJect Management

The Employer's Project Team

The Employer WIll establIsh a project team for thIS cIrculatmg fIUldlzed bed power
plant project headed up by a Project Manager All commUnICatIOn from the Contractor
to Employer shall be dIrected to the Project Manager The Employer project team WIll
have the responsIbIlIty to ensure that contractual commItments are satisfied To thIS
end the Contractor WIll be reqUlred to provIde unrestrIcted access for Employer project
team members to reVIew all documentatIOn, mspect all eqUIpment under manufacture,
shIpment or constructIOn and attend any dISCUSSIons relevant to the Project

Where dIscrepanCIes In any of the above are Identified contrary to Contract documents,
these WIll be raIsed dIrectly WIth the Contractor's representatives If satisfactory
resolutIon IS not achIeved and dIspute resolutIon IS reqUIred for the purpose of good
faIth negotiations, all commUnICatIOns shall be dIrected to the Employer's Project
Manager

Should resolutIOn result In a change to the content of the Contract documents, then the
Employer's change order form must be completed and SIgned by project managers for
both partIes to record the agreement

Under no CIrcumstances shall the Contractor be allowed to vary the plant from that
detaIled m the Contract documents WIthOUt Employer's prIor approval

For the deSIgn phase of the project the Employer WIll aSSIgn a number of project team
members to reVIew all deSIgn documentatIOn, plant selectIOn and purchase, qualIty
assurance procedures and contract admInIstratIOn for the project

For the constructIon and COmmISSIOnmg phase of the proJect, Employer wIll aSSIgn a
number of project team members to the SIte to reVIew all SIte and construction matters
for the project

Contractor's Project Manager

The Contractor shall appomt a smgle Project Manager to assume total responsIbIlItv for
all aspects of the project for the Contractor up to Contract Closeout He shall attend as
a mmImum monthly VISIts at the project Site for progress meetmgs with Employer S
Project Manager

• S9 8 Ol~ Hrazdan Do 9 398
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Contractor's ProJect Team

The Contractor shall appoInt a specIfic prOject team to manage and control all project
aCtlvItles

The structure, locatlon and workIng arrangements IdentIfied for the Contractor's project
team shall be documented to Illustrate clearly the workIng relatIonshIps between
IndIVIdual members and also relatlonshIps WIth external partIes Included In the project
The relatIOnshIp WIth Employer project team members shall be IdentIfied In thIS
document

Project EngIneenng

The Contractor shall be responsIble for the completIOn of engIneenng deSIgn,
productlon of documentatlon, draWIngs and specIficatlons, determInatlon of all plant
selectIOn and placement of purchase orders In a tlmely and effectIve manner to satisfy
the specIfic Project deSIgn reqUIrements The Contractor's project team WIll be
responsIble for the development of an overall plan to organIZe and progress the
engmeermg functIOn

The Contractor shall comply WIth the agreed and documented reqUIrements wIthm the
Contract Documents to ensure that all deSIgn and plant selectlon actIons are acceptable

PrOJect Contract AdmInIstratIOn

The Contractor shall be responsIble for the satIsfactory completIOn of contract
admmistratIOn aCtIvItIes and for the development of an overall plan to organIZe and
conduct the contract adITllnIstratIon functIon

Project ConstructIon

The Contractor shall be responsIble for the successful completIon of all constructIon,
cormmSSIOnIng and testmg requIrements The Contractor's project team shall mclude a
complete, self-contamed SIte organIZatIOn WIth suffiCIent resources and expenence to
satlsfy all constructlon reqUIrements

A constructIon manager shall be appoInted to lead the SIte-based team and accept
responsIbIlIty for all SIte related matters
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22 ProJect Control

The Contractor shall be responsIble for the development and ImplementatIon of an
effectIve system to control all project aCtIVItIeS and report on project performance
mcludmg cost, tIme schedule and the productlOn of documentatlOn

The Contractor shall utIhze a computer based CPM system for project control
purposes The system to be used must be capable of producmg customIzed reports and
mformatlOn on demand ThIS control system shall have been successfully apphed to
sIml1ar projects and be famihar to the project control personnel selected

InformatIon and documentatlOn submmed to Employer shall be In the same form as
reqUIred by the Contractor No speCial provlSlons shall be undertaken for preparatIon
of documentatlOn for Employer use By thIS means, Issue of the documentation reqUIred
by Employer shall not place undue demands on the Contractor and Employer's project
manager shall be confident of the accuracy of reported progress as the Contractor's
project manager wIll be usmg the same mformation for control purposes

DocumentatIon IdentificatlOn

The Contractor's detaIled project documentatIon plan shall IdentIfy all documentatIon
reqUIrements for the proJect, the party responsIble for productIon of the document, the
baSIC content of the document and the reqUIred tmung for Issue ThIS plan shall
mclude, but not be lmnted to, the detaIls of all drawmgs to be produced, plant
speCIficatIon/definItIon documentatIon, eqUIpment orders, manuals, etc

The documentatIon IdentIfied shall be entered mto the computer based control system
The database thus created shall be capable of bemg sorted and ordered on a vanety of
selected parameters such as document type, subject descnptIon, responSIble party, start
date, fimsh date, etc, to enable reVIew and update to be conducted only on those
documents WhICh are relevant

DocumentatIon Progress Reportmg

Regular documentatIon control progress reports shall be prepared by the Contractor to
record the status of documentation

These reports shall be prepared and Issued to Employer on a monthly baSiS

•
SIX (6) copIes of the documentatIon control progress report shall be prOVIded to
Employer's project manager In addItIon to thIS regular report, the Contractor shall
proVIde other reports on request by Employer's project manager
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Documentation Progress RevIew

In the event of Employer's project team members expressmg concern with the content
of documentatIon control progress reports, the accuracy of progress reports, status of
documentatIon productIOn and other such matters, Employer's project manager WIll
identIfy thIS concern to the Contractor's project manager Wlthm three (3) Workmg
Days of notIficatIon of thIS concern, the Contractor's project manager (or hIS nommated
representatIve) shall commUnicate wIth relevant Employer project team representatlves
and provIde detal1s of specIfic actlons to be InitIated to satIsfactonly overcome the
dIfficultIes IdentIfied

It WIll be the Contractor's project manager's responsIbIlIty to mltlate whatever action IS
necessary to ensure that the productlon of documentatIOn IS completely m accordance
WIth the project documentatIon plan and overall project reqUIrements

TIme Schedule IdentIficatIon (Project Schedule)

•

The Contractor t s detal1ed tIme-based project management program shall IdentIfy all
actIVItIes, and therr mterdependencIes, requrred for the successful completIon of the
project Each actIvIty shall be part of a work breakdown structure and be coded to
enable separate reportmg as eIther an engmeermg, purchasmg/manufacturmg,
constructIOn or comnllssIOnmg functIon Allocanon of resources requIred shall also be •
prOVIded for each aCtIVIty to enable resource plannmg to be taken mto conSIderatIon,
WIth IdentIficatIOn of the CrItIcal path aCtIvItIes for the project

ThIS program shall be entered Into the Contractor's computer based control system and
shall form the control tIme schedule for the project From thIS control tIme schedule
the CrItIcal path actIvItIes shall be IdentIfied The tIme schedule shall mclude the
MIlestone Dates

The Contractor's project manager shall ensure that all Employer's Interfaces are
speCIfically IdentIfied In the program aCtIVItIes and that suffiCIent tIme IS allocated for
these Interfaces

TIme Schedule Progress Reporting

Regular tIme schedule control progress reports shall be prepared to record the status on
all actIvltIes These shall be the Contractor's standard progress reports, applIcable for
both over-VIew and detal1ed reporting levels The codmg of actIvltIes WIll enable
separate reports to be Issued on an engIneenng, purchaSing/manufacturing constructIon
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•

and comrrussIOnmg basIs as well as on contract or systems groupmg Addltlonal
breakdown capabIhty should be provIded for further detaIl as reqUIred

SpecIfic "exceptIon reports" shall be generated IdentIfymg those actIvItIes whIch were
scheduled to start but have not, actIVities which are scheduled to be completed and are
not or actIvltles WhICh are not progressmg as effectIvely as reqUIred The exceptIon
reports are essentIal to qUlckly Identify areas for correctIve actIOn and shall be avaIlable
to Employer on request

The progress and exceptIOn reports shall be prepared and Issued on a monthly baSIS
Three (3) copIes of the reports shall be prOVIded to Employer's project manager

TIme Schedule Progress ReVIew

In the event of Employer's project team members becommg concerned WIth the acmal
progress not alIgnmg WIth the progress planned, Employer's project manager WIll
IdentIfy thIS concern to the Contractor's project manager Withm three (3) Workmg
Days of notIficatIOn of thIS concern, the Contractor's project manager (or hIS nommated
representatIve) shall commUnIcate WIth relevant Employer project team representatIves
and proVIde detaIls of speCIfic actIons to be InItiated to satIsfactonly overcome the
dIfficultIes IdentIfied

It WIll be the Contractor's project manager's responSIbIlIty to InItIate whatever actIOn IS
necessary to ensure that the rate of progress achIeved IS completely m accordance WIth
the project control tune schedule and overall project reqUIrements

Value Engmeenng

From tune to tune, the Contractor may determme that certam deSIgns or constructIon
procedures can be adapted so as to reduce costs and/or unprove Schedule WIthout
compromIsmg work qualIty If thIS can be demonstrated, upon applIcatIon to the
Owner I the Contractor shall be entItled to a portion of such savmgs for hIS account as
compensatIon
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• 3 1

SECTION 3 0 - SITE DATA AND SITE REQUIREMENTS

General

The proposed plant wIll be located withm the eXlstmg Hrazdan plant m areas as shown
on the Site Plan Drawmg SC-100 The 'Water table IS approxImately [Later] m below
the eXIstmg surface The SIte IS m seIsmIC zone 9 on a 12-magmtude scale

3 2 Topography

The plant wIll be located on a presently level area wlthm the eXIstmg plant A soIls
bormg plan (Later), geotechmcal survey and topographIcal maps are mcluded as part of
thIS specIficatIon

3 3 ClImatIc and SIte CondItiOns

•

SIte Elevation

Average Max AmbIent Temperature
MmmlUm AmbIent Temperature

Average RelatIve HUmIdIty

AmbIent AIr COndItIOnS (monthly averages)

1730 m ASL

Summer 24°C
Wmter -24°C

71 %

January
February
March
Apnl
May
June
July
August
September
October
November
December

Ave Dry Bulb °c
-9

-7 1
-2 6
4 1
98
133
163
168
132
75
07
-S 8

RH%. mormng
80
78
76
71
68
68
66
62
63
68
7S
79

•
Summer DeSIgn pomt condItIon
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CoolIng Water

Source Coolmg Tower
DesIgn Coolmg Water temperature

Meteorology

•
Annual Ramfall and Snowfall

Annual Snowfall

Wmd Speed and PrevaIlmg DIreCtIon

SeIsmIC Zone

SpecIal CondItIons

3 4 Water Source

752mm

Wmter, heavy snows

2 I-31m/sec at elevatIon of 11m

SeIsmIC Zone 9

Atmosphere IS dusty

The project UtIlIZeS a clfculatmg coolmg water system usmg coolIng towers Make-up water
reqUIrements are pnmarIly for bOIler blow-down, stearn condenser heat reJectIon,
demmeralIZer make-up, potable water and serVIce water The make-up water demand IS about
[Later] m3/hr

3 4 1 Makeup water for the coolIng tower system IS sourced from a rIver pump house
through eXIstmg supply mams The eXIstmg pumps wIll be used RIver water analysIs
IS as follows, based upon 1968 data

•
Temperature °c
pH
Alkahmty, meq/l
Hardness meq/l
Chlondes, mg/l
Sulfates, mg/l
DIssolved Oxygen, mg/l
SIlIca ~g/l

Carbon DIoxIde mg/l
Iron mg/l
Copper mg/l
Alummum mg/l
PotassIUm mg/l
Nmates mg/l

~9 I> 01 \ Hrazdan D", 9 1 98

22 Summer
8 1

41 8
1 9

11
19
64

17
48
027
0013
0036

150
3

3-2

2 Wmter
78
2 1
23

13
18
6 1
17
5 1
017
0033
0031

180
3

•



3 4 2 Makeup water for plant serVlces, demmerahzer makeup, etc, IS sourced from the
Marmank Rlver After pretreatment, Its analysIs IS as follows• PartIculates mg!I 1 6 1 9

•

Temperature °c Summer Wmter Ave
pH 7 8 8 1 79
AlkalImty, meq/l
Hardness meq/l 05 05 05
Chlondes, mg/l 05 05 05
Ammoma, mg/l
SIlIca, Ilg/1 152 141
Carbon DIoxIde mg/l 028 013
Iron Ilg/l 1 29 26
Copper Ilg/1
Alummum Ilgll 40

35 SIte EnvIronment

Contractor shall be responsIble for protectmg and mamtaImng the sIte WhICh shall
mclude but not be lImIted to the followmg

a Proper storage and dIsposal of all waste and contammants such as spent bOIler
pIcklmg lIquors, debns, pamts, solvents, lubncants, OIls, etc wIll be requIred at
all tImes No waste or contammants shall be dIsposed of on-sIte Records of all
dIsposals shall be retamed and provIded to the Employer at the end of the
project

b DIsposal of hazardous waste wIll reqUIre Employer's approval of the dIsposer
and method of dIsposal, pnor to dIsposal of hazardous waste The Contractor
WIll ensure that no hazardous matenals are brought onto the Employer 1s
property

c Contractor shall mamtam the project SIte m a neat and clean condmon
Matenals shall be protected from damage due to dIrt, debns or the elements
Upon completIon all temporary bul1dmgs, rubbIsh, unused matenals, and other
eqUIpment and matenals belongmg to and used m the performance of the work
shall be dIsposed of Dunng constructIon stormwater and fugitIVe dust
emISSIons shall be controlled by use of proper constructIon practIces or other
means

• ~q g 01 ~ Hrazllan D,,- q ,qg
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3 6 SIte SeCUrity

Contractor shall construct a permanent site security fence, 2 meters (6 5 feet) hIgh wIth
two (2) double swmg entrance gates and two (2) personnel entrance gates

3 7 Site Access

The plant shall be constructed WIthOUt obstructmg publIc thoroughfares and the access
roads wIthm the eXlstmg faCIIIt) All warmng SIgns shall be posted m RussIan and a
safe workplace shall be provIded and mamtamed
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4 1

SECTION 4 0 - ENVIRONMENTAL REQUIREMENTS

Airborne EmissIons

The Contractor shall guarantee that the plant "exhaust emIssIons" shall not exceed the
followmg

Coal Fmng

•
NOx

CO

PartIculates

The above are based on 6 % O2

__~12=0:::....-_ppmv (wIth water mJectIon)

506 ppmv

200 ppmv

150 mg/Nm3

4 2 NOIse Control

The Contractor shall guarantee that the resultmg ambIent nOIse level for all eqUIpment
(except the steam turbme) shall not exceed 85 dBA at a dIstance of one meter from the
edge of the eqUIpment The overall nOIse level for the ST shall not exceed 90 dBA at a
dIstance of one meter from the edge of the eqUIpment

All measurement of nOIse and testIng shall be done m accordance wIth ANSI B133 8

The Contractor shall make any modIficatIons necessary, mcludmg the InstallatIon of
addItIOnal and/or unproved sound attenuatIon eqUIpment as reqUIred to comply wIth the
above stated nOIse cntena

4 3 LIQUId Streams

(Later)

4 4 SolId Waste

(Later)
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SECTION 5 0 - OPERATIONAL REQUIREMENTS

5 1 Circulatmg FluIdIzed Bed Power Plant

The circulatmg flUIdIzed bed power plant shall be deSigned to attam a very hIgh level of
availabilIty The plant WIll essentIally operate as a base loaded umt The projected
operatmg hours are at least 7500 hours per year The umt is dispatchable and IS
expected to normally operate between 75 % and 100 % of plant load

The plant shall be deSIgned to permIt automatIc operatIon control between 25 and 100
percent load

TABLE I

PROJECTED OPERATIONAL SCHEME

•

In case of load reJectIOn, the power plant shall be capable of sustalmng ItS own
auxIliaries mdependently to keep the power plant availabIlIty

Hours m year
Operatmg Hours
Capacity Factor

=
=
=

8760
7500
85%

•
The circulatmg flUIdIZed bed power plant shall be capable of at least (Later) cold starts
per year and (Later) warm starts per year Start-up times for each unit shall not exceed
the followmg

• Cold start (72 + hours)

• Warm start (more than 8
less than 48 hours)

• Hot start (less than 8 hours)

6 hours

2 hours

I hour

AddltIonally, the mam eqUIpment shall be deSIgned to achIeve the followmg startups for a
penod of 25 years

Cold startups

Hot startups after a trIp
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6 1

SECTION 6 0 - QUALITY ASSURANCE/QUALITY CONTROL

General

The Contractor shall be responsIble for an Integrated qualIty assurance/qualIty control
program Includmg but not lImIted to desIgn constructIon, mstallatIOn, matenals,
eqUIpment, checkout, start-up and InItIal operatIon InternatIonal Standards such as
ISO-9000 senes (ANSI-ASQC Q90 senes In the USA) on QualIty Management and
QualIty Assurance provIde an acceptable program outlIne In thIS area The QA/QC
programs of the Contractor and hIS subcontractors shall be enforced to assure that the
plant furmshed to Employer IS of good qualIty

A The QA/QC programs of all partIcIpants In the plant deSIgn, furmsh and
construct program shall be submItted to Employer Penodic audIts of the
subcontractor's QA/QC programs shall be conducted by the Contractor's
QA/QC group

•

B Throughout the term of the Contract the Employer may audIt elements of the
Contractors and hIS subcontractors QA/QC program to ensure program
complIance The Contractor and hIS subcontractors shall allow Employer access
to theIr faCIlItIes, data and personnel

C The Contractor shall establIsh a project QA/QC group WIth qualIfied
representatIves for qualIty momtormg m Engmeermg, Procurement, FabrIcatIon
and ConstructIOn ThIS QC Group shall be a permanent project group for the
duratIon of the project

•
6 2 OrgamzatIon

1 Contractor's QA/QC program shall be developed around an mdependent group
responsIble for QualIty reportmg to Contractor1s Project Manager but
responsIble to the Contractor's Corporate Management

2 The QA/QC program shall have a qualIfied, group leader (QC DIrector) WIth
supportmg staff as reqUIred to meet the reqUIrements set out herem and m the
Contractor QA/QC Procedures Manual

3 Employer shall have dIrect commumcatIon WIth the QA/QC group leader and
staff

4 The QA/QC program shall be responsIble for seemg that all changes are
documented on Drawmgs Manufacturer's RepresentatIves changes field

SJ~Ol-\HrazdJnD g lQR
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63

changes design changes shall be documented and all drawmgs shall be kept
current

Reportmg

6 3 1 Wntten reports shall be submItted monthly to Employer, Contractor's Project
Manager, the Corporate Manager m charge of QualIty Programs and to others
as mutually agreed upon

6 3 2 The reports shall cover one calendar month and shall be dIstrIbuted withm seven
(7) workmg days followmg the last day of the month bemg reported

6 3 3 The monthly report shall be a bound report coverIng m detail the followmg
tOpiCS

Quallty checks performed durmg the month and the results of those
checks

Any deVIatIon from the specIfied and requIred qualIty standard shall be
prommently noted

CorrectIOn of qualIty deVIations noted m preVIOUS month(s) reports shall
be dIscussed

DescnptIOn of QualIty checkIng planned for the commg month

LIstmg of orgamzations performmg quahty testmg durmg the month

Both deSIgn and constructIOn qualIty checkmg shall be covered

6 3 4 ConstructIOn QA and QC reportmg shall mclude consIderatIon of Items such as

InsurabIlIty of the faCIlIty by forestallmg constructIon defects
Planmng
Housekeepmg durmg constructIon
Safety SecurIty
SecurIty
Recelvmg, storage and handlmg of eqUIpment and matenals
Cleanmg of flUId systems
Preconstructlon venficatlon
Inspectlon of earthwork
Inspection of piles and caissons If appropnate
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Inspection and testIng of concrete
InspectIon of steel constructlon
InstallatIOn of eqUIpment
InspectIon of Mechamcal/PlpIng Systems
Process control of weldIng, brazIng, etc
VenficatIon of completed system/subsystems
Preoperational testIng of eqUIpment
Process control of electrIcal InstallatIOn, cable pullIng, termInation
and markmg
InspectIon of Groundmg
Performance of Electncal Testmg
Protection of Installed eqUIpment and systems

Acceptance testmg m field shall be same as shop testmg acceptance

Contractor shall hIre an mdependent testmg agency that speCIalIzes m SOlIs compactIon
testmg and concrete testmg Independent testmg agency shall be approved by
Employer

6 4 Procedures Manual

6 4 1 Contractor shall prepare and submIt to Employer for approval a complete and
comprehensIve QA/QC Procedures Manual for the project

642 The prellIDlnary Procedure Manual shall be subInlued after the NotIce to
Commence Work The Manual shall cover Engmeermg, Procurement, matenal
storage and ConstructIon QA/QC

6 4 3 Followmg Employer approval, Contractor shall submIt 6 copIes of the
Procedures Manual to Employer for hIS use

6 4 4 Contractor shall dIstnbute the Procedure Manual to hIS project staff and enforce
the provlSlons as they apply to the varIous members of hIS orgamzatIon

6 4 5 The Procedures Manual shall be m a durable 3-nng bmder sectIonalIzed to
faCIlItate updatmg as reqUIred A document control procedure shall be enforced
to assure that all manuals are accounted for and kept current
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7 1

SECTION 7 0 - PROJECT DESCRIPTION

DeSCrIption of Plant •
The Hrazdan Steam Turbme Clrculatmg FlUIdIZed Bed Power StatIon WIll be a nommal 50
MW smgle cycle power plant WIth one (1) CFB BOller, one (1) extraction steam turbme and Its
assocIated generator, one (1) surface condenser and mIscellaneous ancIllary eqUIpment and
accessones as specIfied herem

The coolmg water system for the steam turbme surface condenser and for plant aUXIlIary
eqUIpment WIll be a coolmg tower cIrCUlatIon system Make-up water to the plant wIll be nver
water WhICh wIll be pretreated and then sent to an on-SIte serVIce water storage tank

The circulatmg flUIdIZed bed bOIler IS to be deSIgned for fIrmg WIth Armeman coal as the
prImary fuel and Donetsky (Ukralman) coal as the back-up fuel

7 2 SIte Layout and Arrangement

The conceptual SIte layout for the power plant IS as shown on BRE Drawmg SC-IOO

7 3 Fuel System

The crrculatmg flUIdIZed bed bouer shall be deSIgned for coal firmg Contractor's scope of
work IS to mclude eqUIpment for receIvmg, storage, crushIng to the specIfied SIZe and feedmg
of crushed coal to the crrculatmg flUIdIZed bed bOIler

7 4 Water Pretreatment System

Makeup water to the plant WIll come from the Marmank RIver whIch currently supplIes make
up water to the CHP plant Contractor's tIe-m to the eXIstmg water pretreatment system wIll
be located as shown on BRE drawmg SClOO

The eXIstmg water pretreatment system removes Iron, manganese, hydrogen sulfide, or other
ImpuntIes as reqUIred to proVIde water of acceptable qUalIty for the potable water system and
serVIce water system ServIce water WIll be used as mfluent to the makeup demmeralIZer and
sodIUm hypochlonte systems, m the fire protectIon system, and for mIscellaneous serVIce
water reqUIrements throughout the faCIlIty

7 5 Makeup Demmerahzer System

Influent to the eXIstmg makeup demmeralIZer system IS pretreated rIver water from the eXIstmg
serVIce water storage tank The makeup demmeralIZer system shall proVIde water of
acceptable qualIty for makeup bOIler feed water to the CFB An eXIstmg tank WIll be used for
dedIcated storage for the CFB plant
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• Performance of the eXIstmg makeup demmerahzer system IS mdicated by the eXIstmg treated
bOIler feedwater analysIs as follows (average for year)

Parameter
Hardness
Total alkalImty

SilIca
Ammoma
pH
Chlonde
Iron
Copper
CarbonIc aCid

Quahty
05 meqll
9 I meqll

160 ~gll

ND
79
o5 ~gll

29 ~g/l

o7 ~g/l

o2 ~g/l

•

•

Cooling Tower No 5 Will be refurbished for use as the dedicated coolmg tower for the CFB
power plant New water crrculatmg pumps With a capacity of 7000 m3/hr w111 be lnStalled

7 6 SodiUm Hypochlonte System

The eXistmg CHP plant WIll provIde sodiUm hypochlorIte to the CFB faCIlity The system
shall be used to mJect hypochlonte mto the flver water coolmg mtake for macrofoulmg
control, and mJect hypochloflte mto the wastewater outfall for mlcrofoulmg control SodiUm
hypochlorIte w111 also be supplied to the potable water system

7 7 Wastewater System

Wastewater from the plant w111 consIst of waste from floor drams from the ST generator
bUlldmg, potentIally contamInated yard drams from the transformer area, and sanItary
wastewater ThIS w111 be stored and tested m a new tank

Sanitary wastewater WIll be treated m the eXIstmg waste water system Floor drams from the
ST generator bUlldmg and potentIally contamInated yard drams from the transformer area WIll
be treated m eXIstmg OIl/water separators, WIth the clear effluent gomg to the wastewater
storage tank

These and other plant wastewater streams w111 be blended WIth the coolIng water blowdown
and dIscharged to the flver downstream of the pump mtake chamber

7 8 Hydrogen Generator and Storage System

The hydrogen generator and storage system shall electrolytIcally generate hydrogen gas from a
potaSSiUm hydrOXIde solutIon, compress It, and store It for use m the generator coolIng system
The eXIstmg CHP plant WIll proVIde hydrogen cylmders to the CFB facIhty
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7 9 ElectrIcal ReqUIrements

The electrIcal systems and associated eqUIpment shall be desIgned wIth fleXIbIlIty and adequate
redundancy to provIde a relIable source of power for all auxIlIarIes that WIll be reqUIred for the
new combmed cycle power plant

The desIgn and mstallatIOn of the new plant InterconnectIon Into Armenergo electncal system
at 110 kV wIll be In accordance WIth Armenergo reqUIrements for system compatIbIlIty

•
Armenergo's 110 kV SubstatIon at Hrazdan Plant consIsts of an aIr msulated SWItchgear
mstalled outdoors The eXIstmg bus sWItchmg arrangement utIlIZes two mam buses and a
transfer bus scheme The two mam buses radially receIve generatIon or feeds a load VIa a
CIrCUIt breaker A bus coupler CIrCUIt breaker between the two mam buses IS prOVIded to
permIt load transfer between the two mam buses A bus transfer CIrCUIt breaker IS prOVIded to
faCIlItate mamtenance of anyone CIrCUIt breaker WIthOUt mterruptIOn There are twelve
eXIstmg CIrCUIt breaker bays to accommodate ten CIrCUIts - SIX for outgomg transmIssIOn lmes,
two for receIvmg power from the eXIstmg Umts 1 and 2 generators (50 MW each), one for the
eXIstmg startup (or reserve) transformers, one for bus coupler, one for bus transfer, and one
for spare or reserve The Contractor shall add one 110 kV CIrCUIt breaker bay to the eXIstmg
110 kV substatIOn for transnnttmg the output of Its new generator The spare CIrCUIt breaker
bay (CIrCUIt later) will be utilIZed as a power source for the new start-up transformer of the
new CFB plant Drawmg E0035 - Key One Lme DIagram - depICts partIally the eXIstmg
configuratIon and shows mterconnections to the new CFB power plant •

The new umt WIll be mterconnected WIth on-SIte 110 kV Armenergo SubstatIon to dellver/
receIve the output/mput of the plant The electrIcal power will be generated by the generator
at three phase, 50 Hz, and the manufacturer's standard rated voltage The step-up
transformer(s) WIll be prOVIded to step-up the voltage from the generator's voltage to the grId
voltage

Three 110 kV overhead lmes or solId dIelectrIc cables run m trenches WIll be prOVIded from
the new umt to the eXIstmg 110 kV SubstatIOn to transnnt generatIOn and receIve start-up
power

Umt's aUXIlIary loads WIll be fed from eIther the generator Output, VIa the umt aUXIlIary
transformer (UAT), or from the startup source The umt aUXIlIary transformer and
startup/standby transformer WIll be connected to two medIUm voltage SWItchgear buses VIa
mdependent CIrCUIt breakers The power WIll be dIstnbuted In radIal configuratIon to the
aUXIlIary loads from these MV SWItchgear buses (6 3 kV)

7 10 UtIlIty ServIces/ConnectIons/TIe-Ins

UtIlIty conneCtIon mterfaces shall conSIst pnmanly of the followmg

1 DemmeralIzed make-up water lme - Contractor's mterface POInt shall be (Later)
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2 Coohng water supply lme/return hne (circulatmg water) - Contractor's mterface pomt
shall be (Later)

3 Wastewater dIscharge lme - DIscharge shall be to circulatmg water dIscharge canal after
treatment

4 InterconnectIOns to eXIstmg Armenergo 110 kV SubstatIOn (Later)

5 Instrument/Plant aIr - Contractor's mterface pomt shall be (Later)

6 FIre water - Contractor's mterface pomt shall be (Later)

7 NItrogen - (Later)

8 Carbon DIOXIde - (Later)

9 Hydrogen - delIvered as cylmders from generator m eXIstmg CHP plant

10 SodIUm HypochlorIte - Contractor's Interface pomt shall be [later]

11 DIstrIct Heatmg Steam Supply/Condensate Return System - Contractor's Interface pomt
shall be [later]

59"8 OIAIHr:wlan Doe /9 598

7-4



SECTION 8 0

MECHANICAL/CHEMICAL TECHNICAL REQUIREMENTS •
SectIon Title Page

8 1 General Mechamcal ReqUirements 8-1

82 Codes and Standards 8-1

83 Coal ReCeIVIng, Storage, CrushIng, Feed Systems 8-2

84 LImestone HandlIng System 8-6

85 CIrCUlatIng FlUIdlZed Bed BOller System 8-10

86 Start-Up Fuel OIl System 8-19

87 Fabnc FIlter System 8-19

88 Ash HandlIng System 8-20

89 Steam TurbIne and AuxIlIary Systems 8-25 •
810 Condensate and Feedwater System 8-31

811 CIrculatIng Water System 8-34

8 12 Water Treatment System 8-35

813 Closed CoolIng Water System 8-36

8 14 ChemIcal InjectIon Systems 8-37

8 15 SodIUm HypochlorIte Generator, Storage and DIstrIbutIOn System 8-38

8 16 Hydrogen Storage System/C02 System 8-38

8 17 Compressed AIr System 8-38

8 18 Wastewater System 8-39

5928 01 A Hrazrlan DO<. 9'23/98 8-l •



• SectIon TItle Page

8 19 FIre Protection System 8-40

820 Heatmg, VentIlatmg and AIr CondItIonmg Systems 8-41

821 General EqUIpment ReqUIrements 8-43

822 Pamtmg 8-54

823 LubrIcatIOn 8-54

824 Testmg 8-55

825 Turbme Steam By-Pass System 8-56

826 Make-up Water Supply System 8-56

•

• 59 8 OIA Hr:udan Do•.l91'3198 8-J..J..



8 1

SECTION 8 0 - MECHANICAL TECHNICAL REQUIREMENTS

General Mechamcal ReqUIrements

This sectlon provides a descnptIOn of the prunary mechamcal eqUIpment and
systems that shall compnse the Plant, as well as their functions and the cntena
upon which their design shall be based Where used herem, and unless
specifically noted otherwise, the terms "full-capaCity" and "100 percent
capacity" shall mean that capacity requITed to support contmuous plant operatlon
at normal maxunum power generatIon, mcludmg appropnate margms for wear,
surge, and other normal conditIOns assocIated WIth the components or systems
to WhIch the terms are applIed

The guaranteed net power output and net plant heat rate of the clrculatmg
flUIdIZed bed power plant shall be based on converSIOn to SIte condltlons for the
followmg deSign condItIOns and measured at the htgh voltage SIde of the mam
step-up transformer

outdoor ambient temperature, 15°C (59°p) dry bulb, relatIve
hurrndlty, 60%, barometric pressure, 1 01 Bar (14 645 pSI)

0% blowdown

o9 power factor laggmg

HHV and coal fuel analysIs as speCified m Table 8-1

Condenser mlet water temperature 31°C

•

•
The conceptual flow diagram for the cITculatmg flUidIZed bed power plant IS as shown
on M-023 Other SUitable arrangements are acceptable subject to review and approval
by the Employer and Contractor

The speCIficatiOns prOVided herem are mtended to reflect a mmunum qualIty level for
the mechanIcal/chemical systems Other type systems/eqUIpment may be proposed.
however, they Will be subject to Employer's approval

8 2 Codes and Standards

The mechamcal systems and eqUIpment descnbed herem shall be deSIgned,
fabncated, mstalled and tested m accordance With the followmg codes and
standards

Amencan Natlonal Standards InstItute (ANSI) •
59 8 OIA Hrazdan DO\. 9"'3 198 8-1



•

•

•

Amencan SOCIety of MechanIcal Engmeers (ASME)

Amencan SOCIety for Testmg and Matenals (ASTM)

Amencan Gear Manufacturers ASSOCiatIOn (AGMA)

NatIonal FIre ProtectIon Association (NFPA)

Amencan Weldmg SocIety (AWS)

Amencan Water Works AssociatIon (AWWA)

Manufacturers StandardIZatIOn SocIety of the Valve and FIttmg Industry
(MSS)

Tubular Exchange Manufacturer's ASSOCiatIon (TEMA)

Hydrauhc InstItute Standards (HI)

Heat Exchange InstItute (HEI)

8 3 Coal Handlmg System

8 3 1 System DescnptIOn

The coal handlmg system will be desIgned and constructed to handle and convey
the matenals needed to fuel the coal-fired, 50 MW power station The coal for
the power statIon will arrIve m freight trams, With three delIvenes per week
The trams WIll arrIve at a loadmg platform on SIte, adjacent to the coal storage
pIle (see SIte Plan Drawmg SC-lOO) The railcar unloaders wIll be grab bucket
machmes that wIll dIscharge the coal dIrectly onto the coal storage pIle, WhICh
Will have a mmunum of 15 day supply for the CFB bOIler The coal wIll then
be reclaImed and conveyed to the crusher, and from the crusher to the CFB feed
sIlo

Major system components WIll COnsISt of

• RaIl grab bucket unloaders
• Stackout and reclalITI system
• Samplmg and weIghmg system
• Belt conveyor system
• Coal Storage yard
• Crusher house
• Emergency reclaIm
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• Dust suppressIOn and collectlon
• Control system

MobIle eqUIpment, or those havmg eqUIvalent capacIty subject to Owner
approval wlll consIst of

• One (1) Caterplllar bulldozer for hIgh abrasIve duty serVIce typIcal for coal
handhng apphcations

8 3 2 DesIgn BasIs

The system WIll be desIgned for a m1I1IIIlum annual usage of 900,000 tonnes
The coal wlll arrIve m rall cars, each contammg 60 tonnes of coal The rall
unloadmg WIll be generally a 24 hour operatIon, approxmately 300
tonnes/hour The system wIll handle 2855 tonnes (one day feed requIrement to
the CFB boller) from storage pIle to CFB feed sIlo m 8 hours

•

833 EqUIpment Def1Il1tIon

RaIlcar Unloadmg - (deSIgn coal densIty 50 Ib/ft3)

Grab Bucket Unloaders

QUantIty Two (2) •
CapacIty 300 tonneslhr, each

Conveyor Belt

QuantIty One (1)

CapacIty 600 tonnes/hr

•
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• Table 8-1

FUEL DATA - CIRCULATING FLUIDIZED BED BOILER

Fuel DIhJan Coal Shale

Average Heatmg Value (HHV) 5860 kJ/kg

ComposIte AnalysIs. % by WeIght

Carbon 14 89

Hydrogen 203

Oxygen 328

NItrogen 041

Sulfur 160

Water 348

• Ash 7441

Hardgrove GrmdabIhty Index [later}

Ash ComposItiOn, % by WeIght

SilIca 6483

TItanIUm DIoxIde 065

Alumma 21 73

Iron OXIde 785

MagnesIUm OXIde 093

CalCIUm OXIde 091

SodIUm OXIde + PotaSSIUm OXIde 261

Sulfate 066

•
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3Coal Storage - (desIgn coal densIty of 50 lb/ft )

ActIve PIle •
CapacIty

HeIght

Crusher

QuantIty

CapaCIty

Coal SIze at outlet

43,000 tonnes

6 meters

One (1)

400 tonnes/hr

6mm x 0 D-50 850 mIcrons

Belt Conveyor - (desIgn coal densIty of 50 Ib/ft3)

CapaCIty

Stackout and reclann -

Emergency reclann -

Unloadmg Pad

Enclosure

Coal SIlo

QuantIty

CapaCIty

400 tonneslhr

500 tonnes/hr

400 tonnes/hr

300 tonneslhr

Belt covers WIth outdoor walkways

One (1)

Twelve hours coal bum rate (1430 tonnes) wIth
desIgn coal

•

Coal Scales - desIgn coal densIty of 50 Ib/ft3)

QuantIty

CapaCIty

Scale Accuracy

Type

Sl):!S 01 A/Hrazdan Doc '9/23/98

One (1)

300 tonnes

+ 1/4 of 1 percent from desIgn capaCIty to 1/5 of
desIgn capaCIty

ElectrOnIC automatIc contmuous weIghmg

8-5

•



Dust SUQPressIOn and CollectIon

•

•

Coal Samplers

QuantIty

Type

MagnetIc Separators

Type

QuantIty

Coal processmg capaCIty

PartIcle SIZe Removal-

Two (2) systems, one (1) complete samplmg for
as-receIved coal, one (1) samplmg system wIth
pnmary cutter for as-fIred coal ahead of crushers

AutomatIc, remote started, auto proportIon type,
capable of samplmg m accordance wIth ASTM D
2234-68 and D-2013-68

Electro-MagnetIc, self-cleamng

Two (2), one for as-receIved coal, and one for as
fired coal ahead or crushers

300 tonnes/hr

100% 19mm (3/4 mch) nut

Dust SuppressIon

Dust CollectIOn

AutomatIc proportlOnmg wettmg agent at transfer pomts
ahead of stacker and ahead of crushers m reclaIm system

Dry dust collectmg system for crusher house and trIpper
enclosures, WIth pulse-Jet type dust collectors, spark proof
fans, and dust return to coal conveymg system or SIlos

•

8 4 LImestone Handlmg System

8 4 1 System DescnptIOn

The lImestone preparatIon system antICIpates the receIpt of 1-112" x 0 top SIze
lImestone The lunestone IS depOSIted by a truck mto an undergrade enclosed
hopper The deposIted lunestone IS conveyed underground by a vibratmg feeder
to a bucket elevatmg conveyor WhICh m turn feeds a rotary dryer After drymg,
the lImestone IS conveyed to another bucket whIch deposIts It mto a 24 hour
storage bm configured WIth two bottom outlet hoppers Each hopper outlet IS
connected to a vibratmg feeder WhICh m turn passes the lImestone mto vertIcal
spmdle roller screen nulls These mIlls, whIch have also been successfully used
for crush lImestone for other CFB projects, reduce the matenal mto Its final
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feed SIZe The crushed lImestone IS then pneumatIcally pressure conveyed to the
malO lImestone storage sIlo •

8 4 2 DeSIgn BaSIS

Limestone system IS to be deSIgned to handle the dally consumptIon of hmestone
10 four hours, 105 tonnes/hr The hmestone analySIS IS shown 10 Table 8-2

Llffiestone dally storage sIlos are to be deSIgned for two days consumptIon
capaCIty l 820 tonnes

General Llffiestone Storage BUlldmg IS to be deSIgned for SIX days consumptIOn
capacIty, 2520 tonnes

Table 8-2

LIMESTONE ANALYSIS

Component

SIlIca
TitanIum DIOXIde
Alumma
Iron OXIde
MagneSIUm OXIde
CalCIUm OXIde
SodIUm OXIde + PotasSIUm OXIde
Sulfate
LOI

8 4 3 EqUIpment DefinItIOn

FIrst LImestone Load1Og Hopper

CapaCIty

DImenSIOns

LImestone VIbrat10g Feeder

CapaCity

Type

% by WeIght

93
o 1
2 1
1 0
06

474
03
o 1

378

100 m3 approX

[later]

150 tonnes/hr

Vibrat10g

•

•
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• FIrst LImestone Conveyor

CapacIty 150 tonnes/hr

Angle of InclIne [later]

Length [later]

Type Bucket Elevator

SIZe GradatIon 1-112" x 0

AIr Dryer
Includmg the followmg equIpment

HIgh StatIC Pressure Fan
- Dust Collector
- Exhaust Duct
- AIr Heater

• Second Limestone Conveyor

CapaCIty 150 tonnes/hr

Angle of Inclme [later]

Length [later]

Type Bucket Elevator

SIZe Gradation 1-112" x 0

24-Hour Storage Hopper

CapaCIty 300m3

DnnenslOllS [later]

MIll Feed Hopper (2)

CapaCIty 50 m3

• DImenSIOns [later]
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MIll Feeder (2)

CapaCIty

Type

MIll System (AD-IOn

CapaCIty

Type

Inlet SIZe GradatIon

Outlet SIZe GradatIOn

PneumatIc Conveymg System

Type

CapaCIty of the buffer suo

DIstance to Daily LImestone silos

HeIght of Dally LImestone sIlos

50 tonnes/hr

Vlbratmg

150 tonnes/hour

Spmdle Roller Screen or equal

As defmed m the DesIgn BasIs

1800 mIcrons x 0
dso = 4500 mIcrons

150 tonnes

[later]

[later]

•

•
System IS to be desIgned automatIc, controlled by the level detectors m the
dally lImestone silos

Storage SIlo

CapaCIty

DImenSIOns
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8 5 I General•

•

•

85 CIrculatIng FlUIdIzed Bed (CFB2 BOller and AuxIlIary Systems

The CFB boIler shall be furmshed complete wIth all accessones and auxIlIary
systems reqUIred for start-up and steam generatIng capabIlIty for operatIon WIth
a condenSIng steam turbIne generator The CFB boIler shall Include fuel finng
systems, best avaIlable technology for S02 control, boIler accessones and
auxIlIary systems The umt shall be located wIthIn [later] as shown on DrawIng
SC-lOO Appropnate component laydown areas shall be provIded

The CFB boIler shall be deSIgned to satISfy the performance requrrements
delmeated m Contractor I s energy and mass balance dIagram durmg normal
operatIOn at a sufficIent pressure for flow to the turbme generator and ductmg
for SIngle cycle power plant operatIOn The CFB documentatIOn shall mclude
guaranteed performance parameters and correspondIng sIte performance
correctIon curves relatIve to output, fuel use, and emISSIons

The CFB boIler IS to be set up for coal fuel operatIOn WIth DIlIJan coal (Table 8
1) bemg the pnmary fuel and Shamut, Antaramut, or Donetsky coal as the back
up fuel Table 8-3 contaInS the analyses of the back-up fuels

The CFB boiler shall be shop assembled to the maxImum extent pOSSIble wIth
mternal plpmg, electncal wrrmg and cablmg The complete CFB boIler
assembly shall be mounted on a structural steel frame base or separate base
plates that shall be extended to support Its accessones and auxilIary eqUIpment

Contractor shall venfy that rotatmg eqUIpment IS properly balanced and
deSIgned such that cntical speeds do not encroach on operatmg speeds Shop
balancmg shall be to ISO-1940/1
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TABLE 8-3

NEW CIRCULATING FLUIDIZED BED COAL FIRED UNIT

BACK-UP FUELS
•

COAL

ComposIte AnalysIs, %
Carbon
Hydrogen
Oxygen
NItrogen
Sulfur
Water
Ash

HHV, KCalIKg

SHAMUT

1649
1 16
982
059
011

2292
4890

2369

ANTARAMUT

3376
493
1851
1 23
411
606

31 40
100

4735

DONETSKY
(UKRAINE)

522
1 0
1 5
05
1 5
85
348
100

4355

8 5 2 CFB System DeSCrIptIon

Each boIler IS a smgle-drum natural cIrculanon umt The boIler furnace
enclosure IS top-supported and constructed of gas-tIght membrane walls The
cross-sectIon area of the lower furnace IS reduced to enhance matenals mIxmg
and solIds entramment The lower furnace tube walls are covered WIth wear
reSIstant refractory

Fuel IS fed from a coal feed bunker WIth two volumetrIc feeders to two bI
dIrectIOnal screw feeders and dIscharged to the furnace through the furnace front
wall usmg four gravIty feed chutes LlIIlestone IS supplIed pneumatIcally
through the front and rear walls The pneumatIc system Includes two blowers
and eIght InJectmg pomts (four pOInts at each wall)

CombustIon aIr IS supplIed from one FD fan PrlIIlary aIr IS Introduced Into the
bed through the furnace floor VIa a bubble cap aIr dIstnbutor Secondary aIr
enters the lower portIon of the furnace through dIfferent SIZe nozzles on the
front and rear walls The bOIler IS eqUIpped WIth one ID fan

For start-up the boIler IS prOVIded WIth In-duct and overbed burners

The prlIIlary solIds collector IS an lIIlpact-type separator conSIstIng of a
staggered array of V-shaped elements (V-beams) hung from the roof of the
bOIler The V-beams form a labynnth of passages for gas and solIds Two
rows of U-beams are Installed InSIde the furnace across the gas eXIt plane A

•

•
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•

•

•

second set of U-beams is installed nnmediately downstream of the furnace exit
Sohds collected by the in-furnace U-beams discharge dIrectly into the furnace
along the rear wall SolIds collected by the second set of V-beams (external U
beams) are dIscharged by gravIty from the partIcle transfer hopper to the upper
furnace through ports on the rear wall All soltds collected by the V-beams fall
freely to the bottom of the furnace along the rear wall resulting in all-mternal
recycle of pnmary-collected solIds

Sohds paSSing through the pnmary collector are cooled through the convectIon
pass and enter a multIcyclone dust collector Sohds collected by the
multlcyclone are stored in the hopper located under the muiticyclone and
recycled to the lower furnace at a controllable rate determined by the
requIrements of the furnace inventory/temperature control The sohds are
recycled VIa an aIr-assIsted graVIty recycle system and dIscharged into the bed
through eIght return pomts at the rear wall

Fmal solIds collectIOn from the gases leavmg the UnIt IS to be carned out by a
baghouse

Bed ash IS purged from the furnace to control bed soltds mventory and remove
oversIZed matenal that enters WIth the fuel Three water-cooled screws are used
to cool the matenal and control the rate of the bed dram A flUIdIZed bed
bottom ash cooler/classIfier may be consIdered as an optIon dependmg on the
anthraCIte test burn results After coolmg, the bed ash IS mechamcally conveyed
to the eXIstmg ash sluIce system

The convectIOn heatmg surfaces, located downstream of the V-beams, mclude
superheater banks, econOmIZer banks and a recuperatIve aIr heater Upper
convectIOn pass enclosure walls are steam-cooled

8 5 3 DesIgn BaSIs

Contractor shall provIde one cIrculatmg flUIdIZed bed (CFB) bOIler to generate
steam for the steam turbme CFB shall be desIgned to satlsfy the performance
reqUIrements as shown m Contractor's energy and mass balance diagram

The CFB shall include the followmg equipment

Steam drum wIth mtemals

U-Beam separators, U-Beam hardware, transfer pipes

Furnace, Wing walls, dIVIsIOn walls, downcomers, nsers & headers

Superheater and attemperator WIth headers
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EconomlZer IncludIng the Inlet valves & headers & casmg

tubular aIr heater WIth caSIng and hopper, SCAR

Over bed burners, scanners, Igmtors WIth 011 tram and BMS

AIr and flue gas ducts (from fans outlet to stack mlet)

MDC WIth casIng and ash re-InJection system

PA/SA/ID fans wIth dnves

Coal feed systems (SIlo outlet to furnace)

Ltmestone/Sand feed systems (SIlo outlet to furnace)

Bed dram system (FB ash coolers & ash recycle system)

Sootblowers and controls (wherever applIcable)

TICs, TransmItters, flow measurmg deVIces, control system deSIgn, etc

BRIL specIficatIOn & bottom furnace refractory

Valves & Dampers/wlth actuators and expansIOn Jomts

NRV and MSS valves, blowdown system chemIcal dosmg

BOller mountmgs, trtm & mterconnectmg pIpes

Baghouse filters WIth hoppers & support steel

Complete boiler steel Includmg top steel, platform and staIrways, casmg,
coal feed hopper etc

ErectIon, and COl11IIllSSIonmg and start-up consultants

CFB pressure parts, mcludIng bOIler external pIpIng shall be deSIgned,
manufactured, mspected, certIfied, tested and stamped per the reqUIrements of
the ASME Boiler and Pressure Vessel Code, Section 1

The CFB tubular heat transfer sectIOns shall be deSIgned for a mInImUm
pressure equal to 125 percent of operatIng pressure Extended surface, finned
tubes may be used for CFB sections, superheater, reheater and economizer

•

•

•
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The matenal and deSIgn shall be specIfically SUitable for the maXImum pressure
temperatures that may be unposed The extended surface matenal and design
shall provide at least a safe margm m gas temperature to preclude oXIdatlOn of
the metal under maxunum design operatmg temperature

Tubes of all heat transfer surfaces (boller, superheater, reheater, economIZer)
shall be adequately supported or designed to prevent tube vibratIOn due to gas
flow or gas cavity frequency resonance The heat transfer sectIOn tubes shall be
arranged to hnnt the flue gas velocIty m order to protect the tubes from eroSIOn,
slag adheslOn and fouhng

All valves, control deVices, control panels and InStrumentatIOn shall be
accessible and converuently located from grade or platforms CFB parameters
are to be controlled from the DeS mterface

8 5 4 EconoIDlZers

Extended surface, dramable econormzers shall be furrushed as reqUIred to raise
the feedwater supply temperatures to SUitable drum approach temperatures and
mamtam appropnate exhaust gas stack temperatures Econormzers shall be
arranged for multIpass water flow Nonsteammg econOmIZers shall be
prOVided PrOVISIOns for corrOSIOn preventIOn of tubes and fIns shall be made
A tube corrOSIOn allowance of 1 6mm shall be mcluded, or alternatively,
corrosion resistant matenals may be used

EconoIDlZers shall be arranged for accesslbIhty and water washIng

8 5 5 Evaporator and Drum

Steam evaporators may be eIther vertical tube, natural cIrCUlatIOn type or
horIZontal tube, forced cIrCUlatIOn type The contractor IS reqUIred to proVIde a
cost/benefit analySIS to substantiate hIs selectIOn, subject to Owner approval

Steam drums shall have an InSIde dIameter of suffiCient sIZe to prOVide adequate
water surface WithOUt excess drum length that would result m large overhangs
SuffiCIent volume shall be prOVIded to allow for demand surges from 20%
Increase to 20 % decrease In load per mmute WIthout boIler water carryover, or
actuating hIgh and low water alarms The ratIO of usable drum storage volume
(between normal lIqUId level and low-low level) to tube volume shall be a
mInImum of 0 6

The stearn drum, mternal stearn-water separatmg punfiers and SIlIca steam
washmg eqUIpment (If reqUIred) shall be SIZed and deSigned to lImIt steam
ImpUrIties at no greater than 0 2 ppm total solIds and 0 020 ppm maXImum
SIlica In the stearn leavmg the drum at maxunum contmuous load or the stearn
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qualIty reqUIrements for the steam turbme, whIchever IS more stnngent
Maxunum blowdown rate to achIeve requITed boIler water punty shall not
exceed 2 % of maxunum contmuous load All mternals shall be mstalled to
faclhtate removal and replacement for cleamng and mamtenance WIth mmunum
cuttmg reqUIred Manways not smaller than 30 cm (12 mches) by 40 cm (16
mches) shall be provIded on all drum heads

8 5 6 Superheaters/Reheaters

The superheater and reheaters shall be desIgned to meet the steam flow,
pressure and temperature requIrements of Contractor's energy and mass balance
dIagram They shall be of the multl-steam pass type, WIth provIsIOn for
mterstage steam temperature control by water spray desuperheater
Superheater/reheater tubes, and also extended surface fms, If used, shall be of
matenals SUItable for the maxunum expected metal temperatures and pressures

The superheaters and reheaters shall be dramable and arranged WIth suffiCIent
access for mspectlOn and water washmg Superheaters/reheaters shall be
prOVIded WIth vent and dram connectIOns, safety rehef valves, steam outlet stop
and nonreturn valves

8 5 7 Deaerators

If requIred by Contractor's Energy and Mass Balance DIagram, Contractor shall
prOVIde deaerator for the CFB to remove the dIssolved gases and add heat to the
boIler feedwater system The deaerator unn shall be desIgned and fabncated m
accordance WIth ASME BPVC, SectIOn vm, DIVISIon 1 and shall be stamped
WIth ASME Code stamp

As an alternate, Contractor may elect to furmsh a deaeratmg condenser The
deaerator umt shall be deSIgned for maxunum operatmg condItIOns and shall
also be deSIgned for full vacuum at the desIgn temperature

The deaerator urnt shall be deSigned to operate over the range of 5 percent to
100 percent of rated load and to Withstand all system upsets and transIents

The volume of water m the storage tank at normal water level shall not be less
than 10 mmutes of maxunum deSign feedwater flow At the maxImum water
level, It shall not exceed 85 percent of the total storage tank volume

Contractor shall guarantee the deaerator for the followmg performance under
any load m the speCIfied range

•

•

•
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• The temperature of the feedwater, measured at the storage tank outlet to
feedpump suctIon, shall equal the temperature of saturated stearn
correspondmg to the pressure m the deaerator

• Feedwater oxygen content, measured at the storage tank outlet to feedpump
suctIon, shall not exceed 0 005 cubic centlffieters per lIter (7 ppb)

• Free carbon dioxide content shall be zero

8 5 8 Casmg and Ductwork

The boller, casmg, and ductwork shall be deSIgned for mdoor mstallatIOn and
shall be fabncated to result m a totally gas-tIght mstallatIOn InsulatIOn and
lInmg shall be provIded and deSIgned for durabIlIty, long lIfe and rmmmum
mamtenance under the antICIpated operatmg conditIOns The msulatlOn shall
lImIt the outer skm temperature to a maxImum of 54 SoC when the boIler IS
operatmg at maXImum capaCIty Access doors shall be provIded for mspection
of the gas sIde surface and CrItIcal tubmg areas The outer casmg shall be gas
tIght and shall be of 6 mm, mmImum, steel plate deSIgned for a statIC pressure
of 50 cm W g or combustIOn turbme exhaust pressure plus 10%, whIchever IS
greater The casmg shall be mternally msulated and the msulation covered by a
20 ga nnmmum corrOSIon reSIstant steellmmg The lmmg shall be Type 304
S S where gas temperature exceeds 427°C

The boIler casmg shall have prOVIsIons for local and remote temperature and
pressure mdlcatlon at each sectIOn of the CFB boIler

Ducts shall be of welded, gas tight constructIOn, a mmImum of 6 25 mm carbon
steel plate on the mlet duct, and corrosion resistant mIld alloy steel plate on the
outlet duct, With supports and stiffeners to Withstand the mternal pressure as
speCIfied for the boIler casmg Ducts shall be furnIshed With access doors to all
caVitIes, samplmg and Instrument ports, and corrosion reSIstant expansIOn
Jomts The combustion turbme exhaust flange expanslOn Jomt shall be deSIgned
to prevent excessive forces and moments on the turbme

Refractory lmmg shall not be used unless absolutely requITed by service
condItIOns The mternal InSulatIOn (and/or refractory If necessary) shall mclude
a stamless steel plate hmng to prevent eroSIOn or spallmg deterIoratIon The
lmmg shall be Type 304 or Type 316 stamless steel, 10 gauge mmImum
thIckness, SUItable for maXImum expected gas temperatures The Imer shall be
supported by pms to prevent damage from personnel dunng mspectIons and
repairs
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The outlet duct-to-stack breechmg (If reqUIred) shall be externally msulated and
covered by corrugated alummum laggmg Where reqUIred for personnel
protectIon, the stack shall be msulated and lagged All msulatIon thicknesses
shall hmlt surface temperature to 545°C

Ducts shall be furmshed complete mcludmg all supports

The mlet duct shall be pamted with a high temperature pamt

8 5 9 PIpmg and Accessones

Contractor shall furmsh and mstall motor operated vent valves for all drum and
superheater/reheater vents A complete CFB With water filled pressure parts
and chemIcal cleamng system shall be furmshed and mstalled by Contractor,
mcludmg CFB chemIcal cleanmg supply and dram pIpmg and all reqUIred
valvmg Temporary chemIcal cleamng pIpmg need not be code rated and may
be removed after use

All connections wlthm JunsdlctIOn of ASME SectlOn 1 shall be weld end Weld
end connectlOns 65 mm and larger m sIZe shall be butt weld, 50 mm and smaller
shall be socket weld Weld connectlOns shall be at the end of long mpples so
that no stress rehevmg of drums Will be reqUIred after plpmg connectIOns are
made to these connectIons All field welded plpmg IS to be Inspected by code
mspectors and reported to the appropnate Insurance company

Mam steam attemperators shall be provided Contractor shall also provide
steam conditlOnmg valves or pressure reducmg valves With desuperheaters to
bypass steam to the condenser durmg start-up and turbme triP condltlOns

Desuperheaters shall be mstalled With pipe and thermal sleeves of ferntlc
matenal of suffiCient length to prevent droplets of water from commg ill contact
With the hot wall of the pipe

Contractor shall furmsh, as part of hiS work, all engmeermg, deSign, labor and
matenals reqUIred to steam blowout the steam system plpmg Steam blow shall
utIlIZe "SI1entsteam Steam Blow Method" or approved equal Steam blow
acceptance cntena shall be m accordance With turbme manufacturer's wntten
cntena Contractor shall be responsible for all reqUIred coordmatIon to
successfully perform the blowout cleanmg Contractor shall also be responSible
for dIsposal of plckhng/passlvatmg solutIOns after field cleanup/hydro test, and
removal of temporary plpmg thereof

•

•

•
5f)28 OlA/Hrazdan Doc/9123/98 8-17



•

•

•

8 5 10 Exhaust Stacks

The exhaust stack shall be free standmg, constructed of carbon steel, pamted for
corrOSIOn protectIOn and shall be 50 meters above the SIte grade

The exhaust stack shall mclude the followmg accessones and features

• Galvamzed test platform
• Test ports, sUltably sIZed for EmIssIOn Momtonng System (EMS) probe(s)
• Galvamzed ladder wIth cage from top of CFB umt to test platform

• Access openmg
• False bottom and dram
• InsulatIOn for personnel protectIOn at base and test platform level

8 5 11 BOller Blowdown System

A smgle contmuous boller water blowdown system shall be provIded for the
CFB drums Blowdown from the HP drum shall be drrected to the IP drum A
contmuous blowdown tank shall be proVIded for the IP drum A separate
blowdown tank shall be provIded for the LP drum (If requrred) A contmuous
boIler water qualIty samplmg and mdicatmg system shall be provIded as part of
the boller blowdown system

Contractor shall guarantee the steam punty at the mam steam outlet, based on
the steam turbme manufacturer's steam pUrIty requrrements, and therefore, shall
set the drum water concentratIOn llIDlts, WhICh consequently establIsh the
blowdown rate Actual CFB blowdown rate shall be based on the data supplIed
However, for deSIgn purposes, a 2 percent blowdown rate shall be used

MIscellaneous plant hot draIns, and a separate mlet connectIOn for the volume of
water assocIated WIth drammg the CFB shall be pIped to the atmosphenc
blowdown tank

The use of a heat exchanger shall be evaluated for use on unflashed blowdown
between a pressurIZed flash tank and an atmospherIc blowdown tank The heat
exchanger will accomplIsh two obJectIves, (1) lower the unflashed blowdown
temperature, requmng less quench water for temperature control of the
atmosphenc tank unflashed blowdown, and (11) mcrease the temperature of the
heat smk used to mcrease overall plant effiCIency
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8 6 Start-up Fuel 011 System

8 6 1 General

A dIstillate fuel 011 system shall be provIded to supply #6 fuel 011 to the
combustIon turbme as the start-up fuel

8 6 2 DIstIllate System

Fuel 011 wIll be delIvered to the sIte by raIlroad tank cars A fuel unloadmg
statIOn consIstmg of two (2)-350 m3/hr capacIty fuel 011 unloadmg pumps WIth
suctIon stramers shall be provIded to pump the fuel 011 from the tank cars to the
storage tank

The dIstIllate system shall consIst of one (1) storage tank of 1000 m3 capacIty,
two (2)-100% capacIty fuel forwardmg pumps, pump suctIon stramers (duplex
type) and controls, InStrumentatIon and pIpmg for delIvery of the dIstIllate to the
CFB fuel slad WIth excess flow return Plpmg matenals of constructIOn shall be
m accordance WIth the recommendatIOns of the CFB manufacturer Fuel filters
shall be proVIded, If reqUIred, by the CFB manufacturer

8 7 Fabnc FIlter

8 7 1 System DescnptIOn

A fabnc filter system wIll be mstalled to control partIculate emISSIOns The
partIculates wIll conSIst of ash, sulfated lImestone, excess lIme and a llffilted
amount of unburned carbon

Incommg flue gas enters the fabnc fI1ter through a smgle pomt mamfold
connectIOn where It IS then dIstrIbuted to the mdIvIdual modules of the fabrIc
filter At each module, the gas will pass through an mlet IsolatIOn valve and
wIll enter the hopper of that module Flue gas wIll pass through the bag fabrIc
from the outsIde of the tubular bag to the InSIde Collected partIculate IS
retamed on the outer surface of the bag and cleaned flue gas eXIts the mSIde of
the bag at the top through the tubesheet and proceeds to the mduced draft fans
and stack

PartIculates are removed by Isolatmg each module and back pulsmg compressed
aIr from the mSIde of the bags ThIS causes the bUIlt-up partIculates to dIslodge
from the bags and fall mto the collector hoppers below

•

•

•
~C)~8 0 I 0\ 'Hrazdan Doc'9 23/98 8-19



•

•

•

8 7 2 DesIgn BaSIs

The fabnc filter system IS to be desIgned to collect the particles emitted from the
CFB bOiler The total fly ash flow rate IS expected to be [later] tlhr

8 7 3 EqUIpment DefimtIon

The fabnc filter mcludes the followmg eqUlpment

Baghouse
- ID Fans

Stack
AIr Compressor

8 8 Ash Handlmg Systems

8 8 1 System Descnptlon

The Ash HandlIng Systems shall collect and transport Bottom Ash and Fly Ash
to permanent on-site storage area Ash shall be collected from the furnace
bottom hopper, econOInlZer hoppers, and electrostatIc precIpItator hopper or
fabnc filter hopper

The Ash HandlIng System shall consIst of the followmg

• Bottom Ash System
• Fly Ash Handlmg System
• Ash DIsposal System

Bottom Ash System

The Bottom Ash Removal system shall provIde for the collectIOn and removal of
ash from the CFB finance The ash IS conveyed to the bottom ash storage bill
and the ash dIsposal system

Furnace bottom ash shall be collected and removed contmuously by a
submerged drag cham conveyor The conveyor shall be drIven by a
motor/hydraulic vanable speed dnve A tranSItIon chute WIth a water seal
trough below the bOIler furnace shall be provIded The conveyor dIscharge head
at top of mclme sectIon shall be eqUIpped WIth a bar grate from WhICh overSIze
pIeces shall pass to a crusher All bottom ash WIll dIscharge normally through a
transfer chute onto a belt conveyor system for transport to the bottom ash
storage bm
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The bottom ash removal system of each umt shall consist of the followmg major
components

- Drag cham conveyor
- Bottom Ash crusher

Belt conveyors
- Bottom ash storage bm (common for both umts)
- AssocIated plpmg, valves, chutes mstrumentatIon, and controls

Fly Ash Handlmg System

The fly ash system shall collect ash from the economIzer (convectIon pass)
hoppers and the electrostatIC precIpItator hoppers and transport ash to a storage
sIlo The convectIOn pass hoppers ash shall be collected m a drag cham
conveyor dischargmg mto a smgle aIrlock hopper for each umt Each
precIpItator hopper shall be eqUIpped WIth an aIrlock hopper A pressurzled
pneumatIc air system shall transport the ash from aIrlock feeder hoppers to the
SIlos Transport aIr shall be provIded by a blower

•

The fly ash silos shall be of welded steel cylmdncal shell constructIOn The sIlo
roof shall be equIpped With fabnc bag automatIc pulse Jet vent filters and
pressure-vacuum relIef valve The Silo storage floor shall be eqUIpped With an
ash flUIdIZmg system With fluldIZmg stones arranged to produce ash flow to the •
unloadmg eqUIpment FlU1dIZmg aIr shall be furnished by mdlvldual aIr
blowers

Silo unloadmg eqUIpment shall consist of a rotary or pug mill type ash
COndItIOner to wet the ash and mmmuze dustmg and discharge the ash through a
chute, to the ash dISPOSal system conveyor belt A telescopIc dry ash unloadmg
spout shall permtt dIscharge of dry ash to trucks for emergency condItIOns

The fly ash handlmg system shall COnsISt of the followmg major eqUIpment

ConvectIOn pass drag cham conveyors
AIr lock hopper WIth valves and accessones
Transport aIr blower WIth Inlet filter and sllencer
Ash transport and aIr pIpmg, valves and fittmgs
Fly ash storatge sllo WIth accessones
FlUIdIzmg system and blower
Ash conditIOmng unloader
InstrumentatIon, control system and panel

•
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Ash DIsposal System

The ash dIsposal system shall remove COndItIOned fly ash from the CFB storage
SIlo and bottom ash from the bottom ash SIlo The combmed ash shall be
transported to an on-sIte ash dIsposal area by a smgle "pIpe" type conveyor belt
dIschargIng to a slewIng radIal ash stacker The ash pIle formed by the stacker
shall be spread and compacted m the dIsposal area by mobIle eqUIpment

The ash dIsposal system shall consIst of the follOWIng major eqUIpment

ConventIOnal belt conveyor from bottom ash sIlo to pIpe conveyor
Ash feeder at bottom ash bm
Pipe conveyor to ash dIsposal
Transfer statIons and chutes
Radial ash stacker at dIsposal area
InstrumentatIOn and control system

The followmg mobIle eqUIpment, or those havmg eqUIvalent capacIty subject to
Owner approval

• One (l) Caterpl1lar straIght blade dozer
• One (1) 3,800 lIter (1000 gal ) capacIty water truck

• One (1) Caterp111ar Dump Truck
• One (1) VIbratory compactor

DeSIgn BaSIS

The Ash Handhng System shall be desIgned to operate contInuously even when
burnmg a range of alternate coals specIfied In Table 8-3

Bottom Ash System
(Based on Pnmary Design Coal)

•

OperatIon

Capacltv

SSC Hopper Ash Storage CapacIty

ContInUOUS removal of furnace bottom ash and
transport to bottom ash storage sIlo

Normal-hIghest expected ash productIOn at steam
generator MCR WIth maXImum ash content of
PrImary DeSIgn Coal plus 10% Maxlmum- (4)
Four tImes normal capacIty

Three (3) hours of ash production rate at system
normal capaCIty Dnve and cham capable of
restart WIth maXImum storage and operate at
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maximum system capacity and speed

883 EqUIpment DefinItion •
Drag Cham Dischar!!e

MOIsture mAsh 25% maximum

Bar Grate Separator Pass maximum 6" X 6" pieces

Ash Crusher Reduce 6" x 6" pieces and larger to 2" x 2" and
smaller

Water Seal Trough A water seal trough IS not reqUIred smce the
BOller Seal Plates will be directly submerged mto
the water lffipounded portion of the drag cham
conveyor

316L S S , 3/16" mmlffium thickness

Seal effective for furnace pressures of plus (+)
and mmus (-) 153 mm (6") w g With boiler m
cold or hot pOSitIOn •Ash Belt Conveyors Rubber, fire reSistant, With mildew mhlblted
carcass

Maxunum mclmatlOn - 16°

Maxlffium belt speed - 122m/mm (400 fpm)

Bottom Ash SIlo/Capacity Welded steel construction 72 hours ash
production at MCR steam generator load, at 880
kg/m3 (55 Ibs/ft3) both umts m operation,
burmng the Prlffiary DeSign Coal as speCified m
Table 8-1

Fly Ash Handlmg System
(Based on Pnmary DeSign Coal)

Operation Pneumatic Pressure System

Tlffied cycle, sequential operatIOn with overnde
to pennlt contmuous removal or sklppmg of •hoppers
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• System ConvevIng/Capaclty Four (4) Urnes fly ash productIon rate at MCR
steam generator operatIon wIth maXImum ash
coal

ConvevIng AIr Blowers One (1) at 100% capacIty for CFB umt

Motor-dnven positive displacement blower type
WIth mlet filter and sIlencer

CollectIon Hoppers Two stage alrlocks and feed hopper and umt
convectIon pass drag cham conveyor

Fly Ash SIlos One (1) cylIndncal, of welded carbon steel
construction

CapaCIty - (Each SIlo) 96 hours fly ash productIOn of CFB umt at MCR
steam generator load, at 640 kg/m3 (40 Ibs/ft3)

bummg PrImary DesIgn coal as speCIfied m
Table 8-1

UnloadIng EgUlpment• Ash CondItIOner Rotary or pug mll1 type, capable of emptymg full
sIlo m eIght (8) hours concurrent WIth maXImum
fly ash mput

SIlo Vent Dual fabnc bag pulse Jet vent filters, two per
sIlo, automatIc operatIOn

SIlo Accessones Ash level mdlcators, pressure-vacuum relIef
valve, access openmg, staIrs and platforms,
flwdlZmg stones WIth blower

Fly Ash Transport Plpmg AbrasIOn and corroSIOn reSIstant

Svstem Controls AutomatIC sequencIng

Ash DIsposal System
(Based on Pnmary Coal DeSIgn)

OperatIOn Contmuous and mtermIttent transport of bottom
and fly ash to dIsposal area

•
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System Conveymg CapacIty

8 9 Steam Turbme and AuxIhary Systems

8 9 1 General

Transport two times the 24 hour maXImum
production of total ash (maXImum ash content of
Pnmary DeSIgn coal) at MCR load to ash
dIsposal sIte m 8 hour penod per day Ash
generatlon rate at MeR IS 2571 tonne/day

•
The steam turbme shall be a non-reheat, condensmg steam turbme exhaustmg
mto a surface condenser cooled by circulatmg coolmg tower water The steam
turbme shall be a three (3) pressure level turbme WIth HP, IP and LP sectIons
It shall have uncontrolled LP admISSIon at the mlet of the low pressure sectIon
The lube 011 and hydraulIc 011 system shall be common for the steam turbme and
ItS generator

8 9 2 Scope ReqUIrements

Contractor shall prOVIde one (1) muitivalve, non-reheat, condensrng steam
turbme, rncludrng all steam, dram and vent pIpmg, valves, control system
pIprng and tubmg, pIpe hangers, electrIcal eqUIpment rntegral to the turbme and
aSSOCiated aUXIlIary eqUIpment mcludmg motors, starters, etc, as delrneated,
but not lImIted to, the followmg

1 FoundatIOns, baseplate, foundatIOn bolts, and groutrng

2 Fabncated steel cabmet, located on SIde for termrnatIOn of all umt
mounted electrIcal deVIces

3 Motor-operated tummg gear arranged for automatIc engagement and
dIsengagement mcludmg Jog SWItch and turmng gear motor ammeter

4 Exhaust connectIon to a water-cooled surface condenser

5 Exhaust casmg rehef dIaphragms or condenser system rupture dIsks, and
vacuum breaker

6 SpeCIal tools mcludmg slIngs, hftmg bars for all rotors, and cases

7 Turbme performance thennal kIt

8 HydraulIcally operated steam admISSIon governor valves system by
Woodward or eqUIvalent, mcludmg

•

•
~l)~8 01-\ Hrazdan Duc'9 23 98 8-25



•

•

•

Separate steam stramer wah removable stamless steel element

Temporary fine mesh stramer screen

PrOVISIon for local testmg of valve whIle turbme IS m operatIon

Dual valve pOSItIOn transmItters to mdicate valve posItIon
mcludmg mountmg and wmng to turbme control system

AIr operated dram valve for above seat dram

9 HydraulIcally operated stop valves for mam steam supply mcludmg the
followmg

Separate steam stramer WIth removable stamless steel element

Temporary fine mesh stramer screen

ProvlSlon for local testmg of valve whIle turbme IS m operatIOn

Dual valve posItIon transnntters to mdicate valve pOSItIOn
mcludmg mountmg and wmng to turbme control system

AIr operated dram valve for above seat dram

10 HydraulIcally bypass valves for steam dIverSIOn to surface condenser
mcludmg the followmg

Separate steam stramer WIth removable stamless steel element

Temporary fine mesh stramer screen

ProvlSlon for local testmg of valve whIle turbme IS m operation

Dual valve pOSItIOn transnntters to mdicate valve pOSitIon
mcludmg mountmg and wIrmg to turbme control system

AIr operated dram valve for above seat dram

11 HydraulIcally operated LP admISSIon valve(s) WIth power cylmder
servovalve feedback transducers, and steam stramer
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12 Gland Steam Seal System

One gland steam seal system consIsting of, but not lImited to the
folloWIng major components

Gland stearn seal supply and leakoff pIping mamfolds Including
interconnectIng pIpIng

Pressure regulator

AutomatIC stearn seal regulatIng valves includIng motor operated
shutoff and bypass valves

Excess stearn supply automatIC divertmg or spIllover valves, If
reqUIred, and mcludmg aIr operated shutoff and bypass valves

Two (2) 100% capacIty gland stearn condenser exhausters

Gland stearn condenser

13 LubncatlOn System

A self-contamed pressure lubncatmg 011 and control oIl system shall be
prOVIded to supply all for the stearn turbme to all bearmgs, gear boxes,
and contmuously lubncated couplmgs Two (2) 100% capacIty AC
lubncatlOn 011 pumps and one (1) dc lubncatlOn 011 pump shall be
prOVIded The 011 system shall have the capabIlIty of havmg oIl added
dunng operatIOn of the turbme Two (2) 100% capacIty AC motor
dnven vapor extractors and 011 mIst elnmnators shall be proVIded

Contractor shall supply a stamless steel 011 reserVOIr and two (2) - 100%
capacIty full-flow heat exchangers The 011 reserVOIr shall have
suffiCIent capaCIty to support the reqUIred retentIon tIme of at least 5
mmutes based on the normal flow through the tank and shall be proVIded
WIth fill and vent connectIOns An automatIC temperature control system
shall be prOVIded to control oIl temperature leavmg the heat exchanger

A duplex full-flow filter shall be proVIded on the suctIOn SIde of each
lube 011 pump that shall be of the replaceable cartndge type The filter
deSIgn shall Incorporate the changeover valve

Clean and dIrty lube 011 storage tanks WIth local SIght level gauges shall
be prOVIded for the lube 011 system Each tank shall have a capacity of
110 o/c of lube 011 reserVOir

•

•

•
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The lubncatmg 011 system shall be equIpped WIth a coolmg system that
provIdes satisfactory lube 011 coolmg at the ambIent extreme
temperatures expenenced at the sIte Temperature regulatIon of the 011
shall be provIded WIth controlled cooler bypass

The followmg system accessones shall be provIded

Pressure sWitches to mdlcate 011 pump status

SolenOId-operated 011 valves

Float operated level IndIcator With alarm SWItch

Local or remote testmg of high and low 011 level alarm

Integral guarded 011 pipIng system

LubncatIng 011 condItIOner (punfier) and SIght overflow

14 Electncal EqUIpment

Control deVIces, wmng, and cabmets

Termmal boxes, condUIt, and fittmgs

GroundIng network mc1udmg all hghtnmg and surge protection

Llffilt SWItches

All AC and emergency DC lIghts as reqUIred for normal operatIon

AUXIlIary electncal power supply

Redundant power supply for the Electro-HydraulIc Control (EHC)

Control and MomtorIng System WIth redundant dIgItal Interface to
the Plant Control System (DCS)

All reqUIred process InstrumentatIon and Control deVIces

SWItchboard eqUIpment and Instruments

ProtectIve system to tnp the turbIne Includmg electnc overspeed trIp
test deVIce
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VIbratIon momtonng system components that are compatible wIth
plant system

8 9 3 Steam Turbme DeSIgn ReqUIrements

The steam turbme shall be deSIgned to run rehably and contmuously as well as
bemg capable of operatmg m the shdmg pressure mode ProvlSlons shall be
made to mmlffiIze thermal expanSiOn, stresses, dIstortiOn, and vIbratiOn A self
ahgmng thrust beanng shall be proVIded

The turbme shall be deSIgned for exhaust to a water-cooled surface condenser

The turbme shall be deSIgned to pass the deSIgn flow from both HRSG's
(guaranteed heat rate) WIth valves 95 % open and mam steam at the deSIgn
condItiOns of temperature and pressure The turbme shall be SIZed to satisfy the
condItIons of steam pressure, temperature, enthalpy, flow, and exhaust pressure
as developed by the crrculatmg flUIdIZed bed boIler at deSIgn conditiOns

Shaft VIbration shall be measured by 2 proxmuty type (x and y axes) VIbration
detectors (Bently-Nevada or equal) located m each bearmg Contractor shall
proVIde adequate shop balancmg to llIDlt vibration on the shaft pnor to
shIpment VIbratiOn shall be to ISO 2372 or manufacturer's standards,
whIchever IS more strmgent

All other parts of the steam turbme generator and accessones such as pIpmg,
brackets, cabmets, etc, shall be free of objectiOnable resonant VIbration

Manufacturer's standard torSiOnal and flexural analySIS shall be proVIded for the
complete coupled mechamcal system

Contractor shall prOVIde SUItable gallenes, steps of safety tread construction,
raIlmgs, and grab handles to permit easy and safe access to parts of the umt
above the operatmg floor grade WhICh requITe mspectIon or readjustment

Upper half casmgs and mam beanng caps shall be prOVIded with hftmg lugs or
eyes

Products WhICh contam asbestos are prOhIbited ThIS prOhIbitiOn mcludes Items
such as packmgs and gaskets even though the Item IS encapsulated or the
asbestos fibers are Impregnated with bmder matenal

Intenor recesses and passageways III the turbIne In WhICh condensation may be
pod.eted shall be adequately draIned

•

•

•
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Dram and vent valves WhICh are operated durmg start-up and/or durmg
shutdown shall be provIded wIth hydraulIc operators and lImIt sWItches

Exhaust casmg relIef diaphragms and one set of spare dIaphragms shall be
provIded to prevent madvertent overpressure of the turbme casmg

Contractor shall select and prOVIde sUItable matenals of proven desIgn for the
turbme bladmg, diaphragms, casmg, nozzles, and other parts WhICh are m
contact wIth the steam so that depOSItIOn of any carryover contents wIll not
result m corrOSIve or electrolytIc actIon

For the purpose of mmlIIllzmg as far as pOSSIble the corrOSIve effect of mOIsture
m the steam, and of water erosIon on those parts of the turbme subject to theIr
actIOn, the followmg shall be prOVIded

1 The turbme blades m the wet regIOn shall be hardened or otherwIse
treated to mmnnIze eroSIOn

2 MOIsture-removal stages as requIred for turbme bladmg m the wet
regIon

3 Gland seals of a matenal whIch shall be eroSIOn/corrOSIOn reslstmg
under the condItIons prevaIlmg

4 All austemtlc stamless steels shall be furnIshed m the solutIon-annealed,
unsensltlZed condItIon

ProtectIon agamst water mductIOn shall be m accordance WIth the appropnate
ASME recommendatIons Non-return valves shall be prOVIded, as reqUIred

The steam turbme shall be deSIgned to tnp on any of the followmg condItIOns

- overspeed
- hIgh VIbratIOn
- hIgh thrust
- hIgh dIfferentIal expanSIOn
- low lube 011 pressure

8 9 4 Stop and Control Valves

The mam steam stop, mam steam control, and LP admIssIon stop valves shall
close upon actuatIon of the emergency tnp system The mam steam dIversIOn
valve shall be open A means of testmg mdlvldual valves under load shall be
prOVIded to assure proper functIomng

~<)~s 01 -\ HrJzdan Dn~ <) ::!3/<)8 8-30



The desIgn pressure and temperature of the mam steam stop, diversIOn and LP
admIssIOn stop valves shall meet the reqUIrements of the ANSI B31 1 Code

The mam stop valve's stramer shall be mdependent A stramer shall also be
provIded ahead of the admIssIon steam stop valve These stramers shall be
desIgned to protect the valves and the turbme from foreIgn matter Temporary
fine mesh screens for use durmg the startup peTIod shall be mcluded All
screens shall be removable wIthout disturbmg the Inlet pIpmg One spare set of
screen nvets shall be supphed

8 10 Condensate and Feedwater Systems

8 10 1 Condensate System

The condensate system shall dehver water from the surface condenser hotwell
through the gland steam condenser and CFB boIler feedwater preheater to the
CFB deaerator

The condensate system shall mclude the followmg

• Two (2) - 100% capacIty electrIc motor-dnven condensate extractIon
pumps

• Two (2) - 100% capacity electromc motor-dnven condenser vacuum
pumps

• One surface condenser (condenser shall be deaeratmg type If a deaerator
IS not furnIshed)

• ReqUIred valves, pIpmg controls, and mstrumentatIon for a complete and
operable system

The condensate extraction pumps shall be the multistage, vertIcal can type, and
shall be deSIgned to operate contmuously The pumps shall Include a mInImum
flow lIne complete WIth flow control valves and a flow measunng deVIce In the
dIscharge lme Condensate pumps shall be provIded wIth mechamcal seals

The eqUIpment shall be deSIgned and mstalled with provlSlons for easy access
for serVIce and maIntenance

The complete pump and motor assembly shall be an Integral assemblv The
pumps shall be of standard deSIgn

•

•

•
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The design capacity of the mam condensate pumps shall be based upon the
maXImum rated exhaust steam flow, and steam seal flow plus 10% margm

Condensate from the pump dIscharge shall be used as seal water The
condensate pump shall be desIgned with steadIly nsmg head charactenstlcs
Sufficient NPSH shall be available at all tImes even dunng transIents

Make-up water to the system shall be supplIed to the deaerator by two (2) 
100% capacIty make-up water pumps which wIll draw water from the
demmeralIzed water storage tank One (1) pump may be furmshed If supply IS
to a deaeratmg condenser

The system control deVices and process InstrumentatIon shall be provided for
safe and satIsfactory operatIon and momtonng of the plant This system shall be
controlled and momtored by the plant DistrIbuted Control System

8 10 2 Feedwater System

The feedwater system shall supply heated, deaerated water from the CFB
deaerator (or low pressure drum) under all plant load condItIons

The system shall Include the folloWIng

• Two (2) 100% capaCIty electnc motor-dnven hOrIzontal multIstage HP
feedwater pumps WIth mterstage bleed for supply to the IP econOIn1Zer

• ReqUIred valves, pIpIng, controls, and InstrumentatIon for a complete
and operable system

The feedwater pump deSIgn flow shall be set at 110% of the heat balance
guarantee flow to the CFB to accommodate turbIne guaranteed flow, plus 5 %
for surges and blowdown, plus 5 % for Impeller wear, systems foulIng, etc

The feedwater pumps shall be deSIgned and mstalled In such a manner as to
provIde for easy access for serVIce and mamtenance

The complete pump and motor assembly shall be skId mounted for all pumps
The pumps shall be of standard deSIgn

Electnc motors shall be complete With lubncatmg and coohng systems etc as
reqUIred by the motor manufacturer
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The pump beanngs must be desIgned to accommodate dIsplacement of the pump
Impeller due to thermal expansIOn VIbratIon mOnItors shall be mstalled as
reqUIred

All rotatmg parts of the pumps shall be statIcally and dynamIcally balanced

The mInImUm flow valves shall be automatIcally actuated and shall be provIded
and SIzed by the pump vendor The ratIo of HP and IP condensate flows shall
govern the controls for stable pump operatIon

Stramers shall be mcluded m the suctIon lInes to protect the pumps from
damage In addItIOn, a fine mesh stramer shall be proVIded for startup
purposes BoIler feed pumps shall be proVIded wIth mechamcal seals

MaterIals of constructIon for the bOIler feed pumps shall be as follows

•

Casmg
Impeller
Shaft
Shaft Sleeve

12% chrome
12% chrome
Carbon Steel
Stamless Steel

The system control devIces and process mstrumentatIOn shall be prOVIded for
safe and satIsfactory operatIon and momtormg of the plant ThIS system shall be •
controlled and momtored by the plant dIstrIbuted control system

8 10 3 Surface Condenser

Contractor shall furmsh a water cooled surface condenser for reJectmg heat
from the steam turbIne cycle Condenser may be a deaeratmg condenser to meet
7 ppb of dIssolved oxygen m the condensate If Contractor elects not to furnIsh a
separate deaerator

The condenser shall be deSIgned m accordance WIth the codes and standards
establIshed by the Heat Exchange InstItute for steam surface condensers A
tranSItIon duct WIth expanSIOn Jomt from the exhaust steam turbme flange shall
be proVIded and deSIgned m accordance WIth the mformatIon proVIded by the
steam turbIne supplIer Tube support sheets shall be prOVIded to mInImIZe tube
VIbratIon The condenser shall be proVIded WIth adequate drammg and ventmg

Condenser water boxes shall be proVIded WIth an automatIc vacuum prImIng
system for use durIng startup operatIon Carbon steel water box WIth a surface
corroSIOn reSIstant coatIng and an Impressed current cathodIC protectIon system
shall be prOVIded The condenser shall be mstalled to expand freely wIthm the
reqUIrements speCIfied by the steam turbme supplIer It shall be deSIgned for
overpressunzatIon and to wIthstand the effects of bemg flooded •
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The condenser tube matenal shall be aluminum bronze or other metal
compatIble WIth the coohng water charactenstlcs and a value of 90 % cleanhness
factor IS to be used for the condenser sIzmg calculatIon Tube sheet matenal
shall be compatIble wIth the tube matenal ProvIsIOn shall be made for future
installatIOn of a tube cleanmg system usmg foam pIgS

A hotwell havmg a storage capacIty of 5 mmutes dunng guarantee pomt
condltlons shall be provided The condensate outlets wIll be proVIded WIth antI
SWIrl vortex breakers The hotwell shall have connectIon(s) for obtammg a
contmuous sample stream for analysIs

The aIr removal equipment shall conSIst of two (2) - 100 % capacity motor
dnven hqUld rmg vacuum pumps The tlffie reqUIred to hog the condenser shall
be maXlffium 30 mmutes Both vacuum pumps may be used for hoggmg,
however only one (l) shall be used for holdmg

The surface condenser shall also be deSIgned to accommodate steam flow If the
steam turbme IS shut down for mamtenance, however the avaIlable surface
boIler shall not be changed In thIS case, the GGT's and HRSG's can operate at
full power output WIthout total plant shutdown Steam bypass lInes and pressure
reducmg stations shall be proVIded, and the condenser admISSIOn dIstrIbutes
shall be fabncated, such that the condensmg pressure IS permItted to nse m
order to match the normal coolmg water flow at a hIgher temperature nse

A condenser flashbox shall be proVIded to accommodate all the draIns from the
turbme, steam chests and gland sealmg system The flash box shall be
adequately SIZed to accept all operatmg condItlOns mcludmg warmmg up and
startmg the umt, condensate extractIon pumps on recIrCUlatIOn VIa the gland
steam condenser, hIgh load runnmg and emergency turbme trtp and shut down

8 11 Circulatmg Water System

The functIOn of the circulatmg water system IS to prOVide coolmg water to the
condenser for the purpose of condensmg turbme exhaust steam for reuse m the
turbme cycle and also to proVide coohng water to the plant closed coohng water
heat exchangers The eXIstmg system proVIdes condenser water to a vanety of
eqUIpment m the eXIstmg CHP plant

Coolmg water wIll be recIrculated m a new loop system dedIcated to the CFB
plant It WIll be supplIed by a dIstnbution pIpelme of suffiCIent dIameter to
prOVIde coolIng water to the turbine condenser and the other heat exchangers
associated WIth the CFB plant The return lme wIll be located parallel to the
supply hne
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The coolmg water Will come from Coolmg Tower 5 This tower is currently
not m operatIon, the fill has been removed and only the tower frame remams
and IS allegedly m good conditiOn Contractor shall rehabihtate Coolmg Tower
5 to provide coolIng water to the CFB plant

Contractor shall mstall the coolmg water pumpmg house, complete with
foundatIons and with centnfugal pumps to serVice the coolmg water cIrculation
needs of the CFB plant

Contractor shall mstall cIrculatmg coolIng water supply and return hnes to the
CFB plant The coolmg water reqUlrements are 7,000 CUbIC meters per hour to
the turbme condenser (based on coolmg water supply temperature of 20 deg C)
plus the coolmg loads for [later]

Blowdown system WIll be based on 20 %Ie, 1 lb blowdown to 5 lb makeup
DeSIgn cntena for the coolIng tower system based on summer COndItiOnS, are as
follows

Cold water temperature 31°C
Hot water return temperature 38°C
S d 44°Cteam con ensmg temperature

8 12 Water Treatment System

8 12 1 General

Contractor shall utIlIZe the eXIstmg make-up demmeralIZer system and make-up
demmeralIzer pretreatment system for the CFB plant Make-up water to the plant WIll
be rIver water WIth the characterIstIcs as shown m SectIon 3 4 2 Contractor shall
UtilIZe water from an eXIstmg on-sIte serVIce water storage tank EXIstmg hOrIzontal
centnfugal serVIce water pumps are provIded to pump the water from the tank to the
followmg serVIces

(1) mlet to make-up demmeralIzer system

(2) mlet to potable water system

(3) supply serVIce water needs for plant

(4) mlet to sodIUm hypochlonte system

8 12 2 DemmeralIzed Water

The eXIstmg water treatment system has suffiCIent extra capacity for the CFB
plant Ra\'v \'vater supply up to 2000 lis is supplIed from the Marmank River

•

•

•
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• FIltratIon IS not requIred Demmerallzers are two stage catIOn, amon,
degasslfier, cation, amon trams of typIcal SOVIet DeSIgn The Contractor shall
UtIlIZe the eXIstmg Plant demmeralIZer system for makeup water to the CFB
facIllty The Contractor shall mstall all necessary plpmg and FW pumps from
the eXlstmg demmeralIZer system to the CFB boIler

Water of the followmg qualIty IS produced

Parameter

CondUCtIVIty, mlcromho/cm at 25 degrees C
Total hardness, mg/l as CaC03
Total silIca, mg/l as SI02
pH
Carbon dIOXIde, mg/l

QualIty

1 15
05

o 16
7 65-84
022

•

•

8 13

Metermg mstrumentatIOn shall be provIded to dIfferentiate, for bIllmg purposes,
the DW usage for the CFB facilitleS

Closed Coolmg Water (CCW) System

A closed coolmg water system shall be provIded for coolmg of plant eqUIpment
and subsystems CCW IS clean, filtered and treated so as not to clog heat
transfer passsages The followmg eqUIpment and systems shall be served by the
closed coolmg water system

• ST Generator Cooler(s)

• ST Lube 011 Coolers

• ST AuxIlIarIes

• ST HydraulIc Power Urnt Coolers

• Sample Coolers

• Boller Feed Pump Coolers

The closed coolIng water system shall be mterconnected WIth the circulatmg
water system Two (2) - 100% capaCIty pumps shall be proVIded to CIrculate
the coolmg water through two (2) - 100% capaCIty closed coolmg water compact
heat exchangers to achIeve close temperature approach to the circulatmg coolmg
water The take off connectIons to the coolers shall be downstream of the debrIS
filter Matenals of constructIon shall be stamless steel Contractor shall
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provIde all reqUIred valves, pIpmg, control devIces and instrumentatIon for a
complete and operable system ThIS system shall be controlled by the plant
dlstnbuted control system

A head tank shall be prOVided to mamtam pump NPSH and to accommodate
InhibItor addition

8 14 Chemical ImectIOn System

8 14 1 General

The chermcal mjectlOn systems consist of the CFB chermcal storage and feed
systems and the crrculatmg coolmg water chermcal storage and feed systems

8 14 2 CFB Chermcal Storage and Feed System

The CFB chermcal storage and feed system shall supply water conditIOnmg
chermcals to the feedwater-steam-condensate cycle to mamtam the desIred boIler
water and steam chermstry, to II1IlllIIllZe corrOSIOn and to prevent scale
formatIon m the cycle

An armne based or other approprIate corrOSIOn control chermcal shall be fed to
the condensate system for pH control An oxygen scavengmg solutIOn shall be
fed to the deaerator to mamtam and control dIssolved oxygen m the boIler
feedwater SodIUm phosphate and sodIUm hydrOXIde SOlutIOns shall be fed to
each boIler drum to mamtam the desrred boIler water pH and phosphate
resIdual

Separate chermcal InJectIOn umts shall be prOVIded for the plant as follows

oxygen scavenger chermcal mjection umt, chermcal shall be mjected mto the
deaerator storage tank

neutralIzmg armne chermcal mjectIOn umt, chermcal shall be mjected mto
the boIler feed pump suctIOn lme

phosphate based dIspersant chermcal InjectIon umt(s), chemical shall be
Injected Into each boIler drum

ChemIcals are provIded m drums or bulk contamers These are to be stored
Indoors withm a curbed area for spIll retentIOn Personnel safety IS to be stnctly
observed

Each chemIcal mjectIon umt shall be prOVided wIth a day tank WIth agItator,
measuring tank, two (2) 100% capaCIty metenng pumps, level gauge, rehef

•

•

•
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valve, controls, and dIstrIbutIOn pIpmg Inventory and usage IS momtored by
change m gauge level

8 14 3 Clfculatmg Water ChemIcal Feed Systems

The circulatmg water system shall be provIded WIth a sUItable bIOCIde/chemIcal
mJectIon system and wIth sulfunc aCId mJectIOn for pH control A local PC
shall provIde proportIOnal feedback control

8 15 SodIUm HypochlorIte Generator, Storage and DIstnbutIOn System

The eXIstmg SOdIum hypochlonte generator, storage and dIstnbutIOn system
shall be used for the CFB plant The function of the sodIUm hypochlonte
generator, storage and dIstnbutIOn system IS to manufacture, store and Inject
sodIUm hypochlorIte solutIOn as a bIOCIde m the clfculatmg water system, In the
potable water system and to the wastewater effluents

The tIe-In system shall be SIZed to prOVIde a nOmInal contmuous dilute dose to
the cIrculatmg water systems m order to mamtam a reSIdual of 2 mg!l SOdIum
hypochlOrIte concentratIon

EqUIpment shall COnsISt of the follOWIng

3 - 50% horIZontal, centrIfugal SodIum hypochlOrIte dIstrIbutIon pumps WIth
motors

•

8 16

8 17

Hydrogen Storage System/C02 System

The functIOn of the hydrogen storage system shall be to store hydrogen for fill,
contInUOUS make-up and purge refill for the one STG Hydrogen IS
manufactured In the eXIstmg CHP plant and storage bottles are to be delIvered to
the CFB faCIlIty as reqUIred

The workIng pressure of hydrogen storage vessels shall be 14 MPa SIZe and
number of hydrogen storage vessels shall meet electrIC generator hydrogen
coolmg system volume and pressure fill requIrements

CO2 storage bottles shall be prOVIded, SIZed to permIt two (2) complete purges
of the generator EIther hIgh pressure bottles or low pressure (refrIgerated bulk
CO2 storage vessel) IS acceptable

Compressed Au System

The compressed aIr system shall be deSIgned to proVIde relIable mstrument and
serVIce aIr for the plant The system shall be deSIgned to prOVIde aIr at a
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pressure of 0862 MPa AIr shall be provIded from a tle-m to the eXlstmg CHP
header ReqUired dew pomt IS (-)40°C

8 18 Wastewater System

Wastewater shall be treated to meet apphcable standards (see SectlOn 4 0) for
dIscharge to the Marmarlk RIver The system shall mclude collectlOn plpmg,
waste collectlOn sumps, oll/water separator(s) and packaged sewage treatment
plant The process wastewater mcludes waste streams from regeneration waste,
plant olly waste, sanItary waste, drams, and other mIscellaneous streams
Wastewater sample pomts shall be provIded m the system

The process waste streams shall be combmed, collected, or dIsposed of
separately dependmg on the type of treatment requITed The plant Olly wastes
shall be treated m an all-water separator(s) 011 and sludge wlll be dIsposed of
off-SIte mtermIttently EffiCIency of all-water separator shall be 15 ppm (or
better) of suspended 011 m water

•

Water treatment system regeneratIon waste, CFB and gas turbme wash waste
and eqUipment and sample drams shall be routed to the waste collectlOn sumps
and/or neutralIzatlOn tank SanItary waste shall be routed drrectly to an onslte
sewage treatment plant Pnor to release to the dIscharge canal, wastewater shall
be processed, as requITed to meet the dIscharge effluent standards stated m •
SectIon 40

The eXlstmg CHP faCIlIty mcludes a wastewater collectlOn system,
neutralIzatlOn tank and pump WhICh dIscharge to the nver outfall

The CFB area as lIsted below, WIll contam Its own collectlOn and handlmg
systems from WhICh a final aqueous effluent wIll be dITected to the eXlstmg
neutrahzatlOn tank

The process wastewater treatment, collectIOn, and dISPOSal system shall mclude
the followmg eqUIpment/systems

• Coalescmg type all/water separator(s) system mcludmg

all waste storage tank
Clean water sump and pump
all water separator

• Two 100-percent-capaclty waste transfer pumps

• Steam turbme area sump station •
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• Floor sump or tank to contam fuel/water mIxture rejected followmg aborted
start on fuel 011

• CFB area sump statIOn

• Water treatment area sump statlOn

• Control system and components and mstrumentatlOn reqUIred for a complete
and operable system ThIS system shall be controlled locally WIth system
data communIcated to the plant control system for InformatIOn

8 19 FIre ProtectIon System

A complete water mam fIre protectIon system eXIsts m the CHP plant The fire
protectIon system shall prOVIde all the eqUIpment and subsystems necessary for
the Plant to be m comphance WIth reqUIred codes The source of water for the
CFB plant fire protectIOn system wIll be from the serVIce water storage tank and
eXIstmg fIre pumps and buned pIpe mams

The fire protectIon system shall mclude the followmg major eqUIpment and
subsystems, as a mmunum

• Underground fire loop WIth fIre hydrants spaced a maxImum of 75 meters
(250 feet) apart

• One automatIc wet pIpe sprmkler system for office and admlOlstratIOn areas

• Deluge systems WIth thermal detectors for the step up and aUXIlIary/start-up
transformers

• A water spray deluge system WIth thermal detectors for the ST lube 011
reservorr, punfier and all tank

• FIre walls for transformers (2 hour rated)

• 2 hour rated frre walls separatmg the mam control room, electncal
SWItchgear room, battery room, and office areas from each other and from
other areas of the plant

• A fire detectIOn and alarm system WIth a mam panel III the control room and
zone panels m varIOUS remote locatIons to be momtored at the mam panel
and mcludmg
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Momtonng panel and annunCIator plant dIagram at
bUIldIng entrance
One maIn control panel for morntonng the status of zones
WIth vIsual mdiCatIOn, audIble alarm, and test provlSlons
Local zone control panels for momtonng the status of
detectors, alarm boxes, suppressIOn systems, and valves
FIre alarm pullboxes
Smoke detectors for areas m control room, electncal SWItchgear
room, battery room and office areas
Thermal rate of nse detectors for deluge systems/preactlon
system
Thermal detectors for mamtenance shop/warehouse area

• Manual suppressIOn eqUIpment, mcludmg portable hand-held dry cherrncal
and CO2 extIngUIshers, wheeled CO2 extmgUIshers, hose statIOns and racks,
hose houses, and ftre hydrants

StandpIpes and hose statIOns shall be proVIded m the mtenor of the ST/
generator bUIldmg m areas adjacent to or WIthIn staIrS and at other pomts not
greater than 23 meters apart m all normally accessIble areas Hose statIOns shall
be proVIded WIth 23 meteI's length of 37 5 nun hose WIth 65 mm angle valve
Valve dIscharge shall be fitted WIth removable 65 mm to 37 5 mm adapter

All other buIldmgs shall be prOVIded WIth portable fIre extmguishers

820 Heatmg. VentIlatmg. and AIr COnditlOnmg lHVAC) System

The HVAC system for the Plant shall be desIgned for an outdoor deSIgn
comcident temperature condItIon as follows

•

•
Summer

dry bulb 24°C (752°F)
65% RH

Wmter

The HVAC system shall prOVIde an acceptable operatmg envIronment for
personnel and eqUIpment WIthIn the plant buildIngs The HVAC system shall
conSIst of area coohng and aIr condmomng, as reqUIred and shall Include

• ST Generator BUIldIng, Hydrogen Storage Area (InSIde deSIgn
temperature maXImum 40°C, mInImum 10°C)

- One lot of roof and wall mounted exhaust fans
- One lot of aIr Inlet louvers •
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• Control Room (msIde desIgn temperature = 238°C)

- Two (2) 100% HVAC capacIty umts, mcludmg ductwork, msulatIOn and
controls

• Electncal SWItchgear Rooms (maxunum temperature, 40°C, mmunum
temperature 10°C)

- One arr-handlmg umt system, mcludmg ductwork, aIr filters and controls
- Battery room, spark resIstant exhaust fans

• AdrmmstratIon Offices, Locker Rooms, Dmmg Room, etc (msIde deSIgn
temperature 23 SoC)

- One spItt HVAC system, mcludmg ductwork, msulatIon and controls
- One lot of exhaust fans for tOIlet/locker room areas
- SmokIng room WIth oversIZed exhaust fan and hIgh performance filter

• Water Treatment System Control Room/Laboratory Room (desIgn
temperature, 23 SoC)

- One spItt HVAC system mcludmg ductwork, msulatlon and controls

The control room HVAC system shall be deSIgned to prOVIde an adequate
comfort level for human occupancy 24 hours per day The deSIgn shall mclude
filters, redundant arr condltIonmg umts, dampers, and controllers
Envrronmental condItIons InsIde the control room shall be SUItable for the
electromc eqUIpment located m the room

AIr COndItIOnmg shall mclude coolmg of the mlet filtered au Arr velOCItIes m
ducts and from louvers and grills shall be suffiCIently low so to maIntaIn
acceptable nOIse levels m areas where personnel are normally located

Fans and motors shall be mounted on anttvlbratlon bases to Isolate the umts
from the buIldIng structure Exposed fan outlets and mlets shall be fitted WIth
guards WIre guards shall be prOVided for belt dnven fans and arranged to
enclose the pulleys and belts

Air filters shall be housed ill such a manner to faCIlItate removal The filter
frames shall be speCIfied so that the aIr bemg handled passes through the filter
WIthout leakage
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Ductwork, filter frames, and fan caSings shall be constructed of mIld steel sheets
stiffened WIth mIld steel flanges and galvanIZed Ductwork shall be of the •
sectional bolted deSIgn type and shall be adequately supported Duct JOints shall
be leaktlght

Gnlls and louvers shall be of adjustable metal construction

The battery room ventl1atIOn shall be deSIgned to prevent dangerous
concentratIOn of hydrogen gas and shall lnmt the accumulatIOn of hydrogen gas
to values of not more than 2 % of concentration In the battery room Full
standby capaCIty shall be provided for the battery room exhaust system

Ventilation systems for process areas shall be SIZed to mamtam the deSign
temperatures based on manufacturer's data on eqUIpment heat releases In the
area ventl1ated

All outSIde aIr mtakes shall be SIZed to llffilt the face velOCIty to 167 meters per
mInute through the free area of the mtake louvers (mtake louvers to be a
nummum of 50 percent free area

Thermal InSulatIon WIth vapor barrIer shall be prOVIded on ductwork surfaces
WIth a temperature below the dew pomt of the surroundmg atmosphere to
prevent vapor condensatIon All ductwork used for aIr conditIOnmg purposes
shall be InSulated, ductwork used for ventIlatIon purposes shall not requIre
InSulation

EqUIpment shall be arranged to allow easy removal of components as well as
full access for InSpectIon and mamtenance

HVAC eqUIpment and ductwork shall be eqUIpped WIth controls and fIre
dampers m accordance WIth NFPA No 90-A

Exhaust systems shall be prOVIded for tOIlet and shower areas Outdoor
ventl1atlon aIr shall be based on a IDlDlIDUID of 0 6 CUbIC meters per mmute (20
cfm) per person based on normal room occupancy These areas wIll not be aIr
condItIOned

8 21 General EgUlpment RegUlrements

8 21 1 Vessels and Tanks

Contractor shall deSIgn, procure, Install and test reqUIred vessels and tanks
Capacity requIrements shall be per thIS SpeCification If partIcular CapaCIties are
not stated herem, good engIneenng Judgment and standard Industry practice
should be followed In determining vessel and tank capaCIties

•

•
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Contractor shall detemllne appropnate matenal of constructIon (If not otherwIse
specIfied), reqUired materIal thIckness and requIred hmngs and surface coatIngs,
If any, based on the flUid to be stored and serviced and Code requirements
MaterIals for major tanks shall be as follows

Service Water Storage Tank - Carbon steel With SUItable Intenor and
extenor coatIngs Use eXIstIng tank

DMW Storage Tank - carbon steel WIth SUitable extenor coatIng and
Intenor phenolIc epoxy coatmg

Wastewater NeutralIzatIOn Tank - FRP

CFB Blowdown Tanks - Carbon Steel

A 1 6 mm mmunum corrOSIon allowance shall be proVIded above the Code or
standard computed mmunum wall thIckness, as approprIate, for the tank shell,
heads, nozzles, manhole necks and cover plates for all tanks

Outside storage tanks shall be deSIgned for the complete range of ambIent
conditIOns expected

Overflow connectIOns and lmes shall be provIded Storage capacIty shall be
based on a flUId level above tank draw-off connectIOns to the mvert of the tank
overflow The overflow lme shall be at least one SIZe larger than the largest
mcommg lme or combmatIOn of mcommg lmes that can sInlUltaneously fill the
tank

Ladder, platform and walkway deSIgn shall be provIded for maIntenance and
access and m accordance WIth good safety practIces

When reqUIred by serVIce, tanks shall be deSIgned to full vacuum m addItIon to
the specIfied or reqUIred deSIgn pressure

All tank Jomts shall be constructed so that openmgs In the shell and shell
reInforcements do not mtersect longltudmal or gIrth Jomts

Vertlcally mounted tanks shall have supportmg skIrts Supportmg skIrts shall be
deSIgned to pennit access InsIde the skirt for mamtenance of the tank and skIrt
Honzontally mounted tanks shall be provIded WIth supportmg saddles

Manholes shall have hmged, bolted flange-type covers complete WIth gaskets,
nuts and bolts, and welded-on hand gnps or lIftmg lugs Manholes shall not be
less than 600 mm m dIameter
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Shop fabncated storage tanks shall have permanent lIftmg lugs provIded to
faCIlItate mstallatIOn and mamtenance Llftmg lugs shall be arranged to proVIde
for an equal dIstnbutIon of weIght when hftmg

All steel tanks shall be welded RIveted tanks are not acceptable Weldmg
procedures, welders and weldmg operators shall be qualIfied m accordance WIth
ASME BPVC, SectIOn IX Weldmg and repaIr weldmg shall be performed m
accordance WIth the reqUIrements of the desIgn code or standard of the
mdividual tank

Tanks shall be provIded WIth all necessary openmgs, weldmg ends and flanged
connectIOns Mamtenance dram connectIons shall be proVIded for complete
tank dramage

Tanks havmg a deSIgn pressure m excess of 103 kPa shall be deSIgned and
fabncated m accordance WIth ASME BPVC, SectIOn VIII, DIVISIon 1, and shall
be stamped WIth the ASME Code Stamp ServIce water storage tank and
condensate storage tank shall be deSIgned, constructed and tested to AWWA D
100 (NFPA 22 shall also apply to servIce water storage tank) Fuel oll storage
tanks shall be deSIgned and constructed to API-610

Tanks and vessels shall be tested and mspected ill accordance WIth the applIcable
codes and standards

8212 Pumps

Contractor shall proVIde reqUIred pumps, pump motor dnvers and all reqUIred
accessones Pumps reqUIred to be m continuous operatIon shall have 100%
space capaCIty

All pumps shall be deSIgned to ANSI standards

Pumps shall be SIZed for an addItIonal 10% flow capacIty, and 20% head
capabIhty above the calculated process requIrements Full SIZe Impellers shall
not be used

Pumps for the same servIce shall be IdentIcal m deSIgn, constructIOn and
performance and sImI1ar parts of the pump shall be illterchangeable Pumps
furmshed for the same serVIce shall be desIgned to operate contmuously m
parallel over the pump operatmg range WIthOUt caVItatIOn

Contractor shall prepare pump performance charactenstic curves on WhICh total
head, brake horsepower, reqUIred net pOSItIve suctIon head (NPSH) and
effiCIency are ploned as functIons of volumetnc flow rate between shut-off and

•

•

•
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lubncatIng water Seal InjectIon breakdown onfices shall be furmshed as
requrred to reduce pressure and to control InjectIon flow

Pumps WIth mechanIcal seals shall be arranged to facIhtate removal of the seals
Shaft shngers shall be specIfied to prevent gland leakage water from entermg the
beanng housmgs BOller feed pumps and condensate pumps shall be provIded
WIth mechanIcal seals

Bearmgs shall be of ample surface area and, for large pumps, of the Journal
type, spht for easy mamtenance, and arranged to faCIlItate removal of the pump
Impeller for reparrs All boIler feed pumps shall have thrust bearIngs

Where bearmgs are of the ball or roller type, the mner face shall be fitted
dIrectly on the shaft and located by a machIned shoulder on the shaft
IntermedIate shaft bearmgs for vertIcal suspended type pumps shall be securely
connected to the mam pump support tube

Bearmgs requrrmg coolmg water from the CCW system shall be provIded WIth
the necessary pipework, valves, and stramers In the case of vertIcal pumps
used for fresh water or condensate serVIce, bearmgs located below water level
shall be water lubncated For pumps m drrty water servIce, bearmgs shall be
grease lubncated

The weIght of the IDlpeller and shaftmg for vertIcal suspended pumps shall be
carrIed by a thrust bearmg, ample access shall be provIded for exammatlOn and
mamtenance of the bearmg PrOVISlOns shall be made at each end of the bearmg
to contam the 011 or grease WIthIn the bearmg housmg

Bedplates shall be of adequate proportlOns and stIffness to reSIst the loads from
shIpment and serVIce

Pump VIbratIOn after field mstallatlon shall meet manufacturer's cntena or ISO
2372 whIchever IS more strmgent

Vent and dram valves shall be proVIded, where necessary, at appropnate pomts
on the pump casmg HorIZontal splIt casmg pumps shall allow for withdrawmg
the removable half casmg and unpeller WIthout disturbmg any of the water pIpes
or valves HOrIzontal end suctIon pumps shall allow for WIthdrawal of the
Impeller from the motor end without dlsturbmg the motor or suctIon and
dIscharge plpmg

PumpIng umts shall be deSIgned for ease of mspectIOn and maIntenance Motor,
casmg and mner assembly shall be readIly removable WIthout disturbmg the
suctIon or dIscharge pIpmg
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Renewable shaft sleeves shall be provIded at sleeve bearing pOints and stuffing
boxes to prevent shaft wear

Impellers shall be keyed and nut-locked to the shaft to wIthstand all operating
loads Impellers shall be statIcally and hydraulIcally balanced

Couplings shall be provIded to connect motor drIver and pump shafts Shaft
couplmgs shall be the sleeved, keyed type Guards shall be provIded for motor
pump couplIngs

LIftmg lugs shall be provIded to facIlItate handling dUrIng mamtenance and
removal

MeterIng pumps for chemIcal solutIons serVIces shall be pOSItIve dIsplacement
rotary or reciprocatmg, constructed of 316 SS m contact WIth the process flUId
CapaCIty control may be manual or automatIC

Sump pump shall be vertIcal SImplex or duplex WIth mtegral sump cover and
level SWItch In areas of aCId washdown concern, appropnate plastIC matenals
of constructIon should be speCIfied

8 21 3 PIpmg

Contractor shall engmeer, deSIgn, furmsh, mstall and test all pIpmg systems
reqUIred

The pIpmg shall mclude all fittmgs, flanges, bolts, nuts, washers, gaskets, caps,
mIscellaneous speCIaltIes, temporary stramers and pIpe hangers and supports
Asbestos gaskets are not permItted

PIping shall be SIZed based on maxImum and mmnnum flows assocIated WIth the
partIcular system and/or eqUIpment bemg servIced In general, pIpmg shall be
SIZed based on the velOCIty cntena gIven below Pressure drops must be
calculated mcludmg factors for foulmg and margm and checked to ensure that
exceSSIve pressure drops and NPSH concerns are aVOIded

•

•

Feedwater Lmes
Condensate Lmes
Pump SuctIon Lines (except
Condensate Pumps)
Condensate Pump SuctIon Lines
Water Lmes to 10 2 cm
Water Lmes 15 2 cm and larger
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3-48 mls
1 2-2 1 mls
1 5-2 1 mls

06-09 mls
1 5-1 8 mls
2 3-3 6 mls
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• Saturated Stearn 0-1 4 MPa
Saturated Stearn above 1 4 MPa
Superheated Steam

1200-1830m/rnm
1830-3050mlmm
3050A570 mlmm

all Imes shall be sIZed to ensure turbulent flow based on the requIred flow rates
and the VISCOSIty of the 011 at the pumpmg temperature

PIpmg shall be desIgned WIth adequate flexIbl1lty to permIt expanslOn of the
pIpmg wIthout lIDposmg exceSSIve forces and moments greater than those
recommended by the manufacturer of the connected eqUipment PIpmg
segments 65 mm and larger WIth a nonnal operatmg temperature above 93°C
shall be stress analyzed, as requITed by ASME B31 1 Stresses m the pIpmg
systems desIgned by the Contractor shall not exceed those allowed by the
apphcable code

Generally, pIpmg matenal for the varIOUS plant serVIces shall be as mdicated
below

•
Steam
Lube all
Coolmg Water system

Frre ProtectIOn

Condensate, Feedwater
Chenucal feed lmes
Instrument arr
SerVIce arr
DemmerallZed water
Chenucal waste

alloy steel, steel
stamless steel, pIckled carbon steel
carbon steel or cast rron WIth cement lmmg
for bUrIed headers, all other systems carbon
steel
carbon steel, ductile rron for underground
pIpmg, carbon steel or cast rron for
aboveground pIpmg
carbon steel
staInless steel
stamless steel
carbon steel
stamless steel
stamless steel or plastic pIpe

•

PIpmg shall be deSIgned to faCIlItate plant operatIOns and mamtenance
Adequate aIsle space shall be provIded to allow operatmg personnel to make
mspectIOns dunng routme tours of the plant All pIpmg shall be deSIgned and
mstalled allowmg suffiCIent clear space around all eqUIpment to permit
dIsassembly and removal for mamtenance and repaIr

PIpmg systems transportmg steam shall be of welded constructIOn RaIsed face
flanges shall be used, where reqUITed, to connect to specIfic components
Threaded Jomts shall not be used for steam, fuel 011, and lube oIl pIpmg and
hIgh-pressure gas serVIce Flat face flanges should be used only for water, aIr
and mert gas serVIce
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Welded pIpe 65 mm and above shall be butt weld constructIon, 50 rnm and
below shall be socket weld constructIOn Weld end preparatIon shall be m
accordance WIth ANSI B31 1 and ASME BPVC SectIon 1

Above-grade pIpIng systems rated ANSI Class 300 or less may be flanged m
accordance WIth the Contractor I s standard desIgn

Plpmg systems shall be desIgned WIth hIgh pomt vents and low pomt drams

Steam plpmg systems m the plant shall be desIgned to have a pOSItIve slope m
the dIreCtIOn of steam flow m the cold posItIOn and no negatIve slope m the hot
pOSItIOn AutomatIc draIn deVIces and manual deVIces shall be Installed, where
appropnate, to prevent the accumulatIon of condensate m the pIpmg system

Means shall be proVIded to fill and clean loop seals

PIpIng to and from outdoor tanks shall have allowances for tank settlement

Contractor shall prOVIde detaIled scaled plpmg drawmgs showmg all plpmg 65
mm and larger, valves and InstrumentatIOn tap locatIons Drawmgs may be
IsometrIC and plan, or plan and sectIOns

PIpe hangers and supports shall be deSigned m accordance With the operatIng
conditIOns of the pipelIne beIng supported Pipe hangers and supports shall be
deSigned and fabncated With appurtenances and accessones In accordance With
the requIrements of ANSI B31 1, MSS SP-58 and MSS SP-69

A detaIled plpmg claSSificatIOn lIst shall be submItted for the Employer's
revIew The plpmg classIfication lIst shall specify all materIals for pIpe, fittmgs
and accessones for all plpmg systems Wlthm the plant, and pertment mformatlon
for each class (e g , pressure, temperature, serVice, etc)

Steam pIpmg shall be prOVided With low pomt dram statIons and/or steam traps
Steam traps shall be prOVIded WIth upstream stramer, IsolatIOn valves,
downstream check valve and a bypass WIth globe valve Trap bodIes and covers
shall be cast or forged steel and shall be deSIgned to operate at the maXImum
workIng pressure and temperature of the steam pIpmg to WhICh they are
connected Traps shall be pIped to dram collectIOn tank(s), floor drams, or
sumps and returned to the cycle If practIcable

Contractor shall proVIde documentatIon venfymg successful completIOn of
reqUIred testmg and complIance With safety codes (as applIcable) for pIpmg
systems

•

•

•
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PIpmg system shall be pressure tested m accordance wIth the reqUirements of
ANSI B31 1

8 21 4 Valves

Contractor shall provIde, mstall and test requITed valves, appropnate valve
operators and accessones to allow the plant to operate safely, effiCIently and m
accordance WIth all applIcable codes

Contractor shall place specIal emphasIs on ease of facIlIty operatlons and
mamtenance, when detemunmg necessary valve and appropnate valve operator
10catlOn and type

Control valve SIZe and charactenstics shall be selected such that the deSIgn
reqUired Cv or Cg IS 70 to 85% of the valve's rated (100% open) Cv or Cg for
the specIfied deSIgn operatmg condltlons At the mmunum flow conditlOns, the
valve posltlOn shall be a mmunum of 10% open, so that the valve seat and plug
shall not be susceptlble to damage (wITe draw, etc)

Valves 65 nun and larger shall be deSIgned so that It shall be possIble to replace
all packIng nngs WIth the operator and yoke m place

Weld connectIons for steel valves 65 mm and larger m nommal SIZe shall be butt
welded Weld connectIOns for steel valves 50 mm and smaller m nommal SIZe
shall be socket-welded Weldmg end preparatlOn shall be m accordance WIth
ANSI B31 1 and ASME BPVC Sectlon 1

Valves shall be provIded WIth appropnate operators Manual gear operators
shall be provIded for IsolatIon valves 250 mm and larger and shall be geared
type, conslstmg of a worm gear and worm m a totally enclosed, grease packed
and sealed gear case The gear shall be of the self-lockIng type to hold a fixed
pOSItIOn Gear operators shall have provIsIon for operatlOn WIth portable aIr
wrenches Manual operators shall requITe an mput force of no more than 27 Kg
to develop the requITed operatIng torque A mechamcal type posltlon mdicator
shall be mtegrally mounted on each manual gear operator ElectrIC motor
operated valves are to be prOVIded where specIfied by the Engmeer

Operators shall transmit the torque requITed to seat or unseat the valve agamst
the maXlTIlUffi dIfferentIal pressure

Gate valves and globe valves shall be eqUIpped WIth renewable, mtegral type
hard faced seats Seatmg surfaces of plugs and dISCS shall be hard faced Gate
and globe valves shall be arranged for back seatmg, WIth surfaces hard faced to
permn repackmg under full lme pressure WIth the valve open
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A detaIled valve specIficatIOn lIst shall be subnutted for the Employer's reVIew
The valve lIst shall specIfy the matenal for all valve components and accessones •
for all pIpmg classIficatIons

Valves shall be legIbly marked m accordance wIth MSS SP-25 Each valve
shall have a durable metal tag attached to the valve yoke by stamless steel WIre,
or nveted strap, IndIcatIng tag number

Valves shall be tested to comply WIth the applIcable sectIon of ANSI B16 34
Valves shall receIve a thorough drymg WIth clean, OIl-free compressed aIr
nnmedlately after testIng

8 21 5 InsulatIon

Contractor shall msulate mechanIcal eqUIpment, tanks, vessels, pIpmg, fittmgs,
valves and other m-Ime pIpmg appurtenances as requrred for thermal
conservatIon, personnel protectIOn or antI-sweat purposes

The InsulatIon shall form a system of prefabncated UnItS, engmeered as
mtegrated assemblIes to fit the surfaces to be Insulated wIth due allowance for
pIpe supports, thermal expansIOn, contractIOn and equIpment deflectIon

The InsulatIon for pIpmg systems shall be of the molded sectIOnal or segmental
type Block type WIll not be allowed, except where sectIonal or segmental
forms are not avaIlable as a manufacturer's standard

PIpmg, weldmg fittmgs, flanged fittmgs, bodIes of valves and the entrre surface
of screwed fittmgs shall be covered WIth InSulatIOn sl1Iular to adjacent pIpe
msulatlOn The InsulatIon shall be carefully cut to fit and frrmly wIred m place,
and all VOIds fIlled WIth msulatmg cement

Valves shall be Insulated up to and mcludmg the bonnet, but not the bonnet
Jomts At all temperature measurement locatIOns, the thermowell mstalled m
the process lIne shall extend beyond the outer face of the InsulatIon

Hot hnes (desIgn temperature greater than 60°C that are not msulated
throughout theIr entIrety, such as nuscellaneous drams, vents, etc, shall be
msulated for personnel protectIon for a dIstance of 2 1 meters whenever they
pass through a platform, floor or near staIrS At no place should a heated hne
be left umnsulated where personnel may come m contact wIth It dunng normal
plant operatIOn and mamtenance

Contractor shall provIde sUItable means of sUPPOrtmg msulatlOn on vertIcal pIpe
runs and flat surfaces to prevent saggIng and opemng

•

•
5928 OIA'Hrazdan Doc/9f23/98 8-52



•

•

•

InsulatIOn shall be contmuous through floors, walls, pIpe supports, anchors,
gUIdes and hangers At steel plates, hanger rods, stIffeners or other
mterruptIOns In the InsulatIon, the Insulatlon shall be sealed wIth Insulatmg
cement and the JacketIng for outdoor msulation shall be flashed and sealed to
provIde a waterproofJacketIng

Where operatIng temperatures make It necessary, Contractor shall proVIde

sUItable expansIOn JOints m the msulatmg matenals

The pnmary InSUlatIOn for pIpIng systems and equIpment, WIth operatIng
temperatures up to 650°C, shall be asbestos-free calCIUm SIlIcate, conformmg to
ASTM C533

The alternatIve InsulatIon, for Indoor pIpmg systems under 205°C, may be
fiberglass-preformed InSulatIon or mmeral wool msulatIOn, conformmg to
ASTM C547

AntI-sweat InSulatIon matenal shall be fiberglass or foamglass

InsulatIon Jacketmg may be alummum or stamless steel sheet, dependmg on cost
and avaIlabIlIty

InsulatIon shall be applIed after pIpe or equIpment has been hydrostatIcally
tested, pamted and proved operatIOnally sound

8 21 6 LIftmg and Handlmg Systems

Contractor shall desIgn, furnIsh and permanently Install IIftmg and handlmg
systems as reqUIred to servIce major eqUIpment that requIre mamtenance

Contractor shall supply an overhead travelmg crane and appurtenances to
serVIce the CT/ST area

The overhead crane shall be SIZed to lIft the largest Item of eqUIpment or
component that IS expected to reqUIre mamtenance The overhead crane shall be
equIpped WIth a 5 tonne capaCIty aUXIlIary hOlst In addItIon to the pnmary full
capaCIty hOlst

In addItIon to the above mam overhead travelmg crane, Contractor shall prOVIde
speCIfic IIftmg and handlmg capabIlIty for components requmng
mamtenance/replacement, when the hfts are heaVIer than can be made by
personnel WIthOUt mechamcal aSSIstance

BUIlt-In structures and deVIces should be prOVIded for lIfts that are made on a
frequent baSIS BUIlt-m structures coupled WIth standard IIftmg gear (e g , cham
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fall, etc) should be provIded for less frequent 11fts or relatIvely 11ght loads For
very Infrequent lIfts, the deVIces may be completely portable (e g , trave11ng
gantry, truck mounted "cherry-pIcker" l etc)

Use of buIldIng structure as an anchor pomt for lIftIng devIces IS acceptable only
If such applIcatlOn IS duly consIdered In desIgn calculations

MechanIcal desIgn for overhead travelmg crane shall conform to all the
reqUIrements and recommendations of CMAA 70 Crane shall operate under
pendant pushbutton control Contractor shall check condItIOn of eXIstIng crane
for possIble re-use

Brakes shall conform to SectIOn 2-1 0 of ANSI B30 2 Brakes for stoppIng
motion shall be of suffiCIent SlZe to stop the trolley or brIdge withm a dIstance,
In meters, equal to 10 percent of full load speed, m meters per mmute, when
travelIng at full speed WIth full load HOlst holdmg brakes shall have a torque
ratmg of not less than 125 percent of maxmum hOlstmg torque developable at
the pomt where the brake IS applIed The hOlst brake shall set automatIcally and
hold the load upon loss of power to the hOlst motor

8 21 7 Emergency Shower and Eye Wash StatIOns

Contractor shall furnIsh emergency shower and eye wash statIOns near all
chemIcal handlmg areas and battery storage areas These shall be of the hands
free deSIgn wIth bUrIed draIns for freeze protectIon

822 PaIntIng

Except as otherwIse speCIfied, all eqUIpment and unmsulated pIpmg shall receIve
ItS manufacturer I s standard shop fInIsh

Concrete surfaces, pavmg, curbs and sumps m chemIcals handlmg areas shall be
pamted WIth an appropnate reSIstant coatmg system ACId-proof bnckIng shall
not be used except by speCIfic Engmeenng reqUIrements

8 23 LubrIcatIon

The types of lubncatIon speCIfied for the Plant eqUIpment shall be suIted to the
operatmg conditlOns and shall comply WIth the recommendatlOns of the
eqUIpment manufacturers

For the turbme generators and any other turbme auxI11ary eqUIpment, the InltIal
charge of flushIng 011 for startup shall be proVIded by the eqUIpment
manufacturer Subsequently, such flushIng 011 shall be sampled and analyzed to

•

•

•
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824

deternune whether It can also be used for normal operatIon or It must be
replaced m accordance WIth the eqUIpment supplIer's recommendatIons

Rotatmg eqUIpment shall be splash lubncated, force lubncated, or self
lubncated OIl cups shall be proVIded as necessary

Where automatic lubncators are attached to eqUIpment, provlSlons for
emergency hand lubncatIOn shall also be specIfied

LubncatlOn fillmg and dram pomts shall be located m accessIble 10catlOns and
posItIons

Manual lubncatIOn provlSlOns shall be external to guards WIth machmery m
motIon

Mechamcal Testmg

Contractor shall proVIde all requrred testmg of mechamcal eqUIpment and
systems to ensure that all eqUIpment and systems are operatmg satIsfactonly and
m accordance WIth the requrrements speCIfied herem Testmg shall mclude both
shop and field tests Test reports shall be submItted to the Employer for reVIew
Tests shall mclude, but are not lImIted to, the followmg

- pressure testmg of mstalled pIpmg systems m accordance WIth ASME
SectIon I and ANSI B31 1

- pressure testmg of pressure vessels m accordance WIth ASME Section I,
ASME SectIOn vm and API standards

- runnmg performance tests for purnpmg eqUIpment m accordance WIth the
HydraulIc InstItute Standards or API standards as applIcable for the
followmg major pumps

(1) BOller Feed Pumps
(2) Condensate Pumps
(3) Crrculatmg Water Pumps
(4) Closed Coolmg Water Pumps
(5) FIre Pumps

- non-destructive exammatlOn tests m accordance WIth ASME and ANSI
Codes

Tests may be wItnessed by the Owner, msurance or code mspector, or others
upon request
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A 100% radlOgraphic examInatlon of all weld JOInts shall be provIded for the
gas fuel hnes Spot radIography of hIgh energy stearn pIpIng shall be performed
as reqUIred by the apphcable codes

8 25 TurbIne Steam By-Pass System

A turbIne steam by-pass system WIth steam condltlomng valves or pressure
redUCIng valves WIth desuperheaters shall be provIded to by-pass stearn to the
condenser dunng startup and shutdown modes and for turbIne tnp

826 Make-Up Water Supply System

RIver water WIll be dehvered to the SIte by eXIstIng nver water pumps, storage
tank and transfer pumps Contractor shall route the nver water supply to the
CFB plant users, as requIred

•

•

•
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• SECTION 9 0

ELECTRICAL TECHNICAL REQUIREMENTS
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9 1

SECTION 9 0 - ELECTRICAL TECHNICAL REQUIREMENTS

Plant System Voltages

The nommal voltage levels shall be as follows

SubstatIOn

•

- Rated maxunum voltage

- Output to Armenergo

- Startup power to plant

Generator termmal voltage

MedIUm voltage

Low voltage

CntIcal* Instrument power (UPS)

MIscellaneous power for non-cntIcal
mstrumentatIon and general use

MIscellaneous power for lIghtmg,
space heaters, receptacles

DC control

DC power

121 kV

110 kV, WYE, solIdly grounded

no kV, WYE, solIdly grounded

(Note 1) kV, WYE, hIgh resIstance neutral grounded
(Voltage Range 10-18 kV, to be selected durmg detaIl
desIgn)

6 3 kV low resIstance grounded

400 volt, WYE, solIdly grounded

230 volt ac, grounded

400 volt, three-phase or smgle-phase, solIdly grounded, 230
volt, smgle-phase, solIdly grounded

400 volt, three-phase, 4 WIre or 230 volt smgle-phase, both
solIdly grounded

125 volt dc, ungrounded

250 volt dc, ungrounded

*

Note 1

CrItIcal mstruments are those reqUIred for contmued plant operatIon and those
that prOVIde eqUIpment protectIon

Generator manufacturer to determme exact voltage m range of 10-18 kV
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92 General ReqUirements •9 2 1 Armenergo System

9 2 1 1 Supply Vanations

Armenergo's nommal system voltage can vary by + 10 percent and -5 percent, dependmg on
the system operatmg reqUIrements Momtonng and control of the transmISSIon system voltage
are earned out by Armenergo

Armenergo's voltage vanatlons shall be accommodated by speclfymg the generator step-up
transformer hIgh voltage wmdmg at 121 kV and generator voltage regulatIon of + 5 percent

The voltage vanatlOns of the 110 kV startup power supply shall be accommodated by
automatIc/manual operatlOn of the startup/standby transformer on-load tap changer

Nommal system frequency IS 50 Hertz Normal operatmg frequency may range between 49
Hertz and 51 5 Hertz ExcurslOllS beyond these frequency lImIts WIll reqUIre tnppmg of umts
WIth appropnate tIme delays

9 2 1 2 Fault Levels

The Armenergo system 110 kV fault levels at Hrazdan power plant, for desIgn purposes, wIll
be as follows •

MaXImum ultImate phase fault

MaXImum ultImate ground fault

Fault cleanng tIme

Normal protection operation by plant CIfCUIt
breaker

Backup protectIon operatIon

Breaker faIlure operation (Generator CIfCUIt)

Breaker faIlure operatIon (startup transfromer
CIrCUIt)
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20 leA (rms sym)

20 leA (rms sym)

lOOms

160 ms

240 ms

300 ms

•



• 9 2 1 3 InsulatIon Levels

The msulatIOn levels for Armenergo's 110 kV system are gIven below The system shall be
desIgned as an au msulated substatIon extensIve/modIficatIOn to the eXIstmg sWltchyard as
mdIcated on the conceptual drawmg

Operatmg voltage kV (rms) 115

Maxunum desIgn voltage kV (rms) 121

Lightnmg unpulse level kV 550

Power frequency wIthstand voltage, kV rms/mm 260

9 2 1 4 Rated Currents

The rated currents (at 40°C ambIent) for the 110 kV substatIon shall be as follows

•
Generator lme and bay connectIOns

Startup lme and bay connectIons

Busbars (Mam)

CrrcUIt breaker short-cIrcUIt
brealong current

9 2 2 DeSIgn CrItena

1,200A

1,200 A

3,000 A

20kA

The deSIgn CrItena for configuratIon, SIZe and ratmg of components of the auxlhary power
dIstrIbutIon system from the umt auxJ1Iaary, startup and excItatlOn transformers low voltage
termmals are as follows

a) A smgle event (eIther a planned or forced outage of a pIece of eqUIpment) shall not cause
the loss of a generatmg umt, but may lead to reduced output of a umt

b) For voltage levels 400 volts and above, except for the case of smgle-ended load centers, It
shall be pOSSIble to safely transfer manually, or automatIcally as applIcable, any SWItchgear
power supply from one source to the alternate source under normal operatmg COndItIOns
WIthout havmg to "black-out" the SWItchgear ThIS should mclude the normal operatmg
actIVItles for sWItchmg power sources and for off-Ioadmg transformers
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c) Loss of a transformer (other than a generator step-up or eXCItatIOn transformer) should not •
lead to an output reduction of the generatmg umt The faIlure of a umt aUXIlIary
transformer may cause the loss of the generatmg umt untIl such tlme as the faulty umt
aUXIlIary transformer IS Isolated and the umt can be restarted from the startup transformer

d) Loss of a SWItchgear bus sectIon normally fed eIther dIrectly or mdlrectly from the umt
aUXIlIary transformer may mcur a power output reductIOn no greater than 50 percent but
shall not cause a total loss of the plant

9 2 2 1 Overall System DescnptIOn and OperatIon

Any umt's aUXIlIary load shall be fed from ItS generator output, Via ItS umt aUXIlIary
transformer (UAT), or from the startup source

Dunng startup, a generator WIll be Isolated by means of Its 110 kV CircUlt breaker The umt
auxlhanes WIll be fed from the startup source The generator wIll be brought up to the speed,
voltage and frequency closely matched to Armenergo' s system, and the generator WIll be
synchromzed to Armenergo' s system across the sWItchyard CIfCUlt breaker, and wIll be
gradually loaded to mmlffium stable load The operator wIll then mitIate the manual transfer of
the umt's loads, bus by bus, from the startup source to the VAT source Once all the loads are
transferred, the startup transformer (SUT) wl11 then serve as the reserve auxlhary power •
source

To take the umt off the system, a generator WIll be gradually unloaded to the lowest allowable
level, the umt auxlhary loads wIll be manually transferred to the startup source, then the umt's
110 kV CircUlt breaker wIll be tnpped

In case of the total blackout of the system, the essentlal safe standby loads of the power plant
(shutdown) and the admmistratlon facIlItIes, as applIcable, shall be supplIed by a dIesel
generator

In the case of a fault wlthm the zone of protectIon of a generator, the generator step-up
transformer (GSUT), or UAT, the protective relaymg shall Isolate the umt by tnppmg the
assocIated 110 kV CircUlt breaker, excltatlon field breaker, and medIUm voltage (6 3 kV)
sWItchgear bus mam breakers, and shall fast transfer the umt aUXIlIary loads to the SUT by
closmg the appropnate tle breakers If the fault IS Wlthm a generator or ItS associated Isolated
phase bus, the umt WIll be shut down untIl the proper repau work IS performed In the case of
a faIlure of a UAT, the transformer WIll be Isolated and the umt wIll be brought back on the
lIne at full capacIty usmg the SUT as backup to the faulted UAT
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• 9 2 2 2 System DeSIgn and StudIes

Systems wIthm the plant's boundary shall be designed to meet the reqUIrements of the project
specificatIOns and the apphcable reqUIrements of IEEE (standards 80, 141,242,446,665 and
666) for electnc power serVIce systems for generatmg statIOns, unless otherwIse mdicated
herem

System studIes and calculatIOns shall be proVided to demonstrate the adequacy of the ac and dc
dIstnbutlon system deSIgn These studIes shall mclude the followmg
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Voltage cntena for each voltage system consIstmg of voltage dIpS dunng motor startmg,
voltage regulatIon, and no load voltages Cntena shall be based on eqUIpment ratmgs and
capabIltties The auxiltary electncal systems shall then be deSIgned to mamtam voltages
withm estabhshed ranges

Short-clfcUIt studies whIch model the auxiltary electncal system from the 110 kV
substation buses down to the 400 volt motor control center buses All medIUm voltage
motors, motors at load centers (SUSs), and motors 37 kW (50 HP) and above at MCCs,
shall be modeled All other motors shall be grouped and loaded mto the model System
performance shall be optimIZed based on the voltage cntena hsted above

The mterruptmg capaCIties of the swItchgear shall be determmed m accordance WIth ANSI
C37 010 for metal-clad SWItchgear and m accordance WIth NEMA ICS-3 for controllers

Load flow models, WIth slffillar scope and detaIl as the short-clfcUIt studIes shall be utiltzed
to determme voltage profiles at vanous buses under expected plant operatmg modes

Groundmg studIes for the substatlOn and plant connected together, m accordance WIth
IEEE 665-1995 and IEEE 80, and based on the maxunum contnbutlons from Armenergo

Insulation coordmation studIes for the 110 kV and generator voltage systems The studIes
shall be performed usmg the BonneVIlle Power AdmimstratIOn's Salford Alternate
TranSIents Program (ATP), the ElectromagnetIc TranSIents Program (EMTP), Mamtoba
HVDC Research Center's (MHVDCC) PSCAD/EMTDC, or sunIlar commerCially
avaIlable software

Fast transfer study of aUXIlIary load

Protective relay coordmatIon studIes and settmgs for voltage levels down through 400 volt
SUSs (for relays furmshed withm the Contractor's scope)



• Motor startmg studies for selected worst-case arrangements to determme the voltage dIpS,
at each voltage level durmg motor startmg, shall be done DC motor startmg voltage drop
studies shall be done for all dc motors

• Battery sIzmg calculatIOns m accordance with IEEE 485 and dc system short-circUIt
calculatIons DC voltage drop studies shall be done for all dc motors and other dc loads

• The aUXIlIary electncal system shall be deSIgned so that the 400 volt motor starter
contactors do not drop out dunng motor startmg at any voltage level StudIes of bus
voltages dunng startup and sWltchyard vanatIons shall be conducted

• Cable sIzmg calculatIOns shall be based on the reqUIrements defined m SectIOn 9

• CathodIC protectIOn calculations m accordance WIth NACE InternatIOnal standards for
Items WhICh reqUIre cathodIc protectIOn

• Lightmg calculatIons for all areas

• Transformer loadmg and slZmg calculatIOns for each transformer

• MedIUm voltage motor surge studIes shall be performed by the SWItchgear or motor
controller suppher, or shall rely on the SWitchgear or motor controller manufacturer's
recommendatIOns

• UPS slZmg calculations

• Emergency diesel generator (EDG) slZmg calculatIOns

9 2 2 3 Synchromzmg

A synchromzmg check relay shall be prOVIded on every CIrCUIt breaker withm the new power
plant where there IS a possIbIhty of parallehng together two separate sources

One synchromzmg system shall be proVIded for each generatmg umt

ST generator shall be designed to be synchromzed With the 110 kV Armenergo grId, across ItS
own associated 110 kV CIrCUIt breaker, located on the hIgh Side of the generator step-up
transformer m the plant 110 kV substatIOn
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When selected, each generator shall be automatIcally synchronIzed to the 110 kV system by an
auto-synchronIzmg and separate mdependent synchronIzmg check relay Each generator shall
also be capable of bemg manually synchronIzed to the 110 kV system at the power plant wIth a
permIssIve SIgnal provIded by a separate synchronIzmg check relay The auto-synchromzmg
relay shall utIlIze two mdependent channels for speed and voltage matchmg For each
generator two synchronIzmg check relays shall be mstalled to venfy the correct operatIon of
the synchronIzmg system One synchromzmg check shall be m operatIon to superVIse, WIthOut
exceptIOn, automatIc closure of the associated CIrcUIt breaker EqUIpment for auto
synchrolllzmg shall mclude

• One automatIc speed regulatmg deVIce WhICh shall prOVIde control mstructIon to the
governor of the turbme m order to bnng the frequency of the generator m hne WIth that of
the system

• One automatIc voltage matchmg deVIce WhICh shall proVIde control mstructIOn to the
generator voltage regulator to bnng the generator voltage mime WIth the system voltage

• Two channels of synchrolllzmg checkmg deVIces WhICh shall check the synchromzmg
condItIOn and IllltIate the closmg command WIth breaker closure tIme compensatIOn

• One selector SWItch for selectIOn of synchrornzmg sIgnal from Channell (frequency) or
Channel 2 (voltage), or Channels 1 and 2 m senes

• One automatIc synchromzmg check relay

• AUXIlIary relays and all accessones

Each generator's synchromzmg system shall be proVIded WIth auxIlIary contacts to allow
recordmg of all faIled synchromzmg attempts m the plant DCS and dIgItal fault recorder
(DFR)

All 6 3 kV medIUm voltage auxIhary SWItchgear buses reqUlrmg synchrolllZatIOn shall be
proVIded WIth completely separate deVIces from those used for synchrOnIZatIon of the generator
and hIgh voltage CIrCUIt breakers The medIUm voltage bus synchronIzmg scheme shall be
proVIded WIth automatIc transfer capabIhties to safely allow fast transfer, m-phase
(synchronous) transfer, or reSIdual voltage transfer

Where two SWItchgear buses are synchronIZed manually, the cIosmg of the CIrCUIt breakers
shall be mterlocked usmg a synchromzmg check relay The synchromzmg check relay shall
contmuously momtor the voltages on eIther bus, and shall not reqUIre the use of any
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synchrolllzmg sWItches The synchrolllzmg check relay shall have two mstantaneous
undervoltage COlIs to allow for dead hne and dead bus closmg, as reqUlred, and shall have
ad]ustble closmg angle and tIme delay

The mam and tIe breakers of all double-ended 400 volt load center buses shall be eqUIpped
wIth synchrolllzmg check relays These relays shall be rated for contmuous energiZatIOn and
shall not reqUlre the use of any synchrolllzmg sWItches

923 Pnmary Termmal Pomts

All work associated WIth mterfaces between the power plant and Armenergo 110 kV faCIlIties
shall be provIded by the Contractor, mcludmg all reqUlred support structures, eqUIpment and
systems Installatlon by Contractor shall mclude provISIon of power supplIes, cablIng,
commUlllcation Interfaces, marshalmg boxes, hIgh voltage CTs and VTs and necessary testIng
and comnussIOlllng supplIes Fmal connectIons to Armenergo's system shall be performed by
the Contractor under supervlSlon of Armenergo

9 2 4 Electncal Systems and EquIpment Controls

Electncal system breakers, mcludmg each 110 kV generator breaker and the 110 kV startup
transformer breaker, shall be prOVIded WIth hard-WIfed control deVIces from the electncal
control panel located In the plant mam control room SufficIent hard-WIred controls, metenng
and IndIcatIOns, IncludIng a system "mumc" dIagram, shall be prOVIded on the electncal
control panel to aId the operator The breakers shall also be controlled and momtored by the
plant DCS system Control and momtonng of the balance of the auxIlIary electncal dIstrIbutIOn
system breakers shall be by the plant DCS system

All alarms and addItIOnal meterIng, momtonng, recordmg, and mdIcatIOns, as reqUIred, shall
be by the plant DCS systems as applIcable Controls of electrIcally operated CIrCUIt breakers
and starters servIng motors and other process related systems or eqUIpment, shall be by the
plant DCS system as applIcable

9 2 5 MIscellaneous ElectrIcal ReqUIrements

Space heaters for electrIcal and other eqUlpment shall be rated at tWIce the operatIng voltage,
WIth heater wattage SIzed as reqUlred to maIntam the enclosure mternal temperature above the
dewpomt

All electrIcal eqUIpment for outdoor locatIons shall be SUItable for operatIon m an IndustrIal
enVlfonment
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Unless otherWise mdlcated m the specific sectlOns descnbmg the vanous electncal equlpment,
and as apphcable for the location, electncal eqUIpment enclosures shall be NEMA 1 for mdoor
(nonhazardous) office areas and enclosed (1 e , SWItchgear) rooms, NEMA 12 for mdoor dry
areas, NEMA 4 for mdoor wet areas, NEMA 4 (NEMA 3R If NEMA 4 is not available) for
outdoor (nonhazardous) areas, NEMA 4X for outdoor (nonhazardous) hIghly corroSIve areas
and NEMA 7 for hazardous areas

Vanous areas of the plant shall be evaluated for hazardous claSSIficatIon m accordance WIth the
reqUIrements of NFPA 70 (NEC) and a report shall be submItted to Owner

9 2 6 Codes and Standards

Engmeenng, component desIgn, matenals, constructIon and testmg shall be m accordance WIth
the followmg latest U S Codes and Standards Other Codes and Standards are acceptable as
defined m SectIon I 0 References to manufacturers, trade names and catalog types descnbed
herem are to estabhsh a general level of qUalIty Other eqUIpment may be proposed for
approval

• Anti-Fnctlon Bearmg Manufacturer's AssocIaton (AFBMA)
• Amencan NatIOnal Standards InstItute (ANSI)
• NatIOnal Electncal Manufacturers ASSOCIatIOn (NEMA)
• InstItute of Electncal and Electromcs Engmeers (IEEE)
• NatIOnal FIre ProtectIon ASSOCIatIOn (NFPA)
• Underwnters Laboratones (UL)
• Amencan SocIety for Testmg and Matenals (ASTM)
• Amencan SocIety of Mechamcal Engmeers (ASME)
• Insulated Cable Engmeers ASSOCIatIOn OCEA)
• NatIOnal ASSOCIatIOn of CorroSIOn Engmeers (NACE)
• ASSOCIatIon of EdIson Il1ummatmg Compames (AEIC)
• DIesel Engme Manufacturers ASSOCIatIon (DEMA)
• Illummatmg Engmeenng SocIety (IES)
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93 Mam Generator and ExcIter •The followmg descnptIon IS applIcable to each of the three facIlIty generators

9 3 1 Generator

The mam generator shall be honzontal, fully enclosed, mdoor type WIth mternally cooled aIr
or hydrogen cooled stator, and rotor conductors Ultimate heat rejectIon shall be to
Purchaser's coolmg water system VIa Seller supplIed air-to-water heat exchangers Heat
exchangers shall be provIded WIth leak detectIOn/annuncIatIOn A smgle tube failure shall not
reqUlre the generator to be shut down

Conductors for both stator (armature) and rotor (field) wmdmgs shall be made of copper and
shall be msulated WIth Class F msulatIOn WmdIngs shall be Insulated for the full rated
voltage to ground, WIth no gradIng of msuiation

The generator capabIlIty ratIng shall be based on carrymg contInuously, at rated voltage and
frequency, the maXImum output of the turbIne MachIne performance and temperature
claSSIficationS/rIses shall be deSIgned m accordance WIth ANSI C50 13 standards NeIther the
rotor nor the stator shall exceed Class B temperature rIses and observable total temperatures
when the generator IS operatmg at any power factor from 0 85 laggmg to 0 95 leadIng, at the
speCIfied short CircUlt ratio, and at the speCIfied mlet water temperature The generator shall •
be sUltable for operatmg m parallel WIth SImIlar generators, and other electrIcal generatIng
umts of dIfferent SIZes and characterIstIcs located on Armenergo' s power grId

Generator lme and neutral termmal bushmgs shall be proVIded WIth hIgh accuracy current
transformers (CTs) One set of three meterIng class CTs, and five sets of three relayIng
accuracy CTs, for a total of eIghteen CTs per generator, shall be prOVIded Termmal bushIngs
deSIgnated for external phase connectIOns shall be approprIately spaced to permIt connectIons
to self-cooled Isolated-phase bus ducts WhICh shall be deSIgned to proVIde complete phase
IsolatIOn dIrectly up to the generator phase bushmgs The termInal studs shall be deSIgned to
accept fleXIble connectIOns from the bus ducts The generator neutral termInals shall be
connected together, and shall be mounted m an enclosure (Isolated from lIne termInals) WIth
proVISIons for smgle-phase bus connectIOns to the neutral groundmg transformer

The generator housmg shall be prOVIded WIth aIr or hydrogen cooler sectIons The coolers
shall be of sectlonalIzed deSIgn, With cooler tube sections accessIble from the outSIde to permIt
cleanmg WIthout the loss of Internal aIr or hydrogen pressure The coolers shall be deSIgned
under normal operatIng condItionS WIth Inlet coolIng water at 41°C The coolers shall be
sectlonalIzed so that the generator shall be capable of delIvermg at least 66 percent of ItS rated
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• capacIty whIle at or below the generator temperature Class B msulatIon lImIts as specIfied m
ANSI C50 13 , w1th one cooler sectIOn out of serV1ce If the stator 1S water-cooled, the stator
coolers shall be des1gned such that when one cooler IS removed from serVIce, the generator
shall be capable of dehvermg at least 66 % of ItS rated capacIty

The generator shall be capable of wIthstandmg short-tIme thermal reqUIrements and mechamcal
reqUIrements under short CIrcuIt condItIOns as defined m ANSI C50 13, SectIOn 7 The
synchronous generator voltage wave shape dIstortIon shall be lImIted as defined by the
Telephone Influence Factors m NEMA MG 1-22 43 The generator total harmomc voltage
dIstortIon shall not exceed 2%

9 3 2 EXCItatIOn System

9 3 2 1 General

ExcItatIon for the mam generator shall be proVIded

EXCIters may be of the rotatmg alternator/rotatmg rectIfier (brushless), or potentIal
source/statIOnary rectIfier type

• 9322 Ratmg

EXCIter ratmg shall be determmed by Contractor and shall be adequate to supply the eXCItatIOn
reqUIrements of the mam generator under all condItIons of loadmg Ample capaCIty or
redundancy shall be bUIlt rnto all components so that generator output need not be curtamed
because of faIlure of mdlvldual rectIfymg dIOdes

9 3 2 3 Rotatmg Alternators (AC EXCIter)

Alternators shall be dIrectly connected to the mam generator shaft and shall be eIther the
rotatmg armature-statIOnary field type, or the rotatmg field-statIOnary armature type, as
reqUIred by Contractor's deSIgn

Where applIcable, alternator enclosures shall be proVIded WIth alr-to-water heat exchangers
deSIgned for the water condItions speCIfied for the generator hydrogen and stator water coolmg
systems Enclosures shall be so baffled as to prevent contammatIon of wmdmgs m the event of
a leak m the water system and shall be prOVIded WIth leak detectors

Contractor shall furmsh all buses and connections between the AC output of the alternator and
the power rectIfiers
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ExcitatIon for the alternator shall be furlllshed from a pIlot excIter of eIther the rotatmg
permanent magnet field type or self-excited from the rectIfied alternator exciter output

9 3 2 4 Rotatmg RectIfiers

Power reCItIfers furnIshed with "brushless" excitatIon systems shall of the sIlIcon dIode type,
wIth senes-connected fuses for protectIon agamst dIode faIlure The mmlmum base response
ratIon shall be 2 0 for brushless excItatIon systems

RectIfier fuses shall be eqUIpped wIth mdlcatmg devIces to permIt checkmg by stroboscopIC
lIght for an open CIfCUIt whIle the umt IS m operatIon

Power rectIfiers shall be arranged m a sufficIent number of parallel paths so that generator
output need not be curtaIled when 15 percent of the dIOdes are out of serVIce The parallel
CIrCUItS shall be provIded WIth all necessary resIstors and capacItors to msure proper voltage
dIVIsIOn between the senes-connected dIodes, and to suppress dIode spIke voltages dunng the
commutatIon penod

9 3 2 5 StatIonary RectIfiers

StatIonary rectIfiers used WIth a StatIC eXCItatIon transformer (power potentIal transformer)
shall be Installed m cubIcles Integral WIth the SWItchgear descnbed m paragraph 9 3 2 6

RectIfiers shall be of the SIlIcon dIOde type, WIth IndIVIdual fuses, and WIth lIght-emIttIng
dIOdes to mOllltor dIode mtegnty

Redundancy shall be proVIded as speCIfied for rotatmg rectIfiers, and each rectIfier bndge
module shall be eqUIpped WIth a five-pole dIsconnect SWItch to permIt electncal IsolatIOn from
both AC and DC CIrCUIts for mamtenance under load

Water-cooled rectIfiers shall use water from the generator stator water coolmg system

Contractor shall furlllsh all bus work between the output of the rectIfiers and the maIn
generator (field) collector nngs

9 3 2 6 EXCIter

The eXCiter shall be of the statIc eXCItatIon transformer type The statIc type eXCIter shall be
furmshed complete WIth ANSI rated excitatIOn SWItchgear, regulator, manual control, and
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excItatIon transformer The eXCIter ratmg shall be determmed m accordance WIth the
eqUIpment manufacturer's standards The statIC excIter shall have a response ratIo of 3 6 P u
mmImum WIth a ceIlmg voltage of 200 percent mimmum and shall be of the hIgh ImtIal
response ratIo type

The excItatIon transformer shall be statlOn class, eIther an outdoor, OIl-filled type, or an
mdoor, dry-type (acceptable up to 4 MVA) The excitation transformer shall meet the
reqUIrements of ANSI C57 110 and C57 12 00 (for OIl-filled type) or C57 12 01 (for dry
type), as appllcable The transformer shall be able to Withstand, mechamcally and thermally,
the level and duratIon of the aVailable fault currents smce It WIll have no prImary mterruptmg
deVIce

The eXCItatIon transformer shall be able to WIthstand the effects of harmomc currents
assocIated WIth the connected eXCItatIon system A rmmmum of 20 percent extra spare
capacIty (kVA) shall be allowed to WIthstand the effects of harmomc currents The wmdmgs
and conductors shall be made of copper, and the bushmgs (for OIl-filled type) shall be
porcelam The prImary shall have a 150 kV BIL ratmg, and the secondary shall have eIther a
30 kV (for dry-type) or a 45 kV (for OIl-filled) BIL ratmg The high voltage wmdmgs shall be
connected m delta, and the low voltage wmdmg connectIOns shall be determmed by the
generator supplIer If a hIgh resistance or ungrounded type of system IS used for the secondary
wmdmgs, It shall be prOVided WIth a ground detectIon system With both local and DCS system
alarms

If the eXCItation transformer IS dry-type, It shall be cast coil, rectifier duty, and shall be
deSigned, constructed, and tested In accordance WIth ANSI standards Smce the transformer
shall be deSIgned for the speCific harmomc content Inherent to the rectifier applIcatIOn, the
transformer shall meet the applIcable IEEE 519 requIrements as they pertam to the transformer
core and coIl losses, and heatIng caused by harmomc loads The eXCItatIon transformer shall
have a temperature rIse of 80°C (dry type) or 65°C (oil filled), and a mmImum lIfe expectancy
of 20 years

The eXCItation transformer shall be prOVIded With the manufacturer's standard accessones
The follOWIng shall also be Included

• Embedded wmdmg temperature RTDs, one m each phase to prOVIde SIgnals for hIgh
temperature alarm mOnItormg m the plant DCS system

• Two sets of three hIgh-voltage CTs The CT ratIo shall be determmed durmg detaIled
deSIgn
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• Two sets of three low-voltage CTs The CT ratIo shall be determmed dunng detailed
desIgn

Fan motors associated WIth the eXCitatIon system shall be rated 380 volts ac Each motor shall
have ItS own dedIcated starter or controller, and shall be protected so that It WIll be
automatically isolated m case of fault or fallure, WIthout Impactmg other excItatlOn system
eqUIpment The faIlure of a smgle fan or rectIfier bndge shall not reduce the umt output
ratmg, and the condltlOn shall be alarmed locally and remotely by the DCS system

The power rectIfiers shall be au-cooled WIth fully filtered air Unless dIctated otherWIse by the
eXCItatlOn system manufacturer's standard deSIgn, the power rectIfiers shall be arranged m a
suffiCIent number of parallel paths so that the generator output IS not reduced when 15 percent
of the power rectIfiers are out of serVIce Each rectIfier bndge shall be eqUIpped WIth a five
pole dIsconnect sWItch to permIt electflcallsolatlon from both ac and dc CIrcuIts for
mamtenance when under full load, unless dIctated otherwIse by the excitatlOn system
manufacturer's standard deSIgn

9 3 2 7 EXCItatIon System Control EqUIpment

•

All eqUIpment and deVIces reqUITed for the momtonng, control, mdicatIon, operatIon, and
protectlOn of the eXCItatIon system and ItS components, shall be provIded The control and
protectlOn deVIces shall be prOVIded as an mtegral part of the excIter, and shall be controlled •
through the DeS operator's console VIa the turbme control system EqUIpment, deVIces, or
functIons to be furmshed shall mclude, but shall not necessarIly be lImIted to, the followmg

• One automatIc voltage regulator

• One backup regulator, eIther automatIc or manual type

• AutomatIc VAR and power factor control

• ReactIve droop compensatIon

• ExcitatlOn lImIters, both mmlffium and maXlffium

• volts/Hz llffilters

• Dual level volts/Hz protectIon

• Mam field and excIter ground detectIon systems WIth local and DeS alarms
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• • EXCitatIOn system momtonng and supervIsory control shall be hard-wIred or data-lInked to
the DCS, to be finahzed dunng detaIled desIgn Normal control of the generator excitation
shall be mltIated from the plant DCS and performed m the excItatIOn control system

• Operator mterface statIon for remote mountmg, If avaIlable as part of the vendor's standard
package

9 3 3 Component DescnptIon

DeSIgn parameters of each generator/excIter system shall be as follows

•

Generator Power Factor
Speed
Normal Frequency

Frequency Range

The generatIng umt shall be capable of operatIng
WIthIn the follOWIng system frequency range
parameters
Frequency Range
> 49 Hz ~ 515Hz
> 485Hz ~ 49 Hz
~475Hz ~ 485Hz

Termmal voltage
Voltage regulatIOn tolerance
Hydrogen pressure

Short CIrCUIt ratro

Neutral ground

EXCIter

o85 laggmg to 0 95 leadIng
3000 rpm
50Hz

ContInUOUs, no tlffie IlffiItatIOn
Up to 5 mmutes per mCIdent
Up to 5 seconds per mCIdent, WIth a
total accumulatIon of up to 20 mmutes
dunng the turbIne hfetlffie

10-18 kV range
±5 percent
Manufacturer's standard deSIgn, but not
exceedmg 0 03 MPa
~o 50

ReSIstance loaded smgle-phase neutral
groundmg transformer
Manufacturer's deSIgn
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94 AuxIllary Power System •
9 4 1 General DescnptIon

Dunng normal operation, power for startup or shutdown of any UnIt shall be proVIded by the
station startup power transformers

One UnIt aUXIlIary transformer shall be proVIded, and shall be capable of carrymg the UnIt's
auxIliary loads

One startup transformer shall be proVIded, and It shall be capable of carrymg the plant total
auxIllary loads

The startup transformer shall serve as backup for the umt aUXIlIary transformer m case of
faIlure or mamtenance The secondary wmdmg of umt aUXIlIary transformer shall be
connected to two mdependent 6 3 kV sWItchgear buses. usmg nonsegregated phase bus duct VIa
mam breakers The electncal dlstnbutlon system shall then be fed radially from the above two
6 3 kV umt buses (See Key One-Lme DIagram SEOO36) The secondary wmdmg of the
startup transformer shall be connected to these 6 3 kV sWItchgear buses usmg nonsegregated
phase bus duct Via tIe CIrCUIt breakers In general, bus mterconnectlons shall be provIded
between medIUm voltage buses and low voltage buses of each generatmg umt, as shown on the
prelImmary Key One-Lme DIagram SE0036, to proVIde an alternate feed to the bus m case of
loss of ItS normal feed

Fault current calculatIOns shall be based on the maXImum avaIlable per-umt contnbutlons, and
maXImum system voltages Voltage regulation calculatIons shall be based on the mmImum
avaIlable per-umt contnbutlons, and mInImum system voltages Conductor Impedances for the
short CIrCUIt calculatIons shall be assumed to be zero, and the proper consIderatIons and
adjustments for the maXImum X/R ratIO at each fault locatIon shall be mcluded POSItIve
tolerance to the transformer Impedance shall be used for voltage calculatIons, negatIve
tolerance shall be used for short CIfCUIt calculatIons

9 4 2 Voltage Regulation

The aUXIlIary power system shall be deSIgned to mamtam voltage levels for the electncal
eqUIpment, at the respective ratmgs, as closely as possIble durmg all modes of operatIOns All
voltage vanations on the dIstnbution system shall be lImited as follows

Under steady-state condItIons, voltages at the motor termmals shall be mamtamed between the
range of 90 percent (mmImum) and 110 percent (maxImum) of rated motor voltage Under all
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plant operatmg condItions, the steady-state voltages on any motor termmal shall not exceed 110
percent of ItS rated voltage

Dunng startmg of the largest motor, the mmlffium supply voltage at the motor termmal shall
not be less than 80 percent of the rated motor voltage for medIUm voltage motors, and not less
than 90 percent of the rated motor voltage for low voltage motors Also, large low voltage
motors connected to power CITCUlt breakers m umt substatIons may need to be rated for 80
percent startmg voltage as a result of system studIes Dunng motor startmg, bus voltages shall
be mamtamed such that all operatmg load reqUlrements WIll be mamtamed WIth contmuous
supply (WIthout dropout) to all requITed motors and eqUlpment m the plant

9 4 3 Bus Voltage

The bus voltage ratmgs shall be selected so that they meet the voltage regulatlOn cntena above
Breakers and motor controllers connected to the buses shall have mterruptmg capacItIes that
exceed (by 5 percent) the maxlffiUDl avallable fault current calculated for that system

9 4 4 Bus Transfers

AutomatIc transfer shall be lIDtlated for a plant 6 3 kV sWItchgear bus when the normal umt
auxllIaary transformer (UAT) power source IS automatIcally mterrupted (loss of source caused
by a generator or power transformer lockout relay trIp) Such a lockout relay tnp may be the
consequence of a scenarIO which does not mvolve an electrIcal short CITCUlt The automatIc
bus transfer scheme shalllilltIate a fast transfer to energIZe that bus from the startup
transformer (SUT) power source (standby alternate source) If the fast transfer attempt fallS
(becomes blocked), then the transfer scheme may lilltlate an m-phase (synchronous) transfer or
allow a reSIdual voltage type of transfer to occur SelectIve sheddmg of some nonessential
sWItchgear buses may be necessary to ensure that a reSIdual voltage type transfer w1l1 be
successfully completed The transfer scheme for each urnt shall be provIded WIth a "Normal 
No AutomatIC Transfer" selectlOn, VIa the DCS operator's console, to permlt or block transfers
of the 6 3 kV sWItchgear buses An alarm shall be proVIded when the transfer scheme IS not m
the "Normal" positlOn

An undervoltage condItIon (approxlffiately 50 percent of normal voltage, or less) on any bus,
after an appropnate tune delay. shall tnp all feeder breakers supplymg motor loads from that
bus Undervoltage relaymg shall allow suffiCIent tlffie to ensure that voltage dIpS due to
momentary external faults do not tnp motor loads
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Manually rnltIated transfer of loads, from the marn control room DeS operator's console, to •
and from the umt auxIllary transformer shall be synchronIZed transfers WIth momentary
parallelIng of the two power sources

The time that the power sources are paralleled shall be kept to a mmunum because the short
CIrCUIt mterruptrng capabIlIties of the SWItchgear breakers are exceeded durrng that tune An
alarm shall sound rn the marn control room dunng the time that any two transformers are
connected rn parallel

9 4 5 Support Drawrngs and Documents

Drawmg No

SE0005
SE0036

9 5 Generator Bus

95 1 General

Mam One Lme DIagram
Key One Lme Diagram

ThIS sectIOn establIshes the cntena for the electrIcal connectIons between the generator and Its •
assocIated step-up transformer, umt auxIlIary transformer, eXCItatIon transformer, generator
voltage transformers, surge protectIOn eqUIpment, and generator neutral groundmg eqUIpment

9 5 2 System DeSIgn Descnption

9 5 2 1 Generator Bus

a) Isolated phase bus duct shall be used for the connectIons between the mam generator and ItS
aSSOCiated step-up transformer WIth taps for the umt auxIlIary transformer's hIgh voltage
termrnals, generator CIrCUIt breaker (as applIcable), the eXCItation transformer, and the
generator voltage transformers and surge protectIon cubIcles Isolated phase bus duct shall
be rated 150 kV BIL for generator rated 13 kV and above and 110 kV BIL for generator
rated below 15 kV

At rated load and 400 e ambIent temperature, allowable temperature rIse of bus conductors
shall be 65°e, allowable temperature rIse of bus enclosures shall be 400 e

b) The mam generator buses shall be self-cooled, totally enclosed, contrnuous bus of
mmunum external magnetIc flux deSIgn The contrnuous current ratIng shall be determmed
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based on the maXlIllum generator current at five percent undervoltage and a five percent
safety margm

c) Bus tap connectIOns to the umt auxIhary transformer and excItatIon transformer shall be
self-cooled, and the contmuous current ratmg shall be determmed from the full-load
current (hIghest MVA ratmg) of the transformer tmles an overload factor of approxImately
1 25, or from the mmunum current ratmg requIred by the bus duct manufacturer to meet
the reqUIred momentary ratmg of the taps, whIchever IS larger The momentary current
ratmg of the urnt auxIhary transformer and excItatIon transformer bus taps shall be
determmed assummg a three-phase bolted fault on the tap, WIth all power sources m
serVIce

d) The momentary current ratmg of the bus between the generator and the step-up transformer
shall be determmed by assummg a three-phase bolted fault at the generator termmals or on
the low voltage SIde of the step-up transformer, wlnchever IS larger CalculatIon of faults
on the generator SIde of the transformer shall be based on usmg zero system nnpedance on
the hIgh SIde of the step-up transformer, and WIth the generator urnt on lme

e) The momentary current ratmg of the voltage transformer and surge protectIOn cubIcles bus
taps shall be determmed by assummg a three-phase bolted fault on the taps CalculatIOn of
tap faults shall be based on the use of zero system Impedance on the hIgh SIde of the step
up transformer, and WIth the generator urnt on lme

t) Outdoor bus duct deSIgn shall be such that the removal of a transformer requIres mmnnum
dIsassembly of the Isolated phase bus, WIthOUt mvolvmg bus duct welded sectIOns
FoundatIOns shall be deSIgned to lIIn1t dIfferentIal settlmg Supportmg structures shall be
steel, hot - dIpped galvamzed after fabncatIOn or structural alummum

g) The Isolated phase bus duct system fault current ratmg shall mclude approxImately 5
percent safety margm

h) The Isolated phase bus duct system ratmg shall take mto account the effect of solar
msolatIon and the outdoor buses shall be derated maccordance WIth the reqUIrements of
ANSI C37 24 where exposed to solar radIatIOn

1) Bus enclosures shall be of contInUOUS deSIgn, dust-tIght and dnp-proof for Indoor serVIce
and weatherproof for outdoor serVIce Removable gasketed covers shall be proVIded for
access to all Insulators, connectors, termInals, bushmgs and dIsconnect lInks, for
mspectIon, mamtenance and testmg
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A flexIble Jomt shall be provIded where the bus passes from generator support to buIldmg •
support ProvlSlons shall be made to accommodate VIbratIon and temperature changes and
to permit ahgnment Allowance for mIsahgnment at transformers, mamtammg fully
weatherproof Isolated-phase metal enclosure, shall be at least 25mm (one mch) many
dIreCtion Enclosures shall have metal expanSIon bellow or eqUlvalent means to allow for
temperature changes and VIbratIOn

J) Seal-off bushmgs, or other acceptable au-tIght barrIers, shall be proVIded to prevent flow
of au between eqUlpment or between bus sectIOns exposed to WIde dIfferences m
temperature

k) A non-magnetIc wall plate and frame together WIth non-magnetIC frammg members shall be
proVIded for TurbIne BUlldmg wall penetratIOns The penetratIOns shall be of weatherproof
deSIgn and shall have a fire ratIng eqUIvalent to the fire ratmg of the adjacent wall (two
hours)

9 5 2 2 AncIllary EqUlpment

a) A generator neutral groundmg transformer and groundIng reSIstor shall be prOVIded and
shall be located m a smgle metal cubicle and connected to the generator neutral bus by bus
duct Groundmg transformer shall be smgle phase, dry type dIstrIbutIOn class ReSIstor •
shall be stamless steel, gnd type Smce no current normally flows between the generator
neutral bus to the generator neutral groundmg transformer, the neutral bus duct contmuous
current ratmg shall be at least equal to the current ratmg that will support the slZmg (ratmg)
of the groundmg reSIstor The voltage and msulatIOn ratmgs of the neutral bus duct shall
be the same as the mam bus duct

The groundmg eqUlpment shall be m accordance WIth ANSI C37 101 and SIZed to IInnt

• Overvoltages durmg arcmg ground faults, and

• Ground fault currents to values WhICh sIgmficantly IlDllt damage at the pomt of fault

The generator shall be mstantaneously trIpped on a ground fault

b) Disconnectmg means shall be prOVIded at power transformers and at generator hne
termmals to permIt dlelectnc testmg of these eqUlpment, or to remove a umt auxlhary
transformer from serVIce, If reqUlred
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c) A ground bus capable of carrymg the rated momentary current shall be provIded eIther as
a separate conductor or by usmg one of the phase enclosures

d) Two sets per phase of wye-wye connected voltage transformers wIth current llIDItmg fuses
m prlIDary wmdmgs and standard fuses m secondary wmdmgs shall be provIded for
protectIve relaymg, metenng and control These voltage transformers shall be located m
the generator voltage transformer and surge protection cubIcles The voltage transformers
shall be wye-wye connected WIth hIgh voltage wmdmg neutral grounded and one of the
phase leads grounded on the low voltage wmdmgs, and normally operated on phase-to
neutral voltage The hIgh sIde of these voltage transformers shall be rated phase to phase

e) Generator surge protectIOn capaCItors and hghtnmg arresters shall be proVIded, WIred
phase-to-neutral, and located m the generator voltage transformer and surge protectIOn
cubIcles

9 6 Power Transformers

961 General

All transformers shall be SUItable for outdoor mountamous enVIronment

The generator step-up transformer and startup/standby transformer shall be dIrectly connected
to Hrazdan 110 kV SubstatlOn through dedIcated mdependent 110 kV breakers

9 6 2 System DeSIgn Descnption

9 6 2 1 Generator Step-up Transformer

The generator step-up transformer (GSU) shall be a smgle tank, three-phase, two wmdmg umt,
OA/FA/FOA (ONAN/ONAF/OFAF) cooled, WIth a 65°C (149°F) ratmg

The step-up transformer capaCIty shall be selected on the baSIS of dehvermg to the hIgh voltage
system at top FOA ratmg 65°C nse, the rated generator output less the step-up transformer
losses

The low voltage ratmg of the step-up transformer shall be (l0-18) kV, the same as the
generator output voltage The hIgh voltage ratmg shall be 121 kV nornmal WIth a manually
operated no-load tap changer, cOllSIstmg of two 250% fully rated taps above and two 250%
fully rated taps below transformer prlIDary rated voltage
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The low voltage wmdmg shall be delta connected, and the hIgh voltage wmdmg shall be wye •
connected, sohdly grounded

The transformer Impedance shall be approXImately 13 3% nOmInal on the top FOA rated MVA
base Impedance vanatIOn shall be speCIfied to be constant over the tap range

The hIgh voltage wmdmg shall have an msulatIOn WIth a mllllIDum BIL of 550 kV at the hne
end The msulatIOn shall be graded to a 150 kV BIL ratmg at the neutral end, to be confIrmed
through the use of the msulatlon coordmatIOn study The neutral end shall be brought out
through a bushmg rated at mIlllIDUm 150 kV BIL and connected to the statIon groundmg gnd

The low voltage wmdmgs and bushIngs shall be rated 150 kV BIL for wmdmg rated 15 kV and
above The low voltage wmdmgs and bushmgs shall be rated 110 kV BIL for wmdmgs rated
below 15 kV

Four 33-113 % capaCIty coolmg OIl pumps and one spare fan m each radIator coolmg fan block
shall be provIded on the transformer

The transformer shall meet the requIrements of ANSI C57 1200 and C57 116

9 6 2 2 Urnt AuxIlIary Transformer

The Urnt AUXIlIary Transformer (UAT) shall be a smgle tank, three-phase, two-wmdmg,
OA/FA cooled urnt WIth a 65° C(149° F) ratmg

The transformer shall be SIZed such that the aUXIlIary load of the urnt (plus 5 percent for load
growth) IS no greater than 20 percent above the OA ratmg of the transformer hIgh voltage
wmdmg

PrImary voltage shall be 0 975 per urnt of the generator termmal nameplate voltage
Secondary voltage shall be 63 kV nommal for each wmdmg UAT shall be capable of
operatmg at 10 percent overvoltage contmuously

The deSIgn Impedance of the transformer shall be selected to optImIZe the electncal system
The Impedance shall be large enough to IImlt the mterruptmg duty on the SWItchgear to wlthm
approxImately 90 percent of Its ratmg, and small enough to ensure that when the largest motor
IS started, the voltage at ItS termmals does not fall below 80 percent of Its rated voltage The
entire plant normal operatmg load, except for the motor to be started, shall be assumed to be
runnmg, and the utlhty system voltage shall be assumed to be normal As manufactured
Impedance tolerance WIll be ± 7 5 percent for the two wmdmg transformer The voltage
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profile of the plant under full load condItIOns shall be m accordance WIth subsectIon 9 4 2 2,

Voltage RegulatIon

The VAT shall be eqUIpped wIth manual no-load tap changmg eqUIpment, wIth five full
capacIty tap posItIOns on the hIgh voltage sIde It IS anticIpated that thIS shall consIst of two 2
1/2 percent above the nOffilnal voltage ratmg, and two 2-1/2 percent below the nomlllal voltage
ratmg However, the number of reqUIred no-load taps and actual tap voltages shall be
venfied by studIes dunng detaIled desIgn

The VAT pnmary wmdlllgs and bushmgs shall be rated 150 kV BIL for wmdmgs rated 15 kV
and above The VAT pnmary wmdmgs and bushmgs shall be rated 110 kV BIL for wmdmgs
rated below 15 kV The secondary wllldlllgS and bushmgs shall be rated 95 kV BIL

The hIgh voltage wllldmg shall be delta connected, and each low voltage wmdmg shall be wye
connected

The low voltage wmdlllg neutral shall be grounded through a resIstor to lmut ground fault
current to a value reqUIred for relaymg (600A-1200A)

The transformer shall meet the requIrements of ANSI C57 12 00 and C57 116

962 3 Startup/Standby Transformer

The startup/standby transformer (SVT) shall be a smgle tank, three-phase, three-wmdmg,
OA/FA (ONAN/ONAF) cooled urnt WIth a 65° C(149°F) ratmg

The transformer shall be SIZed such that the auxiliary load of the urnt (plus 5 percent for load
growth) IS no greater than 20 percent above the OA ratmg of the transformer hIgh voltage
wmdmg

The pnmary voltage WIll be 110 kV, and the secondary voltage shall be 6 3 kV nommal

The deSIgn nnpedance of the transformer shall be selected to optnnIZe the electncal system
The nnpedance shall be large enough to lmut the mterruptmg duty on the sWItchgear to withm
approxlfllately 90 percent of Its ratmg, and small enough to ensure that when the largest motor
IS started the voltage at ItS tenmnals does not fall below 80 percent of Its rated voltage The
entIre plant normal operatmg load, except for the motor to be started, shall be assumed to be
runnmg, and the system voltage shall be assumed to be at the mmnnum level As
manufactured nnpedance tolerance WIll be + 7 5 percent for the two wmdmg transformer
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The voltage profile of the plant under full-load cOnditlOnS shall be m accordance wIth
SubsectlOn 9 4 3, Voltage RegulatlOn

The SUT shall be eqUipped WIth automatlc/manual on-load tap changmg eqUipment, WIth
twenty-one full capaCIty tap pOSItlOnS on the hIgh voltage sIde It IS antiCIpated that thIS WIll
conSIst of ten 1 percent above the nommal voltage ratmg, and ten 1 percent below nOmInal
voltage ratmg However, the actual tap voltages reqUired shall be determmed dunng detaIled
deSIgn Impedance vanatlOn shall be constant over the tap range

The hIgh voltage wmdmg shall have graded msulatlOn from 550 kV BIL at hne end, to 150 kV
BIL at neutral end The transformer shall be prOVIded WIth 550 kV BIL Ime bushmgs The
hIgh voltage neutral end shall be brought out through a 150 kV BIL bushmg and connected to
the statlOn ground gnd through a surge arrester The low voltage wmdmgs and bushmgs shall
have 95 kV BIL The low voltage neutral end shall be brought out through a 95 kV BIL
bushmg and connected to the ground grId through a reSIstor to lImIt ground fault current to a
value reqUIred for relaymg

•

A buned delta connected tertIary wmdmg WIth capabIlIty to WIthstand any pOSSIble fault
CondItion at the transformer shall be prOVIded One current transformer m the delta tertIary
wmdmg shall be prOVIded to detect any abnormalIty

Load-tap changmg (LTC) eqUIpment shall conSIst of vacuum or lIqUId-1.IllIIlersed tap SWItches, •
or a tap selector and an arcmg SWItch, a motor- dnven mechanlsm ,and the necessary control
deVIces LTC utI11Zmg lIquid-lIDIDersed deVIces shall be prOVIded WIth a separate 011 -filled
compartment for each of these components to Isolate them from each other and from the 011 m
the mam transformer tank The transfer SWItch compartment of the LTC shall be furmshed
WIth a pressure relIef deVIce, 011 level mdicator, a breather to vent sWItchmg gases, and a dram
valve Manholes at the top of the LTC diverter sectlOn shall be prOVIded for mspectIOn The
use of a booster or senes transformer m the LTC CIrCUItry IS not acceptable SupplIers of the
LTC shall be Remhausen or Jansen, or approved equal

The LTC control cabmet shall be eqUIpped WIth a Local -Remote selector SWItch to prOVIde
local manual control m the "Local" pOSItIOn and remote manual or automatIc control m the "
Remote "posItion Electncal end-lImIt SWItches shall be part of the motor drIve and not part
of the local pOSItIon mdicator FaIlure of the llffilt SWItches or other electncal controls shall
not result m mechamcal damage to the LTC apparatus The load -tap changer control cabmet
shall be eqUIpped WIth two redundant water seals at the entrance of the LTC control shaft If
avaIlable from the LTC manufacturer The load-tap changer control cabmet doors shall also
have water-tIght gaskets
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The automatIc tap-changer devIce shall mamtam the voltage of the medIUm voltage system
constant wlthm preselected llffilts The 10catlOn of the transformer automatic voltage regulator
(AVR) urnt shall be determmed dunng detal1ed desIgn

The transformer shall meet the applIcable requuements of ANSI C57 12 00

An "INCON" load tap changer pOSItion mdlcator shall be provIded for the transformer, WIth
ItS remote mdlcator umt to be mstalled m the Plant Control Room on the electncal control
panel, accessIble to the operator

Vector group shall be carefully conSIdered m order to have the secondary SIde voltage m phase
WIth the umt auxl1lary transformer secondary SIde voltage, to allow manually synchronIZed
transfer and automatIc fast transfer

9 6 3 Common Requuements for all Transformers

Llftmg eyes or lugs shall be provIded for IIftmg the core and COlIs The transformer COlIs shall
be copper wound

Two 400 volt AC, three-phase auxl1Iary power sources shall be prOVIded for each transformer
auxlhary load WIth automatic transfer (no fault transfer) m the event of loss of the normal
supply

LIghtmng arresters (MOV type) shall be located on each of the GSU and SUT transformers or
on separate steel pedestals as reqUITed by deSIgn The arrester ratmg shall be SIZed for 121 kV
system voltage (maxmlUm), and shall be selected to prOVIde adequate protectIon WIth an
approxnnate 20 percent safety margm between the transformer msulatIOn WIthstand voltage
capabl1Ity and maxnnum expected surge voltage from hghtnmg strike and/or sWItchmg surge
voltages superlIDposed on power frequency voltage m accordance WIth the apphcable IEEE
standards

Bushmg current transformers shall be proVIded for all transformers as requued by relay
protectIOn and metermg schemes

All RoutIne and Other tests IdentIfied In ANSI C57 12 00 shall be peformed on all
transformers except the front-of-wave 1Illpulse, SWItchIng surge, and short-CIrcUIt capabIlIt)
tests are not reqUITed

Each transformer (GSU, UAT & SUT) shall be proVIded WIth an InCIpIent fault momtor,
Hydran Type 20 I TI, haVIng an Isolated 4-20 rnA output SUItable for the plant DCS
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9 7 Electncal System ProtectIOn

97 1 General

The protective scheme shall be set up such that It shall qUickly clear a fault withm Its zone of
protectIon, and prOVIde backup protectIOn for the adjacent eqUipment

• The protectIve deVIces shall be selected as to mmUIDze the unpact of a fault on the
Armenergo system, and on the plant They shall prOVIde preventIOn or lunltatIOn of
damage to electncal eqUipment by selectIve tnppmg of the affected eqUipment They shall
also proVIde alarm notificatIOn to operators of abnormal condItIOns enhancIng serVIce
contInUity and personnel protection Control room alarms shall be supplemented WIth local
IndIcatIOn (such as IndIcatIng hghts) to prOVIde IdentIficatIOn of each alarm source to
enhance response tune, and personnel safety

• The protectIve relayIng system shall be powered exclUSIvely from a secure dc system (125
VDC) Sumlarly, the energy source for trIp releases, eIther SWItchgear or control
eqUIpment (except 6 3 kV and 400 volt motor control centers and below, and In areas
where dc power IS unavaIlable), shall be the dc system DC releases shall operate down to
at least 70 percent of the nommal dc supply voltage

• The generator, GSU, UAT, SUT and eXCitatIOn transformers protectIve relays and systems
shall be mstalled In plant control room or an arr-condltIOned electrIcal room as applIcable
A dIgital fault recorder for the umt shall be Installed In the plant control room

• Unless otherwise noted, each Item of the plant's electrical system shall be prOVIded With
backup protectIOn that IS responsive to reasonably expected faults to allow Isolation of the
faulted Item In a tunely manner, In order to ffilD1IDlZe damage ThIS mayor may not be a
separate relay, and may form part of transformer or feeder protectIOn (overcurrent, ground
fault), where applIcable

• The relay protection system deSIgn, protection settmgs and eqUipment appl1catIon shall be
subject to approval by Employer
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• 9 7 2 DesIgn Cntena

9 7 2 1 Generators

Each generator shall be protected from both external and mternal dIsturbances ProtectIon from
mternal faults constItutes the pnmary protectIon and shall mclude the followmg

ProtectIon from external faults constItutes the backup protection and shall mclude the
followmg•

DeVIce No
64GP

87G
870A
60G

DeVIce No
64GB

59G
21G
46
40-1,40-2

ProtectIOn
Stator ground fault relay for protectIOn agamst a smgle-phase to ground
fault
Generator dIfferential
Generator and transformers overall dIfferential
Voltage balance for mternal faults when voltage transformer (VT) fuses
are used Voltage balance relay shall mhibit tnppmg of voltage
dependent relays (1 e ,21 and 40) for a blown VT fuse connected to these
relays A blown VT fuse condItIOn shall be alarmed m the control room
It shall also transfer the eXCItatIon system from automatIc to manual
control whenever the generator VT assocIated WIth the eXCItatIon system
expenences a blown fuse

ProtectIOn
Stator ground fault backup relay for protectIOn agaInst ground faults
when machIne IS off-Ime The relay shall be able to sense ground faults
at frequencIes below 50 hertz and shall be mterlocked WIth the generator
breakers that tIe It to the system
Overvoltage
Impedance
NegatIve sequence to comply WIth ANSI C50 13
Loss of eXCItatIon

The eXCItatIOn system shall be proVIded WIth the manufacturer's standard control, protection
and momtormg scheme The generator shall also be prOVIded WIth reverse power protection
(32) usmg two 3-phase type, mdependent, definIte tIme-lag relays

ProtectIon of the generator shall mc1ude protectIon agamst madvertent energIzatIon from the
utIlIty system when at standstIll or durmg startup prIor to synchrornzmg
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Out-of-step protection (78) shall be provIded for loss of synchromsm from the utIlIty system •

The generator and Its pnme mover shall be protected from over- and under-frequency
operation m accordance WIth ANSI C37 106 and meetmg the reqUIrements of SectIon 9 3 3
(frequency range)

Generator protectIOn shall conSIder the followmg

1) The ground fault protectlOn shall protect the generator dunng both on-lIne and off-lIne
operatlOn

2) DIfferential protectlOn shall not operate for magnetIzIng InrUsh currents or for through
flows to external faults WIth worst-case symmetncal current condItIons

3) Separate lockout relays shall be used for pnmary, back-up and breaker fadure relay
systems

4) Interlocks associated WIth hIgh voltage generator ClfCUIt breaker fallure scheme shall be
used as apphcable

5) Cntena for the 1llltlatlOn of eIther generator or turbme tnp, as a consequence of the
actuatlOn of the generator protectIve relays, shall be based on the turbIne generator
manufacturer's recommendatIons

6) The varIOUS tnppIng methods, such as "sImultaneous trIp," "sequentIal tnp," etc , shall
be gIven proper conSIderatIon and shall be appropnately apphed

9 7 2 2 Power Transformers

ProtectlOn for all power transformers shall meet the applIcable gUIdelInes of ANSI C37 91 As
a rnmnnum, the followmg protectIon shall be proVIded for each of these transformers

1) Sudden pressure relay (63)

2) An alarm system (mcludmg sensors and deVIces), shall be prOVIded for wmdmg hot
spot, hIgh 011 temperature, low 011 level, coolmg eqUIpment power loss, low voltage
for coolIng eqUIpment, coolmg eqUIpment power automatic no-fault transfer from
the normal source to the standby source, gas detector relay operatlOn, and pressure
relIef deVIce operation, as applIcable AnnunCIator shall be prOVIded m local
transformer control cabmets as well as contacts for remote DeS alarms
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• 3) The transformer fire detectlOn and protectIon shall be actuated eIther manually or
automatIcally, and the transformer shall be de-energIZed smlUltaneously through the
transformer lockout relays Any transformer lockout relay tnp shall also tnp the
transformer coolmg fans and pumps

4) Phase mstantaneous and tIme overcurrent protectlOn (50/51) on the hIgh voltage
termmals of the transformer ThiS protectIOn shall coordmate With the thermal
capabIlIty of the transformer, as well as WIth the tme overcurrent protectlOn
provided at the downstream breakers The mstantaneous overcurrent relaymg shall
trIp for hIgh magmtude fault contnbutions from the tranSmISSIOn system to faults m
the transformer

5) If the transformer IS mtrogen sealed, It shall be prOVIded with sensors to proVIde gas
high-flow pressure alarms and gas cylmder low pressure alarms

SpeCIfic protectIOn requrrements for Generator Step-up, Urnt AuxIlIary and startup
transformers are lIsted below

•
a Generator Step-up Transformer (GSUT)

1) Phase differentIal protectIon, (87) The zone of protectIOn shall mclude the
assOCIated generator 110 kV SF6 sWItchyard breaker

2) Ground overcurrent relaymg (SIN) m the neutral of the 110 kV wmdmg ThIS
relaymg shall coordmate WIth the neutral ground overcurrent protectIon proVIded at
the sWItchyard

bUrnt Auxlhary Transformer (UAT)

1) Phase dIfferentIal protectIon (87) The zone of protectIOn shall extend from the
hIgh voltage termInals of the UAT to the CTs located at the urnt 6 3 kV SWItchgear
mam mcommg breakers

2) Neutral ground overcurrent protectIon (SIN) on the low voltage wmdmg neutral
leg ThIS protectlOn shall coordmate WIth the neutral ground tme overcurrent
protectIOn proVIded at the umt medIUm voltage SWItchgear mam mcommg breakers
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3) Three smgle-phase mstantaneous overcurrent relays (50), on the hIgh voltage •
tenrunals of the transformer, as part of the umt (step-up transformer and generator)
overall dIfferential scheme shall be provIded

c Startup Transformer (SUT)

1) Phase dIfferentIal protectIOn (87) The zone of protectIOn shall mclude the 110 kV
SF6 sWItchyard breaker, the transformer, and the assocIated tIe breakers at the
medIUm voltage SWItchgear buses

2) Neutral ground tIme overcurrent protectIOn (51N) on the SUT low voltage wmdmg
neutral leg ThIS protectIOn shall coordmate WIth the neutral ground tlffie
overcurrent protectIOn provIded at the medJum voltage SWItchgear tIe/reserve
breakers

3) The 110 kV breaker shall be tnpped by two undervoltage relays (DevIces 27ST·l
and 27ST-2) located m the sWltchyard and connected to voltage transformers on the
supply SIde of the breaker Any aSSOCIated aUXIlIary relays shall be prOVIded, as
requrred

4) An "INCON" Load Tap Changer POSItIon IndIcator shall be prOVIded on the
transformer WIth Its remote mdicator urnt mstalled m the plant control room on the •
electrIcal control panel and shall be drrectly accessIble to the plant operator's VIew

5) Volts/Hertz over-eXCItatIOn protectIOn (24Sf) shall be prOVIded for the SUT,
connected to voltage transformers at the Ingh voltage SIde of the transformer

6) Transformer hIgh voltage SIde phase Instantaneous overcurrent protectIOn (50ST)
shall be provIded for the SUT, connected to current transformers at the 110 kV SF6
sWltchyard breaker

9 723 MedIUm Voltage (6 3 kV) DIstrIbutIOn System

1) The mcommg feeders (mam breakers from VAT and tIe/reserve breakers from the
SUT) to the umt 6 3 kV SWItchgear buses shall be provIded WIth very mverse tlffie
phase overcurrent protectIOn (51), and ground tIme overcurrent protectIon (51G)
usmg zero sequence sensor (rectangular type) current connectIOns
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•

•

SettIngs for the phase tune overcurrent relays shall be coordmated wIth the
respectIve 50/51 relays provIded on the hIgh voltage sIde of the UAT and SUT,
respectIvely, to ensure selectIve trIppIng and backup protectIOn

Ground tune overcurrent protectIon shall be provIded WIth the tune overcurrent
relay 51G USIng zero sequence sensor (rectangular type) current connectIOns The
51G relay shall be set to coordmate WIth the ground fault protectIon prOVIded on the
low voltage wmdIng neutral legs of the UAT and SUT

In addItIon, these DeVIce 51 and 51G relays for the mam and reserve breakers shall
m turn be set to coordmate WIth the protectIon provIded on the feeder CIrCUItS to the
400 volt load centers, to subfed 6 3 kV SWItchgear, and WIth the protectIon
prOVIded for the motors

2) Feeders to load center transformers and to IsolatIon transformers associated WIth
vanable speed drIves (If used) shall be provIded WIth very Inverse tIme phase
overcurrent relays (51) WIth Instantaneous elements (50) ApplIcatIOn of these
relays shall ensure coOrdInatIOn and selectIVIty m accordance WIth IEEE 242 In
addItIon, these feeders shall be prOVIded WIth zero sequence ground fault current
protectIOn WIth mstantaneous elements (50G) The zero sequence CT assOCIated
WIth a gIven feeder will enCIrcle all three phases of the outgomg feeder cable(s) and
shall be located at the SWItchgear

3) Each umt 63 kV SWItchgear bus shall be provIded WIth redundant (2/2)
undervoltage relay protectIOn Loss of an upstream auxilIary power supply
(trIppmg of GSUT, UAT, or eXCItatIOn transformer) to a bus shall lead to trIppmg
of the normal aUXIlIary power source mam breakers, and shallwtIate an automatIC
"fast", an m-phase (synchronous), or reSIdual transfer to the alternate power
source Necessary synch-check relays shall be proVIded to preclude the closure of
out-of-phase power sources, eIther durmg manual or automatIC bus transfers If
both the normal and alternate ac sources are unavaIlable, the undervoltage relays
shall whate trIppIng of all motor loads WIthIn apprOXImately 1 to 2 seconds tIme
delay (the final tune delay shall be determmed durmg detailed deSIgn) to aVOId
overheatmg of the motors and to prevent connectIon of all the motor loads
slffiultaneously upon return of the ac power source to the 6 3 kV bus

4) Motor protectIOn for each motor below 1120 kW (1500 HP) shall be prOVIded WIth
solId-state, mIcroprocessor based, MultIlm 239 Motor ProtectIOn Relays MultIlm
SR469 Motor Management relays shall be used for motors 1120 kW (1500 HP) and
above Multilm relays power supply shall be 240 volts ac, smgle-phase, 50 Hz,
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denved from a control power transformer and lockout feature wIth manual reset for •
tnppmg the associated breaker on any faults

5) To assure tnppmg on "hIgh" current faults by protectIve relays WhICh are connected
to "low-ratIO" CT's, two addItIOnal smgle-phase 2000/5 ratIO CT's and associated
mstantaneous overcurrent relays shall be used for feeder protection, where requITed
ThIS special feeder protectIOn shall be requITed anytime CT pnmary ratIo times 20,

for a gIVen feeder breaker, IS less than the prospectIve fault current at the termmals
of the breaker

9 7 2 4 400V DlstnbutIOn System

1) 6 3 kV/400 volt secondary umt substatIOn (USS) transformers shall be provIded
WIth wmdmg temperature detectors I contacts for DCS alarmmg Transformers
WhICh are not fan cooled shall be prOVIded WIth a local temperature gauge WIth
contacts Transformers WhICh are fan cooled shall be prOVIded WIth contacts from
the transformer coolmg control, and alarms

2) The 400 volt wmdmg neutral of the umt substatIOn transformers shall be solIdly
grounded

3) On detectIon of the loss of the upstream feeder breaker to the USS transformer, the •
normal power source (mam) breaker to the USS that has lost Its upstream feeder
breaker shall be trIpped and the assocIated bus shall be automatIcally "fast"
transferred to the alternate power source VIa the automatIc closure of the USS tIe
breaker, If the load center IS desIgned as a double-ended USS

A means to enable or dIsable (block) the automatIc closure of the 400 volt USS tIe
breakers shall be prOVIded from the DCS operators console m the mam control
room A DCS alarm shall be generated any tl1Ile a 400 volt USS tie breaker's auto
closure has been dIsabled

Each 400 volt SWItchgear bus shall be proVIded WIth redundant (2/2) undervoltage
protectIOn

The bus undervoltage relays (approxl1Ilately 50% volt) shalllllitiate tnppmg of all
motor loads wIthm a tl1Ile delay that shall be determmed durmg detaIled deSIgn

Each double-ended USS shall be prOVIded WIth synch-check relays, one for each of
the roam breakers, and one for the tie breaker

5928..()IA IICFB9 Doc/9/25/98

C9-32 •



• In additIOn, for double-ended USS's a manual transfer scheme shall be proVIded
WIth momentary parallelmg and tnp selectIOn to select automatic tnppmg of the
outgomg mam breaker at the time of manual transfers

An alarm shall sound whenever the two mam breakers and the tIe breaker of a
double-ended 400 volt USS are closed ThIS alarm IS to alert the operator to reallgn
the power sources to the USS by removmg the paralleled transformer condmon,
because under thIS condltlon the short crrcUlt capabIlIty of each mam and tie breaker
has been exceeded

•

4) The 400 volt secondary urnt substation mam and tie breakers shall be proVIded WIth
solId-state trIp (SST) deVIces WIth long-tune (LT) and short-tune (ST) tnp elements,
and shall be set to coordmate WIth each other The SST tnp elements shall also
coordmate WIth the transformer upstream 63 kV feeder breaker protectIOn, and
WIth the 400 volt SUS feeder breakers, m accordance WIth IEEE 242 AutomatIc
(fault) trIppmg of any mam and tIe breaker by the SST tnp deVIce shall mamtam
tnppmg and block closmg of the assocIated breakers untIl manually reset by the
operator, and prOVIde a local mdicatlOn and an alarm m the plant DCS

5) The cntena for the overcurrent protectIon of the load center motor feeders shall be

• Protect supply cable and motor

• Allow motor to start, accelerate, and reach normal speed

Motor feeders shall be protected by a solId-state overcurrent deVIce havmg LT and
mstantaneous (IT) charactenstics

6) Each double-ended USS shall be proVIded WIth disconnectmg lInks at one end of the
tIe breaker for IsolatIOn The tIe breaker and disconnectmg lInk: shall occupy
separate adjacent vertIcal sectIOns

7) The cntena for the overcurrent protectIOn of MCC feeders from the load centers
shall be

• Protect supply cable and MCC bus

• AVOId loss of MCC durmg motor mrush condItIOns
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• AvOId loss of MCC on LT tnp dunng acceptable hIgh load operatIOn

MCC feeders shall be protected by a solId-state overcurrent devIce havmg LT and
ST charactenstics

8) Motor feeders at 400 volt MCCs shall be provIded wIth combmatIon starters
conslstmg of adjustable magnetIc tnp only breakers and a thermal overload relay m
each phase of the starter Feeders other than motor feeders shall be protected by
thermal magnetIc breakers

9 7 2 5 AutomatIc Bus Transfer

An automatic bus transfer scheme shall be provIded for each umt 6 3 kV sWItchgear voltage
bus to transfer the medIUm voltage buses from the umt auxIlIary power source to the alternate
power source durmg the followmg events

• ActuatIOn of any lockout relays assocIated wIth generator, generator step-up transformer,
umt aUXIlIary and excItatIOn transformers

•

The transfer scheme selected shall be sImIlar to BeckwIth Synchrotran system, and shall
mclude "fast", m-phase (synchronous), or reSIdual voltage transfer and shall ensure that the •
motors wIll not be subjected to exceSSIve re-acceleration torques durmg the transfer

972 6 DIgItal Fault Recorder System (DFR)

One DIgItal Fault Recorder System, as manufactured by Hathaway Power InstrumentatIOn,
Type DFR lIB shall be prOVIded for each umt It shall conSIst of 32 analog traces and 64
dIgItal event marker traces

9 7 3 Component DescnptIOn

Protective relays as mdlcated on Mam One Lme DIagram, thIS sectIOn and sectIOn 9 15 of thIS
specficatlon, mcludmg the supportmg facIlItIes shall be proVIded

The acceptable manufacturers of these relays are ABB, BeckwIth, FUJI, GE/MultIlm, Aistom,
HItachI, and MitsubiShI, as applIcable All relays shall be of the same manufacturer to the
greatest extent pOSSIble State-of-the-art dIgItal multI-functIon protection relays WIth proven
utIlIty expenence shall be utIlIzed throughout to the maxImum extent
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•

Test sWItches shall be provIded for each lockout relay assocIated WIth generator and 6 3 kV
systems On 6 3 kV systems where a smgle CUCUlt breaker IS normally tnpped, test SWItches
shall not be reqUIred SolId-state relays shall be proVIded WIth on-lme self-dIagnostIc alarm
capabIlIty whenever avaIlable A separate 125 volt dc power supply (same battery but separate
dc dlstnbutlon panelboards) shall be utIlIzed for prunary and backup relay schemes (the only
exceptIon bemg where dc power avaIlabIlIty IS unpractIcal)

The MultI1m mIcroprocessor based relays, Types SR469 Motor Management Relays and 239
Motor ProtectIOn Relays, or approved equal, shall be utIlIzed exclUSIvely for motor protectIOn
at 6 3 kV SWItchgear, as descnbed m SectIOn 9 15 The speCIfic style numbers and ranges
assocIated WIth the varIOUS relays shall be IdentIfied by the Contractor and venfied by the relay
coordmatlOn study to ensure theIr adequacy to perform theu mtended functIOn

DIgItal multIfunctIon meters shall be used, where apphcable, and shall be Type DMMS 300
Plus, as manufactured by Electro IndustrIes, or acceptable equal

9 8 MedIUm Voltage SWItchgear and 400 V Load Centers

98 1 General

Motors 2612 kW (3501 HP) and above shall be fed from the umt 63 kV SWItchgear buses, and
motors 191 kW (251 HP) through 2610 kW (3500 HP) shall be fed from 63 kV motor
controllers sectIOn of SWItchgear buses Large 400 volt loads such as 90 kW (120 HP) through
190 kW (250 HP) motor loads, 100 kW through 400 kW nonmotor loads, and motor control
centers, shall generally have theIr power supplIed from 400 volt load centers Motors 190 kW
(250 HP) may be fed from 6 3 kV sWItchgear, If reqwred by the deSIgn of the mstallatlon

9 8 2 System DeSIgn DescnptlOn

9 8 2 1 MedIUm Voltage SWItchgear

The medIUm voltage 6 3 kV SWItchgear shall be proVIded meetmg the requIrements of ANSI
C37 The motor controllers sectIon of the 6 3 kV sWItchgear shall meet the reqUIrements of
NEMA ICS-3 Each 6 3 kV bus lmeup shall be metal-clad SWItchgear rated 7 2 kV, 95 kV
BIL Each 6 3 kV motor controllers sectIOn bus lmeup shall be metal-clad SWItchgear (totally
enclosed and self-supportmg umts) rated 72 kV, 60 kV BIL The 6 3 kV motor controllers
sectIon shall utIlIze 7 2 kV Class E2 fused vacuum controllers for each motor feeder All
medIUm voltage SWItchgear breakers shall be drawout type, electrIcally operated, stored energy
vacuum ClfCUlt breaker type All medIUm voltage motor controllers shall be 3-pole, smgle
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throw, vacuum drawout type, and electncally held (motors shall tnp on loss of voltage to COlI •
cIrCUIt) All sWItchgear shall be from the same manufacturer

Each 6 3 kV sWItchgear assembly shall conSIst of one or more vertIcal sectlOns, each of WhICh
shall have a mam bus compartment and two vertIcally stacked eqUIpment cells ("two-hIgh"
type constructlOn) The cells shall be arranged for CIrCUIt breakers, or aUXIlIary devIces, or
shall be blank as reqUIred The 6 3 kV sWItchgear shall be sUItable for "sImultaneous fast"
transfer duty

Each 6 3 kV motor controller assembly shall COnsISt of a smgle hIgh type constructIon WIth
one or more vertIcal sectIons, each arranged for fused vacuum controllers or aUXIlIary deVIces
or blank as reqUIred A back-to-back stackmg arrangement shall not be utIlIzed

SWItchgear phase busbar matenal shall be msulated copper bar All Jomts shall have sIlver-to
SlIver contact surfaces WIth mmImum contact reSIstance

An unmsulated copper ground bus shall be furmshed through the entIre length of each
sWItchgear

CubIcle space heaters shall be provIded and shall be controlled by an adjustable thermostat

Each motor controller shall be prOVIded WIth a means for electrIcal connectIon to ground, such •
means shall have contact WIth the bare metal of the permanent portIon of the SWItchgear
cubIcle

Each voltage transformer shall be proVIded WIth current IImItmg prImary fuses and secondary
fuses, mounted with pnmary fuses on a drawout type removable urnt deSIgned to Isolate and
ground the potentIal CIrCUIts when the urnt IS m the fully WIthdrawn pOSItIOn

The medIUm voltage SWItchgear shall be located m enclosed areas of the Turbme BUIldmg and
pOSSIbly other areas m order to be as local as pOSSIble to the systems requmng power such as
cIrculatmg water pumpmg structure electrIcal buIldmg, etc)

Non-segregated phase bus ducts shall be used for connectIOns from Urnt AUXIlIary Transformer
and Startup Transformer to the SWItchgear

Nonsegregated phase bus duct shall be prOVIded as a complete assembly of ngld supported
msulated conductors housed m a 3-phase enclosure WIthOut barrIers between the phase
conductors The buses shall be copper WIth sIlver-plated Jomt connectIons
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• Local control at the sWItchgear, for the sWItchgear breakers or controllers, shall be provIded
for testmg purpose only Normal operatIon for the sWitchgear breakers or controllers shall be
remote operatlOn from the DCS or PLC system as applIcable

Contractor shall proVIde spare eqUlpped feeder crrcllIt breaker each rated 1200 amp and 2000
amp (total of two) and one 400A rated motor controller mstalled m the lmeup

The test statIon shall operate from the same type of power supply (dc or ac) that controls the
SWitchgear The test statlOn per SWItchgear type (dc or ac controlled) shall be prOVIded at each
area of the plant where such SWItchgear lme-ups are located If requrred for DCS control
mterface, two mterposmg relays shall be prOVIded InSide the DCS 110 termmatIon cabmets or
at the sWItchgear, one for tnppmg functIon, and one for closmg functlOn Breaker closmg
shall occur only when the tnp source IS avaIlable

One draw-out type groundmg deVIce for each breaker ratmg (1200A, 2000A, etc) at 6 3 kV
voltage levels shall be prOVided

Plant loads fed from the 6 3 kV system shall be splIt between the two SWItchgear buses, such
that the loss of one bus results m 50 percent or less loss of the generatmg capaCIty

• 9 822 Low Voltage Load Centers (Secondary Urnt SubstatlOns)

Indoor SWItchgear assemblIes shall have NEMA 1 enclosures, and outdoor assemblIes shall
have NEMA 3R walk-m type weatherproof enclosures

SWItchgear phase busbar matenal shall be copper bar All Jomts shall have sIlver-to-sIlver
contact surfaces WIth II1l1llID.UID contact resistance

An unmsulated copper ground bus shall be furmshed through the entrre length of each
SWItchgear

CubIcle space heaters shall be proVIded and shall be controlled by an adjustable thermostat

The power CIrCUIt breakers In metal enclosed cubIcles shall be 3-pole, SIngle-throw aIr CIrCUIt
breakers of standard drawout type deSIgn

The InterruptIng ratIng of the SWItchgear shall be determIned In accordance WIth ANSI C37 13

•
USSs shall be located m the TurbIne BUlldmgs, ElectrIcal BuddIng at coolIng tower pump
structure, or In other locatIons determmed durmg detaIled deSIgn where eqUIpment loads
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reqUire power from an assocIated USS USSs shall be located as close as practIcal to the
loads

If reqUired for DeS control mterface, two mterposmg relays shall be provIded mSlde the DeS
I/O termmatIOn cabmets or at the SUS, one for tnppmg functIOn and one for closmg functIon
Breaker closmg shall occur only when the breaker tnp source IS avaIlable

AutomatIc tnppmg by the sohd state tnppmg devIce of any 400 volt breaker shall be mdlcated
locally at the breaker sohd state tnppmg devIce, and shall mltIate an alarm m the plant DCS
system

Double-ended USSs WIth 100 percent redundancy shall be supphed for each serVIce area where
the faIlure of a smgle 400 volt bus would cause loss or severe output reductIOn of a umt
Other non-cfltIcalloads may be served by smgle-ended USSs or MCCs served by USS
transformers

One spare outgomg feeder CIrCUit breaker of each frame SIze used man USS Imeup shall be
proVIded m the double-ended hneup, or smgle lIneup, USS Blank spaces shall be fully
equIpped to accept CIrCUIt breakers

•

Load centers shall be proVIded WIth 6 3 kV1400 volt, three-phase, 50 Hz dry-type
transformers, WIth 95 kV BIL ratmgs for 63 kV prImarIeS Transformers m double-ended •
Imeups shall be SIZed to accommodate the normal operatmg loads (USS tIe breaker open) at the
AA ratmg of the transformers, and shall be capable of carrymg at the FA ratmg, the addItIOnal
operatmg loads transferred from theIr paIred load center m the event of trouble or mamtenance
of the other transformer (USS tIe breaker closed)

Transformer prImary wmdmgs shall be delta connected and the secondary wmdmgs shall be
wye connected, and the neutral shall be solIdly grounded

USS transformers shall be eqUIpped WIth manual no-load tap changers WIth four 2-1/2 percent
full capacIty taps on the hIgh voltage SIde, two taps above and two taps below the nommal
voltage ratmg

The USS transformers shall be ventIlated dry-type WIth Class H 220°C VPI msulatlon system
The hIgh voltage and low voltage wmdmg conductors shall be hIgh condUCtIVIty copper and
shall be fiberglass cloth, mylar, or Nomex tape wound The msuiatlon system shall be
nonexplOSIve, fire reSIstant, aIr msulated, and cooled by convectIon The hIgh and low voltage
wmdmgs msulatIon system shall be enhanced by two cycle vacuum pressure ImpregnatIon
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process of hIgh temperature polyester varnIsh WIth fInal resm coatIng The desIgn temperature
shall be 40°C and allowable wIndmg temperature rIse shall be 115°C

An aIr Insulated termInal chamber for hIgh voltage connectIOns, large enough to proVIde
workmg space for fIeld fabncatlon and contamment of stress cones wIthm the chamber, shall
be proVIded as a gasketed enclosure mounted on the SIde on the transformer and furnIshed wIth
bolted covers The dry-type transformers shall be closely coupled to the USSs

Each transformer servmg double-ended USS's shall be proVIded WIth a complete forced-aIr
coolIng system, mcludmg wmdIng temperature thermostatIc controls, fan power supply
transformer, CIrCUIt protectIve devIces, and control panel BUSSIng shall be sIZed for the
maXInlUm FA ratmg Each transformer shall also be furnIshed WIth standard accessones
mcludIng a dIal or dIgItal type wIndmg hot spot temperature mdIcator

Transformers WhICh are not fan cooled shall be prOVIded WIth a local temperature gauge WIth
contacts for DCS alarm Transformers whIch are fan cooled shall be prOVIded WIth contacts
from the transformer coolmg control for DCS alarm

99 400 Volt AC Motor Control Centers

Motor control centers (MCCs) shall be deSIgned and constructed for use on a 400 volt, 3
phase, 3 WIre, 50 hertz, solIdly grounded system The MCC equIpment shall consIst of
vertIcal sectIOns, 508 rom (20") deep Jomed together to form ngId, free standmg, completely
enclosed, dead front control assemblIes Cable entnes shall be sealed to prevent rodent entry

Enclosures for mdoor MCC mstallatIons shall be type NEMA lA-Gasketed Any outdoor
MCCs shall be prOVIded WIth type NEMA 12 enclosures Installed wIthm NEMA 3R non-walk
m type weatherproof housmgs, WIth a front and rear hInged door for easy access MCCs m
outdoor locatIons shall be prOVIded WIth a ram shIeld or cover for mamtenance, WhICh shall
cover the top, front, and rear All eqUIpment and deVIces for outdoor locatIOns shall be
deSIgned for the envrronment

As much as pOSSIble, the motor control centers shall be dIstnbuted throughout the plant m
close proxllmty to theIr assocIated electrIcal loads

Motor starters shall be full voltage (non-reversmg or reversmg as requIred), combmatlon plug
m type umts WIth molded case magnetIC only tnp CIrCUIt breakers, contactors, and thermal
overload relays (all phases) Contactors used for heater loads shall not be eqUIpped WIth
overload relays Three-phase motor operated valves and damper operators shall be furmshed
WIth reversIng starters bUIlt Into the operator hOUSIng AmbIent compensated thermal magnetIc
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molded case Clrcmt breakers located m the MCCs shall be used to feed motor operated valves •
and dampers The CircUlt breakers for feeder CIrCUlts shall be ambIent compensated thermal
magnetIc molded case, smgle or double umt, plug-m or fixed type, based on the MCC
manufacturer's standard deSIgn The rated contmuous current carrymg capacIty of each starter
contactor shall be as lIsted m NEMA ICS 2, for that SIZe contactor Starters shall be NEMA
ICS 2 SIze 1 or larger IEC starters rated for the apphcatIOn WIth a 12 amperes mlmmum
ratmg shall be acceptable for the motor operated valves and damper operators

The CircUlt breaker shall have mterruptmg ratmg hIgher (preferably 10% hIgher) than the
calculated maXlffium avaIlable short-circUlt current on the source SIde of the CIrCUlt breaker
All MCC CIrcuIt breakers shall have the same mterruptmg ratmg governed by the maXlffium
reqUIred short ClrcUlt duty for ease of mterchangeabllIty

Manual ClrcUlt breaker operatmg handles shall be furmshed on the access doors of starter umts
and feeder tap umts to operate the ClrcUlt breakers Each operatmg handle shall mdlcate when
the breaker has tnpped AddItionally, the access doors shall be mterlocked WIth the operatmg
handles to prevent opemng the doors normally when the crrcUlt breakers are m the closed
posillon

Each starter/contactor umt shall be equIpped WIth a control transformer, adequately SIZed to
support the load The rnmtrnum control transformer SIZe shall be 100 VA Both the pnmary
leads and one secondary lead shall be fused, wh1le the other secondary lead shall be grounded •
The contactor cod shall have a pIck-up voltage of 85 percent or lower, and a drop-out voltage
of approxlffiately 60 to 65 percent of the rated voltage of the coli

The contmuous current ratlng of each mam MCC bus shall be SIZed as reqUlred for the
maXlffium demand load on the bus, mc1udmg approxlffiately 10 percent unused spare capacIty
for future loads

MCC phase busbar matenal shall be copper or alununum All Jomts shall have silver-to-silver
contact surfaces

An umnsulated copper ground bus shall be furmshed through the entne length of each motor
control center

Each vertIcal sectIon shall accommodate no more than SIX SIZe 1 or SIze 2 combmatIon
magnetIc starters All mdlvldual umts shall be Isolated from each other by barners
VertIcal sectIon space heaters shall be proVIded and shall be controlled by an adjustable
thermostat
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Each MCC shall be provIded WIth approxlffiately 20 percent spare starters and breakers

MCCs shall be m accordance WIth the apphcable NEMA reqUIrements for Class I, Type B
MCCs

9 10 Emergency DIesel Generator

9 10 1 General

ThIS sectIOn establtshes the cntena for the emergency ac power system whIch shall consIst of
one emergency dIesel generator set (EDG) , and Its assocIated essentIal serVIce low voltage load
centers and motor control centers, WhICh shall supply power to the reqUIred auxIltanes of the
umt to assure an orderly shutdown of the plant m the event of a total loss of statIon ac power

The EDG capacIty expressed m kVA, shall be establIshed by the Contractor

9 10 2 System DeSIgn DescnptIOn

One EDG shall be proVIded, and shall be SIZed to supply the essentIal safe standby and
shutdown loads of the plant when all other normal power sources fall The EDG shall COnsISt
of a dIesel engme and generator of the smgle bearmg, close coupled type of constructIOn The
generator shall meet the NEMA MG1 standard

The loads at the 400 volt essentIal servIce buses to be supplted by the EDG shall mclude the
followmg, as appltcable, and wIll be consIdered as a deSIgn gUIde

• Control Room AIr CondItIOnmg System
• Turbme turnmg gear
• Turbme mam bearmg lube ac oll pump
• Vapor extractor
• AIr seal 011 pump (If apphcable)
• 125 volt battery charger
• 250 volt battery charger
• DIesel generator battery charger
• EssentIal SerVIce Ac Power System (UPS) alternate source transformer
• Control room emergency ac lIghtmg (50 % mmlffium)
• DIesel generator fuel 011 pump (If reqUITed)
• Stack obstructIOn hghtmg
• Electromc room emergency ac hghtmg (20 %)

• SWItchgear rooms emergency ac hghtmg (20 %)
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• DevIce 25 EG
• DevIce 27/59 EG
• DevIce 32 EG
• DevIce 40 EG
• DevIce 51 VEG

• Electromc EqUIpment ConditIOmng System
• UPS area emergency ac lIghtmg (10 %)

• Plant commumcatIOns
• Ten percent spare capacIty

For the eqUIpment lIsted above, only one-half of a redundant paIr of eqUIpment shall be
powered from the 400 volt essential serVIce buses

The EDG and Its assocIated remote sWitchgear shall be desIgned for use on a 400 volt, 3
phase, 3 wrre, 50 Hz wye connected, hIgh resIstance grounded system WIth a ground fault
detectIOn system and alarm to the plant DCS The generator shall have 2/3 pItched wmdmgs
The EDG shall have a rated power factor of 0 80

The EDG shall be provIded WIth the followmg protectIon

Synchromzmg relay package
Undervoltage/overvoltage relay
Reverse power relay
Loss of field relay
Voltage-controlled, mverse tlffie overcurrent relay,
three smgle-phase relays, as requrred

• DevIce 24 EG Overexcltatlon relay
• DevIce 86 EG AUXlhary lockout relay. manually reset
• DevIce 87 EG Generator dIfferentIal relays
• Generator neutral ground detector and alarm package
• Generator RTDs, WIth quantIty m accordance WIth manufacturer's standard, located m

generator to provIde sIgnal to DeS
• Underfrequency alarm

The EDG shall be eIther an outdoor engme/generator system, an mdoor engme/generator
system. or a stand-alone package module m a weather-tIght enclosure The EDG system shall
be SUItable for operation m a mountamous urban environment Adequate area for routme
mamtenance and accessIbIlIty to remove the major components for transportatIOn shall be
provIded

The diesel generator set shall be complete WIth all the necessary eqUIpment and deVIces
reqUIred for a self-supportmg, self-sufficIent umt, mcludmg a diesel day tank, msulated
muffler, fuel pumps, radIator, local control panel, startmg system, battery, PTs, CTs, meters,
etc, as applIcable The Contractor shall establIsh the maXlffium duration of any smgle mCIdent
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(or group of mCIdents) for WhICh the EDG would be operated, and SIZe the fuel storage tank
accordmgly

A locatIOn mode selector sWItch shall be provIded on the dIesel generator local control panel to
pernut the selectIOn of eIther "local (EDG)" or "remote (control room)" modes of operatIon
When thIS sWItch IS m the "local" posltlon, startmg and stoppmg of the dIesel generator shall
be pOSSIble usmg only local controls The status of the SWItch m the local pOSItIOn shall be
mdicated through the plant DCS operator mterfaces When the SWItch IS m the "remote"
POSItion, startmg and stoppmg of the dIesel generator shall be pOSSIble usmg only the operator
mterfaces located m the control room When m remote mode of operatIon, the dIesel
generator shall start automatIcally upon recelvmg a signal that a normal power source (statIon
essentIal serVIce 400 volt SUS) has faIled However, removal of thIS SIgnal shall not stop the
engme Once started automatIcally, the dIesel engme shall contmue to run untIl It IS manually
stopped from eIther the local controls, or from the remote control mterface located m the
control room Auto start of the dIesel generator shall be dIsabled when the locatIOn mode
selector IS m "local" pOSItIon

The statIon essentIal serVIce SWItchgear or MCC shall COnsIst of one 400 volt bus SUItable to
prOVIde power to the essentIal serVIce motors and other asSOCiated loads The normal power
source for the essentIal serVIce SWItchgear or MCC shall be through a feeder breaker at the
plant load center and the alternate power source shall be the emergency dIesel generator (VIa
breaker)

If the normal power sources faIl, the dIesel generator shall be automatIcally started As soon
as the dIesel generator achIeves appropnate frequency and voltage, the dIesel generator breaker
at the essentIal serVIce SWItchgear or MCC closes provIdmg power to the essenttalloads
When the normal power sources become avaIlable agam, the control room operator should
close the load center feeder breaker to essentIal servIce SWItchgear or MCC and open the dIesel
generator breaker and shut down the dIesel engme

All transfer and retransfer operatIOns between the dIesel generator and the SUS power source
shall be checked for synchromzatIon usmg synchromzmg check deVIces PrOVISIOns shall be
made for synchromzmg and parallelmg the emergency dIesel generator WIth the 400 volt
essentIal serVIce for exercIsmg and load testmg Under the case of load testmg, the short
CIrcllIt ratmgs of the 400 volt essentIal serVIce SUS, the essential serVIce MCCs, or the dIesel
generator shall not be exceeded when the dIesel generator IS paralleled WIth the 400 volt
essentIal serVIce SUS

Current transformers, potentIal transformers, meters, etc , shall be prOVIded at the statIon
essentIal serVIce SWItchgear or MCC as reqUITed All lOgIC governmg the control, momtonng,
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and sequencmg of loads on the essentIal serVIce sWItchgear or MCC electflcally operated •
breakers, as well as the mitIatIon of the EDG autostart command, shall reSIde m the Umt DCS

The dIesel generator shall be capable of meetmg the voltage regulatlOn cntena descnbed In
Subsection 9 4 2 2 and shall be m accordance WIth the apphcable recommendatlOns of IEEE
446

9 11 DC Power System

The dc power system for the umt shall conSIst of an mdividual 250 volt dc system to supply
power to statlOn dc power loads IncludIng emergency 011 pumps and umnterruptIble power
supply (UPS), and a 125 volt dc system to supply power to control, protectlOn, and Instrument
loads

The Contractor can propose a SIngle 125 volt dc system to supply power to emergency 011
pumps and UPS, as well as control, protectIon, and IDStrument loads The Contractor shall
assure that the avaIlable short CIrCUIt current at the 125 volt dc SWItchboard does not exceed the
InterruptIng ratIngs of the standard 125 volts dc CIrCUIt breakers due to the larger SIZe battery
and motorloads

Each battery shall be SIZed In accordance WIth IEEE 485, shall be based on the emergency duty
load cycle and a 20 year hfe, and shall mclude a reasonable deSIgn margIn An agIng factor of •
1 25 shall be used for battery sIZmg calculatlOns

The emergency duty load cycle shall COnsISt of the dc load reqUIrements followmg a umt trIp
for a penod of 3 hours The dc motor mrush current and duratIon shall be mcorporated mto
the load cycle of the battery servmg that load The battery ampere-hour capaCIty at the 8 hour
rate shall be based on the emergency load cycle to a fmal voltage of 1 75 volts per cell In
preparmg the duty cycle, all loads expected durmg the duty cycle shall be calculated usmg theIr
anticIpated startIng and shutdown tImes

The station batterIes shall be deSIgned for full float servIce and shall have a hIgh dIscharge
rate, low deterIOratIon rate, long hfe, and low mamtenance for control and auxIlIary power
reqUIrements BatterIes shall be of the lead-acId, calCIUm or selemum alloy type, WIth flooded
cells

Dunng normal operatIon, the statIon battery shall "float" on the dc supply bus bars m parallel
WIth the ac powered battery chargers, whIle the steady-state dc load IS bemg supphed from the
ac system USIng the chargers
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• DIstnbutIOn of dc power shall be accomplIshed by the use of CIrcUIt breakers m the dc
sWItchboards (one sWItchboard for 125 volt dc system and one for the 250 volt dc system)
Thermal elements shall not be provIded for motor feeder CIrcUIt breakers

In addItIOn, dc panelboards shall be provIded WIth crrcUIt breakers for the dIstnbutIOn of the

125 volt dc control power

Each dc system shall operate ungrounded An alarm shall be prOVIded for bus groundmg and
low voltage condItIOn A ground test and detectIOn system, WIth local and remote alarms, shall
be prOVIded for each battery system

Two 100 percent battery chargers shall be prOVIded for each battery, one supplIed from the
normal ac system, and the other supplIed from the emergency dIesel generator ac system The
battery chargers shall be capable of chargmg therr fully dIscharged battery withm 12 hours
whIle supplymg steady state DC load

The battery room(s) for flooded cell battenes shall be desIgned m accordance WIth the
applIcable reqUIrements of IEEE 484 WIth the followmg exceptIOns and addItIOns

•
(a)

(b)
(c)

(d)

(e)

Battery chargmg eqUIpment, ac and dc SWItchboards and
panels, lIght SWItches, etc, shall not be
mstalled m the same room WIth the batterIes
Floor draIns shall be Installed m the room
A shower and eyewash statIOn shall be
prOVIded
Na unrelated power or control wrrmg shall
be routed through the battery room
StatIOn phone shall be extended mto the battery room

The dc power system and battenes shall comply WIth the applIcable requIrements of IEEE 946
and IEEE 484

9 12 Essential (UPS) ac System

An essential ac power system shall be prOVIded to supply contmuous regulated ac power to
mstrumentatlOn and cnticalloads The essentIal ac power system shall prOVIde 230 volt ac,
smgle-phase, 50 hertz, 2 WIfe unmterruptible power WIth a grounded neutral

The UPS system shall mclude two full-capaCIty dc-to-ac statIC mverters, one voltage regulated
bypass ac alternate source power supply WIth 400 volt smgle-phase transformer, two full-
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capacIty statIc sWItches, one manual mamtenance bypass SWItch, a set of surge protectors, as •
reqUIred, and other accessones and deVIces necessary to prOVIde urnnterruptIble power The
baSIC components of the urnt UPS system are shown on the Overall Key One-Lme DIagram,
E0005

Normal power supply to each UPS shall be from the dc system power source through the
mverter and statIC SWItch to the unmterruptIble bus If the Inverter output voltage deVIates
from an acceptable set pomt, the transfer SWItch shall automatically transfer, WIthout output
power mterruptIon, to the aUXIlIary ac system through the alternate source transformer USIng
the dual redundant system, the mverter shall be SIZed to carry the total combmed load on both
dIstrIbutIOn panels Redundant loads that are powered from each dIstnbution bus WIll need to
be added only once when sIZmg the Inverter

The StatIC and manual bypass SWItches shall be purchased as part of the Inverter and shall have
a ratIng at least that of the Inverter The alternate source transformer and voltage regulator
shall be SIZed at least 15 percent greater than the SIZe of the Inverter

The umt's manual bypass SWItch shall be used to Isolate the StatIC SWItch from ItS load and
alternate source power supply, and to take It out of serVIce WIthOUt power mterruption to the
load In so dOIng, It WIll connect both load buses to a SIngle Inverter It shall have make
before-break contacts so that the power supply to the loads IS contmuous durmg SWItch
operatIons The manual bypass SWItch shall be rated 600 volts, SIngle-phase, 50 hertz, and •
shall have a contmuous ratmg equal to the contmuous fun load capaCIty of one Inverter
Operation of the manual bypass SWItch shall be such as to allow the load to be served by eIther
or both Inverters

The capaCIty of the UPS system shall be determmed by the Contractor based on the essentIal
loads to be served, such as

DIstnbuted Control System (DCS)

Turbme Generator Control System (TGCS)

MaIn Control Room Recorder Chart DrIves (If any)

Contmuous EmISSIons Morntonng Systems (CEMs)

FIre Detection

Each UPS shall have a mInmlUm 10 percent Installed, unused spare capaCIty
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• Loads such as DeS, turbme control system, etc , consIdered to be crItical to the operatIOn of
umt shall be fed from both of the UPS power sources One UPS source shall be consIdered as
the normal source whIle the other UPS source shall be consIdered as the alternate source The
power COndItIOnmg components at the cntlcalload shall be able to automatically sWItch the
loads to the alternate UPS source m case of faIlure of the nonnal UPS source NonCrItical
loads such as plant commumcation systems, fire detectIon systems, etc, and systems WhICh do
not adversely affect the contmued operatIon of the plant, shall be powered from eIther UPS
source Operator's consoles WIth multIple eqUIpment and CRTs, each capable of performmg
the same functIOns, shall essentIally have half the eqUIpment powered from one UPS source
and the other half from the second UPS source

Each UPS ac system shall meet the applIcable reqUIrements of IEEE 1100 and IEEE 446 It
shall be possIble to fully Isolate each outgomg UPS feeder CIrCUIt for mamtenance usmg CIrCUIt
breaker for each branch CIrCUIt deVIces

•
Each UPS shall be provIded WIth complete surge protectIon m accordance WIth manufacturer's
standard practIce

9 13 Motors

9 13 1 All motors shall be deSIgned m accordance WIth NEMA MGl, and ANSI C50 41 All
motors shall be "HIgh EffiCIency" type, and shall be desIgned to operate m an ambIent
temperature of 40°C (104°F)

The voltage ratmg of the ac motors wIll be as follows

• All motor-operated valves
• Motors below 037 kW (1/2 HP)
• Motors 037 kW (112 HP) through

75 kW (100 HP)
• Motors 90 kW (120 HP) through

190 kW (250 HP)
• Motors 191 kW (251 HP) and above

380 volts, 3-phase, 50 Hz
220 volts, smgle-phase, 50 Hz
380 volts, 3-phase, 50 Hz
(fed from MCCs)
380 volts, 3-phase, 50 Hz
(fed from load centers)
6,000 volts, 3-phase, 50 Hz

DIrect current (dc) motors shall be rated 230 VDC as requIred for the serVIce DC motors
shall have wmdmg types as requIred for the applIcatIon, and shall be SUItable for operatIOn on
the DC power source selected
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AC motors 0 37 kW (112 HP) and larger m SIZe shall be of the sqUirrel-cage mductIOn type, •
rated for full voltage startmg on the 3 phase power source selected AC motors smaller than
o37 kW (1/2 HP) m SIZe shall be ofthe capaCItor start, mductIon run type, rated for operatIOn
on the smgle-phase power source selected

Medmm voltage motors and low voltage motors shall be deSIgned to start fully loaded as
reqUired by the dnven eqUipment, and to accelerate therr connected loads to rated speed, WIth a
mmmIUm of 80 percent (medmm voltage) and 80 or 90 percent (low voltage) of motor rated
termmal voltage Motors rated for 80 percent startmg voltage or requmng speCial reduced
voltage startmg methods shall be proVIded only when reqUIred due to voltage drop
consIderatIOns, when dIstance between power source and load would neceSSItate cable SIzes or
cable quantItIes that are unpractIcal

Startmg current at full voltage shall be speCIfied not to exceed approxunately 630 percent of
the motor full load current for alternatmg current motors WIth ratIngs greater than or equal to
40 kW, and shall be speCIfied not to exceed approxunately 800 percent of the motor full load
current for motors rated less than 40 kW Startmg current for dc motors shall be lumted to
approxunately 500 percent of rated full load current

All motors shall have torque charactenstics SUitable for the dnven load, and shall be able to
start fully loaded as reqUIred by the dnven eqUIpment, and shall be able to accelerate therr •
connected loads to rated speed WIth only the mmunum percent of motor rated voltage at the
motor termmals

All motors shall be speCIfied to have a safe stall tune, whIch IS equal to or greater than the
maxunum acceleratIng tune, whIle under mmunum startmg voltage condItIOns For medIum
voltage motors, If due to the speCIfic nature of the dnven eqUipment safe stall tune IS less than
the acceleratIon tune, the solId-state protectIve relay shall be programmed to lumt the amount
of acceleratIOn tune allowed, and to ShIft the overload curve, durmg startmg, to maIntaIn
proper motor protectIOn whIle startIng and runnmg

Motor wmdmgs shall have a Class F InSulatIon system, SUItable for power plant serVIce,
conformmg to the requIrements of NEMA MGI The temperature rIse shall not exceed lunitS
for Class B msulatIOn The stator msulatIOn shall be of the vacuum pressure unpregnation type
for medIUm voltage motors The msulatIOn system for low voltage motors shall mclude one
extra dIp and bake of varnIsh All motor stator conductors shall be copper

All medIUm voltage motors above 560 KW (750 HP) shall have copper or copper alloy rotor
cage matenal MedIUm voltage motors rated 560 KW (750HP) or below may have alummum
rotor cage matenal
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MedlUm voltage motors dnvIng hIgh Inertia loads as defined by NEMA, regardless of motor
ratIng, shall have copper or copper alloy rotor cage matenal

All medlUm voltage motors, and outdoor motors rated 22 kW (30 HP) and above, shall be
provIded WIth space heaters Motor operated valves and dampers shall be speCIfied to have
motor space heaters In addItIOn to the valves or damper compartment space heaters Space
heaters shall be rated for 440 volts, and powered from 220 volts, SIngle-phase

Motors shall be selected to accommodate dnven eqUIpment WIthout benefit of serVIce factor
ratmg

All Indoor motors shall be guarded open dnp proof (GDP) or totally enclosed type, eIther non
ventIlated (TENV) or fan-cooled (TEFC) Outdoor motors shall be weather protected, NEMA
Type II (WPII) or totally enclosed fan-closed (TEFC) as applIcable

Alummum frames for motors shall not be used Each motor shall be furnIshed WIth a
groundmg connector attached to the motor frame mSIde the motor power lead termmal
housmg

Each medIum voltage motor shall have an addItIOnal groundmg connector permanently attached
to the motor frame on the same SIde of the motor as the power lead termmal housmg

All motors rated 1120 kW (1500 HP) or greater shall mclude three-wIre, platmum type (alpha
= 000385) RTDs WIth a nommal reSIstance of 100 ohms at O°C as follows Antifriction
bearmg RTDs - one for each bearmg, Wmdmg RTDs - two for each phase When sleeve
bearmgs are furmshed on medIUm voltage motors, each sleeve bearmg shall be eqUIpped WIth a
Type E (chromel-constantan), ungrounded thermocouple, whIch shall be located withm 3 5
mm of the babbItt metal m order to rrnnmnze temperature dIfferential and tIme lag

All motors shall be supplIed WIth connectIon boxes of suffiCIent SIZe to accommodate rated or
overSIZed power lead termmatlOns MedIUm voltage motor termmal boxes shall be large
enough to accommodate stress cones on connectIng power cables Motors rated 1120 kW
(1500 HP) and larger shall have termInal boxes large enough to accommodate current
transformers for motor dIfferentIal protectIOn

On medIUm voltage motors, accessory connectIOn boxes shall be supplIed separately from the
power termmal box The mstrumentatlon acceSSOrIes, such as RTD's and thermocouples, shall
be grouped m a separate box from the box WhICh contaIns other accessorIes, such as space
heaters and at secondary wrrmg
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Each motor shall be provIded wIth a corrOSIOn resIstant nameplate contammg mformanon m
accordance WIth NEMA MGl

Motors shall be sUltable for electncal power supply systems usmg automatlc "Fast" transfers

Motors located m hazardous areas, such as 10 the gas compressor areas, shall meet the
reqUlrements of the apphcable area claSSIficatIOn

9 14 Power, Control and Instrument Cables

9 14 1 General

The selectIon of cables and the mstallatlOn of cables shall be m accordance WIth IEEE 422
All conductors shall be copper except for thermocouple wrres

9 142 System DeSIgn DescnptlOn

9 142 1 General

•

Power cable ampaCItleS shall be determmed usmg ICEA P-46-426, ICEA P-54-440, and NFPA
70 (NatlOnal Electncal Code) •

ICEA P-46-426 shall be used to determme ampaclues for cables InStalled ill exposed condUIts.
embedded condUIts, and underground ducts The use of NFPA 70 shall be permItted for cables
mstalled m underground ducts For condUlts 10 arr where the spacmg between condUIts 15 less
than the condUIt dIameter, the correctIOn factors gIven m ICEA P-46-426 TABLE IX shall be
used

The ampacities of cables m condUIts embedded m concrete floors shall be detenmned by usmg
the tables for underground ducts

AmpaCltleS for power cables InStalled m trays shall be determmed ill accordance WIth NFPA
70 or ICEA P-54-440

NFPA 70 TABLE 310-16 corrected to 40 0 C ambIent temperature shall be used to supplement
ICEA P-46-426 for cables smaller than 8 36 mm2 (8 AWG)

Cables shall be rated at a conductor temperature of 90 0 C WIth ampacmes based upon thIS
temperature, except that temperature hmitatlons for termmatIOns at molded case breakers and
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other low voltage devIces may reqUIre 60°C or 75°C ampaclty values to be used All
ampaCltleS shall be based upon maXImum contInuous loads at a 100 percent load factor

AmbIent aIr temperature In the general plant area shall be assumed to be 40° C (104° F) For
areas where the ambIent aIr temperature IS known to be greater than 40°C, ampaclty correctIon
factors shall be applIed

The ampacltles of cables Installed In underground ducts or In Isolated condUIts In earth shall be
determmed usmg an ambIent earth temperature of 20° C, and an earth thermal reSIstIVIty
(RHO) of 90 For areas known to have an ambIent earth temperature greater than 20° C,
ampacity correctIOn factors shall be applIed

If the RHO IS known to be hIgher than 90, the appropnate value shall be used

The full load current for power transformer cables shall be deternuned from the maxunum
kVA ratmg of the transformer

Cables WhICh are routed through envIronmental condItIOns that dIffer along the cable run shall
be selected usmg the envIronmental condItIOn that results In the largest cable SIZe

MedIum voltage cables shall have a rated conductor temperature of 90 0 C, the II1lIl1lI1um
conductor SIZe shall be such that the conductor temperature does not exceed 250 0 C wlule
carrymg the calculated maxImum system three phase short CIrCUIt current, assummg no faIlures
of the prunary protectIve deVIces, and there shall be no damage to the InsulatIon durmg the
tune for the fault to clear

Voltage drop m feeder cables to SWItchgear, transformers, motor control centers, and load
centers shall not exceed 1 percent of the rated voltage durmg normal operatIOn (excludmg
InrUsh) Voltage drop In feeder cables to motors and StatIC loads shall not exceed 3 percent of
rated voltage durmg normal operatIOn of the load (excludmg InrUsh)

The full load current for feeder cables to motor control centers, power panels and slIDllar
eqUIpment shall be deSIgned to equal the bus ampere ratIng of the eqUIpment, regardless of the
actual load, In order to prOVIde room for load growth up to the capacIty of the bus

Asbestos shall not be used m any cable constructIon

Cable splIces are not penmtted, WIthOut exceptIOn
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9 142 2 MedIUm Voltage Cable

Voltage claSSIficatIon for medIUm voltage cables shall be 8 kV WIth 100 percent msulatIon
level (115 mIls msulatIOn) for use at a nommal operatmg voltage of 6 3 kV

MedIUm voltage cables shall be smgle conductor or jacketed multi-conductor Each conductor
shall be shIelded

All matenals for conductors, shleldmg, msulatIOn, and jackets shall be m accordance WIth the
followmg

1) All cable msuiations and jackets shall be SUitable for a maXlffium conductor operatmg
temperature of 90 0 C

2) Natural or synthetic rubber compounds shall be m accordance WIth ICEA S-19-81

3) Ethylene-propylene rubber compounds shall be m accordance WIth ICEA S-68-516

4) PVC based pnmary msulatIon compounds shall not be used

5) Conductors shall be of soft-drawn, commercIally pure copper conformmg to ASTM B3

6) Prlffiary msulatIOn for all cables shall be a thermosettmg matenal, or compounds
meetmg the requrrements of AEIC CS6

7) InsulatIon shleldmg tapes for 8 kV cables shall be non-magnetIc and shall be tmned
copper of 5 nnls (0 127 mm) ID1DlmUm thtckness Uncoated copper may be provIded If
the msulatIOn and jacketmg matenal WIll not corrode the copper and the InSUlatIon and
jacketmg matenal are free-stnppmg

8) Matenals for Jacketmg shall have long-term reSIstance to sunlIght, mOIsture, OIls, and
chemIcals, and shall also be reSIstant to abraSIOn, shall have good fleXIbIlIty, and shall
neIther support combustIOn nor propagate flame when tested Jacketmg matenal shall
be thermoplastic chlormated polyethylene or polyvmyl chlonde

9) RepresentatIve cables shall pass the vertIcal flame test m accordance WIth IEEE 383
usmg the nbbon gas burner 17640 kg/cal mmlffium
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9 14 2 3 Low Voltage Power and Control Cables

Voltage classlficatlOn for low voltage power and control cables shall be 600 volts

"l

Conductor SIze for 600 volt power cables shall be a mmunum of 4 0 mm- (12 AWG) In
"l

general, multI-conductor cables shall be used for SIZes up through 50 mm- (1/0 AWG)
')

Conductor SIZe for 600 volt control cables shall be a mm1Illum of 2 5 mm- (14 AWG)
All matenals used for conductors, shleldmg, msulatIon, and Jackets shall be In accordance WIth
the followmg

1) All cable msulatIOn and Jackets shall be SUItable for a maxlTIlUm conductor operatmg
temperature of 90° C

2) Conductors shall be of soft-drawn, commercIally pure copper conformmg to ASTM B3,
havmg Class B standard strandmg

3) Pnmary InSulatIOn for all power and control cables shall be thermo-settmg matenal or
compound meetmg the requIrements oflCEA 5-19-81, S-66-524 and S-68-516 as
applIcable

4) PVC based pr1Illary InSulatIon compounds shall not be used

5) FIllers used m the assembly of multI-conductor cables m order to aclueve a cIrcular
cross-sectIOn shall be of nonhygroscoplc, flame-retardant matenals that shall neIther
support combustIOn nor propagate flame when tested Jute fillers shall not be used m
any cable constructIOns

6) Matenals for Jacketmg shall have long-term resIstance to sunlIght, mOIsture, oIls, and
chelTIlcals, and shall also be resIstant to abrasIOn, shall have good fleXIbIlIty, and shall
neIther support combustIOn nor propagate flame when tested Jacketmg matenal shall
be thermoplastIc chlormated polyethylene or polyvmyl chlonde

7) RepresentatIve cables shall pass the vertIcal flame test m accordance WIth IEEE 383
usmg the nbbon gas burner 17640 kg/cal (70,000 Btu) mmlIDum

9 14 2 4 InstrumentatIon and Thermocouple ExtensIOn Cables

Voltage claSSIficatIOn for mstrumentatIOn and thermocouple extenSIon cables shall be 300 \ olts
where permItted
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The conductor SIze for low level SIgnal wIrIng shall be 1 5 mm2 (16 AWG), and mcludes •
tWIsted shIelded smgle paIr thermocouple cable, smgle parr, tnads, and multIple paIrs
mstrumentatlon cable The conductor SIze for four-parr and greater tWIsted shIelded
mstrumentatIon and thermocouple cable shall be a mmnnum of 1 0 mm2 (18 AWG) MultIple
paIred cables shall be used wherever pOSSIble and practlcal

All matenal used for conductors, shleldmg, msulatIOn and jackets shall be In accordance WIth
the followmg

1) Instrument and thennocouple extenSIOn cables shall be manufactured m accordance WIth
UL 13

2) Conductors, excludmg thennocouple extenSIOn wrres, shall be of soft-drawn,
commercially pure copper Copper conductors shall confonn to ASTM B3 and ASTM
B33 Copper conductors, shleldmg tapes, shleldmg braIds, communIcatlon WIres, and
dram wrres used WIth rubber or rubber-like InsulatIOn shall be tmned Uncoated copper
may be prOVIded If the InsulatIOn and jacketmg matenal WIll not corrode the copper and
the InsulatIOn and jacketmg matenal are free-stnppmg

3) BaSIC msulatmg materIals shall be hIghly reSIstant to mOIsture and flame, and shall
mamtam dImensIOnal StabUIty m serVIce

4) Jacketmg matenals shall have long-term reSIstance to mOIsture, oIls and chemIcals, and
shall be flame reSIstant WIth self-extmguIshmg charactenstics

5) PrImary msulatlon for all InstrumentatIon and thermocouple extenSIOn cables shall be
polyvmyl chlonde meetmg the requrrements ofUL 13

6) FIllers used m the assembly of multI-conductor cables m order to achIeve a CIrcular
cross-sectlon shall be of non-hygroscopIc, flame-retardant materIals Jute fillers shall
not be used

7) ShIeldmg shall be accomplIshed by the use of alummum or copper-backed mylar tape
spIrally wrapped WIth adequate overlaps around each parr or triad of msulated
conductors, and an addmonal overall shIeld shall be used on a cable consIstmg of an
assembly of paIrs, tnads or quads Each ta~e shIeld shall be proVIded WIth a 7 strand
copper dram WIre no smaller than 0 82 mm
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8) Each paIr of thermocouple extensIOn wrres shall consIst of msulated conductors of
chromel-constantan or chromel-alumel as requrred Conductors of each paIr shall be
matched and shall be cahbrated to ANSI C96 1 for standard lImIts of error

9) All conductors shall be stranded usmg ASTM B8, Class B standard strandmg,
excludmg thermocouple extensIOn cables WhICh shall use solId conductors

10) RepresentatIve cables shall pass the vertIcal tray flame test In accordance WIth IEEE
383 usmg the nbbon gas burner 17640 kg/cal (70,000 Btu) mInImum

9 1425 Llghtmg and HIgh Temperature Cables

Wrre for hghtmg branch crrcUlts shall be smgle copper conductor, stranded, 600 volt Type
XHHW WIth mOIsture and heat reSIstant cross-linked synthetIC polymer InSulatIOn, rated for
90°C (dry) and 75°C (wet) copper temperature

WIfe for lIghtmg fixtures and for hIgh temperature, nonlIghtmg applIcations, shall be smgle
copper conductor, stranded, 600 volt Type SF-2 silicone rubber InSulatIOn, rated for 200 0 C
copper temperature, WIth glass cloth braid

9 15 Motor ProtectIOn

MedIUm voltage motors shall be provIded WIth protectIon m accordance WIth ANSI/IEEE
C3796

Instantaneous ground overcurrent protection deVIce shall be provIded for each medIUm voltage
motor ThIS protectIOn shall be Implemented WIth a zero sequence ground sensor that encIrcles
all 3-phase conductors of the outgomg motor feeder cables

MedIUm voltage motors 1,120 kW (1,500 horsepower and larger shall be provIded WIth
Multilm SR469 motor management relays WIth alarm capablhtles, whIch shall provIde the
followmg protectIve functIOns

SR469 (IdentIfied as MPR1 on one-Ime dIagram)

•

FunctIOn No

49
51
50
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48
46
27/59
47
86
87*
50G

*

Locked-rotor (mcomplete sequence)
Phase current unbalance
Undervoltage/overvoltage
Phase reversal
Lockout
Motor dIfferential
Instantaneou~ ground fault - zero sequence

Input proVIded from three donut type current transformers (flux balancmg), one m each
phase located at the motor

•

MedIum voltage motors 191 kW (251 hp) through 1,119 kW (1,499 hp) shall be provIded WIth
MultI1m 239 motor protectIon relays, WIth alarm capabIlItIes, WhICh shall provIde the
followmg protectIve functIons

The control power supply for the relay shall be 125 VDC

MultI1m 239 (IdentIfied as MPR on one-Ime dIagram) •
FunctIon No

51
50

48
46
86
50G

DescnptIOn

TIme delay phase overcurrent
Instant phase overcurrent (short CIfCllIt),

mechamcal Jam
MultIple starts/locked-rotor
Phase current unbalance
Lockout
Instantaneous ground fault - zero sequence

•
The control power supply for the motor protectIOn relays shall be 240 volts ac, smgle-phase,
50 Hz, denved from a control power transformer (CPT), located m each 63 kV motor
controller

MedIUm voltage motor surge studIes shall be performed by the SWItchgear or motor controller
supplIer, or the need for motor surge protectIOn shall rely on the SWItchgear or motor
controller manufacturer's recommendatIons Any requIfed surge protectIOn shall conSIst of the
SWItchgear manufacturer's standard surge suppreSSIOn deVIces
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Motor CircUlts served from the 400 volt load centers (SUSs), whIch are controlled by power
CircUlt breakers, shall have sohd-state tnp deVIces WIth long-tlffie, mstantaneous and ground
charactenstics

Motors served from 400 volt motor control centers shall be protected by motor CircUlt
protector (MCP) combmatIOn motor starters conslstrng of molded case breakers WIth adjustable
magnetIC only tnp deVIces and magnetIC starters havrng thermal overload relays Appllcation
of MCPs shall be m accordance WIth the appllcable gUldelmes of ANSI C37 96

SelectIOn and appllcatIon of the thermal overload relays m motor control centers shall meet the
appllcable requlfements of ANSI C37 96, and NFPA 70 (National Electncal Code)

9 16 CondUlt. Cable Trays, and Duct Banks

9 16 1 General

Raceways shall be deSIgned and mstalled m accordance WIth IEEE 422

9 16 2 CondUlts

All exposed condmt, except for hghtmg and cornmumcations Clfcmts m mdoor office areas,
shall be ngid steel, hOt-dip galvamzed illSide and outSIde, m accordance WIth UL 6 and ANSI
C801

CondUIts for structures pumpmg water, such as structures for clfculatmg water pumps, shall be
PVC, PVC coated steel or ngid alummum Plastic condUlt for aboveground apphcatIons shall
be sunhght reSIstant, hIgh lffipact, schedule 80, polyvmyl chlonde and shall be Carlon Plus 80
ngid PVC nonmetalhc condUIt as manufactured by Carlon ElectrIcal Products or acceptable
equal PlastIC condUlt for aboveground hghtmg and commumcatlOn applIcatIons shall be
sunlIght reSIstant, htgh lffipact, schedule 40, polyvmyl chlonde and shall be Carlon Plus 40
ngld PVC nonmetallIc condUIt as manufactured by Carlon ElectrIcal Products or acceptable
equal

CondUlts for hghtmg Clfcmts and commumcatlOns ClfCUlts m mdoor office areas (concealed
condUIts) shall be electncal metallIc tubmg (EMT), galvamzed outSIde for corrOSIon
protectIon, III accordance With UL 797 and ANSI e80 3, and shall be furrnshed WIth
compreSSIOn fittmgs EMT shall not be used III any other area

CondUlt SIzes shall be determmed m accordance WIth NFPA 70, Chapter 9, Table 4
Mmnnum condUlt SIze shall be 20 mm nommal dIameter, except for hghtmg fixture stems
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WhICh may be 125 mm nommal dIameter, and for embedded condUit WhICh shall be mmlfllUm •
25 mm nommal dIameter

LIqUid-tIght flexIble condUits shall be used on all motor connectIons and all other connectlOns
subject to vIbratlOn Length of hqUId-tIght flexIble condUIt shall be llfluted to maxunum of 1°
meter

Cast fittmgs for alummum and steel condUIt shall be of copper-free alummum alloy, corroslOn
reSIstant, WIth standard ANSI threaded connectlOns FIttmgs shall have gasketed covers
Copper-free alummum alloy shall contam no more than 4/10 of 1 percent copper

Pull boxes, JunctIon boxes and termmal boxes for use m mdoor locatIons shall be of steel m
accordance WIth UL 50, rust-proofed after fabncatton WIth one coat of zmc chromate pnmer
and one coat of enamel Covers of pull and Junction boxes shall be fastened WIth brass
machme screws Covers of termmatlOn boxes shall be hInged and fastened WIth latches

Pull boxes, JunctIon boxes and terminal boxes for use m outdoor locatIons shall be of steel In

accordance WIth UL 50, epoxy coated inSIde and outsIde after fabncatlOn, WIth gasketed cover,
mounting lugs, and condUIt hubs

Indoor or outdoor prefabncated pull boxes, JunctIon boxes, and tenmnal boxes shall be NEMA
rated or IEC rated for the mstallatlOn locatIon •

Pull sleeves shall be ngid steel, hot-dIp galvamzed after fabncatIOn m accordance WIth ASTM
A123

9 16 3 Underground Ducts

As and when requITed the underground duct system shall conSIst of condUIts or ducts encased
m concrete envelopes together WIth handholes and manholes

PlastIc condUIt for dIrect buned and concrete encased apphcatlOns shall be sunlIght reSIstant,
hIgh unpact, ngid nonmetallIc utIlIty duct and shall be Carlon P&C Duct Type DB confornung
to NEMA TC 6 as manufactured by Carlon Electncal Products or acceptable equal

Duct banks shall be mstalled WIth a mmunum slope of 150 mm per 30 meters to prOVIde
proper dramage

5928-0 IA1/CFB9 Doc/9/25/98

C9-58 •



•

•

•

Duct bank routes shall be IdentIfied at 30 meter mInImum Intervals by means of a 10 cm by 10
cm concrete marker set flush wIth grade, and wIth the letter "E" and an arrow cast In the top
Markers shall not be physIcally connected to the duct bank

Duct banks shall be assembled USIng nonmagnetIc saddles, spacers and separators as
recommended by the duct manufacturer Separators shall prOVIde 7 5 cm mInImum concrete
between the outer surfaces of the conduIts

JOInts or couplIngs for the duct runs shall be of the same materIals as the ducts

Underground ducts WhICh are less than 6 meters In length between ends, and all elbows and
nsers, shall be ngid galvanIZed steel condUIt

Ducts WhICh pass under roadways, raIlroads, or In areas subject to movement of heavy
eqUIpment shall be reInforced concrete encased and structurally adequate for the loads
unposed

GalVanIZed steel condUIt In any underground construction, whether as a SIngle duct or m duct
banks, shall be encased In a mmnnum of 5 cm of concrete for protectIon agaInst corrOSIon
ApproxImately 20 percent spare duct capaCIty shall be prOVIded for future expansIOn

9 164 Cable Trays

Cable trays for power, control and InStrument cables shall be ladder type WIth 23 cm rung
spacmg, WIth WIdth and depth as reqUIred

Ladder type cable trays shall also be used for InstrumentatIOn and "low level" SIgnal cables
However, where spacIng cannot be mamtamed to llffilt magnetic nOIse, shIeldmg of the
InstrumentatIOn and "low level" SIgnal trays shall be prOVIded

SolId covers shall be proVIded on all outdoor trays and on Indoor horIZontal trays exposed to
fallIng objects or subject to the accumulatIOn of debns SolId covers shall be peaked as
reqUIred to prevent accumulatIOn of water and debns on cable trays Cable trays whIch run
under floor gratIngs or access platforms, or parallel to walkways, and In close proxumty
thereto shall be proVIded WIth covers Trays under gratIngs and walkways shall have these
covers extended approxunately 1 meter beyond the extremIty of the walkway or gratmg On
multI-tIer cable tray mstallatlOns, the foregomg requIrement applIes only to the top tray
Where power cable trays are reqUITed to be contInuously covered by solId covers for more than
2 meters, the covers shall be raIsed approxnnately 50 mm to proVIde ventIlatIon, or the cables
shall be derated by a factor of 0 95 SolId covers shall be prOVIded on vertIcal tray nsers to
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provIde safety and protectIon to the cables at floor levels The covers shall extend
approXImately 2 meters above the flmshed floor

Separate cable trays shall be mstalled for the followmg cables, and If followmg the same
routmg, from top to bottom as follows

Medmm voltage power level (6 3 kV, top tray)

Low voltage power level (400 volt ac, 240 volt ac, 230 volt ac, 125 volt dc, and 250
volt dc)

Control level (240 volt ac, 125 volt dc, and below)

InstrumentatlOn and "low-level" sIgnal cables (bottom tray)

•

All cable trays shall meet the reqUIrements of NEMA VE 1 Cable tray deSIgn wIll be based
on the loads to be carned, plus the dead weIght of the tray system For thIS loadmg COndItiOn,
the safety factor shall be 20, based on the ultimate capaCIty of the tray as determmed by load
test m accordance WIth NEMA VE 1, Section 4 In addItIOn to and concurrent WIth the load
mentioned above, the tray shall be deSIgned to wIthstand a concentrated load of 91 kg (200
lbs ) at the mId-span, at the center of the rung or on eIther SIde raIl The safety factor for thIS
load condItIOn shall be at least 1 5, based on the ultunate capacIty of the tray or any of ItS •
components as determmed by load test m accordance WIth NEMA VE 1, SectlOn 4

Cable trays and fittmgs shall be the standardIZed products of a smgle manufacturer, throughout
the plant

Cable trays shall be eIther alummum, steel or fiberglass FIberglass trays may be used m
hIghly corrOSIve areas such as the circulatmg water pump mtake structure Steel cable trays
shall be hot-dIp galvanIZed after fabncation m accordance WIth ASTM A123 Electroplated or
aiummized steel trays shall not be used Alummum cable trays shall be manufactured of heat
treated ASTM B221 6063 alummum alloy for extruded parts and of ASTM B209 5052 alloy
for parts fabncated from sheets

Trays shall be supported on 3 meter maXImum mtervals AddItIonal tray supports shall be
prOVIded at changes m tray dIrectIon

Mmimum radms for tray bends and fittmgs shall be approXImately eIght tImes the dIameter of
the largest nonshieided cable, or approxlffiately 12 tlDles the dIameter of the largest shIelded
cable to be mstalled, whIchever IS the larger Bendmg radIUS shall never be less than cable
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• manufacturer's recommended mInimUm Dropout fittmgs shall be provIded where requIred to
mamtam the mmimum cable bendmg radIUS

The recommended mInimUm vertIcal spacmg for cable trays shall be 300 mm, measured from
the bottom of the upper tray to the top of the lower tray At least 225 nun clearance shall be
mamtamed between the top of a tray and beams and plpmg, to facIhtate mstallatIon of cables III

the tray At least 600 nun clearance shall be mamtamed at pomts where cables exit above tray
to allow cables to be tramed withm theIr mmunum allowable bendmg radu

MultIple smgle conductor cables whIch constItute a smgle power cIrCUIt shall be placed m a
smgle layer arrangement or grouped together (random lay) to millUTIlZe magnetIc mfluence on
other cables ill the area The cables shall be tIed to the trays WIth nylon tIes at 3 meter
mtervals and at all vertIcal bends

2
Smgle power conductor cables smaller than 50 mm (1/0 AWG) shall not be mstalled m ladder
type trays MultI-conductor cables smaller than 50 mm2 (1/0 AWG) may be mstalled m ladder
type trays

Lightmg system wmng, commUnICatIons wmng, and fire detectIon wrrmg shall not be mstalled
m cable trays

• Cable trays shall be SUItable for use as eqUIpment groundmg conductors m accordance WIth the
reqUIrements of NFPA 70

FIre stops of frre-retardant matenals shall be used mdoors at floor and wall penetratIons of
enclosed areas WIth sohd walls and floors to prevent passage of aIr from one area to another
Frre stops are not reqUIred where cable trays pass from one area to another through gratmg
floors and walls Trays shall not be routed over areas of hIgh fire hazard, e g , mam turbme
lube 011 reserVOIr and dIesel generator sets

9 17 Groundmg System

9 17 1 General

•

DeSIgn cntena for ground gnds, groundmg of power supply system neutrals and groundmg of
electrIcal eqUIpment and metallIc structures (above and below ground) IS proVIded herem
ApplIcatIOn of thIS CrIterIa shall be coordmated WIth the crIterIa for Llghtmng ProtectIOn and
CathodIC ProtectIOn The deSIgn of the generatmg statIon groundmg shall conform to IEEE
665 and IEEE 142 and shall be supplemented by the cntena herem All eqUIpment groundmg
shall be m accordance WIth the ArtIcle 250 of NFPA 70 and ANSI C2
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SOlI resistIVity and thermal resIstance (RHO) test data shall be obtaIned from the sIte by
conductIng site sOlI survey(s) prIor to the begInnmg of the plant groundIng system and ground
gnd desIgn

The desIgn of the groundmg system shall be to achIeve the folloWIng objectIves

1) ProvIde a low Impedance ground-fault current return path

2) MaIntaIn safe step and touch potentIals withm station structures dunng electncal
tranSIents

3) MInImIZe ground potential nse and nOIse Interference In InstrumentatIOn systems to
ensure safe and Integrated ground grId for the entIre plant

4) MInImIZe the effect of hghtnIng surges on eqUIpment and structures

5) ElImInate or render safe any transfer of potentIal between the ground grId area and
outsIde pOInts

9 17 2 System DeSIgn DescnptIon

9 172 1 Ground Gnd

The statIOn shall be proVIded WIth a ground grId consIstmg of bare copper cables bUrIed
beneath grade to lImIt step and touch potentIals to safe values under fault COndItionS and to
dISSIpate hghtnIng Induced surges to protect plant sensItIve electrOnIc eqUIpment The deSIgn
and analySIS of the station ground gnd, Includmg transformer yards, shall be based on the
procedures and recommendatIons of IEEE 80, and 665 as apphcable Evaluation of step and
touch potentIals based on the geometry of the grId shall be In accordance With IEEE 80 SoIl
reSIStiVIty of the plant faCIlItIes shall be measured by the Wenner method descnbed In IEEE 80
and 81 After the ground grId potentIal profile analySIS has been determIned, the tolerable step
and touch potentIals shall be checked In accordance WIth IEEE 80 procedures

The ground gnd shall be deSIgned such that, after It has been Installed, the entIre statIOn
reSIstance to remote earth shall be less than 1°ohm as measured USIng the slope method, a
vanatIOn of the fall-of-potentIal method, deSCrIbed III IEEE 81 The ground gnd shall be
tested whIle Isolated from any Armenergo faCIlIty and before any ground grId ties to
Armenergo faCIlItIes are Installed
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The groundmg system desIgn shall mInImIZe transfer of potentials from the ground gnd to
remote pomts Via commUnIcatIon CIrCUItS, pIpmg, low-voltage neutral WIres, raIlroad spurs,
etc SUItable means (such as pIpmg msulated flanges, msulated Jomts for railroad track) shall
be proVIded to prevent undeSirable potentIals on the ground gnd dunng ground faults from
bemg transferred between the ground gnd and remote pomts

FoundatIon remforcement steel and steel structures shall not be used for the conduction of the
ground current from one pomt to another pomt withm the ground gnd

All matenals for the entire ground gnd shall be manufactured from copper If the chemIcal
cOmpOSItIOn of the soIl allows It, copper-clad ground rods WIth 13 mIls mmlIDum copper
thIckness shall be used OtherwIse, copper cable or copper clad rods m wells, filled WIth earth
or specIal backfill, shall be used

9 17 2 2 Aboveground Eqmpment and Structures

Each bUlldmg shall have a groundmg conductor mstalled around the bmldmg perlIDeter The
conductor shall be used to tIe the bmldmg steel to the ground gnd Metalhc door frames of
external doors shall be dIrectly tied to the plant's ground gnd system Metalhc door frames of
mternal doors may be grounded through bmldmg steel

Major eqmpment and tanks shall be connected to the mam ground gnd PhySIcally large
eqmpment shall be connected to the mam gnd m two places on OppOSIte SIdes

MetallIc structures and eqmpment, such as motor frames and/or motor power leads termmal
housmg, SWItchgear, urnt SubstatIOns, motor control centers, panelboards, hghtmg cabmets,
condUIts, cable trays, crane ralls, staIrs, handraIls, and raIlroad spur tracks, shall be
permanently and effectIvely grounded

EqUIpment and structures welded or adequately bolted to bmldmg steel, or sohdly connected to
bUlldmg steel by means of SUItable groundmg cables, shall be conSIdered effectIvely grounded
However, eqUlpment contammg an electncal ground bus shall have a separate cable connectmg
the bus to the plant groundmg system

Metal stacks and above grade tanks shall be grounded dIrectly to the ground gnd

The ground gnd shall be deSigned to dISSIpate and/or dIsperse power voltages and IIghtmng
caused current flows WIthout damage to the plant s electromc eqUIpment mcludmg but not
lImIted to the DIstnbuted Control System (DCS), UPS, PCs, etc of the plant
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2Groundmg Wife that penetrates grade shall be a mlmmum SIze of 95 mm (4/0 AWG)

RaIlroad spur tracks shall be msulated at a mlmmum of two pomts m each of the ralls and each
msulatmg pomt shall be adequate to wIthstand the ground potentIal nse of the statIon durmg
the maXImum fault The ralls shall be msulated at the pomt where the ralls leave the ground
gnd area RaIl sphce bars shall be conSIdered effectIve m conductmg the ground current from
one raIl segment to another The eXIstmg raIlroad at the SIte shall be connected to the plant
groundmg system, but shall be Isolated when leavmg the SIte

9 17 2 3 Groundmg Below Grade

The deSIgn and mstallatlOn of the statlon ground gnd and statlon cathodIC protectlOn shall be
coordmated to mItlgate cathodIC protectIon problems DeSIgn and layout of the ground gnd
shall be coordmated WIth the cathodIC protectlOn requuements for buned tanks, pIles, and
pIpmg Based on the cathodIC protectlon survey, If these systems are to be grounded they shall
be made electncally contmuous by bondmg across pIpe Jomts and between pIpes and tanks
where applIcable

•

Ground cables shall be laId on top or at the SIde of each underground electncal duct run, and
shall be connected WIth ground cables from other duct runs at each manhole Ground cables
shall be outSIde the duct bank concrete envelope All hardware mcludmg cable splIces shall be
bonded to these ground cables •

9 17 2 4 SIte Fence

The SIte fence, and all fences withm the plant boundanes, shall be connected to the ground gnd
2at approxlflmtely 10 meter mtervals Two 95 rom (4/0 AWG) (mmImum) bare copper buned

cables, approxImately 50 cm below grade and 75 cm from the fence, each laymg on eIther SIde
of the fence, shall be mstalled for the ground gnd connectlOns

9 17 2 5 CIrculatmg Water Pumps Structure

Ground gnds shall be made of all copper matenals and shall be mstalled under the concrete of
the mtake water structure and connected to the statlon ground gnd by ground cables laId to the
SIde of the duct banks or water pIpmg The SIZe of the connectmg ground cables shall be
calculated based on carrymg full ground current, assummg a double phase to ground fault m
the power feeders The potentlal dIfference between the remote gnd and the statlon gnd shall
be deSIgned not to exceed 300 volts, and 95 mm2 (4/0 AWG) copper cable shall be the
mmimum SIze used
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9 17 2 6 Power Cable ShIelds

ShIelds assocIated WIth power cables shall be grounded m accordance wIth IEEE 422

9 17 2 7 Instrument Groundmg

Separate InstrumentatIon groundIng system shall be provIded for all low level, analog, and
dIgItal (data commumcatIOns) CircUlt shIelds as requIred by the eqUlpment system supplIers
The majorIty of these buses WIll resIde m the plant DeS cabmets InstrumentatIOn groundIng
buses shall be kept Isolated from the statIon groundmg system except at one pomt per local
geographIc area At thIS pomt, dedIcated msulated ground conductors shall extend from the
Instrument ground bus to the statIOn ground gnd at a smgle locatIon The DCS system
groundmg shall be m accordance WIth the reqUlrements of DCS system supplIer Removable
hnks shall be proVIded to the mstrument ground to test and/or to detect for the presence of
common mode nOIse In the senSItIve mstrumentatIOn CIrCUltS Groundmg of mstrumentatIOn
CircUlts shall be m accordance WIth IEEE 422, IEEE 518, IEEE 1050, and IEEE 1100

9 17 2 8 System Neutral Groundmg

The neutral of the hIgh voltage wIndmgs (110 kV) of each generator step-up transformer and
start-up transformer shall be deSIgned for operatIon on a solIdly grounded system

Each generator neutral pomt shall be grounded through a dIstnbution type groundmg
transformer and secondary loadmg reSIstor The transformer and the reSIstor shall be SIzed m
accordance WIth IEEE 142 and IEEE 32

The medIUm voltage system shall be grounded through a reSIstor to lrrmt the ground fault
current to a value reqUlred for proper relaymg

The dIesel generator neutral pomt shall be hIgh reSIstance grounded

The neutral of the 400 volt wmdmg on all umt SubstatlOn power transformers shall be sohdly
grounded

The neutral pomt on the hghtmg and mIscellaneous power transformers assocIated WIth
400/230 volt systems shall be solIdly grounded

The dc system shall operate ungrounded Ground detectIon and alarm deVIces shall be
prOVIded to alert the control room operator of a ground on any leg of thIS ungrounded system,
and to prOVIde local mdication and a DCS alarm
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The EssentIal ac (UPS) System neutral pomt shall be solIdly grounded

9 17 2 9 110 kV TransmIssIon Lme ShIeld WIres

All shIeld WIres assocIated With 110 kV transmISSIOn hnes between the generator step-up
transformers and start-up transformer and the plant sWItchyard shall be extended to the ground
gnd at each end usmg two 95 mm2 mmImum (4/0 AWG) ground gnd tIes per each Ground
gnd connectIOns shall be capable of conductmg maXImum steady-state current flow, hIgh
currents mduced by faults, sWItchIng surges, and lIghtnIng stnkes

9 17 3 System OperatIng Charactenstics

The groundIng system, mcludmg eqUIpment and structural groundmg, shall be mstalled and
tested for contmUIty pnor to the energiZatIOn of any part of the plant aUXIlIary electncal
system

Measurement of the reSIstance to remote earth assocIated WIth the ground gnds shall be
completed pnor to the mstallatlOn of buned metallIc systems or specIal eqUIpment assocIated
WIth the cathodIc protectIOn system to the extent practIcable

9 17 4 Component DescnptIon

All underground or embedded groundmg connectIons shall make use of exothermIc
connectIons exclUSIvely

One 95 mm2 (4/0 AWG) bare copper cables shall be mstalled WIth each underground electncal
duct run laid outSide the duct concrete envelope

All switchgear, load centers, motor control centers, and control cabmets shall be furmshed
WIth a honzontal ground bus The ground bus m sWItchgear, load centers, and MCCs shall be

2connected to the groundmg system WIth one 95 mm (4/0 AWG) (mmImum) copper ground
cable at each end

The ground bus m control cabmets shall be connected to the groundmg system WIth 95
2mm (4/0 AWG) (mmImum) copper cable at each end The enclosure of motors and

mstrument transformers shall be connected to the groundmg system

Patterns of ground gnd mstalled for lIghtnmg protectIon of concrete or masonry chlfnneys Will
vary With the type of footmgs to be used, but typIcally would conSist of a 95 mm2 (4/0 AWG)

5928 OIA ltrFB9 Doc/9 25/98

C9-66

•

•

•



•

•

(minImum) cable buned below and Just beyond the penphery of the base, mterconnected at two
2diametncally opposite pomts to the plant sub-structure ground gnd At least two 95 mID (4/0

AWG) copper cable rIsers would be provided at dIametncally opposite pomts on the gnd for
contmuatIon above grade

The mmlmum conductor used for eqUIpment groundmg shall meet the reqUIrements of IEEE
142, and the mmimum conductor size selected for ground gnd and connectIOns to the ground
gnd shall not be less than 95 mm2 (4/0 AWG)

Ground connectIOns from the sub-structure ground gnd to structural steel shall be of the
exothermIC type Above grade connectIons to buIldmg steel may be made wIth stud welds only
when the connectIOns are mtended to be removable for test purposes

9 18 CathodIc ProtectIOn

The need and the extent of cathodIC protectIOn shall be establIshed by a SIte CorroSIOn Survey
m accordance WIth SectIon 3 of NACE RP-Ol

If the sIte survey estabhshes the need for cathodIC protectIOn, the desIgn of such protectIOn
shall meet applIcable reqUIrements gIVen m Sections 6 and 7 of NACE RP-Ol Coordmation of
groundmg and cathodic protection reqUIrements for all underground and ground level metallIc
structures, shall meet the reqUIrements of SectIOn 5 4 of IEEE 665, Chapter 9 of IEEE 80 and
NACE RP-01-77

Cntlcal areas for conSIderatIOn shall mclude

• Underground and submerged structures and pIpmg

• Intake structures (drum screens, trash racks, mtake pumps, screen wash pumps and mtake
plpmg) The eXIstmg structure shall be checked for complIance

• Condenser water boxes

• Underground or submerged structural support members

9 19 Llghtnmg ProtectIon

Llghtnmg protectIOn shall be prOVIded for the plant to protect the eqUIpment and structures
from the damagmg effects of hghtnmg The hghtnmg protectIon desIgn shall be coordmated
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wIth plant ground gnd desIgn to dISSIpate all hghtmng caused surges and protect the plant
electncal and electromc eqUlpment from hazardous overvoltages

The need for hghtnmg protectIOn shall be determmed based on comphance wIth the gUldelmes
covered m IEEE 665, IEEE 142, and Chapter 7 ofIEEE 141 Where lIghtnmg protectIOn IS
needed, U shall be desIgned and mstalled to meet the reqUlrements of ANSIINFPA 780, IEEE
665, and IEEE 1100 to afford adt-quate zones of protectIon

Some structures are mherently protected such as steel frame bUlldmgs, assocIated metal plpmg,
spnnkler systems, ductwork and other conductive metal components Each structure shall be
evaluated for theIr electncal contmUlty as descnbed m ANSI (NEPA 780, to ensure adequate
electncal bondmg and groundmg of the steel

All concrete structures shall be protected by grounded aIr termmals

Remforced concrete chImneys where provIded shall be protected m accordance WIth NFPA 780
and IEEE 665

Outdoor hIgh voltage electncal eqUlpment shall be protected from hghtmng eUher by shIeld
WIres provIded as part of mcommg hnes from the sWItchyard, or by masts

9 20 Plant LIghtmg

The hghtmg system shall prOVIde personnel WIth 11lummatIOn for plant operation under normal
conduIOns, a means of egress under emergency conduIOns, and emergency lIghtmg m control
room to perform manual operatIOns dunng a power outage of the normal power source

The power supply for the lIghtmg system shall generally be from 400/230 volt three phase 4
WIre sohdly grounded hghtmg panelboards The 230 volt power shall be used to supply
convemence outlet receptacles and hght fixtures

The hghtmg system shall be desIgned to mamtam the foot-candle level of IllummatIon
recommended m IES LIghtmg Handbook for the vanous areas m the power plant Table 9-1
11lummatIOn levels shall be used as a gUlde

Three types of lamps shall be used for the lIght sources m the hghtmg system fluorescent,
hIgh pressure sodmm (hIgh mtensity dIscharge), and mcandescent Generally, fluorescent
lamps shall be used m mdoor enclosed areas, hIgh mtensuy lamps shall be used outdoors and
m hIgh and medIUm bay areas, and mcandescent lamps shall be used for emergency hghtmg
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Recessed fluorescent fixtures wIth parabolIc louvers shall be used m office areas (suspended
ceIlmgs)

Plant mternal roadway and area lIghtmg shall be deSIgned usmg hIgh mtenslty dIscharge lIght
sources LIght fixtures shall be mstalled on hot-dIpped galvamzed steel street IIghtmg poles or
precast concrete poles

The emergency egress dc lIghtmg system shall be supplIed from self-contamed battery lanterns
located to permIt orderly egress from the plant dunng an emergency In general, egress
emergency lIghts shall be provIded m plant access walkways, staIrways and platforms, m
control rooms, access corrIdors, and other areas where hIghly relIable IllummatlOn IS reqUIred
for orderly egress from the plant Battery packs shall also be strategIcally located m the mam
control room The battery packs shall each be SIZed to prOVIde adequate IllummatIOn for a
penod of 90 mmutes

Control room lIghtmg shall conSIst of general area, emergency, and mtenor control panel
lIghtIng Control room general area lIghtIng shall be prOVIded by usmg recessed fluorescent
fixtures WIth reflectIve parabolIc louvers and lamp dlIIlIIllD.g ballasts The mtensity of the
general area lIghtIng shall be controlled by fluorescent dunmers The fixtures shall be
powered from the plant 220/400 volt relIable ac source backed up by the standby dIesel
generator Incandescent lIght fixtures for emergency lIghtmg shall be mstalled The
mcandescent emergency lIghtmg fixtures shall normally be off and shall automatIcally
Illummate upon loss of the plant relIable ac serVIce The emergency lIghtmg shall be powered
from the 250V DC SWItchboard

Avtation red obstructIOn lIghtIng or a hIgh mtenslty lIghtIng system shall be proVIded on the
stacks m accordance WIth the InternatIOnal Standards and Recommended PractIces of the
InternatIOnal CIVIl AvtatIon Orgarnzatlon (lCAO) Undervoltage detectors shall be UtIlIZed on
the load SIde of the ac serVIce to the aVIatIon lIghtmg system for local and plant DCS system
alarmmg The number of levels of lIghts on the stack and the number of lIghts per level shall
be based on the reqUIrements of ICAO or the Department of Transport, Armema, whIch
controls all matters pertalIDng to aIrcraft movements LIghts shall be powered from the
essential motor control center

General purpose outlets shall be located throughout the plant and office areas In plant areas,
general purpose outlets shall be located on bUIldIng columns generally so that an outlet IS not
more than 20 meters from an adjacent outlet In office areas, general purpose outlets WIll be
located on each wall and m no case shall they be located more than 4 meters apart The
convemence outlets located at grade outdoors at ground floor turbme bul1dmg or areas that are
conSIdered wet shall be protected by ground fault rnterruptmg (GFI) CIrCUIt breakers GFI
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CIrcuIt breakers shall be 230 volt, smgle-phase, 50 hertz, 30 mIllIamp electro-mechamcal
resIdual current type WIth 30 mIllIsecond trIp

In large areas, fixtures shall be CIrCUIted such that a smgle panel faIlure WIll not cause a total
loss of IllummatIon m that area

Ballasts for fluorescent and hIgh mtenslty dIscharge lamps shall be of the hIgh power factor
type All fluorescent lamp ballasts shall be rapId start HIgh mtenslty dIscharge lamp ballasts
shall be of the core and colI regulatmg type

Dry type transformers shall be class AA, 3-phase, 400 volts delta pnmary, 416 Y1240 volts
secondary WIth full capacIty taps above and below normal Dry type transformers shall have
220 degrees C msulatIOn system m accordance WIth NEMA ST20, WIth 150 degrees CrIse
above 40 degrees C ambIent Transformers shall be proVIded WIth two 2 5 percent taps above,
and two 2 5 percent taps below, normal
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TABLE C 91
REQUIRED ILLUMINATION LEVELS

Plant Locations Maintained
Lux (FoOl-candles)

Steam Turbme Generator Building 300 (30) H

Conference Rooms 500 (50) F

Tanks Compressors or Gauge Area 200 (20) H/F

Chemical Laboratory 500 (50) F

Control Room 500 (50) F (adjustable Dimmer Control)

Control Room Emergency LIghting 100 (10) I

Hydrogen Mamfold Area 200 (20) H

Offices 500 (50) F

Locker Rooms 200 (20) F

Machine Shop 1000 (100) H

Batterv Room 300 (30) 1

Corndors 100 (10) F

Stairwells 100 (10) F

SWitchgear USS MCC Rooms/Areas 300 (30) H/F

Telephone Equipment Room 300 (30) F

TOilets 200 (20) F

SodIUm Hypochlome BuIldmg 200 (20) HlF

Relay Rooms 500 (50) F

Electromc Equipment Rooms 500 (50) F

Crrculanng Water Pump Structure Electrical BuIlding 300 (30) F

Coolmg Tower Mamtenance Platforms 50 (5) H**

Sewage Treattnent Plant Area 20 (2) H

Catwalks 20 (2) H

011 storage tanks 10 (1) jI**

BoIler platforms stairwells 100 (10) H

FabriC FIlter General 50 (5) H

FabriC FIlter area under hoppers 100 (10) H

Silos General (coal ash lImestone) 50 (5) H

Silos area under hopper (coal ash lImestone) 100 (10) H

Limestone BuIldmg 300 (30) H

Coal Unloadmg Area 50 (5) H!1

Cola Conveyors Area 20 (2) Hli

Coal Handlmg Outdoor Workmg Areas 50 (0 5) H

Coal Reclaim Control BUlldmg 300 (30) F
Coal PIle Area 5 (5) H

Roadway

Between or along bUlldmgs 10 (I) H

Not bordered by buildings 5 (0 5) H
Fence 20 (0 2) H*
Plant Enrrance Area 50 (5) H

Parkmg Areas 20 (2) H
Transformer and SWllchyards
(vemcal task) 50 (5) H**
(hOrizontal task) 20 (2) H

H = High Intensity Discharge (HID)
F = Fluorescent
I = InLandescent
'Fence llghtmg average mamtalned Illummallon
** E"I:lstlng areas to be checked for adequacy
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9 21 CommUnICatIOn System

9 21 1 General

This section estabhshes the cntena for the commumcatIOn system conslstmg of a plant
commUnIcations system, and a Pnvate Automatic Branch Exchange (PABX) telephone system
of digital eqUIpment support type

9 21 2 System Design DescnptIon

9 21 2 1 Plant CommUnICatlOn

1) General

The commumcation system wlthm the power plant and outlymg structures shall
be a multiparty system with one page channel and five party channels slITular to
Galtromcs, or approved equal

2) Pagmg

•

Each handset station shall be eqUIpped to broadcast speech over all system
speakers sunultaneously by PICkIng up the handset, depressmg the sWItch on the •
handset and speakIng mto the mIcrophone on the handset If necessary, the
speaker adjacent to the set wIll be sIlenced automatIcally when the handset IS
removed from ItS cradle sWitch to prevent acoustic couplmg

3) Party Lme

In addition to the page sWItch, five (5) party lme channels shall be provided for
each handset station The channels shall be common talkmg, so that all stations
may take part m any conversatIon After pagmg, the callmg party releases the
PAGE sWitch and sets hiS party lme selector SWItch to the deSired channel The
called party picks up hiS handset, sets hiS party lme selector sWitch to the same
channel and begms conversatlOn

4) The plant commUnICatIOn system shall consist of mdustnal type handsets,
handset/ speaker amplIfiers, speaker amplIfiers, speakers, and lme balance
assemblIes Handsets shall be Installed 1 37 meters above the floor m the
Vlclmties of personnel traffic ways and areas such as the control room,
sWItchgear bay, and mamtenance areas Speakers shall be Installed a minImum
of 2 5 meters above the floor throughout the mam plant bUIldmg and m
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• outlymg structures to provIde for personnel pagmg All hardware shall be
mtnnsically safe

9 21 2 2 Telephone System

1 A PrIvate Automatic Branch Exchange (PABX) telephone system shall be
provIded to facIlItate commUnIcatlon through the local area telephone system
The system shall be fully automatic and operate m the same manner as
commercial telephone systems InterconnectIOn shall be provIded to permIt
mterplant commUnIcations USIng the public address party lIne eqUIpment

Speaker phones for Plant Control Room, SuperVISor's Room, and
AdminIstratlon BUlldmg shall be proVIded

2 The maIn dIstnbutIOn frame (MDF) and cable termInatmg frame (CTF) shall be
cross-connected type, havmg adequate capacItIes The termmal blocks shall be
the qUIck-connected type The connectIOns of the telephone WIres shall use the
qUIck-connected technIque WIthOUt peelIng, cuttIng, soldermg, or wrappIng the
cables

• 3 A mmunum of eIght (8) outsIde lines WIll be provIded from Local Telephone
Company The hnes shall be dedIcated as follows

LocatIOn Lmes DescnptIOn

Control Room 1 DedIcated for operator use, totally
separate serVIces USIng unlIsted
numbers

AdmmistratIOni 4
VVorkshop/VVarehouse
BUIldIng
DIrect TIe to Hrazdan 1
Control Room (eXIstIng)
Future ExpanSIOn 2
Total 8

•
4 ASSOCIated reqUIrements

a Telephone uuhty connectIons, that are Installed totally Independent of one
another, shall be prOVIded The total number of telephone hnes shall be dIVIded
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equally between the two feeder cables to create an acceptable level of
redundancy

b If copper cables are mstalled (connectIon to utIhty), the cables shall contam
suffiCIent spare capaCIty (generally 30 to 50 percent) for growth as well as for
replacement of fal1ed or deterIorated cable pans

5 The followmg features shall be mcluded for the telephones

a All phones servmg the Mam Control Room and
AdmmistratIOnlWorkshop/Warehouse Bmldmg, shall have capabl1Ity for Redial,
Hold, Transfer, Call Forwardmg, and Three-Way conference

b All phones shall have class of serVIce capabIhty (abl1Ity to block unapproved
access)

c Each phone shall have access to all other Plant Internal phones

•

d Lmes servmg the Mam Control Room shall have serVIce prIonty to mamtam
serVIce dUrIng congestIon at the carner's central office facIlIty

e It IS expected that dIgItal telephone lmes WIll be extended to every workstatIOn
However, for workstatIons that requrre modems e g , facsllmle devIces, FAX
servers, modems m PCs, etc, analog telephone lInes shall be reqmred •

f A "Do Not DIsturb" feature shall not be prOVIded for any telephone lIne, to
allow access durmg an emergency

g Emergency by-pass hnes and relays shall be mstalled at the plant to prOVIde
emergency telephone serVIce when the plant PABX falls The by-pass relay WIll
lmk crIt1cal telephone mstruments to the central office trunks, for call out only

6 The followmg Personnel PolIcy shall be followed for telephone use

a Unrestncted personal use shall be proVIded for the Plant Manager, Plant
Engmeers, Plant SectIon SupervIsors, and the Plant Warehouse

b All phones wIth restrIcted access shall be routed through the Plant Telephone
operator (receptIOmst) to obtam access to outSIde hnes
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• 7 Any telephone lmes (PublIc Phone) entenng the plant area shall be adequately protected
by the Contractor agamst hazardous voltages from the plant electrIcal systems

•

•

9 21 2 3 Clock System

The DCS, dIgital fault recorders, and any other slave clocks shall be synchromzed wIth a
master clock Mmute pulses from thIS master clock shall be used to synchromze the DCS, fault
recorders, and any slave clocks The Master Clock system shall be dnven by sIgnals receIved
from two (redundant) transmItters of the World WIde NaVIgatIOn System arbIter clock There
are eIght (8) transmItters around the globe associated WIth OMEGA system The SIgnal Issued
at a frequency of 12 8 kHz WIll be receIved at Yerevan

9 21 2 4 OperatIOnal CondItIon

DIrect telephone commumcatIon from the Hrazdan Control Room (exIstmg) to the CFB plant
control room shall form the baSIS for dIspatch dIrectIOns

9 22 Revenue Metenng

9 22 1 General

ThIS sectIon establIshes the cntena for the revenue metenng system that WIll be used to record
power transfer occurnng between Hrazdan CBF Plant and 110 kV gnd system

9 22 2 System DeSIgn DescnptIOn

a) The 110 kV revenue metermg system shall be deSIgned to be m full complIance
With Armenergo requIrements The 110 kV revenue metermg currents and
potentials shall be measured at each termmal Ime connected to the 110 kV
SubstatIOn

b) Each energy meter shall compnse kIlowatt-hour meter and kl1ovar-hour meter
mtegrally combmed m the same enclosure Each energy meter shall be three
current element, smgle tanff, solld state, and lIDport and export energy
regIstratIOn type Each meter shall have the accuracy class 0 25 for the kIlowatt
hour meter and class 0 55 for the kilovar-hour meter Each energy meter shall
be flush mounted back connected, dustproof, fully tropIcalIzed SWItchboard
type and located m the 110 kV substatIon control bUIldmg Each meter shall be
eqUIpped wIth pulse deVIces for retransmIttmg the measured actIve and reactIve
energy to the umversal telecountmg InstrumentatIon
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c) Each umversal telecountIng Instrument shall be of the flush mounted, back
connected, dustproof, fully tropIcalIzed, SWItchboard type and located In the 110
kV Substation control bUlldIng Each Instrument shall be pulse operated and
static type design Each Instrument shall compnse Input umts, summation
devIce, display umt, timer and necessary components to Interface wIth the
energy meters

•
9 22 3 System Operating Charactenstlcs

The revenue metering system shall be capable of dIsplaying, transmitting and continuously
recording the follOWing parameters MW (out/In), MWh (out and In), Mvar (lead/lag) and
Mvarh (lead and lag)

9 22 4 Component DeSCription

a) The 110 kV revenue metenng system equIpment shall have the follOWing ratings

C T Ratio

C T accuracy

P T RatIO

(later) smgle ratIo, 2 x thermal rating

Metering +/-02%, IEC Types

115,000 V/115 V, 115 V
-..J3 / -..J3 -..J3 •

P T accuracy +/-02%

Revenue Meters (Primary
and Backup) +/-02%

9 23 Welding Receptacles

9 23 1 General

Welding receptacles shall be prOVIded and located throughout the plant, In the areas and
quantItIes as Indicated In the table below

The power feeds to the vanous receptacles shall use thermal magnetic CircUlt breakers and
shall be rated 70 amperes triP, 400 volts, 50 hertz, 3-phase, 3-wue Each feeder breaker can
support a maXlffium of four receptacles The receptacles shall be daisy-chained where
applicable
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9 23 2 System DesIgn Descnptlon

The weldmg receptacles shall be rated 60 amperes, 400 volts, 50 hertz, and wIll be 4-pole, 3
WIfe They are to be located as gIven m Table 9 2

For each weldmg receptacle the assembly and housmg shall be Crouse-Hmds Type AR642, or
acceptable equal Angle Adapters (Crouse-Hmds Type AJA6, or acceptable equal) and Back
Boxes (Crouse-Hmds Type AlC5?, or acceptable equal) shall also be furmshed for proper
mountmg and field cabhng of the receptacles A total of five (5) Crouse-Hmds Type APl6485,
60 ampere matmg plugs, or acceptable equal, shall be provIded

Nameplates shall also be provIded to IdentIfy each of the weldmg receptacles The weldmg
receptacle nameplates shall consIst of whIte phenolIc engravmg stock (background) WIth black
cores (IdentIficatIOn)

Table C 9 2
Weldmg Receptacle QuantItIes & ApprOXImate LocatIOns

Area QuantIty LocatIon

Turbme Bldg 4 To be determIned m DetaIl DeSIgn
bv Contractor

CFB Boller Area 10 To be determIned m DetaIl DeSIgn
bv Contractor

LImestone BU1ldm~ 2
Circulatm~ Water Structure Electncal Bld~ 1* InSIde eqUIpment bU1ldm~

LImestone SIlo 1
Ash SIlos (l total) 1
Coal SIlos (1 each) 2
Fabnc FIlter (Ba~ House) 1

*eXIstmg faCIlItIes to be confirmed

9 24 110 kV SubstatIon

9 24 1 General

Armenergo s 110 kV SubstatIon at Hrazdan Plant COnsIsts of aIr Insulated sWItchgear mstalled
outdoors The eXIstmg bus sWItchmg arrangement utIlIzes two mam buses and a transfer bus
scheme The two mam buses radIally receIve generatIon or feeds a load VIa a CIrcUIt breaker
A bus coupler CIrCUIt breaker between the two mam Buses IS provIded to permIt load transfer
between the two mam buses A bus transfer CIrCUIt breaker IS prOVIded to faCIlItate
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mamtenance of anyone CIrcUIt breaker without mterruptlon There are twelve eXIstmg CIrCUIt
breaker bays to accommodate ten CircUIts - SIX for outgomg transmISSion lmes, two for
receIvmg power from the eXIstmg Umts 1 and 2 generators (50 MW each), one for the eXIstmg
startup (or reserve) transformers, one for bus coupler, one for bus transfer and one for spare or
reserve The Contractor shall add one 110 kV CIrCUIt breaker bay to the eXIstmg 110 kV
substatIon for transmIttmg the output of ItS new generator The spare CIrCUIt breaker bay
(CIrCUIt (later)) wIll be utIlIzed as power source for the new start-up transformer of new CFB
plant Drawmg SE0036 - Key One Lme DIagram - depIcts partIally the eXIstmg configuratIon
and shows mterconnectlons to the new CFB power plant

When the new CFB power plant IS added, the Contractor shall as a mmmmm replace eXIstmg
one CIrCUIt breaker of the bay bemg planned for reutlhzatIon The Contractor shall also venfy
the adequacy of any eqUIpment that IS bemg planned for reuse Contractor's bId pnce shall
mclude all mOdIficatIons, replacement of eqUIpment, and any upgrade necessary of the eXIstmg
110 kV substatIon to accept and transmit power satIsfactonly from the new combmed cycle
power plant to the gnd system

•

The general design cntena to be used for 110 kV substation are descnbed below

9242 110 kV SWItchyard SubstatIOn Parameters (exlstmg)

Operatmg Voltage
MaxImum DeSIgn Voltage
BIL WIthstand Voltage
Rated Short CIrCUIt Current
System Frequency
MmImum Clearances, metal- metal *

Phase - Phase
Phase - Ground

Bus DeSIgn Clearance*
Phase Spacmg (centerlme to centerlIne)

MamBus
Branch Bus

Phase HeIght Above Ground
Mam Bus
Branch Bus

Mam and Branch Bus*
Mam Bus
Branch Bus

* Recommended values to be venfied by Contractor
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1l0kV
123 kV
550 kV
20kA
50 Hz

1400mm
1100mm

2500 mm
2250 mm

6100mm
4600mm

125 mm
75mm

•

•



• 9 24 3 110 kV SWItchyard SubstatIon Major EquIpment RatIngs

9 24 3 1 110 kV CIrcUIt Breakers

The power CIrcuIt breakers shall be In accordance WIth the following

Operatmg Voltage
MaxlITIum DeSIgn Voltage
Type
FrequencyIPhase
Contmuous Current Ratmg (As ReqUIred)
BIL Impulse WIthstand
Low Frequency WIthstand
Maxunum Symmetncal Interruptmg Ratmg
Mmunum Leakage DIstance
Number of Tnp CoIls
ApplIcable Standards

110 kV
123 kV
SF6 Dead Tank
50 Hz/3 phase
1200/2000/3000A
550 kV
260kV
40kA
3,075 mm
Two
ANSI C37

•
9 24 3 2 DIsconnect SWItches

All dIsconnect sWItches shall be alummum, three-pole, manually operated type All dIsconnect
sWItches shall be honzontal center break DIsconnect sWItches shall be provIded WIth three
pole manual group operated groundmg attachments to faCIlItate mamtenance of the connected
eqUIpment All bearmgs for use on the dIsconnect sWItches shall be sealed stamless steel type

Operatmg Voltage
Maxunum DeSIgn Voltage
Contmuous Current Ratmg (As RequITed)
Momentary Current Ratmg
BIL Impluse WIthstand
Mmunum Leakage DIstance
Insulator Type
ApplIcable Standards
Groundmg Blades

9 24 3 3 Surge Arresters

1l0kV
123 kV
1200A/2000A/3000A
64kV
550 kV
3,075 mm
StatIon Post
ANSI C37
Per Drawmg £0005

•
The surge arresters for 115 kV system shall be statIon class, metal OXIde vanstor type WIthout
senes gaps, smgle-pole, outdoor type Voltage ratIng of the arresters shall be confirmed from
system msulatIon coordInation studIes
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Operatmg Voltage
MaxImum DesIgn Voltage
Duty Cycle
MaxImum Contmuous Operatmg Voltage
Mmimum Leakage DIstance
DIscharge Counter
Apphcable Standards

9 24 3 4 CapacItor Voltage Transformers (CVT)

115 kV
123 kV
10kA
90 kV L-N
3,075 rom
one per arrester
ANSI C62 11

•

Voltage transformers shall be hIgh accuracy, 011 filled, smgle bushmg type umts The ratmgs
of the CVTs shall be as follows

Operatmg Voltage
MaXImum DeSIgn Voltage
Rated Frequency
BIL Impulse WIthstand
Accuracy Class
ApplIcable Standards

9 24 3 5 Current Transformers

Current transformers shall be m accordance WIth the followmg

Type
Operatmg Voltage
MaXImum DeSIgn Voltage
PrImary Current
Rated Frequency
BIL Impulse WIthstand
MmImum Leakage DIstance
RatIO
Accuracy Class

Apphcable Standards
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110 kV
123 kV
50Hz
550kV
1 2 R (W, X, Y, Z, ZZ)
ANSI C93 1

Bushmg
110 kV
123 kV
Based on breaker ratmg
50Hz
550kV
3,075 rom
MultI-ratIo
C 800 (relaymg)
o2S (revenue metenng)
ANSI C57, IEC 44-6

•

•



• 9 24 3 6 Insulators

Support msulators shall be m accordance wIth the followmg

StatIOn Post

SuspenSIOn msulators used to termmate the mcommg lmes shall be desIgned m accordance wIth
the followmg mmunum leakage dIstances specIfied below•

ANSI Techmcal Reference No *
BIL Impulse WIthstand
50 Cycle WIthstand-Wet
Mmnnum Leakage DIstance
Cantl1ever Strength
TensIle Strength
TorslOnal Strength
CompressIOn Strength

SuspenSIOn Type*

ANSI Class
Mimmum Leakage per Insulator Bell

VertIcal Insulator Strmgs*
45 degree Insulator Strmgs*
HOrIzontal Insulator Strmgs*

286
550kV
230kV
3,075 mm
To be determmed dunng detal1 desIgn
To be determmed durmg detaIl desIgn
To be determmed durmg detaIl desIgn
To be determmed dunng detal1 desIgn

52-3
430mm

5,100 mm
4,575 rom
4,100 rom

Clamps used WIth suspensIOn msulators shall be compresslOn type galvanIZed steel, usmg
stamless steel nuts, bolts, cotter pms and washers

9 24 3 7 Groundmg and ShIeldmg

The substatIOn groundmg and dIrect stroke shIeldmg systems shall be m accordance WIth the
followmg

SWItchyard Groundmg

DesIgn Standards
Ground Gnd Conductor l mmlIUum
Ground Gnd ConnectIons
Depth of Ground Gnd Below Grade
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IEEE 80, IEEE 81
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Ground GrId ReSIstance
Ground Fault Current
DeSIgn Fault DuratlOn

SubstatIon ShIeldmg

Method
Type

9 24 4 ProtectIve Relaymg Systems

05 ohms
40 leA
05 sec

Overhead Ground WIre
7 No 8 Alumoweld

•

The protectIve relaymg systems associated WIth the 110 kV mterconnecUon to the umt shall be
deSIgned m accordance WIth the reqUlrements of SectlOn 9 7

9 24 4 1 Breaker Tnp ClfCUlt SupervlSlon

Each ClfCUlt breaker tnp CircUlt shall be eqUIpped WIth a tnp CircUlt superVIsIon relay Each
ClfCUlt breaker shall have two trIp ClfCUltS Each trIp CIrCUIt superVIsIon relay shall be
deSIgned to supervIse the electncal contmUIty m the tnppmg CIrCUIt for breaker open and for
breaker closed, and the associated wmng

9 24 4 2 OperatIOnal CondItIOn

DIrect telephone commumcation from the CRP Control Room to the CCGT plant control room
shall form the baSIS for dIspatch directlOns
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SECTION 10 - INSTRUMENTATION AND CONTROLS TECHNICAL REQUIREMENTS

10 1 General ReqUIrements

The desIgn of all mstrumentatIOn and control systems shall provIde maXImum secunty
for plant personnel and eqUIpment whIle safely and efficIently operatmg the plant under
all COndItiOnS wIth the hIghest possIble aval1abIhty

The desIgn of the control system for the plant shall utilIZe a mIcroprocessor based
dIstnbuted control system(DCS) m combmatlon WIth propnetary controls furmshed
wIth the ST CRT control consoles shall be used for the pnmary plant operator
mterface The CRT console shall contam four CRTs, a mlllilllUm of two keyboards,
and cursor controls and m general allow the use of two plant operators The thIrd party
control systems supphed WIth the major plant components shall be tled mto the DCS
WIth redundant senal commumcatIOns lmks and hardwIred sIgnals for cntical control
sIgnals Those remammg control and momtormg SIgnals for Balance of Plant (BOP)
applIcatIOns and theIr associated system/components shall be brought dIrectly mto DCS
I/O cabmets CRT dIsplay graphICS shall prOVIde the operator WIth control,
momtormg, recordmg/trendmg, status, and alanmng of eqUIpment and process
condItIOns The DCS cabmets shall be eIther centrally located m the Control Room
area or remotely throughout the plant grounds to utIlIZe the system data hIghway m heu
of the mstaliation of large quantItIes of mstrumentation and control cablmg

The mstrumentatIOn and control devIces utl1IZed shall be standardIZed to the greatest
extent practlcal

The large rotatmg machmery on thIS project namely the Steam Turbme/Generators (ST)
and the boIler feed pumps shall be eqUIpped WIth VIbratIOn momtonng sensors A
Water and Steam Samplmg Panel shall be reqUIred for momtormg the contents of the
steam and water cycle portIOn of thIS plant A combustIble gas detectIOn system shall
be prOVIded at the gas compressor area, the gas analyzer enclosure and along the route
of the gas supply lme m the plant area to alert the plant operator of a fuel gas leak VIa
the DCS

The Electncal DIstnbution System shall be controlled from the Electncal DIstnbutIon
Control Panel (EDCP) as well as from the DCS ElectrIcal eqUIpment status and
alarms shall be sent to the DCS VIa commumcatIOns hnks and/or hardWIred mputs
The generator breakers shall be controlled VIa the automatIc synchromzation proVISIOns
m each turbme generator control system

10 2 Codes and Standards

Amencan Natlonal Standards Instltute (ANSI)

Amencan SOCIety of Mechamcal Engmeers (ASME)

•

•

•
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•

InstItute of Electncal and Electromc Engmeers (IEEE)

Instrument SOcIety of Amenca (ISA)

NatIonal Electncal Manufacturers AssocIatIOn (NEMA)

NatIOnal FIre ProtectIon ASSOCiatIon (NFPA)

10 3 Overall Plant Control and Momtonng

10 3 I OvervIew

The Plant shall be controlled from operators' consoles located m the control room
ThIS DCS operators' console shall be the pnmary operator mterface for control and
momtormg the plant AddItional operator/engmeer consoles shall be provIded m thIS
area for the CT's and the ST Supplementary, local control faCIlIties shall also be
provIded for the CT's and ST The DCS shall prOVIde momtormg for the Water
Treatment System (WTS) whIch IS normally controlled locally The ElectrIcal
DIstnbution System shall be normally controlled from the hardWIred EDCP WhICh has a
ID1IDlC of the system In addItIOn, this electrIcal eqUIpment has ItS status dIsplayed and
performance momtored by the DCS

The Turbme BUIldmg shall have a dedIcated, envIronmentally controlled area that WIll
serve as a central locatIOn for plant control and momtormg The operators' consoles
and assOCIated prmters along WIth the EDCP shall be arranged m a manner to fully
support the safe and effiCIent operatIon of the plant These pnmary control faCIlItIes
shall be SUItably Isolated withm thIS area to elImmate any dIstractIOns to the operators
The DCS engmeers workstatIon and Its prmter and ST control system prmter shall be

located m an area adjacent to the pnmary plant control faCIlItIes but not dIrectly m that
Isolated area Furthermore the control/electromcs area shall house DCS mput/output
and electromcs cabmets and other mIscellaneous plant control and momtormg
hardware Remote DCS I/O and Electromcs cabmets shall be located m
envIronmentally controlled enclosures to mmurnze the effect of ambIent condItIons on
the sensItIve hardware

Refer to Control System Block DIagram, Drawmg No IC-I for conceptual layout of
the control system ThIS drawmg IS for IllustratIon purposes VarIatIOns due to SIte
condItIons, vendor conventIons and deSIgn development must be mcorporated In

Contractor's deSIgn
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10 3 2 Plant Control and Momtonng Phllosophy

The plant shall be capable of producmg electncIty m combmed cycle mode WhICh shall
reqUIre that the control and mOnItonng of the CT, ST, HRSG and the BOP are
mtegrated VIa the DCS

The plant control system shall have the capabIlIty of automatIcally startmg the plant
from cold shutdown and bnngmg the ST up to speed along wIth mcreasmg steam
productIOn Alternate, selectable start sequences shall be avallable when restartIng
from a warm or hot condItIon The loadmg of the generators shall be accomplIshed
manually by the plant operator III response to the electncalload demand The control
system shall also be capable of automatIcally shuttmg down the plant In an orderly
manner Although each of these major plant components have theIr own autonomous
control system, the DCS shall be the control and mOnItormg focal pomt for combIned
cycle operatIon

The plant's steam cycle shall be desIgned to prevent the mductlon of water Into the ST
and Its related components ASME Standard TDP-l addressmg thIS subject shall be
complIed WIth

•

The CFB and ST shall be complete wIth InStrumentatIOn proVISIons to perform
performance testIng m accordance WIth the requIrements of the ASME Performance •
Test Codes

10 4 Control Systems

10 4 1 ThIrd Party Control Systems

ThIrd Party Control Systems are those control systems provIded to control and mOnItor
large eqUIpment and stand-alone process systems and theIr assocIated components
The CIrculatIng FlUIdIZed Bed Boiler (CFB), Steam Turbme (ST), Water Treatment
System(WTS), Hydrogen Generator (HG) and SodIUm HypochlOrIte System (SHS) shall
each have a thIrd party control system

These control systems, except for the CFB and ST, shall be constructed of Industry
standard programmable lOgIC controllers (PLC) or approved equal The control
systems for the CFB and ST shall be m dIrect commUnICatIOn wIth the DCS VIa
redundant commUnICatIons lmks AddItIOnally, some hardWIred control SIgnals shall be
exchanged between the DCS and the control systems of the CFB and the ST for cntical
SIgnals The DCS IS requIred to support the mtegrated operatIOn of the major thIrd
party control systems Interlocks between these control systems and the DCS that are
cntIcal to contInued operatIon of the plant shall be hardWIred to ensure that a
commUnICatIOns faIlure shall not compromIse these mterties or the protectIon of any
plant component •
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•

The operators' console (or an auxIllary panel m the operator's area) shall also be
hardwIred WIth an CT/ST emergency manual stop/tnp SWItch The GC control system
shall utIlIZe a smgle commUnICatIOns lmk to the DCS for supervIsory control and
mOnItormg, however, thIS system shall be normally operated locally The WTS, HG
and SHS control systems shall utl1IZe a smgle commUnICatIOns hnk to the DCS for
mOnItonng only and w111 be operated locally The GC, WTS, HG and SHS controls
shall be powered from a smgle power source

The CFB and ST control system~ shall have a local operator statIOn located WIth the
system processors m the turbme electrOnIc eqUIpment cubIcle to proVIde a local
alternate locatIOn for operatmg the turbme Alternate means for controllmg systems or
components shall have secunty protectIOn to assure that unauthorIZed or unsupervIsed
operatIOn IS not available The control system for the STG shall comply WIth
requIrements of IEEE Standard 122

Thrrd party control systems shall be configured WIth latest proven reVISIon of the
contractor's software available at the time of the Factory Acceptance Test for each
system FIrst generatIOn software shall not be proVIded A mmnnum of 2 years field
expenence WIth the proposed software release IS requIred The system configuratlOn
shall be retamed on commercIally aval1able magnetIc or optical dISC and shall be
mstalled VIa the system's workstatlOn ThIS workstatIOn shall have the capabIhty to
make changes to the system configuratIOn while the plant IS on-Ime Advanced
software releases shall be made available to the Owner as they become commercIally
aval1able

The GC, WTS, HG and SHS control systems shall have local control panel to fully
support the operatlOn and mamtenance of the system The panel shall be located m an
area nnmedmtely adjacent to the eqUIpment served and shall have a means for
preventmg unauthorIZed operatIon These local operators panels shall utl1IZe mdustnal
grade, envIronmentally hardened, CRT(s) for control, mOnItormg, and alarmmg A
hardWIred trouble alarm shall transmltted to the DCS m the event of any control system
trouble mcludmg loss of commumcatlOns to the DCS The GC, WTS, HG and SHS
control systems shall be fully capable of operatlOn mdependent of the DCS

Thrrd party control systems that mterface WIth the DCS shall have a response tnne to a
control system mput or command SIgnal through that commUnICatIOns pathway In two
seconds or less Control system hardware shall be capable of on-hne replacement of
components and have a fullllbrary of diagnostICS to support prompt IdentificatIon of
system hardware and software faI1ure(s) AddItIOnally, system set pomts, tunmg
parameters, and control constants shall be adjustable whIle the control system IS on
lIne

The Interface of these thIrd party control systems to the DCS shall utlhze Industry
standard commUnICatIons hardware and software These commUnIcatIons faCIlItIes shall
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be the eqUivalent of the commUnICatIOns faCIlIties m the DeS and function m a manner •
as to not compromise the safe and rehable of the plant nor the DeS

All third party control systems shall have a Factory Acceptance Test (FAT) performed
at the Vendor's shop to establIsh comphance to the system's operatIOnal reqUirements
as well as hardware performance The commUnIcatIOns mterface With the DCS shall
also be tested to confirm lmk operabilIty and systems mtegratIon The test shall be
performed either With the actual DCS or the Employer's approved eqUivalent All tests
shall typically mclude the sunulatlOn of system mputs and momtormg of outputs to
venfy the system I s functIonalIty

1042 DIstnbuted Control System

A mIcroprocessor based DCS shall be the prunary means for controllmg the HRSG and
associated Balance of Plant (BOP) systems durmg all operatmg condItIOns
MIcroprocessor speed and memory avaIlabIlIty shall be establIshed by the Contractor,
for Owner's approval

The DCS shall unplement both closed and open loop control to brmg the plant from
cold start, up to the deSIred operatmg CondItion, and back to cold shutdown After
synchromzatIOn from the turbme control system(s), the DCS operator mterface shall be
used to mcrease the load on the CT's/ST It shall mclude all mterlock and control
functIons to sustam contmued operatIon m the event of all postulated transients •

The DCS shall also momtor, dIsplay, and record process data receIved from field
sensors and through commumcatIOns Imks ThIs mformatlon shall be used for general
process supervision, executIOn of plant and equipment performance calculatIOns,
hlstoncal recordkeepmg/trendmg mcludmg sequence of events recordmg, and
diagnostICS for management and mamtenance of the plant

The DCS shall be constructed m a manner so that no smgle hardware or software
faIlure Will result m a reductIOn or loss of system performance The DCS hardware
and software shall be of a product Ime and release whIch have a mImmum of 2 years
field applIcatIOn expenence m sImIlar mstaliations

The DeS shall have a hIgh level of self dIagnOStIcs that are acceSSible from the
operators control console and the engmeer's workstatIon These dIagnostics shall
provIde clear and unambIguous mdicatlon of component faIlure at any level of the
system operatIOn System trouble shootmg and mamtenance shall be normally be
performed from the engmeer's workstatIon

DCS remote cabmets contammg system I/O modules, control processors,
commumcatlons modules and thIrd party control system commumcatIOns lmks, shall be
located at strategIC areas throughout the plant to reduce hard cablIng reqUIrements and •
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replace It WIth dIgItal, fiber optIC data hIghway LocatIons shall be based on the
concentratIon of mput/output sIgnals

10 4 2 1 Process Controllers

The DeS shall utIlIze redundant control processors that are physIcally mdependent yet
IdentIcal m control programnnng configuration One processor shall act as the pnmary
whIle the other shall act as the backup The backup processor shall automatIcally
WIthout "bump" and WIthout loss of controllmomtormg capabIlIty be placed IDtO serVIce
on the faIlure of the pnmary processor and an mtemal DeS alarm shall be InItIated
Upon correctIon of the faulted condItIOn, the two processors shall automatIcally resume
therr pnmary and backup roles

The system shall have a thIrty percent (30 %) spare capacIty m each process controller
for programmmg expanSIOn The final spare capaCIty shall be determmed at the
completIon of the Factory Acceptance Test It shall also be pOSSIble to further expand
both the system's hardware and software capaCIty by another twenty-five percent(25 %)
through the addItIOn of new hardware

10 4 2 2 Input/Output Modules

The DeS shall be capable of acceptmg the followmg mput and output SIgnal types, as a
1ll1Il1Il1um

• Analog Input
• Analog Output
• DIgItal Input
• DIgItal Output
• Thermocouple Input
• RTD Input

4 -20 rnA
4 - 20mA
24 VDe or 125 VDe or 120 VAe
24 VDC or 125 VDC or 120 VAe
Type E or Type K mV
100 Ohm Platmum or 10 Ohm Copper

•

Analog mputs (4-20 rnA) and dIgItal mputs and outputs shall be capable ofpowermg
directly from the DeS or from an outsIde source The selectIon of power source shall
be achIevable WIthout requIrmg addItIOnal components

DIgItal mput/output modules shall have status lIghts to mdicate when each pomt IS
actIve DeS mputs and outputs shall be Isolated from each other Each I/O module
shall be fully compatIble WIth the SIgnals whIch they receIve/transmIt WIthout the
addItIon of external components

The status of plant eqUIpment that IS VItal to the operatIon of the plant and the electncal
dIstnbution system shall be deSIgnated as an Sequence of Events (SOE) pomt thereby
requmng that that pomt be gIven a hIgh tIme resolutIon, status alarm These SOE

5928 OIA/Hrazdan Doc/9/23/98 10- 6



pomts shall be tune stamped to withm a resolutIOn of one mIllIsecond for post tnp
analysIs A mInImUm of one hundred (l00) pomts shall be avaIlable as SOE pomts

The quantItIes of mputs and outputs to/from the DeS shall be based on the actual count
of pomts as determmed dunng the deSIgn phase of the plant A twenty percent (20 %)
quantIty of spare I/O modules and field termmations shall be provIded for each I/O type
specIfied These spares shall be dIstnbuted throughout the DeS The final spare
capacIty shall be determmed at the completIon of the Factory Acceptance Test

10 4 2 3 CommUnICatIOns Modules

Redundant data hIghways WIth Interface ports shall be provIded for commUnICatIOns
between DeS cabmets and components Both data hIghways shall operate
sunultaneously so that In the event of the faIlure of one hIghway, the other shall
contmue to functIOn under any normal or upset condItIons These data hIghways shall
be mstalled phySIcally separated from each other to preclude common phySIcal damage
Data protocol used shall safeguard agaInst false data transnussIOn, allow for error
detectIOn, faIlure detectIOn/recovery as well as automatIC sWItchover to the redundant
hIghway Those thIrd party control systems haVIng redundant communIcatIOns lInks
shall have automatIC and bumpless sWItchover to the backup lInk m the event of a
faIlure An mternal DeS alarm shall be lDltlated upon the detectIOn of a faIlure of the
data hIghway and/or a commumcatlon lInk to a thIrd party control system

The Interfaces to thrrd party control systems shall be Industry standard commumcatIons
configuratIOns The hardware to Interface these systems to the data hIghway shall
reSIde m the DeS system cabInets

10 4 2 4 DeS Power SupplIes

The DeS components WhICh are VItal to the system's contmuous operation shall have
receIve power from two mdependent power sources One power connectIon shall be
from the plant Umnterruptlble Power Supply (UPS) and shall act as the prnnary whIle
the other shall act as the backup The backup power connectIOn shall automatIcally be
placed Into serVIce bumplessly on the loss of the prImary power and an mternal DeS
alarm shall be InItiated Upon the resumption of power to the prImary power
connectIOn, the two connectIons shall automatIcally resume theIr prunary/backup roles
DeS components that do not perform a VItal role such as the system pnnters and

engmeers I workstatIOns, shall be fed from a smgle source of UnInterruptible Power

The power supplIes to the DeS shall be fed through separate CIrCUIt breakers and
SUitably condItIOned to protect the DeS from supply system tranSIents

•

•

•
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• The DCS shall provIde redundant mternal power supphes to power system electromcs
and also support powermg of both analog and dIgItal I/O An mternal DCS alarm shall
be ImtIated on the loss of pnmary power supply

The mterrogatwn voltage for field control devIces shall be 24 VDC or 220 VAC
DIgItal I/O pomts shall also be capable of recelvmg/transnuttmg 220 VAC and 125
VDC The DCS shall provIde the 24 VDC power to operate all analog loops

10 4 2 5 Hardware ReqUlrements

The DCS and Its components shall be deSIgned to operate under all normal and
potentIally abnormal condItIOns These abnormal condItIOns shall mclude the loss of
envrronmental condItIOnIng, under and over voltage transIents, power supply nOIse, and
RFI mterference The DCS eqUlpment shall be deSIgned m accordance WIth ANSI
Standard C37 90 1 and C37 902

The DCS shall be desIgned to operate WIthout loss of performance or data and WIthout
damage to hardware under the followmg condItIOns

•
Control/Electromcs Room

Temperature

HumIdIty

239°C Normal
4SoC Loss of HVAC

60 Percent Normal
95 Percent Loss of HVAC

Outdoor Areas and Process Areas Wlthm Bul1dmg
Temperature 3°C - 43°C

Hunudlty 100 Percent

•

Remote DCS cabmet(s) shall be housed m available envrronmentally condItIOned
bUlldmgs wherever pOSSIble or envrronmentally condItIOned, walk-m control
enclosure(s) These control enclosures shall be proVIded by the plant contractor The
condltIOnmg eqUlpment m these bUlldmgs or enclosures shall mamtam the DCS
hardware Withm the manufacturer's prescnbed operatmg lImits

All DCS cabmets shall be rated as NEMA 1 mmnnum and have top cable entry

The CRTs shall be hIghly relIable, hIgh resolutIOn color umts that allow the operator to
adjust them to the ambIent lIghtmg condItIOns and therr own vIewmg reqUIrements
The CRTs shall also have touch screen capabIlItIes and be hIghly responSIve to the
operators mterrogatIOn A double control action shall be used to msure proper
selectIon of any function Although the operator(s) may select one speCIfic CRT to be
used for one function, any CRT maybe selected for any function Background
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mformation shall be presented m less than two seconds on the CRT screen wIth process •
mformation refresh rates bemg rapId enough to ensure that the operator has updated
mformation for tlffiely control actIons The system response to operator commands or
changes m field mput sIgnals shall be one second or less

The operators' console shall be ergonomIcally desIgned to reduce operator's fatIgue,
protect the operator's eyesIght, and elImmate repetItIve stram mJures Keyboards and
cursor controls shall be ruggedly desIgned and spIll proof Console and system
cabmets shall be of the same modular desIgn and pamted the same color Each urnt
shall have an adjustable heIght capabIlIty to account for floor unevenness

HardwIred manual stopltnp control SWItches shall be centrally mounted near the
operators to allow qUIck access SllnIlarly, HRSG drum level mdicators (supplIed as
part of the that eqUIpment package) shall be mounted m a manner to provIde the
operators WIth clear and unambIguous readmg

An engmeers' workstatIOn shall be prOVIded for system programmmg, mamtenance and
troubleshootmg as well as any engmeermg functIOns assocIated WIth the DCS such as
performance calculatIOns The engmeers workstatIon and Its assocIated prmter shall be
located m an area adjacent to the prlffiary plant control area

Three prmters shall be prOVIded for the operators use One color prmter shall be
operator selectable for generalloggmg or trendmg Another color prmter shall be used •
for alarm loggmg mcludmg SOE pomts The thIrd color prmter shall be an operator
selectable, vIdeo prmter capable of reproducmg DCS graphIcal dIsplays A color
prmter also capable of reproducmg DCS graphIc dIsplays shall also be prOVIded for the
engmeers workstatIOn

Each data hIghway cable shall be routed m a dedIcated, metallIc condUIt to ensure the
system's commurncatlon mtegrity

10426 Alarms

The DCS shall be used for displaymg all plant alarms on the operators console

All alarms or groups of alarms shall remam actIve until acknowledged and reset after
the condItIon has cleared Control console keyboard faCIlItIes and CRT soft
pushbuttons shall be proVIded for alarm acknowledgment and resettmg as well as for
the testmg of the alarm system m the DCS An adjustable, audIble warrnng shall be
sounded on the occurrence of any alarm or group of alarms All alarms shall be logged
on the dedIcated alarm prmter and also shown on the CRT alarm IIstmg

The DCS shall have the capabIlIty of mtellIgent alarmmg for elImmation of nUIsance
alarms on off-Ime eqUIpment Alarm pnontIZatiOn based on levels of alarm seventy •
shall be mcluded m the DCS
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•

•

•

All analog Inputs and computed values shall be provIded WIth programmable hIgh and
low process lnmts and varIable rate of change that alarm when exceeded

10 4 2 7 CRT GraphIcal DIsplays

The DeS graphIcal dIsplays shall as a mInlIDUm consIst of the folloWIng types

• SelectIOn (Menu)
• OvervIews
• Alarm ListIng
• Process/Systems
• RecordIng/Trends
• X-Y Graph
• Controller (Group and DetaIl)
• Hand SWItch (Group and DetaIl)

SelectIOn display(s) shall provIde the system operator WIth a means of easIly navigatmg
between all the other possIble dIsplays The Contractor, Owner and Vendor shall
decIde upon the presentatIon colors for each dlsplay Text shall be m RussIan

OvervIew graphIc dIsplays of the plant and major eqUIpment shall be prOVIded as a
means of summanzmg the operatIOn of the plant and ItS eqUIpment

The Alarm LIstmg dIsplay shall mclude all actIve alarms m the order they were
receIved and WIth the latest alarm appearmg at the top of the lIst New alarms shall be
dIsplayed In the blmkmg mode untIl acknowledged by the operator then shall become
steady As an alarm pomt returns to normal, the operator WIll reset that pomt and It
shall be automatIcally removed from the IIstmg

Process/System dIsplay graphICS shall be m the form of the plant system process and
mstrumentatIon dIagrams These graphIcs shall show the process flow path WIth the
system eqUIpment and augmented WIth the current measured process vanables,
eqUIpment status, and alarms The graphIcs shall also Include operator's selectIOn
pOInts or hot spots that request a hand SWItch or controller dIsplay graphIC faceplate
These control faceplates are used to ImtIate a control functIOn

Recordmg/Trendmg dIsplay graphICS shall be CRT presentatIons of recorders for
process variable recordmg or trendmg A IIlIIUIIlum of eIght parameters shall be
momtored on each graphIC dIsplay screen

x-Y Graphs shall be proVIded for plottmg one parameter as a functIOn of another
parameter Real tIme process data shall be m<hcated on thIS dIsplay
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Controller graphical displays shall be furmshed for each analog control loop The
display shall mInllC a typical PID controller faceplate With the assocIated parameter
mdlcatIOns and selectIOn/adJustment capabllltles

Hand SWitch graphical displays shall be furnished for each digital control ClrcUlt The
display shall mlmlC a typical hand SWitch With means to select the control status of the
eqUlpment bemg controlled The actual status of the component shall be mcluded m
thiS display

10 4 2 8 Loggmg

The DCS shall have the means to produce a varIety of logs on the system pnnters Log
shall be avaIlable for the followmg

• Change of eqUIpment status
• Sequence of Events reportmg mcludmg the actual tIme of event

• Post tnp
• Operator selectable logs
• Operator's actIons log for up to eIght hours
• PerIOdIC operatmg parameter logs

10 4 2 9 HIStOrICal Storage and Retrieval

The DCS shall have the facility for hIStOrICal storage and retneval of plant data After
scannmg and mput to the system, all variables, both analog and digItal, shall be stored
m a non-volatile short term memory At a predetermmed tune, thIs data shall be
capable of bemg downloaded to a long term storage media Short term memory shall
have a mmImUffi capaCIty of SIX months storage of all data Long term data storage
shall be unplemented m a manner WhICh prevents the possIblllty of stored data bemg
erased Without a backup

10 4 2 11 Software

•

•

The DCS shall be configured With the latest proven verSIOn of the contractor's software
avaIlable at the tlme of the Factory Acceptance Test First generation software shall
not be used m the DCS The system configuratIOn shall be retamed on commercially
avaIlable magnetIc or optical diSC and shall be InStalled from the engmeers workstatIon
ThiS workstation shall have the capablllty to make changes to the system configuratIOn
while the plant IS on-llne System hardware and software shall mclude secunty
provIsions to prevent unauthorIZed configuratIon changes The system configuratIon
shall be retamed m non-volatile memory which shall not be affected by temporary
external power mterruptIons Dunng the warranty perIod, the DCS contractor shall
proVide notIficatIOn and mstallatIon of all software upgrades as they become avaIlable
Each upgrade shall be subject to the Employer's approval prIor to mstallatIon •

59:!8 OlAfHrazdan Docf9f23f98 10- 11



• 10 4 2 12 System TestIng

The DeS shall have a Factory Acceptance Test (FAT) performed at the Vendor's shop
to establIsh complIance to the system's operatIOnal reqUIrements as well as hardware
performance ThIS test shall Include smlUlatIOn of system Inputs and momtonng of
outputs to venfy the system's functIOnahty The SIte Acceptance Test (SAT) shall be
performed to demonstrate all the capablhtles of the DCS IncludIng a venficatIOn of the
system's operatIonal avadablhty The DCS shall have an operatIOnal avadabIhty to
perform all control and momtonng functIOns of greater than 99 97 percent as
determmed by a SIX (6) month operatIonal test The test shall commence at a tune
mutually agreed to by the Employer and the Contractor Avadabillty IS defined as the
duratIon of the test mmus the accumulated system downtIme dIVIded by the duratIon of
the test tImes one hundred Fadure of a component shall not be counted agaInst the
avaIlablhty If the faIlure IS alarmed and the redundant component performs the control
functIOns WIth no loss of performance

•
105 Process InstrumentatIOn and Control DeVIces

instrumentatIOn and control deVIces shall be used to sense, IndIcate, transInlt, and
control process vanables as requIred for safe, effiCIent, and relIable operatIOn of the
plant and Its systems and components All I & C components shall be standardIZed 1 e ,
manufacturer, model number, famIly, to the greatest extent pOSSIble WIth partIcular
emphaSIS bemg placed on those deVIces that are cntical to plant operatIOn and/or WIdely
used throughout the plant ThIs requIrement shall be apphed to thIrd party system
deVIces as well as BOP deVIces TransInltters workIng WIth the DCS shall be used
whenever pOSSIble to replace process type SWItches for control applIcatIOns All
electromc deVIces shall be deSIgned for Immumty to EMI mterference and nOIse m
accordance WIth IEEE Standard C37 1

Process InstrumentatIOn and control deVIces shall be shown on the Contractor's system
PIpmg and Instrument Diagrams(P&ID) usmg ISA Standard S5 1 nomenclature These
components shall be speCIfied for procurement usmg ISA Standard S20 speCIficatIon
forms or approved equal Termmology used for InstrumentatIOn and control deVIces
shall utIlIze ISA Standard S51 1 as a basIS for common understandmg InstrumentatIOn
and control deVIces shall comply WIth general requIrements stated In NEMA Standard
IeS 1 and the speCIfic reqUIrements stated ill NEMA Standard IeS 2

•
10 5 1 FIeld Instrumentation ReqUIrements

10 5 liThe wetted parts of process Instruments shall be constructed of matenal(s) that are
compatible WIth the process thereby prOVIdIng long hfe Movements shall be fabncated from
staInless steel except for corrOSIve serVIce where more appropnate matenals shall be used
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10 5 1 2 Process Isolation or root valves shall be provIded for each mstrument takeoff
Double IsolatIOn valves shall be reqUlred for high temperature and pressure applIcations All •
msertIOn type temperature sensors shall be furmshed With a thermowell PIgtaIl Siphons shall
be used for steam applIcatIons, pressure snubbers for pulsatmg pressure/flow applIcations, and
chemIcal diaphragm seals for corrosive/hazardous applIcations All connectIOns to the process
hne or vessel shall be made up m a manner that IS conSIstent WIth that of that lme or vessell e
socket welded for welded lme, threaded for flanged or threaded lme, etc All deVIces that are
duectly connected WIth the process lme or vessel shall comply WIth ANSI Standard B31 1

10 5 1 3 Instruments I ranges shall be selected based on the calculated process COndItIOn WIth
the nonnal operatIOn condItIon bemg at less than elghty(80) percent of full scale and the
maxunum operatmg condItIOn bemg at less than mnety five(95) percent of full scale
Instruments WIth an mtegral setpomt shall have theIr actuatIOn pomt at approxunately sIxty(60)
to seventy(70) percent of full scale All mstruments shall be furmshed fully cahbrated WIth the
setpomt fixed at that eqUIpment manufacturer's faclhty and shIpped ready for mstallation
Instruments shall be capable of withstandmg sustamed overpressunzation to one hundred
fifty(150) percent of the maxunum process pressure

10 5 1 4 All mstruments and control deVIces shall be SUItable for outdoor applIcatIOns and
have a metal enclosure WIth a ratmg of NEMA 4 Enclosures shall comply WIth the
requrrements stated m NEMA Standard ICS 6 Instruments not drrectly attached to a process
lme or vessel shall be mounted on a local InStrument rack or on a SUItable mstrument support

10 5 1 5 A non-corrodmg metal IdentIficatIOn name plate shall be permanently attached to
each mstrument and control deVIce ThIs nameplate shall be stamped WIth that deVIce's
mstrument tag number as shown on the Contractor's system P&ID

10 5 1 6 The contact ratmg of a SWItChIng deVIce shall be 5 amps at 220 VAC for general
control applIcatIOns or 1 5 amps at 220 VAC for low current applIcatIOns 1 e, DCS mputs and
04 amps reSIstIve for 125 VDC applIcatIOns All contacts shall be DPDT unless otherWIse
speCIfied SWItchmg deVIces shall comply WIth IEEE Standard 472 for surge reSIstance
capaCIty

10 5 1 7 Polyvmylchlonde matenal shall not be an acceptable matenal for component
constructIOn Mercury shall not be used m mstruments

10 5 1 8 In general, transmItters shall be 4-20 rnA DC two WIre, solId state SMART type
Rosemount model 1151 SMART tranSmItters or approved equal shall be used to the greatest
extent pOSSIble to standardIZe on thIS VItal mstrument type In applIcatIOns where process
control or system COndItIOnS requue speCific performance reqUIrements that are not avaIlable
usmg the plant standard tranSmItter shall use an alternate transmItter TransmItters shall be
powered from an external DC source and the DCS IS that preferred source

TransmItters shall have an accuracy of +/- 0 25 percent of the calIbrated range or better
Their repeatabIlIty shall be 0 05 percent or better

•

•
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• All transmItters shall have zero and span adjustments that are accessIble without dlsmantlmg
the umt All dIfferentIal pressure transmItters shall also have zero elevatIOn and suppreSSIOn
capabIlIty

10 5 1 9 Pressure test pomts shall be provIded upstream and downstream of each pIece of
eqUipment that can affect process pressure Ie, pump, filters, heat exchangers, etc Pressure
test pomts shall be mdlvldually valved such that theIr operatIon does not affect the operatIOn of
any other pressure sensmg devIce

10 5 1 10 Temperature test pomts shall be provIded upstream and downstream of each pIece
of eqUipment that can affect the process temperature Ie, large pumps, heat exchangers,
coolers, etc Thermowells shall be mstalled m all locatIons reqUIrmg temperature test pomts
Thermowells shall be also be InStalled at locatIOns to support the requIrements for ASME
performance testmg

10 5 1 11 Flow test pomts shall be prOVIded as reqUIred to support system flow balancmg and
ASME performance testmg Averagmg type pitOt tubes shall be used for flow balancmg

•

•

10 5 1 12 The plant mstrument arr system shall be deSIgned to prOVIde the pneumatIc
mstrumentation and control deVIces WIth hIgh qUalIty aIr ISA Standard S7 3 shall be used m
the deSIgn and ImplementatIon of the InStrument arr system

10 5 2 Control Valves

Control valves shall be prOVIded where the process system requIres modulatIon of flow,
level, pressure, temperature, etc to meet the operatIOnal needs Control valves shall
consIsts of a valve body, pneumatIc actuator, pOSItIOner and all reqUIred accessones
needed for accurate and relIable process control Control valves shall be eIther globe,
butterfly, eccentrIC dISC/plug, or ball type The actual valve type selected and the
control valve trIm charactenstic shall be selected based on the serVIce COndItIons of
each speCIfic control applIcatIon Control valves shall be SIZed usmg the equatIOns
speCIfied m ISA Standard S75 01 Control valve sIZmg shall consIder range of
operatmg COndItIons Ie, mmunum, normal, maXImum, to ensure SUItable valve
capacIty, trIm selectIOn, and process rangeabilIty Control valve nOIse generatIOn may
be predIcted usmg ISA Standard S75 17, laggmg or alternatIve deSIgn may be reqUIred
to comply WIth overall plant nOIse reqUIrements Control valves shall be
hydrostatIcally tested ill accordance WIth ISA Standard S75 19

PneumatIc diaphragm or pIston actuators shall be deSIgned to prOVIde suffiCIent motIve
power to open or close the valve agamst maXImum system shutoff dIfferential pressure
Valve actuators mime SIZes of 100 mm or hIgher shall have a manual means for
operatmg the valve Ie, handwheel Control valves shall move to the pre-deterrmned
faIlure pOSItIOn speCIfied on a loss of aIr supply, Ie, open, cloe, or mamtam last
pOSitIOn
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Valve pOSItIoners shall be provIded to mcrease the speed of response and valve •
accuracy SIgnal converters and solenOId valves shall be proVIded as reqUIred and shall
be fully compatIble WIth the control system 1 e , sIgnal type and solenOId operatmg
voltage level Valves shall be supplIed WIth mstrument aIr at a system pressure of 80 to
100 pSIg AIr set assembhes shall be proVIded to receIve the supply aIr filter It and
reduce It for each control valve usage

Electnc MOV's shall be specIfied for on-off servIce only m dIfficulty mamtamable
locatIons and where hIgh operatmg torque IS necessary

10 5 3 Flow Instruments

Ventunes, onfice plates, and averagmg pitOt tubes shall be used WIth a coordmated
dIfferentIal pressure type flow transmItter to measure most flow Cahbrated, ventun
type flow elements shall be used for the cntlcal steam, condensate and feedwater flow
elements mcludmg those used for plant revenue and resource metermg Cahbrated flow
elements shall have a full scale accuracy of +1- 1 0 percent The desIgn mcludmg all
calculatIOns and fabncatlon of the ventun flow element shall follow the
recommendatIons set forth m ASME Supplement 19 5 ApplIcatIon - Part II of FlUId
Meters Onfice plates and averagmg pitOt tubes shall be used for all non-cntlcal flow
measurmg applIcatIons unless they are proven technIcally unacceptable They shall
have a full scale accuracy of +1- 2 0 percent •

ConolIs or magnetIc flow meters may be specIfied m umque applIcatIOns

PosItIve displacement type meters shall be used for measurmg 011 flow

Straight pipe upstream and downstream runs for all flow elements shall comply With the
above ASME Standard and/or the element manufacturer's requIrements Stralghtenmg
vanes may be used where applIcable

10 5 4 Level Instruments

Level mdlcators(gauge glass) shall be tubular type for low pressure apphcatIOns and
transparent type for high pressure applIcatIOns Indicators shall be eqUIpped With a
means for IsolatIon, drammg/flushmg, and have ball check valves to automatIcally stop
leakage m the event of glass breakage Gauge glasses should be armored reflex type In

hIgh hazard services MIca shields are requIred m hot condensate serVIce

Level SWitches shall be external cage type or top mounted WIth a flange connectIon
External cage type SWitches shall be of the packless type and have socket welded
connectIons to the process

•
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•

•

•

Level transmItters shall be eIther of the dIfferentIal pressure type, float type (external
cage or flange), or capacItance (flange or threaded) Level transmItters shall have a full
scale accuracy of +/- 05 percent or better and a repeatabIhty of 0 1 percent or better

10 5 5 Pressure and DIfferential Pressure Instruments

a Pressure and DIfferentIal Pressure IndIcator Gauges

Pressure and dIfferentIal pressure mdicators shall have a 150 nun (6 m) m dIameter dial
WIth black graduatIOns and pomter on a whIte face Pressure measurmg mdlcators shall
be bourdon tube type and the mdicators for vacuum serVIces shall be a bellows type
DIfferential pressure mdlcators shall be eIther of the bellows, pIston, bourdon tube, or
diaphragm (for low pressure) types Gauges shall be sUItable for pIpe or surface
mountmg WIth the process connection at the bottom of the case Lens shall be
shatterproof glass or plastIC The mdicator shall have a gear and p1ll1on movement and
shall be adjustable for calIbratIOn WIthout removal of the dial The accuracy of
Bourdon tube type mdlcators shall be +/- 05 percent of full scale and the accuracy of
bellows type mdicators shall be +/- 1 0 percent of full scale Furthermore, dIfferentIal
pressure mdicators shall not be damaged m the event that the process pressure to any
one SIde of the sensmg element IS lost

b Pressure and DIfferentIal Pressure SWItches

Pressure and dIfferentIal pressure SWItches shall be eIther of the bellows, pIston, or
Bourdon tube type The setpomt adjustment shall be mternal WIth some means of
tamper proofing prOVIded Pressure SWItch accuracy shall be +/- 05 percent of full
scale or better and shall have a repeatabIlIty of 0 5 percent or better The effects of
ambIent temperature, mechamsm deadband, and external VIbratIOn on the SWItch's
performance shall be IDJD1mJZed

10 5 6 Process Analyzers

Process analyzers shall be used to measure the level of speCIfic flUId constItuents such
as pH, ConductIvIty, DIssolved Oxygen, etc Analyzers shall be the latest state of the
art deSIgn utilIzmg programmable mIcroprocessor based technology Analyzer shall be
furmshed complete WIth all necessary hardware for a complete mstallation Analyzers
shall produce both an analog SIgnal SUItable for transmISSIOn to the DeS and have two
Isolated contact outputs that are programmable adjustable for alarm purposes

10 5 7 Temperature Instruments

Local Temperature IndIcators

Local temperature mdicators shall be dIrect readmg, umversal head, bImetallIc type
The head shall be a 100 mm dIameter dIal WIth black graduatIOns and pomter on a
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white face and a lens shall be constructed of plastic The accuracy of the local
temperature mdlcator shall be +/- 1 0 percent of full scale or better

Temperature Sensors

Thermocouples and resistance temperature detectors (RTD) shall be used for
momtonng eqUlpment and process temperatures Thermocouples shall be grounded
type and shall conform to ANSI Standard MC96 1 Actual element matenal selectIOn
shall be based on applIcatIOn Cold Junction compensation shall be provided at the
sIgnal recelvmg end RTDs shall be three WIfe type and shall be either 100 ohm at 0
degrees Platmum or 10 ohms at 0 degrees Copper All temperature sensors shall have
duplex elements that are spnng loaded and WIred to a termmal block m the sensor's
NEMA 4 head The accuracy of these temperature sensors shall be +/- 0 4 percent of
full scale or better

Tip-senSItive RTD's shall be mstalled m the bearmg metal of all rotatmg machmery
rated m excess of 75 kW RTDs shall be mstalled m the stator wmdmgs of all motors
rated m excess of 75 kW Temperature sensors for bearmg and motor wmdmg shall be
duplex elements

10 6 Contmuous EmissIons MomtorIng System

•

The Contmuous EmISSIOns Momtormg System (CEMS) shall analyze, momtor, and •
record the concentratIOns of varIOUS substances that are present m the exhaust gases for
both the mam and bypass plant stacks The CEMS shall measure the concentratIOns of
Sulfur DIoxIde (S02), OXIdes of NItrogen (NOx), Oxygen (02) and Carbon MonoxIde
(CO) The CEMS shall be a stand-alone system WIth the capabIlIties to
extract/condItIOn the exhaust gas sample, transport It to the analyzers, perform the
appropnate analySIS, record the findmgs, and generate the requIred reports

Each stack shall have an appropnate flow measurmg capabIlIty for quantIfymg the
emISSIons release rate of each measured constItuent A permanent, envIronmentally
controlled bUlldmg shall be prOVIded to house all the system components Each stack
shall have emISsIOns momtormg capabIlItIes that IS consIstent WIth the operatIOnal usage
of that stack

The analyzers for S02, NO", 02, and CO shall be either dIlution extractive or pure
extractive type The smoke density or opacity (particulate) momtor shall be an m-sItu
type Each analyzer shall be prOVIded WIth on-lIne calIbratIOn capabilIty that shall be
automated Each analyzer shall have a 4-20 rnA output representmg the concentratIOn
of the parameter measured and two programmable high/low digItal outputs for mputtmg
to the DCS Actual concentratIon of effluents shall be transmitted to the operator via
the DCS as reqUIred for admmIstratIve control functions Ie, modulation of CTG water
mJectIon rate when firmg lIqUId fuel to control NOx emISSIOns The analyzers and •
assOCIated eqUIpment shall be powered from the plant umnterruptIble power supply
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• The samplIng and analyzer portIOn of thIS system shall have a trouble alarm output and
shall be connected to the DCS

A personal computer based Data AcqulSltlOn System shall be provIded and shall have
the capabIlIty of generatmg plant emISSIOns reports ThIS subsystem shall be powered
from a clean normal plant source A subsystem trouble alarm shall be provIded and
connected to the DCS

The eqUIpment provIded shall have the hIghest avaIlabIlIty possIble based on proven
field expenence No first generatIOn eqUIpment shall be supplIed

The CEMS shall accurately measure and report m appropnate umts, the emISSIons
products/release rates of the plant m complIance WIth the requrrements of all natIOnal
codes and standards

10 7 Water and Steam SamplIng System

The Water and Steam Samplmg System(WSSS) shall morutor chermcal concentratIOns
of the mdlcated substances for the followmg process pomts to mmmnze the effects of
corrosIon on the water and steam cycle components and eqUIpment

• •

•
•
•
•
•
•
•

Cycle makeup water(Water Treatment System effluent) - SodIUm, SIlIca, SpeCIfic
ConductIVIty
Condensate pump dIscharge - SOdIum, CatIon ConductIvIty, DIssolved Oxygen
EconOmIZer Inlet - pH, SpecIfic ConductIvIty, CatIon ConductIvIty, Hydrazme
BOller water (each pressure level) - pH, CatIOn ConductIVIty
Saturated steam - CatIon ConductIvIty, SodIUm
Superheated steam - grab sample only
Condenser hotwell (each sectIOn) - CatIon ConductIVIty
Crrculatmg water - CWorme ReSIdual, pH

•

Samples shall be WIthdrawn from the above sample pomts and transported vIa staInless
steel lmes to a condltIomng panel where the samples are prepared for analysIs, Ie,
pressure and temperature reduced to meet the needs of the analyzers and good analytIcal
practIces A separate panel contammg the analyzers shall dIstnbute the process flUIds
for testmg then return the lIqUId to an appropnate vessel for return to the process or to
waste Each sample shall have a grab sample connectIOn to support laboratory
analySIs/analyzer calIbratIon The analyzers shall transmIt the measured values of each
parameter to the DeS usmg hardwrred SIgnals The panels used for Water and Steam
samplmg shall be located at an mdoor locatIon that IS SUItable for chemIcal laboratory
operatIOns
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10 8 VIbratIon Momtonng System

The boller feed pumps shall be eqUIpped wIth sensors and assocIated hardware that
supports a vIbratIOn momtonng scheme ThIS scheme as apphed to the these machmes
shall conSIst of standard hardware that can be mtegrated together to proVIde the plant
operator WIth accurate VIbratIOn measurements and the plant staff WIth a means of
assessmg the mechanIcal condItIOn of thIS rotatmg machmery The mformatIon receIved
and/or processed by thIS system shall be used for the development of a preventatIve
mamtenance program

The CTs/ST shall be eqUIpped WIth a comprehensIve bearmg VIbration, shaft pOSItIOn
and dIfferential expansIOn momtonng system WhICh proVIdes contmuous momtormg for
eqUIpment protectIon as well as mformatIOn for preventIve mamtenance

Each sensor shall mput to a field mounted or centrally located rack of momtors that
mterface WIth the DCS VIa a senal commumcations Imk and also WIth hardWIred
cntIcal control and status SIgnals The VIbratIon momtormg system shall IdentIfy
bearmg CondItIons that may lead to catastrophIC machIne faIlure and tnp the effected
machme before such a faIlure can occur

10 9 Instrument InstallatIon

•

FIeld mounted mstrumentatIon and control deVIces shall be located m areas that are •
freely acceSSIble for mamtenance/calibratIOn WIthout Impmgmg on the access to other
plant eqUIpment These locatIOns shall be free of mechamcal VIbratIOns and WIdely
varymg envIronmental condItions Indicatmg Instruments that are dIrectly connected to
process Imes or vessels shall be clearly VISIble from the adjacent operatmg area
Components that are not Ime or vessel mounted, shall be mounted on local mstrument
racks or mdividual supports and connected to the measurement source WIth stamless
steel tubmg or pIpe Instruments shall not be located m areas claSSIfied as hazardous
unless they are appropnately rated to the proper NEMA claSSIficatIon Racks shall be
configured m a manner to consolIdate multIple deVIces m the same plant area to a
centrahzed locatIOn for cable routmg and to faCIlItate eqUIpment servmg The locatIons
chosen for these racks shall also consIder the length of Instrument Impulse hne and the
subsequent effects on mstrument response tIme(s) In those SItuatIOns where It IS not
appropnate to use thIS rack mountmg concept Ie, one or two deVIces present, then a
structurally sound, local Instrument floor stand or wall mounted support shall be used
Supportmg matenals used for mstrument Impulse tubmg or pIpmg and racks/local
supports shall be constructed of welded structural steel members that are coated WIth a
corroSIOn mlubnmg pamt or galvarnzed

Instrument mstallatIOn shall be deSIgned for proper sensmg of the mtended process
vanable Taps on process hnes shall be located m such a manner that the Impulse lInes
for water serVIces are free from entrapped aIr and Impulse hnes for aIr or gas serVIces •
are free from hqUId Impulse hnes for steam serVIces shall be mstalled so that they wlll
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collect water or allow the lme to be filled WIth water from an external source These
lInes shall then be subject to the same cntena as water filled hnes above The
connectIon of Impulse lInes to the hIgh temperature process hnes shall have proVIsIons
to allow for the thermal growth of the process lme and also the Impulse lme

All process lme takeoffs for mstrumentatlon apphcatlons mcludmg test proVIsIons shall
have a SUItable IsolatIon valve or two for hIgh temperature/pressure InstallatIons Each
Instrument shall have Its own IsolatIon valve(s) m close proXlffilty to the mstrument
An addItIOnal valved connectIOn shall be proVIded between the mstrument IsolatIOn
valve and the mstrument for testmg/m-sltu calIbratIon DIfferentIal pressure Instruments
shall have a three valve manIfold and test connectIons In close proXImIty to each
mstrument

Instrument Impulse lmes shall use seamless stamless steel tubmg WIth a 13 mm 0 D
and compressIOn type tube fittmgs such as Swagelok or an approved equal Only one
manufacturer's fittmgs shall be used throughout the plant

Instrument au shall be dlstnbuted to mdlvIdual or groups of pneumatIC deVIces VIa
header/sub-header constructed of copper tubmg and sweated fittmgs Sub-headers from
the mam InStrument au header shall have ball IsolatIOn valves Instrument aIr supply
lmes SIZes shall be suffiCIent to fully serve the mtended applIcatIOn(s) PneumatIC
deVIces shall have an IsolatIOn valve mstalled m the mstrument au supply lme to that
deVIce upstream of the arr set or filter/regulator

10 10 CombustIble Gas DetectIon System

A CombustIble Gas DetectIOn System (CGDS) shall be provIded to IdentIfy the
presence of a fuel gas leak m the plant area Gas detectors calIbrated to the LEL of
methane, shall be located at gas compressors, at the fuel gas analyzer enclosure and
along the route followed by the fuel gas supply lme to the CTG The actual quantIty of
detectors shall be determmed after mstallatIon of the gas lmes but pnor to system
operatIOn Each detector shall IDltlate a local v1SU3l and audIble alarm on the detectIon
of the fuel gas All detectors shall be wued to the DCS to IDltIate a "combustIble gas
detected" alarm

10 11 Fuel Gas Calonmeter System

Gas flow may be conventIOnally measured or, alternatIvely, a mass flowmeter may be
supplIed

A gas calorImeter shall be proVIded to mOllItor the energy content of the fuel gas
receIved by the plant The analyzer and ItS assocIated hardware shall be SUItably
housed to wIthstand ambIent condItIons and protected agaInst the potentIal accumulatIon
of combustIble gas(es) The system shall be complete WIth calIbratIon system and
computer and prInter for data reductIOn and reportIng
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10 12 AmbIent AIr MomtorIng System

One ambIent aIr momtormg system (AAMS) shall be provIded to measure ambIent
levels of partIculate matter, SOx and NOx outsIde the plant boundary The AAMS
statIon shall be complete wIth requIred samplmg system, analyzers, and data acquISItIOn
system for collectmg and loggmg concentratIon data as well as meteorologIcal data such
as wmd speed and dIreCtIOn, temperature and humIdIty

The statIon shall be housed man envuonmentally condItIOned, walk-m shelter complete
wIth hghtmg and convemence receptacles Fmal locatIon of the statIon shall be
determmed based on envIronmental permIt requuements

•

•

•
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SECTION 11 - CIVIL/STRUCTURAL/ARCHITECTURAL REQUIREMENTS

11 1 General

ThIS SectIon provIdes a descnptIon of the mam bUIldmgs, auxIhary structures,
and other cIVIl/structural work that wIll comprIse the plant, as well as the
archItectural features, layout, and the general CrIterIa upon WhICh theIr deSIgn
w111 be based ClVl1 and structural work shall mclude geotechmcal exploratIon,
demohtlon, sIte preparatIOn, excavatIon and gradmg, storm dramage and
dewaterIng, underground utIhtles, outfalls, mtakes, pavmg, road work, gravel
surfacmg, and the deSIgn and constructIOn of the plant structures mcludmg theIr
foundatlons

11 2 DeSIgn BaSIS

The deSIgn shall be based on the followmg Codes and Standards

•

• Amencan Concrete InstItute (ACI 318) for concrete work

Plant deSIgn shall adhere to the Umform BUIldmg Code (UBC) for archItectural
and structural deSIgn requrrements In addItIOn the followmg reference
standards shall be used as applIcable

• Amencan InstItute of Steel ConstructIon (AISC) for steel constructIOn •
• Amencan SOCIety for Testmg and Matenals (ASTM) for Matenal

QualIty Control

• Amencan ASSOCiatIOn of State HIghway and TransportatIon Officials
(AASHTO) for Road and Dramage

• Amencan Weldmg SOCIety (AWS) for Weldmg

• Amencan Water Works ASSOCiatIOn (AWWA) for Concrete PIpe and
Water DIstnbutIOn PIpmg

• UBC - Latest EdItIOn (1997)

• Underwnters Laboratory (UL) for all FIre Ratmg of Matenals

SIte chmatlc parameters are gIven m Sectlon 3 of thIS SpeCIficatIon The sIte IS
a recogmzed earthquake zone eqUIvalent to UBC Zone 4 ThIS UBC zone
classificatlon reqUIres conSIderatIon of seIsmIC forces m the deSIgn of bUIldmgs •
and structures
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II 3 GeotechnIcal

The Employer has supplIed, for mformatlon only, a recently completed
geotechnIcal report and topographical map of the site for the proposed plant
areas The Contractor shall perform addItIOnal sIte specIfic geotechnIcal
InvestIgatIons, as reqUIred, and as a baSIS for all deSIgn work The Employer

does not assume responsIbIl1ty for any deSIgn based on the provIded report

II 4 Site CIVil Work

II 4 1 DemolItion

The Contractor IS to note that an area wlthm the eXlstmg CRP plant SIte IS to be
demolIshed to make room for the CFB facIlIty SUItable precautIons are
reqUIred to Insure for the safety and IsolatIOn of thIS sIte from the operatIng
areas In the adjacent plant, both durmg the demolItion and the construction
phases These precautIons extend to fencmg and SIte securIty, burn permIts,
eqUIpment erection durmg high WInd condItIOns, fire watch, and each and every
thIng to separate the operatmg durmg constructIon

The Contractor IS to lffiplement demolItIon usmg a local subcontractor The
Scope of thIS Work IS prOVIded m the AppendIX to thIS SectIon

Underground electrIcallmes, as well as underground and aboveground gas
pIpelme eXIsts In the area of the new plant and shall be removed and temporarIly
relocated out of the way of constructIon actIVItIes to maIntaIn operatIon of the
eXIstIng CRP power plant adjacent to the proposed SIte The temporary lme
shall remaIn m operatIon untIl the new gas pIpelIne IS Installed and In operatIon
Care shall be taken WIth all underground work SInce eXlstmg underground

UtilItIes may eXIst but are not documented The Contractor shall coordmate all
demolItIon and materIal salvage and/or dIsposal WIth the Employer ThIS
Includes eXIstmg materIals and abandoned eqUIpment layIng around the project
SIte area

11 4 2 Earthwork

Contractor shall perform all necessary excavatIon, backfill, dewaterIng, and
final gradmg as reqUIred for InstallatIon of underground UtllltIes, foundatIons,
support structures dramage and final gradmg as reqUIred Fmal sIte gradmg
shall be as follows

final plant elevatIon shall be taken as (Later), WhICh shall be conSIdered
as hIgh POInt of pavmg (HPP) and be conSIstent WIth the eXIstmg plant
HPP
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FInIShed floor elevatIon for enclosed bUIldIngs wIthIn paved areas shall
be a mInImUm of 150mm above HPP
FInIShed floor level for enclosed bUIldIngs In unpaved areas shall be a
mimmum of 150mm above the adjacent fimshed grade level

Waste matenals shall be dIsposed of In accordance wIth Employer's dIrection
FIll matenal shall be clean mmeral soIl, free from orgamc or other deletenous
matenals and stones havmg any dImenSIOn greater than 74 mm PlastIcIty Index
for fill materIals shall not exceed (Later) as determmed In accordance wIth
ASTM 04318 FIll matenals shall be placed In a controlled manner, lifts shall
not exceed 250 mm m thIckness, and shall be compacted to 95 % of the
maXImum dry densIty as determIned In accordance wIth ASTM D1557

Porours fill matenal shall be placed beneath all slabs on grade, and shall be
graded In accordance WIth the reqUIrements for SIZe Number 8, as specIfied In
ASTM D448 MInmlUm thIckness of porous fill shall be 150 mm

SIte firushed grade shall conSIst of crushed stone surfaCIng, not be less than 100
mm (4 Inches) In thIckness Stone shall be well graded with maxmlUm partIcle
SIZe not exceedIng 37 mm

11 4 3 DraInage and Sewers

Storm draInage shall be proVIded to convey runoff water away from the
eqUIpment and bUIldmgs Dramage system shall COnsISt of area drams, pIpmg
network, manholes, catch baSInS and, If reqUIred, a retentIon or detentIon pond

DraInage deSIgn shall be based on a 25-year, 24-hour ramfall (see SectIon 3 0)
WIth a mIll1ffiUm time of concentratIon of 10 mInutes Manholes shall be used at
all changes In pIpe dIreCtion Storm dramage shall dIscharge towards the
eXIstIng plant draInage system

Storm dramage pIpIng shall be 200 mm dIameter mmunum and shall be
constructed of precast concrete pIpe or galVanIZed corrugated steel pIpe All
manholes, catch baSInS and area baSInS shall be constructed of precast concrete,
cast-In-place concrete, or masonry

Samtary sewer system shall be proVIded from all bathroom and locker UtilitIes
the CFB/ST/Generator BUIldIng and connected to a new sewage treatment plant
Samtary sewer treatment plant shall be SIZed for a mmimum of [Later] liters per

day with a sewer lme slope to proVIde a mmImum flow velOCIty of 0 6
meters/sec MInImUm pIpe SIze shall be 100 mm Samtary sewer clear effluent
shall be tIed Into the eXIstIng CHP plant sewer system

•

•

•
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11 4 4 FoundatIons and Sheet PIlmg

FoundatIOn systems may be concrete spread footmgs, mat foundatIons, and/or
pile foundatIons PlIes used for pIle foundatIOns shall be concrete filled pIpe
plIes, steel H-pIles, precast concrete plIes, or augured concrete plIes Wood
pIles are not acceptable PIle capacIty shall be determmed by further
geotechmcal mvestIgatIon and shall be verIfied by not less than two compressIOn
load tests, one uplIft load test and one lateral load test PIles may be fnctIOn
plIes or end-bearmg pIles

Sheet pIlmg for dewatermg, constructIOn m water, or trenchmg shall be steel or
wood, If temporary, and removed upon completIOn of constructIon Only steel
sheet pIlmg shall be used If pIlmg IS to be left m place after constructIOn

11 4 5 Roads and PavIng

Roadways and paved areas reqUIred shall be deSIgned for AASHTO HS20-44
loadmg Pavmg shall be remforced Portland cement concrete or asphalt
concrete WIth deSIgn based on SIte detenmned 'k' value for soIl Pavmg wlthm
10m of the CIrculatIng flUIdIZed Bed BOller/Steam Turbme/Generator/HRSG
bUIldmg shall be deSIgned for an axle load of 31,750 kg to pernut use of cranes

Roads shall have a mmnnum one way lane WIdth of 3 5m and a two way total
WIdth of 6m All roads shall have 20m shoulders MmuTIum radIUS of
curvature shall be 200m All roads shall have a 20 mm/m slope from the
crown All other paved areas shall pItch not less than 10 mm/m to drams

Areas around eqUIpment not mdlcated as paved shall be compacted crushed
stone In accordance WIth the reqUIrements for earthwork

11 5 Structural DeSIgn

Structural deSIgn shall be based on AmerIcan InstItute of Steel ConstructIOn
(AISC), Amencan Concrete InstItute (ACI), and UBC Codes DeSIgn loads,
load factors, and allowable stresses shall be m accordance WIth the codes and
speCIfic mOdIficatIons noted EqUIpment weIghts shall be manufacturer's lIsted
operatmg weIghts Mmunum safety factors shall be

Overturnmg 1 5*
Shdmg 1 5*
Buoyancy/Wmd UplIft 1 5*
Impact 1 25

*ReductIon to the S F of 1 25 may be used for temporary controlled
constructIon loadmg
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Erection loads shall be determmed by the Contractor m conjunction WIth vendor •
mformation

All structures, eqUIpment anchorage, pIpmg, and cable trays shall be deSIgned to
reSIst code-specIfied wmd and seIsmIC loads PIpe supports shall also be
deSIgned for reactIons due to pIpe stress analyses and degree of support
restramt

DeflectIon lImItatiOns shall be m accordance WIth AISC recommendatIOns
DIfferential deflectIons, or settlements, shall be lnmted to the maXImums stated
m ACI More stnngent requIrements are reqUIred for supports for dynarmcally
loaded eqUIpment DeflectIons shall not exceed manufacturer's reqUIrements

Bndge crane capacIty shall be based on crane SIZe needed to lIft smgle largest
part reqUIred for repaIr of eqUIpment, WIth an addItIOnal 10% reserve capacIty

SubmIttal of calculatIOns to Employer IS requIred for all concrete, steel,
masonry, and wood elements Calculations shall contam element IdentIficatIon,
loadmg, and assumed support condItions, as well as finally selected deSIgn

Structural steel members, mcludmg gratmg attachments shall be bolted
connectIOns only

Structural deSIgn may utIlIZe standard computer programs that have been
venfied by the Contractor's Engmeer DocumentatIon of venficatIOn shall be
submItted WIth the calculations The deSIgn shall be certIfied by a lIcensed
professIOnal engmeer

11 6 Structural Matenals

• Concrete - shall have an ultunate compressIve strength of 21 0 MPa at 28 days
and a mImrnum modulus of rupture of 3 4 MPa per ASTM C78 for all concrete
work except for steam turbme/combustIon turbme/generator pedestal foundatIOn
whIch shall have a mInImum compressIve strength of 27 5 MPa at 28 days
Cement shall conform to ASTM CI50, Type II (unless Type V IS requIred to
meet subsoIl condltIons)

• Concrete mIX deSIgn shall be m accordance WIth the reqUIrements of ACI 318
MaXImum water/cement ratIO shall not exceed 0 45

• Remforcmg Bars shall be deformed bars complymg WIth ASTM A615, Grade
60 Welded WIre fabnc remforcement shall comply WIth ASTM A185

•

•
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• 11 7 STIGenerator/HRSG BUlldmg

The conceptual layout drawmg for the CFB/STIGenerator BUlldmg IS as shown

on BRE Drawmgs [Later]

The CFB/ST/Generator BUlldmg shall contam the steam turbme generator, and
associated auxlhary eqUlpment, mcludmg condenser, vacuum pumps, closed
coolmg water heat exchangers and pumps, condensate pumps and and offices,
control room, electncal SWitchgear room, battery room, dInIng room, lockers
and shower and tol1et areas, and a mamtenance and shop area

Mmunum plan reqUlrements for the buddmg shall be as follows

•

Control room
Offices (5 requIred)
Plant Manager office
Conference Room
Break (Dmmg) Room
Men's TOIlet/Locker
Room
Women's TOller/Locker
Rooms
ChemIcal Laboratory
(Note 1)
Mamtenance Shop
Warehouse
AIr CondltlOned Storage

115m2

12m2

15m2

37m2

20m2

28m2

140m2

140m2

20m2

TBD

Note 1 ChemIcal Laboratory shall contam the water and steam samplmg
panel, fume hood, laboratory furnIture, desk and chaIr

•

Spaces withm the personnel area shall be temperature and humIdIty controlled
Wall InSUlatIOn shall be provIded

NOIse levels for the control room and office areas shall not exceed 45 dbA

InterIor buIldIng clear heIght along the turbme generators shall be controlled by
the overhead serVIce crane and Its abIlIty to remove all necessary eqUIpment
parts BUIldIng constructIOn shall be a braced steel frame WIth metal panel walls
and an Insulated metal deck roofing system All floors shall be concrete
FenestratIon shall be such as to proVIde practIcal amounts of daylIght
commensurate WIth energy and ventIlatIon reqUlrements VentIlatIon shall be as
deSigned to bmIt temperature m operatmg areas as specIfied In SectIon 8
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SpecIfic structural deSIgn cnterIa for the buIldmg are as follows

EqUIpment Loads
SpecIal LIve Loads
Ground Floor Slab General -

Tank Load
PIpe Loads

Cable trays

11 8 Turbme/Generator Pedestals

Vendor supplIed operatmg weIghts
Turbme laydown - 3000 Kg/m2

1500 Kg/m2 (300 pst)
or 9T fork 11ft wheel load
110% full capacIty
MInImUm 150 Kg/m2

Except for mam steam, feedwater,
condensate and coolmg water
WhICh shall be deSIgned for actual
weIght and stress analysIs support
reactIOn loads
Actual loads or assume 100 Kg/m2

untl1 actual loads are
known

•

Each turbme/generator pedestal wIll be a remforced concrete space frame
composed of an operatmg deck, on WhICh the machme IS supported, supportmg
columns, and a foundatIon mat The pedestal shall be free standmg and
mdependent of the enclosmg bUIldmg

A statIC and dynamlc analySIS and deSIgn shall be performed usmg a computer
program, as follows

The purpose of the analySIS IS to calculate the aXIal loads, shears, and
moments m the pedestal resultmg from StatIC and dynamIC loads, and to
detemune the response frequencIes of the pedestal to ensure non
resonance WIth the rotatIng eqUIpment

The entrre pedestal shall be modeled, mcludmg the mat foundatIon and
supportmg pIles (If applIcable) The statIc portIOn of the analysIs shall
mclude

1) Beams, gIrders, and columns shall be modeled as pnsmatIc
members representmg the charactenstIcs of the real structure
Members shall be located at the centerlInes of theIr sectIons
SectIon propertIes shall be based on uncracked section

2) Shear and torsIOnal effects shall be conSIdered m the analySIS and
accordmgly, care shall be taken m specIfymg member propertIes
and loads to accurately account for these effects

•

•
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3) The mat shall be modeled usmg spnngs to represent the plIes (If
applIcable) and soIl-structure mteractlons SOlI and pIle
parameters shall be based on recommendatIons of the
Geotechmcal Report

4) Because of the SIze of structural components, clear spans of
beams and gIrders frammg mto columns should be used for
calculatIon of stress and deformatIon ThIs may be done by
program command or by modelIng "lInks" or connectmg
segments wIth relatIvely hIgh stIffness

5) EqUIpment weIghts, locked rotor load, and VIbratIon loads shall
be proVIded by Vendor

The dynamIC analysIs shall mclude

1) The dynamIC loadIng shall be In accordance WIth manufacturer's
recommendatIOns

2) Masses shall be lumped at locatIons compatIble WIth the deSIred
responses and mode shapes

3) The number of modes consIdered shall be such that natural
frequenCIes up to 130% of the machIne speed are mcluded

4) Degree of dampIng shall be as recommended by the
manufacturer

11 9 Circulatmg FlUIdIzed Bed BOller Steam Turbme Accessones

Circulatmg FlUIdIZed Bed BOller/steam turbme support modules such as the
accessory module, generator aUXIlIarIes compartment, lube 011 reserVOIr, etc
shall be on Independent mats (pIle supported, If applIcable) Mats shall be one
meter larger (m each dIrectIOn) than the module plan area WIth top at 300 rom
above grade DynamIC analySIS IS not reqUIred

All concrete shall have a 28 day ultunate compressIve strength of not less than
275 MPa

11 10 Miscellaneous Yard EqUIpment and Tanks FoundatIOns

Tanks and transformers shall be on mat foundatIons (pIle supported, If
applIcable) 300 mm above fimshed grade Mats shall be a mInImUm of 500 rom
larger than the tank dIameter Support mats shall be deSIgned for wmd loads on
empty tanks to reSIst overturnmg
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MIscellaneous transfer pump pads shall be supported on concrete foundations •
FoundatIOns shall be desIgned so that the natural frequency of the SOIl!
foundatIon system wIll be at least 50% greater then the equIpment operatmg
speed In no case shall a system frequency between 50 % and 150% of operatmg
speed be allowed

Fuel 011 pumps shall be located m a 300 mm hIgh curbed area to contam leaks or
spIlls Dramage shall be pIped to an OIl/water separator for discharge mto storm
system

11 11 Transformers

Mam power transformers are 011 cooled and each transformer shall be provIded
WIth a crushed stone covered retentIon basm The basm shall be sIzed to
contam 110% of the transformer 011 plus the volume of the fire fightmg water
WIthOUt allowmg the spIlled 011 to nse above the crushed stone Stone shall be a
mInImum 40 mm SIZe, and shall be not less than 500 mm thIck If supported on
steel gratmg above the bottom of the pIt Overall basm sIze shall be determmed
m accordance WIth the followmg cntena

a) Basm sIZe shall be establIshed so that any 011 spIll WIll be dIrected wlthm
the confines of the basm, and 011 floatmg on top of fire fightmg water •
WIll be mamtamed 150mm below surface of stone fill

b) Basm dramage shall be deSIgned to contmuously dIscharge fire fightmg
water or accumulated ram water above a certam level Perforated
vertIcal dram pIpes shall be provIded to VIsually determme water level
and to penodlcally dram the entIre basm

c) Basms shall dram only ram water and fire fightmg water leavmg the
transformer coolant m the basm for separate handlIng

RetentIOn basm and transformer support shall be on a concrete mat foundatIon,
pIle supported DeSIgn load shall mc1ude weIghts of transformer, rock, 011, and
fire water There shall be no water overflow mterconnectlons between
transformer foundatIOn basms

11 12 Cable Duct & Trenchmg

Yard electncal power, control, and commUnIcatIon cables shall be routed m
remforced concrete underground duct banks or pre-cast cable trenches For
type of system, refer to Electncal DeSIgn Cntena, SectIon 9 0

•
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•

The cables shall be routed In plastic ducts encased In reInforced concrete (duct
banks) or pre-cast cable trenches placed m excavated trenches and properly
backfilled ElectrIcal manholes shall be proVIded at changes In direction, and
elsewhere, as reqUIred, for mstallatIOn and mamtenance of the cables

Cntena for Excavatmg and Backfilhng

a) Trenches shall be excavated to the depths reqUIred to proVide a mmimum
cover of 750mm Bottom of trench shall be smooth and free of stones or
other sharp objects Where thIS conditIOn does not eXIst, proVide not
less than 75mm of sand below the cable Mmunum Width of trench shall
be as reqUIred for proper mstallatlon and backfill

b) Backfill shall conSIst of granular materIal or morgamc sIlt or clay WIth a
lIqUId lunit less than 50 The first lOOmm above the cable shall be sand
Placement of backfill shall be m 150mm lIfts CompactIOn of
cohenslOnless soIls shall be to 95 percent maxunum dry denSIty and 90
percent for coheSIve SOlIs

c) A brIghtly colored (red) plastIC warmng tape shall be placed over the
cable approxnnately 300mm below grade as a "dIg-m" warnmg
mdication Tape shall be mscrIbed WIth word "Electnc" m RUSSIan

CrItena for Concrete Duct Banks

a) Where mdicated, plastIC ducts shall be encased m red dyed concrete
Each smgle duct shall be completely encased m a mmunum of 75mm of
concrete Between adjacent power and commumcation ducts proVIde
100mm of concrete

b) Top of concrete shall be a mmunum of 750mm below grade or pavmg

c) Mmunum remforcement for shrInkage shall be proVIded throughout At
road crossmgs and under pavements, remforcement shall be adequate for
unposed loadmg

d) Duct banks shall be sloped towards manholes at a slope no less than
lOOmm In 30 meters

e) Encasement of ducts shall be monolIthIC Construction JOInts shall be
watertight to prevent Infiltration of water Into duct bank and manholes

f) For encased ducts, bottom of trench may be cut to the neat hnes of the
duct bank, for the height of the duct bank, and the concrete placed
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agamst the sides of the trench Backfill to 300rnm above the duct bank
shall be free of stones larger than 50rnm m diameter

Cntena for Manholes

a) Covers and matchmg frames of gray cast Iron shall be provided for
manhole access as follows

1) In paved areas top of cover shall be flush with top of pavement

2) In unpaved areas top of cover may be elevated

b) Where duct banks enter manholes they may be either cast with the
manhole walls or enter VIa sUItable opemngs In the latter case, the Jomt
desIgn shall ensure a watertIght connectIon to prevent mfiltration of
groundwater

c) Where duct banks tIe m to ngid structures details shall consider
flexlblllty requIred to withstand relatIve movement due to seismic
loadmg

d) Each manhole shall be furmshed WIth a submersIble sump pump With a
cast Iron gnlle-type frame and cover

e) A cable pullmg Iron shall be mstalled m the wall OpposIte each duct lme
entrance

Structural DeSIgn Loads shall mclude the followmg, as appllcable

1) Dead load of structure and eqUIpment

2) Overburden due to soIl backfill

3) Lateral loads due to sou assummg an at rest ConditIOn

4) Hydrostatic loads due to presence of groundwater

5) Surcharge of 1700 kg/m2 adjacent to manholes

6) In paved areas or where subject to vehicular traffic, an HS20-44
wheel load shall be applled

7) Manholes shall be founded on natural subgrade or compacted fill
Allowable soIl pressure shall be

•

•

•
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• a) On natural subgrade - to be determmed from the
Geotechmcal Study

•

•

b) On backfill compacted to 90 percent of maXImum dry
density - 10,000 kg/m2

8) Snow loads based upon 1000 mm of standmg snow

11 13 Cooling Water System

A dedIcated pumphouse wIll contam hOrIzontal centnfugal pumps for circulatmg
between Coolmg Tower No 5 and the CFE umt

11 14 Yard PIpmg Supports

All pIpmg shall be supported above grade on cast-m-place concrete sleepers
(pIle supported, If applIcable) PIpmg shall be supported over roadways on steel
pIpe racks WIth a mmunum road clearance to undersIde of structure of 4 5m

Sleepers shall have top of concrete a nummum of 300 mm above grade and be
deSIgned for pIpe forces determmed by ptpe stress analysIs

Elevated supports shall be steel framed racks on concrete caps or spread
footmgs (pIle supported, If applIcable) Racks shall be deSIgned for pIpe forces
plus wmd loads or SeISmIC forces, whIchever IS greater Steel shall be fire
proofed WIth applIed gumte If passmg over areas where flammable matenals can
accumulate

FIre water lmes shall be mstalled below grade WIth not less than 750mm cover
over trenches WIdth at bottom of trench shall be equal to pIpe dIameter plus
o6m The pIpe shall be supported on 150mm of granular beddmg matenal
compacted to 95 % maXImum dry denSIty Backfill matenal shall be controlled
fill placed m two 150mm lIfts compacted to 95 % maXImum denSIty The
balance of the fill shall be controlled fill placed m 150mm lIfts

11 15 Architectural Desum CrIterIa

11 15 1 DeSIgn ConSIderatIOns

ArchItectural deSIgn shall be based on establIshmg functIOnal bUIldmg and space
relatIonshIps
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11 15 2 Apphcable Codes and Standards

For constructlon, fire protectlon, and hfe safety standards, the requIrements of
the followmg codes or standards shall govern

a NatlOnal FIre ProtectlOn AssocIatlon (NFPA)

b UBC - Code for Class B4 Occupancy

11 15 3 ArchItectural DesIgn

BUlldmg floor plans shall be determmed m accordance wIth the eqUlpment
general arrangement SufficIent area for eqUlpment laydown, repaIr, part
removal and personnel eXItmg shall be mcluded m all plans All occupIed non
operatlOnal areas shall have a ffilnImUm sound Insulatlon meetmg STC of 36

All normally occupIed areas shall be provIded WIth two means of egress In
complIance WIth NFPA 101, LIfe Safety Code

ConstructIon matenals and/or systems selected shall have a mInImUm useful lIfe
of 25 years In the envrronment In WhICh they are used

11 15 4 General Above Grade Construction

ConstructlOn of bUlldIngs shall be as Included m Table 11 1 Color WIll be selected by
Employer at a later date

TABLE 11 1

•

•
BUlldmg

ST/Generator
Roof

Insulated metal panels
Walls

UnInsulated metal wall
panels (Personnel area to
be Insulated)

All other bUlldmgs Metal deck on steel framIng Concrete masonry umts
and asphalt roofing (paInted)

11 17 5 Insulated Metal Wall Panels

Insulated metal wall panels, where called for, shall be as follows

Face Sheet Factory preformed metal panels WIth a mmImum thIckness
of 0 70mm Sheet shall conform to ASTM A653SQ Grade 33 WIth
coatmg desIgnatlOn G90 The panels shall have an epoxy base coat on •
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•

•

both sIdes and a factory applIed fimsh color coat on the exposed surfaces
only

Thermal InsulatIon InsulatIOn shall be Isocyanate foam block, fiberglass
wool or board The mmimum msuiation value of the total panel
assembly shall be 0 04 callhr/sqcml°C

Subgirts Preformed from metal sheets With a mmlmum thIckness of 1 2
nun Sheets shall conform to ASTM A653SQ Grade 33 WIth coatmg
deSIgnatIon G90 The depth of sectIOn shall be adequate to Withstand
Imposed loadIng

Lmer Tray Factory preformed metal panels With a mInunum thickness
of 0 70 nun Sheets shall conform to ASTM A653SQ Grade 33 With
coatmg deSignation G90 The exposed surface of the tray shall be
proVided With a factory applIed color coatIng

Fire ReSistance Frre resistance of the core combIned With face and lIner
panels shall have a flame spread ratIng of 25 when tested 10 accordance
With ASTM E84

11 15 6 Unmsulated Metal Wall Panels

Un10sulated metal wall panels shall conform to the same requrrements as
speCified for face sheets of Insulated metal wall panels, m paragraph 11 18 5,
except that the factory applIed flll1sh coatmg shall be applIed to both Sides

11 15 7 WIndows and Louvers

Louvers, to be Installed In metal wall panels, shall be of the same matenal as the
metal SidIng panels

In general, louvers shall be of the fixed weatherproof type, proVIded WIth mSlde
alummum bIrd screen and not less than 50% free area

Wmdows shall be glazed WIth tmted glass to reduce solar load

11 15 8 Extenor Doors

Personnel Doors - Extenor personnel doors shall be hollow metal constructIOn,
m pressed steel frames mimmum sIZe 1m by 2 1m WIth pamc hardware
Weather-stnppmg, weatherproof saddle and door closures shall be proVIded

ReqUIred number of exit doors shall be determmed by code reqUIrements of
NFPA lOI-LIfe Safety Code and UBC
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RollIng Steel doors - Rollmg steel doors shall be of standard mdustry
constructIon, motor operated, wIth hood baffle, weatherstnppmg and bottom
seal Doors shall be desIgned to withstand the wmd velocIty gIven m SectIon 3

11 15 9 Roof ConstructIon

Roof areas for bmldmgs lIsted m Table 1, and other fimshed areas shall have a
roof system consIstmg of an outer weather sheet, thermal msulatIon, subgirts,
and an Intenor lmer tray DesIgn of the roof system shall be adequate for the
loads specIfied m the VBC code mcludmg heavy snow load Roof slope shall
not be less than 10 degrees Matenal reqmrements shall be as follows

• Outer Weathenng Sheet

Factory fabncated steel sheet panels wIth a thIckness not less than 0 70
mm Panels shall conform to ASTM A653SQ Grade 33 WIth coatmg
deSIgnatIOn G90 A factory apphed coatmg consIstmg of an epoxy base
coat on each surface WIth a fimsh color coat on the outSIde surface shall
be furmshed Panels shall be fastened to the structural steel purlms by
self-tappmg screws, or smular fasteners, adequate for unposed loadmg

• Thermal InsulatIon

FIberglass wool and Isocyanate foam and expanded polystyrene board
wIth a coeffiCIent of heat transfer (through the complete constructIOn) of
not greater than 004 calones/hr/sq cmfc

• SUbgirtS

The subgms shall prOVIde support for the outer weathenng sheet and
shall be sectIOns fabncated from steel sheets wIth a mmunum thIckness
of 1 2 mm conformmg to ASTM A653SQ Grade 33 WIth coatmg
deSIgnatIOn of G90 A factory apphed coatmg shall be applIed to the
exposed surface Lmer shall be fastened to purIms WIth self-tappmg
screws

• Fasteners

Fasteners shall be stamless steel self-tappmg screws With washers WIth
bonded gaskets or mtegral self sealIng washers

•

•

•
)c)28 OIA Hrazdan Doc/9'23198 11-15



• 11 15 10 Intenor ConstructIon DetaIls

• PartitIons

PartItIons shall, generally, be of concrete masonry umt (CMU) In
fimshed areas, concrete umt masonry partItIons may be furred out and
covered wIth gypsum board, except where partItIons are to be covered
wIth ceramIC tIle

Office partItIOns shall be of steel studs, sound retardant msulatIOn, and
gypsum board surfaces

TOIlet partItIon shall be metal, floor mounted WIth a baked enamel fimsh

Remforcement of concrete umt masonry m extenor walls to reSIst wmd
loadmg and seIsmIC forces, as specIfied m the CIVIl/Structural DeSIgn
CrItena, shall be determmed by Contractor

•
•

•

CeIlmgs

Cellmgs m office areas, control room, conference room, laboratory,
lunch room, locker room, and finIshed corrIdors shall be suspended,
acoustIcal, lay-m type cellmg panels WIth exposed grId TOIlet rooms,
JanItors' closets, and shower rooms shall have a suspended metal lath
and cement plaster cellmg Alternate shall be ceramIC faced acoustIcal
lay-m panels

Column Enclosures

In office areas, all steel columns shall be enclosed WIth gypsum board on
furrIng

• StaIrs

EXIt staIr constructIon m office areas shall be steel pan constructIon WIth
concrete filled treads and platforms WIth non-shp nosmgs RaIlmgs shall
be as reqUIred m the UBC code Gratmg tread open nser stairs are
acceptable for eqUIpment platform access

•
• Intenor Doors

Intenor doors shall be hollow metal m pressed steel frames Doors shall
be proVIded WIth glass VISIon panels except at storage and utilIty rooms
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Jamtor's closets, tOIlet and locker rooms, etc Where reqUIred by code,
doors shall be approprIately fire rated

Door hardware shall, generally, be cylmder type locksets, key In knob
type wIth steel butts Closers shall be provIded at all extenor doors and
fire doors Pamc type eXIt hardware and other specIalty types shall be
proVIded as reqUIred

• Intenor FInIShes

Gypsum board wall surfaces shall be pamted TOIlet rooms, Jamtors'
closets, and shower room walls shall be covered, full heIght, wah
ceramIC tIle All exposed masonry walls shall be pamted Exposed
concrete floors shall be treated WIth a surface hardener to prevent
dustmg

Vmyl non-skId floor tIle shall be proVIded In control room, corndors,
locker rooms, lunch room, and other personnel areas Control room
floor shall be statIC conductIng type

CeramIC mosaIC floor tIle shall be proVIded In lavatones, shower rooms,
and JanItors I closets

Sheet VInyl floorIng shall be provIded m laboratory

Except for areas fimshed m ceramIC tIle, bases shall be vmyl CeramIC
tIle bases shall be used WIth ceramIC floor tIle

Plaster ceIlmgs shall be pamted

11 15 11 MIscellaneous EqUIpment and Furmshmgs

• Locker Rooms - Lockers shall be steel, nommally 300 mm WIde by 460 mm
deep by 1830 mm hIgh, WIth sloped tops, set on concrete bases

Locker room benches shall have polyurethane pamted pme seats on steel
pedestals

Laboratory - As determmed by deSIgn development, laboratory shall be
furmshed WIth casework and permanently mstalled eqUIpment

•

•

•
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11 15 12 FIre Walls

FIre walls of a mmimum 2 hour fire ratmg shall be provIded for the followmg
areas

Fire walls shall be provided to separate the personnel areas, control
room, electncal sWitchgear room, battery rooms and stairwells from
each other and from operatmg areas of the plant

All penetrations, such as cable, cable tray, pIpes, HVAC ducts through the fire
walls and floors shall be fire stopped wIth approved matenal m order to
mamtam the mtegnty of the fire rated barner
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SECTION 12 - CONSTRUCTION

12 1 General

Contractor shall plan, orgamze, and control work to construct the plant
Contractor shall prOVide constructIOn, erection, and mstallatlOn services
necessary for the completIOn of the plant m a safe and orderly manner The
scope shall mclude, but not be lImited to, labor, supplIes, matenals, eqUIpment,
tools, transportatIOn, and each and every thmg reqUIred to perform the reqUIred
constructIon

Contractor shall purchase, expedite, mspect, and pay for labor, matenals,
eqUIpment, serVices, tools, machmery, water, temporary utilIties,
transportatIOn, and other facIlIties and services necessary for the constructIOn of
the Plant, whether of a temporary or permanent nature, mcludmg Without
lImitatIon, facillties and services necessary for potable and non-potable water,
sewage, waste disposal, and electnc power

Contractor shall secure applIcable construction permits reqUIred for the conduct
of the reqUIred constructIon scope Pnor to performmg any excavatIOn,
Contractor shall contact the Employer for the purpose of obtammg the necessary
data pertammg to eXIstmg underground and m-ground facIlItIes and the proper
clearances to excavate

The constructIon and erection sIte shall be mamtamed m a neat and clean
condItIon Matenals shall be protected from damage due to dirt, debns, or the
elements Upon completIOn of the Plant, Contractor shall dispose of all
temporary bUlldmgs, rubbiSh, unused matenals, and other eqUIpment and
matenals belongmg to and used m the performance of the work Contractor
shall be responsIble for the dISpOSItIon of any contammatlOn caused by
Contractor

12 2 ConstructIon FaCIlItIes and Services

Contractor shall furmsh and mamtam temporary constructIon faCIlIties and
proVide constructIon services mcludmg, but not lImIted to, the followmg

a Temporary Storage FaCIlIties

Contractor shall proVIde faCIlIties at the SIte for the proper unloadmg and
storage of all plant matenal delIvered to the SIte If adequate faCIlItIes
are not avaIlable, such matenal shall be stored at SUItable offsne faCIlItIes
(e g , warehouses, storage yards, etc)

•

•

•
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• b ConstructIOn Power and DlstrIbutlon

Contractor shall be responsible for all electnc power tie-InS at the SIte

c Temporary commumcatlOn system

d Temporary lIghtIng system

e SIte dramage, sedimentatIOn control, and dewatenng systems

f Temporary roads

g FIre protection service (until turnover)

h Construction samtary facIlities mcludmg constructIon offices

Temporary water supply and dIstnbutlOn (potable and non-potable)
Potable water shall be high qualIty bottled water

J ParkIng FacIlitIes

• Contractor shall furmsh adequate parkmg facIlitIes to accommodate all
constructIOn work forces

k Site Secunty

Contractor shall be responSible for provIdmg the fencmg, guardmg, and
watchmg the SIte as necessary for protection dunng construction (untIl
Fmal CompletIOn)

Construction testmg services (e g weld NDE, hydrotestmg, megger
testmg, concrete strength and placement compactIOn testmg, etc)

m Construction Matenals

Contractor shall supply all the equipment, tools, consumables,
Instruments, etc, necessary for the constructIOn and erection of the
plant The supply of the constructIOn eqUipment shall mclude fuel,
lubrIcants, spare parts, and any other elements or serVIce reqUIred for
operatlon and maIntenance

n Site envIronmental complIance and protectIOn

•
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12 3 Safety

FIrst AId ServIces

Contractor shall provIde onsIte first aId serVIces In conjUnctIOn wIth
arrangement for offsIte first aId transportatIOn and treatment as necessary
dUrIng the constructIOn of the plant

•
Contractor shall prepare and nnplement a Site Safety Plan that wIll Include fire
protectIon, emergency SItuatIons, procedures and hazardous matenal control
Subcontractors and vendor-supphed serVIce orgamzatIOns WIll each be reqUIred
to nnplement a safety program commensurate WIth the work to be performed
and m comphance WIth Contractor's SIte Safety Plan A copy of the SIte Safety
Plan shall be prOVIded for mformatIon to Employer

124 Secunty

Contractor shall prepare and nnplement a SIte Secunty Plan Contractor shall
cooperate WIth Employer on all secunty matters A copy of the SIte Secunty
Plan shall be proVIded for mformatlon to Employer

12 5 Reference Pomts

Contractor shall establIsh baselmes, monuments, and reference pomts for
constructIOn as necessary to proceed WIth layout of the work Contractor shall
be responsIble for laymg out the work to such lmes and grades mdicated on the
drawmgs, and shall protect and preserve the establIshed reference pomts, subject
to changes as Employer may duect

12 6 Dangerous Matenals

Contractor shall not use explOSIves, radIOactIve, or other dangerous matenal
WIthOUt pnor notIficatIOn to Employer Contractor shall be responsIble for the
proper handlmg, transportmg, storage, and use of such matenals When the use
of such matenals or methods IS necessary, Contractor shall exerCIse the utmost
care and carry on such actIVItIes under supervIsIon of ItS properly qualIfied
personnel Contractor, at ItS expense, shall repau any damage caused by ItS
handlIng, transportmg, storage, and use, and shall be responsIble for obtaInIng
permIts as applIcable

12 7 Waste DIsposal

Contractor shall be responsIble for removal and lawful dIsposal of all bOllollt
and pIcklIng waste water, dIscarded matenal, debns, rubbIsh, unusable
excavated materIal, and waste, IncludIng hazardous substances, If any,

•

•
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•

12 8

generated by Contractor and Its subcontractors and supplIers dunng constructIOn
of the plant Contractor shall not be lIable for nor requITed to remove any
hazardous waste on or under the SIte on the effectIve Notlce-to-Proceed date or
waste brought on by Employer thereafter or generated by commercIal operatIon
of the plant

AdJOmmg Utlhtles

Contractor shall make necessary efforts to protect any and all parallel,
convergmg, and mtersectmg electnc lmes and poles, telephone lmes and poles,
hIghways, waterways, raIlroads, and any and all property from damage as a
result of Its performance of the work Contractor shall bear all lIabIlIty for and
shall at Its expense repaIr, rebUIld or replace any property damaged or destroyed
m the course of Its performance of the work
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SECTION 13 - SCHEDULING AND PROGRESS REPORTING

13 1 General

Contractor shall nnplement a program that wIll mclude momtormg the Project
Schedule and Its cntIcal paths, and supportmg schedules to manage the progress
of the work

13 2 Schedulmg

The Project Schedule sets forth the overall tnne frame for work executIOn,
antICIpated dates for achIevement of sIgmficant Contractor mllestones, reqUIred
Employer furmshed serVIces and Items, and the Guaranteed CompletIOn Date
As part of hIS bId, Contractor shall accept or IdentIfy deVIatIOns from thIS
schedule

Upon NotIce to Proceed, Contractor shall develop an IntermedIate Schedule
dIrectly tIed to the Project Schedule The IntermedIate Schedule w1l1 be a
computer generated schedule utIlIzmg the CrItIcal Path Method (CPM) It shall
proVIde addItIonal actIVIty breakdown necessary for detalled work plannmg An
mtrmsIc actIVIty codmg structure shall allow the IntermedIate Schedule to be
summarIzed to the Project Schedule MIlestones

The monthly progress report shall, by the SIte mobIlIzatIOn date, also mclude a
dIagrammatIC summary of the IntermedIate Schedule to a sIm1lar level of detall
as the Project Schedule AddItIonally, Contractor shall supply, at Employer's
request, detalled mformatIOn on Employer furmshed serVIces and Items and
those actIVItIes dIrectly related to them ThIS addItIOnal mformatIOn shall
COnsISt of the baSIC dIagrams and reports generally used m CPM analySIS

Contractor shall reVIew detalls of the IntermedIate Schedule WIth Employer

13 3 Project Progress Reports/Meetmgs

Contractor shall submIt a Project Progress report to the Employer each month

The Project Progress Report shall be sent or delIvered to the Employer's
RepresentatIve or to such other person and address that the Employer may
deSIgnate Contractor shall arrange monthly meetmgs WIth Employer at JobsIte,
or other mutually agreeable locatIon to reVIew project status

Contractor's AuthOrIzed RepresentatIve and Key Personnel shall attend such
other meetmgs as Employer may reasonably request for the purpose of
revIewmg project progress Meetmgs are to be held at the usual work place of
Contractor's Authonzed RepresentatIve and Key Personnel
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• 14 1 Startup

SECTION 14 - COMMISSIONING AND TRAINING

•

•

14 1 1 General

Contractor shall perform system clearung, flushmg, and checkout and startup of
the plant, and conduct system and plant performance tests Startup shall be
performed WIth assIstance of avaIlable Employer plant operatmg and
mamtenance personnel for eqUIpment operatIons under the techmcal dIreCtIon of
Contractor

14 1 2 Startup ServIces

Contractor shall provIde systematIC testmg of permanent plant components and
systems mcludmg venficatIOn of all safety mterlocks and controls Contractor
shall be responsIble for the overall management of the Plant startup, operatIOn
and mamtenance untIl Fmal CompletIOn

Contractor shall

a Prepare procedures for the admImstratlon, schedulmg, safety taggmg and
clearance, release for test, work Item trackIng and progress reportmg,
loggmg of lIfted WIres and Jumpers, chemIcal cleanmg, flushmg, steam
blows, energIZatIon, and performance testmg

b Interface and coordmate WIth Employer, eqUIpment/systems supplIers,
regardmg startup requIrements related to flushmg, electncal
mterconnectIon, testmg and operatIOns of the Plant

c CalIbrate InstrumentatIOn, meters, relays, transmItters, SWItches, etc
ProVIde wntten records of field tests, calIbratIOn actIVItIes, and final
settmgs of varIOUS control deVIces

d EnergIZe, test, and adjust analog and dIgItal controls and control loops

e Run ill, VIbratIOn test, and balance (If reqUIred) major plant eqUIpment,
prOVIde WrItten records of lllltlal rotatmg eqUIpment VIbratIOn tests and
levels for all eqUIpment 20 KW (25 HP) and greater

f Perform and record megger and hIgh voltage msuiation testmg and
proVIde wntten records of test results

g Remove and remstall onfice plates and mstall, momtor, clean, and
remove temporary and permanent stramers reqUIred for system flushes
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h Set safety and relIef valves as reqUIred, reset of factory settmgs IS not
advIsable

Venfy/perform eqUIpment hot and cold alIgnment checks

J Make mitIal fill and flushes of lubrIcants, resms, water and chemIcals

k ProvIde techmcal gUIdance and dIrectIOn to Employer operatmg and
mamtenance personnel m startup, testmg, mamtenance, and operatIOn
untIl turnover

I Prepare and submIt system turnover packages to Employer

m Perform steam blows usmg SIlent Steam Blow Method

142 Trammg

14 2 1 General

Contractor shall plan, manage, and conduct a trammg program for Employer
assIgned operatmg and mamtenance personnel Such personnel wIll be capable
of bemg tramed m the specIfic requIrements of the plant

Contractor shall conduct the trammg program for not more than 25 personnel
desIgnated by the Employer The program shall commence approxunately three
(3) months prIor to plant Performance Testmg, and as mutually agreed to by
Employer and Contractor, and shall be conducted on a standard 40-hour
workweek Each class wIll be presented only once

All traImng wIll be conducted m the RussIan language

1422 TraImng FacIlItIes/AIds

Contractor shall provIde furmshed trammg facIlItIes for the tralnIng classes
These facIlItIes WIll be as near as pOSSIble to the plant and have adequate
classroom space (each tramee I s work area should prOVIde space for the trammg
lesson text and the aSSOCIate set of drawmgs) Contractor shall also make
avaIlable whiteboards, mOVIe screen, overhead proJector, podIUm, and flIp
charts for lectures and showmg of trammg aIds

1423 TraImng Program

•

•

Contractor shall provIde mstructors to conduct a SIte-specIfic Trammg Program, •
structured on a system approach The program shall consIst of formal
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classroom courses remforced by system walkdowns for farmhanzatlOn and
observatlOn of the mstalled eqUIpment and systems EqUIpment supplIer classes
shall be Integrated mto the overall Contractor program

The program currIculum shall present the theory of operatIon, desIgn, flow
paths, Integrated operatIOn overVIew, system mterface, and control of plant
components, eqUIpment, and systems The currIculum for the maintenance
personnel may be an abbreviated verSIOn of the operator program wIth emphaSIS
on components and how they relate to the systems, troubleshootmg and speCial
mamtenance needs

Trammg matenal, mcludmg system deSCrIptIOns (operatmg sequences) and a set
of attendant plant desIgn drawmgs (P&IDs, smgle lme schematICS, plant layouts,
etc) shall be proVIded for each tramee's use and retentIOn The lessons shall be
prepared by Contractor and proVIded to the Employer for mfonnatIOn 30 days
prIor to commencmg the trammg program The lessons shall generally be
structured m the followmg fonnat system deSCrIptIOns, plant component
deSCrIptIOns, flow path and controls, prmcipies of operatIOn, troubleshootmg (If
prOVIded by vendor), plant support systems, and reference matenal

SIte-speCIfic tOpICS WIll be addressed systematIcally and shall mclude the
followmg mechamcal and electrIcal systems

DESCRIPTION

Coal Supply System
MedIum Voltage Power System
Low Voltage Power System
Instrument and UmnterruptIble Power System
DIrect Current Power System
Mam Generator Output Power System
Closed Coolmg Water System
Condensate and Feedwater Systems
CIrculatmg Water System
ChemIcal InjectIOn Systems
Makeup DemIneralIZer System
Samplmg and Water QUalIty System
FIfe ProtectIOn System
SerVIce Water System
Instrument/Plant AIr Supply Systems
Raw Water Pretreatment System
Steam Turbme Systems
Plant EnVIronmental Control System
SodIUm Hypochlonte System
Turbme BUIldmg EnVIronmental Control System
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Wastewater System
Hydrogen System

1424 SupplIer Trammg Programs

Contractor shall arrange for, schedule, and momtor selected eqUIpment suppher
trammg programs Trammg courses shall be conducted by the supphers of
major plant eqUIpment and systems at jObsIte, and shall conSIst of formal
classroom seSSIons and walkdown of systems These trammg sessIOns shall be
mtegrated WIth the Contractor's overall trammg program Suppher trammg
programs shall be proVIded for the followmg components and systems

•

On SIte
Trammg

a CIrculatmg FlUIdIZed Bed BOller 4 weeks
b Steam Turbme 4 weeks
c DIstnbuted Control System 4 weeks
d CEM 1 week
e Lunestone Handlmg System 1 week
f Coal Handlmg System 1 week
g Steam Turbme Control System 2 weeks
h Ash Handlmg System 1 week •I Overall plant and systems operatlOn 3 weeks

mcludmg reVIew of P&IDs

The above classroom mstructIon may be adjusted, as requIred, however, total number
of hours for traImng shall not be less than as speCIfied above

•
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SECTION 15 0

PERFORMANCE TESTING REQUIREMENTS

Section TItle Page

15 1 Performance Test DescnptIOns 15-1

152 Performance Test Acceptance CrItena 15-1

15 3 Performance Tests 15-1

15 4 ElTIlSSIOn Tests 15-2

15 5 Performance Test CondItIons 15-3

15 6 Plant FunctIonal Tests 15-5
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SECTION 15 - PERFORMANCE TESTING REQUIREMENTS

15 1 Performance Test DescnptIOns

The Contractor shall carry out the Performance Tests as descnbed m the followmg
sectIons

The Contractor's Plant Performance Test procedures shall be based on the latest
edItIOns of the folloWIng ASME Test Codes, as applIcable

•

ASME - PTC [Later] CFB Power Plants

ASME-PTC CoolIng Towers

ASME- PTC 6 Steam TurbInes

ASME - PTC 33 Gaseous Fuels

ASME-PTC 3 1 DIesel and Burner Fuels

ASME-PTC 9 DIsplacement Pumps and Compressors •ASME - PTC 19 1 Measurement UncertaInty, Instruments
and Apparatus (reaffIrmed 1990)

15 2 Performance Tests Acceptance Cntena

The ProvIsIonal Acceptance CertIfIcate (PAC) cntena are as follows

a) Net ElectrIcal Power Output Test L 100% of Guaranteed Value

b) Net Plant Heat Rate ..$.. 100% of Guaranteed Value

15 3 Performance Tests

The folloWIng tests shall be performed

1) Net Power Output

2) Net Plant Heat Rate
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154

An eight hour test shall be performed to demonstrate the net electncal power
output and net plant heat rate when finng the specified gaseous fuel m the
combustion turbme CollectIOn of data Will be for four (4) hours dunng the
eight hour test (every other hour)

Net Electncal Power Output IS defmed as the average electncal output of the
Plant as measured at revenue meters, USIng the Plant's pennanent meterIng
deVices, adjusted to the Guarantee Performance CondItIOns, durmg the Eight
Hour Test

Net Plant Heat Rate IS defmed as the sum of the average electncal output
measured at revenue meters, dIVided by the average rate of use of the speCIfied
fuels, calculated as the product of the measured fuel flow rates and measured
performance fuel lower heatIng value, adjusted to Performance Guarantee
ConditIOns Data shall be taken at 10 mmute Intervals (for each 1 hour penod),
and each data pomt shall be corrected to Guarantee CondItIons The method of
calculatIOn of Net Plant Heat Rate IS shown In AppendIX 15-1 contaIned In thIs
section

EmiSSions Tests

EIDlsslon tests shall be conducted to confrrm that the plant eIDlSSlons are wlthm the
values stated m SectIOn 4 0 The tests shall be conducted m accordance With the
applIcable USEPA Test Method and shall be subject to Employer's approval
EIDlsslons tests shall be conducted durIng performance tests speCified m SectIOn 15 3

DurIng the performance and functIOnal tests, arrborne eIDlSSlons as measured by the
Plant's permanent ContInuous Momtormg System (CEM) speCified m SectIOn 10 shall
be Wlthm the guaranteed maxlITIUID stack gas emISSIons The CEM Will be mstalled,
calIbrated, tested and maIntaIned In complIance With the requrrements of the procedures
and specificatIOns of the USEPA The emISSIons test shall be conducted WIth the
combustIOn turbme(s) frrst firmg fuel gas and then the back-up distIllate fuel

15 5 Performance Test ConditIOns

15 5 1 General

Contractor IS responsIble for overall planmng and coordmatlon of the Performance
Tests Contractor may use the serVIces of eqUIpment supphers and outSIde contractors
for assIstmg In these tests
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All Performance Tests shall be conducted m accordance WIth test procedures developed
by the Contractor and mutually acceptable to Employer and Contractor Contractor
shall prepare and delIver test procedures to the Employer for reVIew at least 120 days
pnor to the first Performance Test

The test procedures shall IdentIfy mstruments to be used for each test, mstrument
accuracy, mstrumentatlon calIbratIon reqUIrements, and correctIon factors and curves as
reqUIred to adjust the performance data from actual test condItIOns to the Performance
Guarantee CondItIons, and shall define methods to assure the qualIty of fuel samplIng
and testmg, performance data collectIon, and data reductIon Contractor shall employ
mstrumentatIOn, testmg procedures, and data recordmg suffiCIent to determme the
performance of the mam eqUIpment and balance of plant equIpment

Data reductIOn shall be based on approved test procedures, mcludmg mutually agreed
upon calculatIOn methods Fuel gas and fuel oll samples WIll be collected by Employer
dunng the Performance Tests A mutually acceptable mdependent testmg laboratory
shall be used for analySIS of fuel gas and oll

Contractor may conduct a Performance Test at any tIme pnor to Fmal Acceptance m
accordance WIth the Contract Contractor may, at Its dIscretIOn, abort any Performance
Test before completmg It Once a test has been aborted, data from the aborted test may
not be used m another test Contractor may perform as many Performance Tests as It
deems necessary, WIthIn the tIme llffiltation of the Contractor for PrOVISIonal
Acceptance The Performance Tests shall be run concurrently In the event of a
shortfall m any Performance Test, determmation of the cause of such shortfall shall be
made withm fifteen days of completmg the test

Employer and Employer's Consultant shall have the nght to observe each Performance
Test Contractor shall gIve at least 10 busmess days I pnor wntten notIce of scheduled
commencement of each Performance Test to Employer and other persons deSIgnated by
the Employer

Contractor may select and deSIgnate the results of anyone completed Performance Test
to be used for purposes of demonstratmg that Contractor has met the Performance
Guarantees aSSOCiated WIth that speCIfic test

Contractor shall report to Employer the results of each Performance Test WhICh
Contractor conSIders completed Aborted test results shall be dehvered at Employer's
request Each report of an unsuccessful test shall speCIfy Contractor's analySIS of the
defect or defiCIency that rendered the test maccurate or caused the Plant to fall to meet
ItS Performance Guarantee
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• CompletlOn of the performance tests, emISSIons tests and functlOnal tests are a
prereqUIsIte for Issuance of the Employer's ProvlSlonal Acceptance CertIficate (PAC)

15 5 2 DeViatIons from Guarantee ConditlOns

The results of the Performance Tests shall be corrected for deVIatlOns from the
specIfied Guaranteed Performance ConditlOns set forth m SectIOn 8 1

If the Clrculatmg flUIdIZed Bed Power Plant performance tests are started WIth less
than 240 fired hours of operatlOn on the CombustIOn Turbme, then no correctIOns to
Net Plant EfficIency or Net Electncal Output achIeved durmg a Performance Test shall
be made to account for performance degradatIon If the Power Plant Performance Test
commences 240 fired hours after IDltIaI steam turbme operatIon, then a correctIOn to the
test data may be made based on the mutually agreed upon plant performance test
procedures mcludmg the steam turbme manufacturer's degradatIOn predIctIon curves

•
Where apphcable, correctIOns shall be based on mutually agreed upon performance
curves or data supphed by the apphcable eqUIpment manufacturer(s) and otherwIse m
accordance WIth methods agreed upon m the apphcable test procedures

DeViatIOns m the results of any Performance Tests that are caused by VariatIOns m the
performance fuel will be a cause for an adjustment m accordance WIth the provIsIons
herem

If, at any time pnor to or durmg any Performance Test, any of the contammants and/or
charactenstlcs of the actual fuel supphed by Employer for the operatIOn of the Plant IS
shown to have exceeded the maxImum allowable levels set by the combustIOn turbme
manufacturer and as specIfied m Tables 8-1 and 8-2 for the performance fuel, and/or
the heatmg value of the actual fuel IS outsIde of the specIfied maxImum vanatlon range,
then the affected Performance Guarantee(s) as specIfied herem shall be adjusted In
such event, Employer and Contractor shall assess the SItuatIon WIth regard to any
potential damages that may be caused to the combustIOn turbme and other auxlhary
eqUIpment by the use of off-specIficatIOn fuel, and agree on a mutually acceptable
adjustment to the affected Guarantee(s)

Uncertamty m Performance Test results shall be determmed m accordance WIth
mutually agreeable appllcatlon of mstrument uncertamty m accordance WIth the
methodology of ASME PTC 6 or ASME PTC 19 1 Test results wlthm the band of
uncertamty shall be deemed to have met the guarantees Test eqUIpment shall be
callbrated pnor to testmg ill accordance WIth ASME PTC 19 1, 19 2, and 19 3, and
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ASME PublIcatIon FlUId Meters, Part II - Intenm Supplement 19 5 on Instruments and
Apparatus, SIXth EdItIon, 1971

No mcrease m guaranteed heat rate due to agmg of steam turbme WIll be allowed

15 5 3 Performance Test InterruptIons

Data from the tIme penod m WhICh a Performance Test mterruption occurs WIll be
excluded from the data for the penod for the scheduled test InterruptIOns WIll be
permItted when the cause IS outsIde the responsIbIlIty of the Contractor and shall
mclude, but not be llIDlted to, Force Majeure events, unavaIlabIlIty of fuel or water,
and operatmg and dispatchmg deCISIOns outSIde Contractor's Control

When a test mterruption occurs, Contractor wIll notIfy Employer To the extent
practIcable, test mterruptIOns wIll be compensated for by extendmg the test penod by
an amount of tIme equal to the mterruptIon mcludmg tIme to return to steady state
operatIOn Data from the mterrupted penod WIll be excluded from analySIS, but data
collected before the test mterruptlon may be used by the Contractor m the analySIS of
the Performance Test data and results

15 6 Plant FunctIOnal Tests

Contractor shall prepare test procedures and perform FunctIOnal Tests as descnbed m
thIs SectIOn

15 6 1 AvaIlabIlIty Test

Contractor shall perform a 120 hour avaIlabIlIty test to demonstrate a mInImum
capaCIty of 95 %
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AppendIx 15-1

Method of CalculatIOn of Net Plant Heat Rate

Net Plant Heat Rate

where
NN - net power output (kW) gross power output - auxIlIary power

Q- fuel mput to CFB boIler Kcal (HHV)
hr
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SECTION C 2
PERFORMANCE SPECIFICATIONS - CONCEPTUAL DESIGN •

DRAWING NO

SCIOO
C21
C22
C23
SE-0036

59 8 0 IAI SecC' Doc!9128/98

TITLE

SIte Plan
Plan and Elevation VIews - 50 MW CFB Boller
Steam Turbme Heat Balance
EqUIpment LIst
Key One Lme DIagram
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• •
DRAWINGC 2 3

EQUIPMENT LIST

•
EQUIPMENT LIST AND AUXILIARY POWER REQUIREMENT

ITEM NUMBER EQUIPMENT QTY SERVICE DESCRIPTION (Each Umt)

crB I CFB BOller 100% ContlOuoUs 210 TPH Steam @ 127 4 bar
2900 kW

STG-I Steam Turbine 1 100% continuous 50MW
BFP-IA/lB,2A/2B HP/IP Feedwater Pumps 2 2@100% 730 kW (211 m 3/hr@140

kg/cm2
)

HE-I Steam Condenser 1 100% Continuous 9850 m2

HE-2A/2B Closed Coohng Water Heat Exchangers 2 1 @ 100%, 1 Spare 3,497,000 kJIhr
P-3 Condensate Transfer Pump 1 Intenmttent 5kW
P-4A/4B Demln Water Transfer Pumps 2 1 @ 100%, 1 Spare 5kW
P5 Demm Water Injection Pump 1 Intermittent 60kW
P-6A/6B Condensate Extraction Pumps 1 1 @ 100%, 1 spare 28 kW (120 m3

~ 61 m TDH)
P-7AI7B Clfculatmg Water Pumps 2 1 @ 100%, 1 Spare 830 kW, 7000 m /hr@ 16m TDH
P-8A/8B Closed Coohng Water Pumps 2 1 @ 100%, 1 Spare 15kW
P-9 Fuel 011 Transfer Pump 1 Intermittent 5kW
T-3 Fuel Od Tank 1 600m3

T-5 Botler BIowdown Tank 1 ..
CT-5 EXISTING Coohng Tower No 5 1 Replace Fill and reuse

Buddmg Sump OlllWater Separator 1
CH-I Coal Handhng System 1 119 Tonne/hr 750 kW
L I Limestone Handlmg System 175 tonne/hr 400 kW
A-I Ash Handlmg System 107 Tonne/hr 400 kW
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•
D.l.I

SubtaskD
Prehmmary EnVIronmental Assessment and EvaluatIOn

IntroductIOn

•

•

The obJecnve of thIs Prelmnnary EnvIronmental Assessment IS to proVIde the Government of
Armerua and the IFI(s) mvolved WIth an analysIs usable m later preparatIOn ofa full envIronmental
assessment of the proposed project

Tlns proposed project, a coal fired CIrculatmg FlUId Bed (CFB) urnt, WIll have a nommal capaCIty
of 50 MWe The CFB bOIler WIll proVIde steam to a new 50 MW steam turbme deSIgned to perrmt
extractIon ofsteam for dIstnct heatmg Electnc power producnon wIll be reduced to 44 MW
dunng penods ofmaxImum dIstnct heatmg load The urnt WIll be constructed on vacant land at the
eXIstmg Hrazdan Power Plant The CFB WIll be deSIgned to fire a low grade coal shale fuel
avaIlable domestIcally, WIth SIgnIficant proven reserves

A Least Cost Power Investment Program mvesngatlOn by Lahmeyer InternatIOnal Idennfied the
need for an addItIonal 167 MW urnt to be constructed at Hrazdan by the year 2008, suggestmg that
the power be proVIded by a gas fired combmed cycle urnt Although the mvestIgatIOn
recommended mcreased use ofmdIgenous energy resources such as hydropower, geothermal
resources and wmd power, the Lahmeyer mvesngatlOn dId not conSIder the use ofArmerua's
domesnc coal resources as a potential source ofenergy US AID, however, has recommended that
thIs potennal apphcanon ofmdIgenous energy be mvestIgated

The urnt WIll be constructed m accordance WIth Government ofArmerua envIronmental standards
and regulatIOns and WIll meet all envrronmental reqUIrements of the World Bank Tlns Prehmmary
EnVIronmental Assessment addresses the construction and operation ofthe proposed coal fired
power plant but does not address the envrronmentallffipact ofthe mmmg ofthe coal wlnch should
be addressed m a separate study
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D.I 2 DescriptIOn of the Proposed Project
1 Project Background

1 1 Need for the ProJect

A Least Cost Power Investment Program mvestIgatIOn by Lahmeyer InternatIonal (November
1996) IdentIfied the need for addItIonal power generatIon to offset the loss m capacIty due to the
deCOmmISSIomng of the 440 MW Medzamor nuclear urnt The Plan IdentIfied the requIrement for
a 167 MW combmed cycle urnt to be constructed at Hrazdan, to be m operatIon by the year 2008
Included m the plan was the assumptIOn that a new 300 MW urnt, Hrazdan 2-5, would be
completed and would be m operatIon by the year 1999 ConstructIOn actIVItIes on thIs urnt have
ceased and no addItIonal work IS planned however

US AID m revIewmg the Lahmeyer recommendatIOns noted that although there were
recommendatIons for the mcreased use of mdIgenous energy resources such as hydropower,
geothermal resources and wmd power, the mvestIgatIon dId not conSIder the use ofArmema's
domestIC coal resources as a potentIal source ofenergy Smce studIes ofArmema's coal reserves
were underway by the US GeologIcal Survey, It was recommended that the Survey mformatlon be
combmed WIth mformatIon from the US Clean Coal Technology Program and an estnnate ofthe
potentIal for constructIng a 50 MW CIrculatmg FlUId Bed power faCIlIty be performed as a
demonstratIOn ofthe feasIbIhty ofapplymg thIs technology to mdIgenous sohd fuel reserves

•

1 2 Fuel AvmlabIlIty

Coal, coal shale and 011 shale depOSItS wIthm Armema were evaluated to IdentIfy potentIal fOSSIl •
fuel sources for thIs project ConSIderatIon was gIven to fuel quahty, estImated SIze ofreserves,
locatIon and potentIal transportatIon costs DIhJan coal shale was selected as the baselme fuel for
thIs study, prnnanly because of the large fuel reserve and the fact that It WIll be surface mmed,
whIch should mmImIze mImng costs In addItIOn, the DIhJan field IS only 75 km dIstance from the
Hrazdan statIon WIth a drrect raIl connectIon WIth potentIal fuel reserves ofmore than
400,000,000 tonnes, there IS more that suffiCIent reserves of fuel to meet the needs ofthIs project

2 Proposed Project

2 1 EXIstmg FacIhty

The Hrazdan Thermal Power Plant (TPP) IS located m the mdustnal zone of the town ofHrazdan,
55 km north ofYerevan CIty The power plant IS ofthe combmed heat and-power (CHP) deSIgn
and conSIsts of two sectIon The first sectIon IS an mdustnal power plant that conSIsts of2x50 MW
urnts and 2xlOO MW urnts whIch began operatIon m 1966-1969 The second sectIOn conSIsts of
3x200 MW urnts mstalled m 1971-1974 and 1x21O MW mstalled m 1974 The urnts m the first
sectIon are connected to a common header dehvermg steam to the turbmes as well as supplymg
process steam and dIStnCt heatmg to the CIty The urnts m the second sectIOn are stand-alone (block
urnts) connected to mdIvIdual steam turbmes ConstructIOn was begun on an addItIonal urnt,
Hrazdan 2-5, whIch was expected to begm operatIon m 1999, but It IS not expected that thIs project
WIll be completed

•
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All urnts are ofthe conventIOnal steam type WIth coolmg towers and are eqUIpped for dual fuel
finng (gas and mazut) Natural gas IS supphed to the plant by pIpelme wInle mazut IS dehvered by
raIl and stored on-SIte m fuel storage tanks Natural gas IS the fuel ofchOIce but m penods of
natural gas shortages, mazut IS fired m the boIlers (10-15% of annual heat mput) A eXIstmg
unused coolmg tower IS aVaIlable for rehabIhtatIon

The facIhty denves ItS process water from the Marmank RIver Wastewater IS collected and
dIscharged to the nver after pH adjustment
The SIte IS servIced by raIl and It IS antICIpated that coal and hmestone reqUIred for the operatIOn of
proposed urnt WIll be dehvered by that means SuffiCIent land area IS avaIlable for the storage of
coal

2 2 Plant DeSIgn

The proposed new coal fired urnt WIll have a nOmInal capaCIty of50 MWe The urnt WIll conSIst of
one cIrculatmg flUId bed boller, producmg 200 tph steam The urnt WIll be located adjacent to
SectIon 1 ofthe Hrazdan ClIP plant and wIll proVIde steam for both power generatIOn and for
mstnct heatmg

The CFB technology utIhzes crushed coal as a fuel LImestone IS fed to the furnace where sulfur
moxIde IS captured as a CalCIum sulfur salt Non-combustIbles, mcludmg ash and desulfurIzatIOn
products WIll be recovered from the flue gases m a senes ofsteps mcludmg both cyclone dust
collectors and a fabnc filter (bag house) system A new steam turbme generator WIll be proVIded,
producmg 50 MW ofpower when operatIng WIthout extractIon and 44 MW at maxImum dIStnCt
heatmg demand

Coohng water for the steam turbme surface condenser WIll be from a clfculatmg water coolmg
system utIhzmg the rehabIhtated Coolmg Tower No 5 Make up water WIll be proVIded from the
eXIstmg plant make-up water system An eXIstmg water pretreatment system WIll proVIded potable
and serVIce water for the facIhty An eXIstIng demmerahzer WIll proVIde water of acceptable
qualIty for makeup to the CFB

Fuel for the plant WIll be delIvered by raIl and WIll be stored on-SIte m an outSIde storage coal pIle
adjacent to the mam boIler bUIldmg The area beneath the coal pIle and the coal storage area runoff
collectIon pond wIll be hned to prevent mIgratIon ofpollutants mto the ground water LImestone
reagent WIll also be delIvered by raIl and stored on-SIte SolId waste combustIon products, pnmary
ash, wIll be transported to the adjacent concrete manufactunng plant for use as a raw matenal

Wastewater produced dunng plant operatIOn wIll be treated ill an oIl/water separatIOn system and
dIscharged to the nver along WIth the coohng water blowdown stream Samtary waste wIll be
treated ill a packaged treatment system pnor to dIscharge

MaxImum utIlIzatIOn ofserVIces and manpower wIll be supplIed from the eXIstIng CHP plant
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D.I 3 DescriptIOn of the Project EnVIronment
1 AIr QualIty EnvIronmental BaselIne Data

AIr qualIty morutonng at selected locatIOns m the VICIDIty of the power plant IS reqUIred m order to
establIsh background values for specIfic pollutants In an EnvIronmental Assessment ofthe
Armeruan Energy Sector (USAID, September 1997), It was detennmed that Armerua's ambIent aIr
morutonng system had detenorated sIgruficantly m recent years Plant aIr emISSIons are calculated
but not morutored

A program ofbaselme aIr qualIty measurements WIll be reqUIred pnor to the ImplementatIon of the
project Morutonng locatIOns WIll be selected on the basIS of theIr senSItIvIty to aIr emISSIons due
to theIr posItIon m relatIOn to the plant and prevaIlmg WInds Parameters to be morutored mc1ude

S02, NOx and suspended partIculate matter (dust) InfonnatIOn collected WIll be compared wIth
ambIent aIr qualIty gUldelmes

2 NOIse BaselIne Data

A program ofbaselme nOIse morutonng WIll also be conducted WIth morutonng locatIOns selected
based on senSItIVIty and proXImIty to the SIte PartIcular consIderatIon WIll be gIven to any
resIdentIal locatIon near the SIte

•

3 Water QualIty Baselme Data

Penodlc checks ofdIscharge water qualIty have been made III the past but quantItatIve mfonnatlon •
IS not avaIlable Water dIscharge from the operatIng plant wIll be sampled and analyzed AnalysIs
wIll be compared WIth water dIscharge qualIty requIrements to determme whether present plant
operatIon confonns to eXIstIng regulatIons Ifnecessary, a techrucal evaluatIOn wIll be carned out
to determme what modIficatIons to the eXIstmg system are requIred to achIeve dIscharge lImIts

Groundwater qualIty WIll also be determmed by appropnated samplmg and analySIS to determme
whether the eXIstmg facIlIty has resulted m contarnmatIOn

•
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D 1 4 PotentIal Impacts of the Proposed Project
1 Impacts Durmg ConstructIon

I I OvervIew ofImpacts Dunng ConstructIon

ConstructIOn actIVItIes may cause Impacts assocIated WIth matenal and eqmpment transport, SIte
demohtIOn, foundatIOns, eqmpment mstallatIOn and COmmlSSIOmng operatIOns The constructIOn
SIte IS located WIthIn an eXIstmg thermal power statIOn m a hIghly mdustnahzed area ConstructIOn
actIVItIes are expected to have no pennanent Impact on the enVIronment

I 2 Arr Quahty

Dunng constructIOn, aIr qualIty m the VIC1ll1ty of the facIhty IS hkely to be adversely affected,
pnmanly by generatIon of fugitIve dust Dust IS produced by both vehIcular traffic and by
excavatIOn actIVItIes The quantIty ofdust generated by vehIcular traffic depends upon a number of
vanables mdudmg the denSIty of traffic and the SOlI condItIons

ConstructIOn actIVItIes, such as foundatIOn excavatIon have the potentIal to release SIgnIficant
quantItIes of fugitIve dust The operatIon ofpIle-dnvmg eqmpment, Ifnecessary, would generate
gas/partIcles and nOIse emItted mto the ambIent arr These actIVItIes are oflImIted and mtermIttent
duratIon and any negatIve Impact on arr qUalIty wIll be ofa temporary nature Smce the locatIon IS
not close to reSIdentIal areas, It IS predIcted that no negatIve Impact WIll anse such as health hazards
to the populatIon around the project SIte Control offugitIve dustmg WIll be accomphshed through
the use ofspray water on open constructIOn areas

Smce InstallatIon of the new umt WIll reqUITe httle or no demohtion ofeXIstmg umts, It IS not hkely
that eqUIpment contaImng or InSulated WIth asbestos contaImng matenal (ACM) WIll need to be
removed or modIfied

OperatIon ofconstructIon eqUIpment on-SIte and the mcrease m vehIcular traffic dehvenng
eqmpment and matenal to the SIte WIll result m a temporary mcrease m exhaust emISSIOnS mcludmg
NOx, VOC and partIculate matenal These exhaust emISSIOnS WIll be SImIlar m nature to emISSIons
from normal vehIcular traffic on nearby roads and should have no sigruficant negatIve Impact on arr
qualIty

In general, the Impact ofconstructIOn actIVItIes on ambIent arr quahty m the VIClll1ty ofthe SIte IS
expected to be temporary and ofmInImal Impact None ofthese potentIal sources of emISSIOns IS
expected to present any SIgnIficant arr qUalIty problems durIng constructIon

1 3 NOIse

Dunng constructIOn there Will be nOIse from illcreased traffic and from constructIon operatIOns
The pnmary constructIOn nOIse generated on SIte Will be from dIesel powered constructIon
eqUIpment Little can be done to lImIt such nOIse but smce the SIte IS located ill a heavIly
mdustnahzed area, there should be no SIgnIficant Impact on local reSIdents
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1 4 Water QualIty

Impact of the project construction on surface water and groundwater qualIty IS expected to be •
mmlITIum The project wIll be constructed at an eXIstmg power generatIOn sIte and wIth the
exceptIOn ofpotential sIlt erosIOn runoff mto the nearby nver dunng heavy ramstorms, there should
be no negatIve Impacts on water qualIty

1 5 Socio-eCOnoIll1c

The eXIstmg sIte and surroundmg mfrastructure are more than suffiCIent to accommodate tills
project WIth minunal1ll1pact to the eXIstmg populatIOn An mcrease m employment opporturuty IS
expected to have a pOSItIve 1ll1pact on the local economy A substantIal slaJled workforce IS
contemplated to construct the project and the need for 1ll1ported labor must be conSIdered WillIe
transport actiVItIes m the fonn of transport of constructIOn matenals and eqUIpment may have a
small Impact on people's converuence and health, the potentIal1ll1pact willch could occur because
of these actiVIties IS expected to be mmunal

2 Impacts Durmg Operation

2 1 AIr QualIty

OperatIOn ofthe proposed coal fired crrculatmg flUId bed bOIlers wIll result m the emISSIon of
combustIOn products mto the atmosphere The composItion of flue gas eXItmg the urnt has been
est1ll1ated as

Flue Gas Component Volume %

N2 719

O2 32

CO2 116

H2O 132

S02 500 (vppmd)

NOx 120 (vppmd)

CO 200 (vppmd)

The World Bank (pollutIOn PreventIOn and Abatement Handbook) proVIdes emISSIon lImIts for
thermal power plants finng coal These are as follows

Pollutant EIDISSlon LlIDIt*, mglNm-' (Dry) EIDISSlon LlIDIt*, expressed as ppm
(Dry)

S02 2000 (or 0 2 tpdlMW) 700

NOx 750 365

PartIculates 50 (or 999% removal efficIency) -
*EmisslOn lImIts are expressed at 6 percent oxygen

•

•
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The document contams no emISSIOnS lnmts relatIve to CO

The proposed coal fired urnt wIll meet World Bank emISSIOn lnmts Projected S02 emISSIon from
the 50 MW urnt are less than 500 vppm WIth mass emISSIOnS estImated at 793 lblhr or about 0 19

3
tpdIMW Projected NOx emISSIOnS are less than 250 mg/Nm or about one thrrd ofthe World

3
Bank lImIt Although partIculate emISSIOnS are estImated at ISO mg/Nm , somewhat greater than
the World Bank mass emISSIOn llmIt, dust emISSIOnS WIll be lImIted to less than 9 kg/hr by utIlIzmg
very hIgh effiCIency dust collectIOn eqUIpment (>99 95%)

Mass emISSIons are an Important consIderatIOn when estImatmg the Impact ofthe urnt on ambIent
arr qUalIty World Bank GUIdelmes for ambIent arr qualIty may be swnmanzed as follows

World Bank GUIdelIne for AmbIent AIr
3

ConcentratIon LlmIt, lJ.g/m

PartIculate Matter

Annual Mean 50

24-Hour Average 150

SOx

Annual Mean 80

24-Hour Average 150

NOx

Annual Mean 100

24-Hour Average 150

Reference standards and gUIdelmes for concentratIOn ofpollutants m ambIent arr have been
publIshed by the World Heath OrganIzatIon, USEPA and the EU Values vary somewhat and the
World Bank recommends that mdIVldual countries should consIder whIch standards are most
applIcable

The predIctIon ofthe Impact of emISSIOns from the proposed plant on ambIent aIr qualIty must be
establIshed by an arr qualIty dIspersIOn modelmg analySIS InformatIon reqUIred to perform the
analySIS mcludes

• Stack HeIght and InsIde DIameter
• PollutIon Ermssion Rate
• Stack InsIde DIameter and EXIt Gas VelOCIty
• EXIt Gas Temperature
• LocatIon and PhySIcal DImensIOns ofSurroundIng Structures

Other reqUIrements for dIsperSIOn modelmg mc1ude detaIled meteorolOgical mformation mcludmg
wmd speed and dIrectIon and ambIent temperature ThIs mformatIon IS usually obtamed from data
recorded at a meteorologIcal statIon m the area where weather mformatlOn IS contmuously recorded
at a millimum ofone elevatIon
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A number ofdIspersIOn models are presently m commerCIal use and an appropnate model WIll be •
selected and applIed as part of the plant EnVIronmental Impact AnalySIS The modelmg WIll
predIct the Impact ofair pollutants dIscharged from the stack on the concentratIon at a number of
IdentIfied ground level receptor locatIOns PredIctIOns WIll be compared With the World Bank
ambIent aIr gUIdelme values

At base load, estImated emISSIOnS from the 50 MWe (Gross) CFB urnt have been estImated as

Dust

S02
NOx

CO

CO2

EmISSIOns from Proposed Umt.
grams/MWh

180

7,190

1,215

1,200

1,237,500

EmISSIons from Proposed
Umt. tonnes/day

022

86

1 5

I 4

1,485

To estImate the nnpact ofthe new coal fired urnt on the envIronment, It IS necessary to compare
emISSIons from the proposed urnt With urnts of sundar capacIty whIch are lIkely to be dIsplaced by
the new urnt For the purpose of thIs companson, Hrazdan Umt 1, a gas/mazut fired bOIler has been
selected Estnnated emISSIOns from the eXlstmg urnt are summanzed below where they are
compared to the emISSIOns expected from the new coal fired urnt •

Dust

S02
NOx

CO

CO2

EmISSIons from Hrazdan Umt 1,
grams/MWh

140

880

2,400

Not Reported

717,300

EmISSIOns from Proposed Urnt.
grams/MWh

180

7,190

1,215

1,200

1,237,500

Although the proposed coal fired CFB IS expected to emIt only about 50% ofthe NOx as the

eXIstmg 50 MW gas/mazut fired urnt, sulfur dIOXIde emISSIons (S02) Will be conSIderable greater
ThIs IS spIte of the 90% effiCIent desulfurIzatIOn ofthe flue gas occumng WIthIn the CFB The
reason for the slgmficantly greater emISSIon rate IS the relatIvely hIgh sulfur content of the fuel
The 1 6 wt % sulfur, 1,400 kcal/kg calonfic value fuel, when fired, produces the same quantIty of

S02 as a 5,000 kcal/kg fuel WIth a sulfur content of 5 7 wt %

In summary, no Improvement m ambIent air qualIty can be expected should an eXIstmg gas/mazut
fired bOIler be replace by CFB finng the low qualIty coal shale fuel

•
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An addItIonal potentIal source ofarr pollutIOn IS the release ofdust durmg unloadmg of the coal and
as a result of fugItIve dustIng from the outdoor coal storage pIle Water spray faCIlItIes WIll be
provIded to lImIt dust productIon

22 NOIse

NOIse WIll be produced by operatIon ofplant eqUIpment EqUIpment to be purchased for thIs
project WIll be specIfied to meet speCIfic sound pressure lmnts However, It IS expected that nOIse
level m certam operatmg locatIOns WIll exceed 90 dB(A) and may reach as lngh as 95 dB(A)

World Bank IImlts for nOIse address sound pressure IImlts at receptors located outSIde the project
property boundary, as follows

Ma:mnum Allowable Leq (hourly), dB(A)

Receptor ClassIficatIOn Daytime Nighttime

ResIdentIal, InstItutIonal, EducatIonal 55 45

Industnal, CommerCIal 70 70

Where the eXIstIng ambIent level exceeds Leq 45 dB(A), the maxImum mcrease m the ambIent
nOIse level IS to be IImlted to 3 dB(A)

The proposed SIte IS located m an mdustnal zone and background sound measurement mformatIOn
has not yet been collected It IS antICIpated that nOIse from operatIng eqUlpment WIll have lIttle
Impact on the nOIse level beyond the property boundary

Another potentIal source ofnOIse IS the release oflngh pressure steam wlnch occurs when safety
valves m the plant are vented to the atmosphere Wlnle thIs nOIse can be qUIte loud, occurrence IS
rare Replacmg eXIstIng steam power generatIng facIlItIes With the proposed system WIll potentIally
reduce the frequency even further and Will certamly not mcrease sound levels at receptor areas
outSIde the property boundary

23 Water QualIty

Water dIscharges from the statIon mclude coolIng tower blowdown, regeneratIOn waste water from
the demmeralIzer and pretreatment system, boIler blowdown, bUIldmg and yard drams and SanItary
waterwater At present, these waste streams are dIscharged to a pH adjustment basm and then to
the nver DIscharge qualIty IS not momtored but apparently contam unacceptable levels ofmazut

World Bank standards for effluents from thermal power plants, to be aclneved daIly WIthout
dIlutIon, are as follows

•
Parameter

pH

Total Suspended SolIds, mg/l
OIl and Grease, mg/l
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Total ResIdual CWonne

ChromIum (total), mg/l

Copper, mg/l

Iron, mg/l

Zmc, mg/l

02
05

05

10

10

•
Data IS not aVaIlable to detennme whether these discharge lmllts are presently achIeved

2 4 Socio-econormc

OperatIOn of the proposed facIlIty will have only mmor social Impacts on the local regIOn The new
umt wIll be mstalled wIthIn the property boundary of the eXIstmg statIOn and the eXIstmg workforce
wIll be traIned m the operatIOn and mamtenance of the new power generatmg eqUIpment Workmg
condItIons WIthIn the facIlIty wIll remam essentially unchanged The new plant wIll be entIrely
contamed wIthIn a bUlldmg whose appearance wIll be esthetIcally pleasmg The presence ofa coal
storage yard WIll Impact the overall appearance of the SIte

There Will be an mcrease m raIl traffic, delIvenng coal and lImestone Tills may Impact the
surroundmg area

•

•
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• D.l5
1

Managerial Plan to Mitigate Negative Impacts
Air ElDlsslons and ElDlsslon Controls

•

•

Exhaust emISSIOnS for coal fired urnt WIll, m general exceed those from a comparable SIze natural
gas fired urnt Sulfur dIoxIde (S02), formed dunng combustIon of sulfur compounds m the fuel, IS
the major pollutant to be conSIdered smce the proposed coal has a sIgruficant sulfur content whIle
natural gas IS essentIally free of sulfur For thIs desIgn, flue gas desulfunzatIOn IS accomplIshed
WIthIn the CFB durmg combustIon through the addItion ofreagent lImestone A 90 %reductIOn m
S02 emtSSIon IS achIeved by thIs technology

NItrogen oXIdes (NOx) IS a major pollutant smce It Impacts ambIent arr qualIty, forrnmg smog
NOx IS formed m the combustIOn process both from thermal combustIOn ofrntrogen m the
combustIon arr (thermal NOx) or as a combustIon product of fuel bound rntrogen compounds
Although the proposed fuel has a hIgher rntrogen content than the natural gas presently fired at the
statIon, the lower combustIon temperature assocIated WIth flUId bed combustIon reduces the
productIon ofNOX As a result, NOx emISSIOns are expected to be reduced when operatIng the new
urnt

PartIculate emISSIOnS from the new urnt WIll be controlled through the use of fabnc filter
technology capable ofachIevmg >99 95% fly ash removal from the flue gases ThIs technology IS
partIcularly effectIVe m collectIng fine partIculate matter whIch IS conSIdered harmful to the
respIratory system

FUgItIve dustIng from the outdoor coal storage are WIll be controlled by spraymg the coal pIle WIth
water as necessary to mamtam a wet surface, hrmtIng free dust partIcles

2 NOIse

EqUIpment to be purchased for thIs project WIll be speCIfied to meet speCIfic sound pressure lImIts
Sound pressure lImIts at receptors located outSIde the project property boundary WIll be mImmIZed
by enclosmg major eqUIpment Items WIthm bUIldmg deSIgned to proVIde sound attenuatIon No
addItIOnal mItIgatIOn measures WIll be reqUIred

3 Water QualIty

Waste waters produced durmg the operatIon ofthe new urnt WIll be combmed and drrected to the
eXIstIng pH adjustment faCIlIty and then dIscharged to the nver OIl/water separatIOn deVIces WIll
be prOVIded to reduce pollutIon
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D 1.6 EnVIronmental MonItormg Plan
The purposes ofenvirorunental morutonng are

• to morutor the constructIOn and operatIOn stages of the project m accordance With the
recommendatIOns ofthe enVlronmentalimpact assessment (EIA)

• to note any changes compared to pre-project baselme condItIons, complIance wIth
regulatory requIrements and, Ifany sigruficant changes occur, to evaluate the need for
correctIve actIOn

1 AIr Quality MODitormg

AmbIent aIr morutonng statIOns WIll be mstalled at senSItIve locatIons well m advance ofthe
operatIon ofthe system to develop baselIne arr quahty mformatIon These statIOns wIll morutor for
S02' NOx, partIculates (dust) and CO AmbIent arr morutonng wIll be conducted through the hfe
of the plant to IdentIfy any sigruficant change m arr quahty

Each combustIOn turbme dIscharge stack Will be eqUIpped With a contlnuous emISSIOn momtonng
system (CEMS) whIch Will morutor S02, NOx, O2and flue gas dIscharge temperature Stack
testmg Will be performed penodically to certIfy that the emISSIOn momtonng system IS accurate

2 NOIse MODitonng

NOIse morutonng WIll be conducted at the boundary ofthe SIte and at any speCIfied locatIons
outSIde the fence Morutonng WIll be conducted WIth portable eqUIpment at least tWIce a year
whIle the urnt IS m operatIon

NOIse momtonng WIll also be conducted WIthIn the plant operatIng area where nOIse levels are
close to or exceed 85 elBA Ear guards wIll be prOVIded to workers contmuously exposed to nOIse
levels exceedmg 85 elBA

3 Water QualIty MODitormg

The pH and temperature of the waste water dIscharges wIll be morutored contmuously to ensure
comphance WIth World Bank GUIdelmes Water dIscharge wIll be samples and analyzed
penodically to ensure comphance With reqUIred dIscharge standards Should emISSIOn lImIts be
exceeded, mdividual waste streams WIll be sampled and analyzed to determme the source ofthe
problem and to help IdentIfy actIons to correct the problem

•

•

•
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